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ABSTRACT

THE COMPOSITION OF ATMOSPHERIC AEROSOL OVER THE
EASTERN MEDITERRANEAN: THE COUPLING OF GEOCHEMICAL AND
METEOROLOGICAL PARAMETERS

KUBILAY, Nilgtin Nezihe
Ph.D., in Marine Sciences
Supervisor: Prof. Dr. A. Cemal SAYDAM
February 1996, 219, pages

From August 1991 to December 1992 samples of 339 aerosols
arriving at a rural site on the Turkish coast of the eastern Mediterranean
(Erdemli) were collected by a hi-vol pump and analyzed by the flame and
flameless modes of an atomic absorption spectrophotometer for their
elemental composition (Al, Fe, Mn, Co, Cr, Ni, V, Zn, Pb, Cd, Mg, Ca and
Na). Moreover, three dimensional (3D), three days backward trajectories of
the air masses arriving daily at the Erdemli site at 900, 850, 700 and
500 hPa barometric pressure levels have been calculated. The calculation
of the backward trajectories was achieved by utilizing the operational model
on the computer of the European Center for Medium Range Weather
Forecast (Reading, England). The model uses the gridded wind fields
produced and archived at the center.

Study of the back trajectories provided a rigorous interpretation of the
trace metal concentrations observed in the aerosols. The classification of
the air-mass trajectories into geographical sectors showed them to be
representative of the mean annual conditions and consistent with the air flow
climatology statistics of the eastern Mediterranean. The scale and
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permanence of the flow features dictate the average or preferred
atmospheric pathways of atmospheric constituents. However it is shown that
average conditions or patterns can be misleading since they do not depict
the high degree of temporal variability in the atmospheric system. Smaller-
scale meteorological features, such as the intensity of vertical-exchange
processes or the occurrence of precipitation exerted significant influence on
the observed atmospheric concentrations.

The results indicate that the seasonal variability of the atmospheric
concentrations of the elements measured at the Erdemli site was related to
the occurrence of precipitation. During winter precipitation scavenging
decreased the atmospheric concentrations to their minimum values whereas,
during dry summer months the lack of precipitation and steadiness in the
atmospheric flow, resulted in the accumulation of aerosols in the
atmosphere. During transitional seasons, although there was still
precipitation, the elements associated with mineral aerosol particles
exhibited sporadic but intense concentration peaks. 3D trajectories as well
as satellite imagery showed that, throughout the transitional seasons,
incursion of Sahara dust governed the fluctuation in the atmospheric
concentrations of the elements. Assuming trace metals and other species
found in Sahara dust to be soluble in precipitation and seawater, they would
be important to marine cycles and consequently to marine biosystems in the
eastern Mediterranean during spring and autumn. The vertical dimensions
of the trajectories were particularly useful for the identification of the
meteorology associated with dust transport.

Although the airflow patterns showed Europe to be a potential source
for the long-range transport of material to the sampling site, it was
impossible to identify geochemical evidence that differentiated it from the
highly variable local background.

The results obtained from factor analysis and from enrichment factors
show that the aerosols over the sampling site were affected by
anthropogenic, marine and crustal sources. The enrichment diagram of Pb



was used to interpret the chemistry of this enriched element in eastern
Mediterranean aerosols.

Estimates of the atmospheric deposition fluxes have emphasized
elements indicating mineral dust (Al, Fe, Mn) and anthropogenic emissions
(Pb, Cd, Zn). Although the fluxes of elements have been estimated it is
stressed that the derivation of the total deposition figures for the entire

Mediterranean, especially for anthropogenic elements, is unwarranted.
Keywords: aerosol, eastern Mediterranean, trace metals, enrichment

factors/diagrams, factor analysis, sources, 3-D air mass back trajectories,
long-range transport, atmospheric vertical motions, Sahara, fluxes.
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DOGU AKDENIZ UZERINDEKi ATMOSFERIK PARCACIKLARIN YAPISI:
JEOKIMYASAL VE METEOROLOJIK PARAMETRELERIN BILESKESI

KUBILAY, Nilgiin Nezihe
Doktora Tezi, Deniz Bilimleri
Tez Ydneticisi: Prof. Dr. A. Cemal SAYDAM
Subat 1996, 219 sayfa

Agdustos 1991 ve Aralik 1992 tarihleri arasinda Dogu Akdeniz'in
Turkiye kiyisindaki kirsal bélgeye (Erdemli) ulagan hava kutlelerinden 339
adet aerosol 6rekleri toplanmigtir. Orekler yiksek debili hava pompasi
kullanilarak toplanmis ve elemental analizleri (Al, Fe, Mn, Co, Cr, Ni, V, Zn,
Pb, Cd, Mg, Ca, Na) atomik sogurma spektrofotometresi ile alevli ve elektro-
termal atomlagtirma teknikleri kullanilarak yapiimistir. Buna ilaveten
dérnekleme bélgesine (Erdemli) 900, 850, 700, ve 500 hPa barometrik basing
seviyelerinde ulagan hava kutlelerinin (¢ ginlak geriye déntk Gg boyutiu
(3D) yérungeleri hesaplanmigtir. Hava katlelerinin geriye dontk
yéringelerinin hesaplanmasinda ECMWF’in (Avrupa Orta Olgekli Hava
Tahmin Merkezi, Reading, Ingiltere) bilgisayarinda kullaniciya agik bulunan
model kullanilmigtir. Bu model gene merkezde hazirlanmis ve arsivienmis
rizgar elemanlanm kullanarak istenilen tarihlere ait geriye dénuk hava
katleleri ydrungelerini hesaplayabilmektedir.

Geriye donuk hava yérungelerinin hesaplanmasi aerosollerdeki metal
derisimlerinin deg@isim sebeplerinin yorumlanmasina agiklik kazandirmigtir.
Hava kutlelerinin cografik bélgelere gére siniflandiriimasi sonucunda elde



edilen bilgilerin literaturdeki Dogu Akdeniz'e ulasan hava akimlari istatistigi
ile uyumlu oldugu dolayisiyla béigeye ulasan yillik ortalama hava akim
yonierini temsil ettigi géralmustar. Ayrica, ortalama meteorolojik kogullarin,
atmosferik sistemler igerisindeki ani ve gegici degisimleri izah etmekte
yaniltici ve yetersiz kaldigi da gosterilmigtir. Daha ktguk 6lgekli meteoroiojik
sartlarin, hava katlelerinin digey yénde hareket yoduniugu veya havanin
yagdisli olmasi gibi, aerosollerdeki element derigimlerini énemli dlgude
etkiledigi géralmustar.

Elde edilen sonuglar, Erdemli'de toplanan aerosollerde éigtilen
elementlerin derisimlerindeki mevsimsel degisimlerin yagislarla yakindan
ilgili oldugunu goéstermistir. Kis aylari boyunca etkin olan yagislarin
atmosferi yikamasi elementlerin aerosoller igerisindeki derigimlerini en alt
duzeye indirmektedir. Yaz aylarn suresince yagis olmamasi ve hava
kutlelerinin duragan olmasi aerosollerin atmosferde birikmesine ve
dolayisiyla igerdikleri elementlerin derisimlerinin artmasina neden
olmaktadir. Gegis mevsimlerinde (bahar ve sonbahar aylarinda) yagdislar
devam etmesine ragmen aluminyum-silikat yapisinda zenginlesmis
elemetlerin derigimlerinde ani yikselmeler gérilmastar. Ug boyutiu hava
kutlelerinin yéringeleri ve uydudan elde edilen gértuntuler elementlerin
derigimlerinde bu aylarda gérulen degigimlerin bélge atmosferinin Sahra
¢olunden tasinan toza maruz kalmasindan kaynaklandigini géstermistir.
Sahra tozlarinda bulunan metallerin ve diger elementlerin yagmur ve deniz
suyunda ¢dzundaguna varsayarsak, bunlarin, bilhassa ilkbahar ve sonbahar
aylarinda Dogu Akdeniz'deki elementlerin dénguleri ve eko-sistemi Uzerinde
énemli 6iglde etkin olabilecegini séylemek mimkundur. Hava
yérungelerinin dugey yéndeki hareket boyutunun, atmosferik taginimdan
sorumlu meteorolojik olaylarin tanimlanabilmesi agisindan oldukga 6nemli
oldugu saptanmigtir.

Hava kutlelerinin y6értingelerinin cografi bélgelere gére
gruplandiriimasi sonucunda, Avrupa kitasinin béigeye uzun mesafeli aerosol
tasiniminda potensiyel bir kaynak olabilecegi gérialmugstar. Fakat Dogu
Akdeniz atmosferine has ¢ok degisken olan metal derisimleri arasinda



Avrupa kitasindan gelen hava kitlelerinin etkisini belirleyebilecek
karakteristik bir 6zellik bulunamamigtir.

Istatistikse!l analizler ve zenginlesme katsayilarinin
hesaplanmasindan elde edilen sonuglar érnekleme bélgesi atmosferinin
antropojenik, denizsel ve toprak kaynakli aerosollerin etkisinde oldugunu
g6stermigtir. Kursun igin elde edilen zenginlesme diyagramiari, Dogu
Akdeniz atmosferindeki aerosollerde antropojenik kaynakli bu elementin
dagiiminin tanimlanmasinda faydali oldugu gdsteriimistir.

Atmosferden denize olan toprak kaynakli aerosollerin gbkelme
akilarinin hesaplanmasi igin Al, Mn ve Fe gibi elementler kullaniimisgtir.
Atmosfer yoluyla denize ulasan Kirlilik miktaninin éneminin vurgulanmasi
amaci ile de antropojenik emisyonlarin gdstergesi olan Pb, Cd ve Zn igin
¢okelme akilari hesaplanmigtir. Her ne kadar elementlerin atmosferden
denize olan akilan hesaplanmig isede bu degerlerin tum Akdeniz havzasina
yaytimasinin, ézellikle antropojenik kaynakh elementler igin supheli sonuglar

verebilecegdi vurgulanmigtir.

Anahtar kelimeler: aerosol, dogu Akdeniz, iz metaller, zenginlegsme
faktori/diyagrami, faktér analizi, kaynaklar, Gg boyutiu hava yéringeleri,
uzun mesafeli taginim, hava katlelerinin dusey hareketleri, Sahara, ¢ékelme

akilari.
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CHAPTERI

INTRODUCTION

1.1. Aim of the Study

River input has long been considered to be the major source of
chemical elements to the ocean system. However, in recent years it has
become increasingly apparent that atmospheric transport plays a central
role in the supply of material to the ocean. This atmospheric input is
especially important in shelf seas and semi-enclosed seas like the
Mediterranean which is closed to potential pollution sources from
surrounding countries and subjected to the well-known influx of Saharan
dust. From a global change perspective, the driving forces are acting in the
atmospheric compartment, induced climatic changes will in turn affect wind
regimes, mean air mass trajectories, rainfall and accordingly the
atmospheric input of different compounds of biogeochemical significance.

The overall aims of this thesis may be summarised as follows: to
provide a time series data set of: (a) the concentrations; (b) the sources;

(c) the air/sea fluxes of trace metals in aerosols over the eastern
Mediterranean.

One of the main purposes of the present study is to contribute to
the understanding of the significance of long-range material transported
from remote potential source regions to the eastern Mediterranean. The
lack of long-time sampling data sets is one of the major problems and it is
very difﬁcult to give more detailed and quantitative information. Previous
workers have shown that trace metal concentrations in aerosols vary daily
(Dulac et al., 1987; Bergametti et al., 1989b). It is the purpose of this study
to operate a land-based station at a coastal site (Erdemli) in order to obtain



better characterization of the geochemical "end-members" in the aerosols
and to assess the nature and relative contributions of the different sources
to the atmospheric trace metal concentrations. Accordingly, this study was
directed towards the investigation of the factors controlling the variability of
atmospheric trace metal concentrations over the eastern Mediterranean and
towards the complete understanding of the transport processes using a
combination of both geochemical and meteorological approaches.

1.2. Sources of Material to the Marine Atmosphere

A suspension of solid and liquid material in a gaseous medium is
usually referred to as an aerosol. The particulate material (aerosol) is
introduced to the atmosphere by either natural and/or anthropogenic
processes. These are divided into two classes according to their generation
termed low- and high-temperature generation processes (Chester, 1990a).
This division is stressed since the forms in which elements are present in
the atmosphere i.e., their speciation, can be strongly dependent on the
temperature at which they were released from their parent host. Following
this broad classification of the generation of atmospheric particulate
material, various researchers have identified both natural and anthropogenic
sources of the elements to the world atmosphere listed below (Church et al.,
1990; Chester, 1990a).

(a) Natural sources; The surfaces of the earth and the oceans can supply
material to the atmosphere both in particulate and gaseous forms. The
generation of particulate material from these wide-spread sources occurs
during the low-temperature mechanical mobilization of surface deposits and
sea salts. Emissions from volcanoes and forest fires are other major natural
sources of trace elements in the atmosphere formed from high-temperature
processes. These two types of source can release particulate material, e.g.

ash, together with gaseous phases that may undergo condensation



reactions and can result in the enrichment of particulate material. The high
temperature burning of vegetation and the consequent emission into the
atmosphere of particulate and vaporized elements from plant surfaces and
soils are counted as natural sources.
(b) Anthropogenic sources; A variety of anthropogenic sources release both
particulate and gaseous material into the atmosphere. These include the
combustion of fossil fuels, including such additives as the lead in gasoline,
the roasting of ores for refining metals, waste incineration, the processing of
crustal materials for manufacturing cements, the production of chemicals,
agricultural utilization and numerous other industrial and social activities.
To assess the relative importance of natural and anthropogenic
sources interference factors (IF) were first calculated for trace metals as the
ratio (Lantzy and Mackenzie, 1979);

IE = (total global anthropogenic emissions

total global natural emissions ) - 100

Global IF values caiculated by this method using the most
recently available data were tabulated by Church et al., (1990) (reproduced
in Table 1.1) to show the primary sources of those atmospheric tracers and
trace elements included in the present study. As can be seen from the table
IF values for some elements (Na, Mg, Ca and Al) are not given. For these
elements the IFs are usually near 100 since their concentrations are
contributed equally by natural and anthropogenic sources and they are often

used as tracers of sea salt or crustal dust.



Table 1.1. Primary sources of atmospheric tracers and trace
elements (after Church et al., 1990).

Element Primary Sources Group Interference
Factor

Ca Sea salt, cement manufacture, 1c

crustal
Mg Sea salt>crustal
Na Sea salt>crustal 1a
Al Crustal 1a
Fe Crustal, anthropogenic 2,1c 39
Mn Crustal, anthropogenic 1c 52
Co Crustal, anthropogenic 1c 63
Ni Crustal, petroleum burning 1b 180
Cr Crustal, anthropogenic 1c 161
\' Crustal, oil combustion 1c 320
Cd Mixed anthropogenic emissions2,c 760
Pb Gasoline combustion,

volcanic smelters 1b 2400
Zn Anthropogenic, vegetation 2 78,500

Note: Group 1-Primary sources: 1a.natural, 1b.anthropogenic,
1c¢.mixed origin.
Group 2-Tracers, biogeochemically important,
atmospherically transported.

1.3. The Atmospheric Transport of Material to the Oceans

Atmospheric and fluvial inputs constitute the primary sources of
trace metals and nutrients to surface waters. It is important to assess the
magnitude of these fluvial and atmospheric fluxes to ocean surface waters,
because, through their conversion to organic matter, these inputs are
transported to the ocean interior.

The oceans can act as both a source and sink of materials which
are transported by the atmosphere. Particularly on a global basis, the
atmosphere plays an important role as a conduit of such substances as



sulfur compounds, trace metals, desert dust, organic materials and other
natural and man-made substances.

How a given substance is transported via the atmosphere
depends on a number of factors. One of the most important is the form in
which the substance is released. A non-reactive gas will be transported
much further than an aerosol, all other things being equal. Other factors that
influence transport are the elevation of release, the state of the atmosphere,
the location of the source with respect to the oceans and the particle size.
However, physical transport is not the only factor that influences the lifetime
of materials in the atmosphere.

Two other factors beside transport affect the residence time of a
substance in the atmosphere. First, chemical transformation can have
important effects on the lifetime of a gas or aerosol through photochemical
processes or through chemical reactions within clouds. In both cases, the
end product will be in a different chemical and/or physical form (obviously,
for non-reactive species this process is not important). Second, physical
capture or scavenging of particles and gases by cloud droplets may occur,
and in this manner substances can be deposited to the oceans.

Traditional estimates of budgets and residence times of trace
metals in the oceans have been based on riverine fluxes and have ignored
atmospheric inputs. Over the last few decades this view has begun to be
modified and systematic studies of atmospheric inputs to the oceans have
been undertaken. The most recent and comprehensive estimate of riverine
and atmospheric inputs of metals and nutrients has been prepared by
GESAMP (1989). The comparison with riverine inputs suggests that the
impact of atmospheric deposition on open ocean biogeochemical cycles will
be much greater than that for rivers. Although the magnitudes of fluxes
(except for Pb) are comparable (Table 1.2.), the various data sets
demonstrate that the influence of riverine inputs is not detectable far from
the river mouth (Boyle et al., 1982; Shiller and Boyle, 1987; 1991). Probably

the dissolved species entering the ocean are directly taken up by



phytoplankton. Both the plankton remains and the original riverine particles
are deposited on the continental shelf, where they are subject to diagenetic
processes. This results in a secondary input to the ocean, into surface and
thermocline waters, depending on the depth of the shelf sediments. This
flux has hardly been quantified so that its influence to the open ocean

cannot as yet be assessed.

Table 1.2. Atmospheric dissolved versus fluvial dissolved
inputs to the global ocean (units, 109 g y-1).

Element Riverine Atmospheric
N (excluding N, gas) 22-50 30

Pb 2 80

Cd 0.3 1.9-3.3

Cu 10 14-45

Ni 11 8-11

Zn 6 33-170

Fe 1100 3200

P 300" 310

All data from GESAMP (1989).
Total P input to marine sediment.

The estimates of chemical fluxes whether from rivers or from the
atmosphere suffer from uncertainties. For rivers there are major problems of
the undersampling of representative systems because, though large rivers
dominate the global water balance, such rivers are located in remote regions
and have been insufficiently sampled to permit an adequate description of
the variation of dissolved and particulate concentrations with season and
flow. The atmospheric flux estimates suffer from the same problem of
undersampling. In both cases there is a common objective, that of defining
the temporal variability of the flux - how the source output varies with climate
and human activity. An understanding of this variability is essential if one
wishes to characterize the present day flux. The characterization of the
temporal and areal variability of the continent-to-ocean wind-borne flux is a



difficult task. In contrast to rivers, which have well-defined channels and are
relatively shallow, the winds are global in scope and have significant vertical
structure. Thus, in order to quantify atmospheric transport it is necessary to
develop comprehensive understanding of the governing meteorological
processes, such as wind flow and precipitation patterns and to evaluate their
effects on the chemical fluxes. Since the atmosphere is a very dynamic
compartment of the earth system the atmospheric concentrations are highly
variable in space and time. In order to characterize such variability
adequately, daily sampling over periods of one year or longer is necessary
but such a long period of sampling is normally impossible at sea on research
cruises, so almost all data are derived from coastal or island sampling sites.
The lack of time series data is now becoming a major problem in both
oceanic and atmospheric science.

It has long been recognized that significant mineral aerosol,
particularly soil eroded dust, is transferred through the atmosphere and
deposited onto the ocean surface. The long range transport of dust from
north Africa to the Atlantic and from Asia to the Pacific has been studied in
detail by combining the meteorological conditions with ground
measurements (Uematsu et al. 1983, 1985; Blank et al. 1985; Kendall et al.
1986, Talbot et al. 1986, Betzer et al., 1988; Savoie et al. 1989; Prospero
1990; Whelpdale and Moody 1990). The aeolian transport of desert
aerosols is a major contribution to oceanic sedimentation and it has been
suggested that the aeolian components of the marine and ice-core record
could provide information about paleoatmospheric circulation patterns and
past climatic conditions on the continents (Prospero, 1981a; Prospero, 1985;
Chester 1990b; Mayewski et al., 1993). Driven by large-scale atmospheric
mdtion, dust particles may travel long distances before being deposited. A
number of case studies confirm the long range nature of the transport of
Saharan dust, dust paths having been detected towards the Black Sea
(Kubilay et al.,1995b); the eastern Mediterranean (Dayan et al., 1991; Ganor
et al., 1991; Ganor and Mamane, 1982; Ganor, 1994; Kubilay et al.,1994;



Kubilay and Saydam, 1995c¢; Kubilay et al., 1995a,d); the western
Mediterranean (Bergametti et al., 1989a,b; Martin et al., 1990; Dulac et al.,
1992); the Netherlands (Reiff et al., 1986); Scotland (Davies et al., 1992b);
Sweden (Franzen et al. 1994); across the northern Atlantic (Talbot et al.,
1986); to South America (Prospero et al., 1981b; 1987) and toward the
Amazon basin (Swap et al., 1992).

There are a variety of hypotheses about the effects of this huge
deposition of dust on the sea surface. The main effect that is of interest is
the role of dry fallout and rain as a source of such essential elements for
biological as N, P and Fe (Duce, 1986). The impact of atmospheric iron on
phytoplankton production and the resulting increase in biomass, as initially
proposed by Martin and Fitzwater (1988); Duce and Tindale (1991);
Donaghay et al. (1991) is now proven through the in situ large scale
experiment, "lron Ex1", carried out in the equatorial Pacific Ocean in
November 1993 (Wells, 1994; Martin et al., 1994).

The effects of a dust outbreak on the regional radiative energy budgets
of desert and oceanic locations were investigated using a combination of
model calculations and satellite observations by Ackerman and Chung
(1992). They concluded that over the oceanic regions the presence of dust
increased the short-wave radiative scattering which causes cooling. On the
other hand, the presence of dust decreased the observed long-range
radiation more vigorously on desert areas. This effect of dust on radiation
led us to consider the link between dust and climate. Although the ultimate
radiative effects of dust are uncertain, there is sufficient evidence to suggest
that the effects of mineral dust must be considered when modeling the
radiation balance. At the very least, these effects should be estimated for
the lower latitudes, which are the major areas of intense dust production and
transport. These regions are also the location of the major energy
exchanges of the earth's climate system (Schutz et al., 1990).



1.4. The Case of the Mediterranean Sea

1.4.1. Input of Material onto the Mediterranean via the Atmospheric

Pathway

The Mediterranean Sea is a midlatitude semi-enclosed sea,; it is
connected with (and separated from) the Atlantic by the Strait of Gibraltar,
with the Sea of Marmara by the Dardanelles and with the Red Sea by the
Suez Canal. At its northern boundary there are nations with economies that
range from industrial and semi-industrial to agricultural. To the south there
are highly productive mineral aerosol sources like North Africa (Sahara
desert belt) and Asia (Saudi Arabian and Syrian deserts). Thus the
Mediterranean is a classical example of a marine region with a number of
contrasting catchment areas which supply material to the atmosphere. It is
subjected to considerable stress from the adjacent large population centers
and is one of the most fragile ecosystems in the world. The discovery of the
existence of sapropels i.e. discrete, black and organic rich layers
sedimented in anoxic conditions could be the first signature of
anthropogenic effects (Bethoux and Gentili, 1994).

The geochemistry of the whole basin depends on the marine
dynamics and the Atlantic, terrestrial and atmospheric inputs. The eastern
part of the basin differs from the western part in its meteorology, hydrology
and chemistry. The physical circulation characteristic of the eastern basin is
well documented and characterized by dynamic current systems flowing
thrbugh quasi permanent, meso-scale, cyclonic gyres (Rhodes) and a series
of anticyclonic eddies (Ozsoy et al., 1989; 1993; Robinson and Golnaraghi,
1993).

The damming of the Nile, previously the major source of material to the
eastern Mediterranean, has left the Seyhan, Ceyhan and Manavgat located
along southern Turkey as the only riverine sources of material to the eastern

basin. These inputs will be reduced as the rivers are used as fresh water



supplies to the Middle East states: indeed, construction has already started
to transport Manavgat water by tankers to Israel. Eventually, therefore, only
the atmospheric input to the eastern basin will remain to act on the
biogeochemistry of the basin, together, of course, with the oceanographic
processes.

The productivity of the sea is limited by nitrate in the western part
(Woodward et al., 1990), whereas in the eastern Mediterranean productivity
is limited by phosphate (Krom et al., 1991). The airflow climatology of the
eastern basin shows seasonal behavior whereas the western part does not
(GESAMP, 1985). It is also likely that over the eastern Mediterranean
mineral aerosol fluxes are at least five times higher than over the western
Mediterranean though fluxes of pollutants are lower (GESAMP, 1989).

In the Mediterranean Sea the distribution of dissolved trace
metals differs fundamentally from that in the open ocean. First, Cd, Ni, Zn
and Cu, which exhibit nutrient-like behavior in the open ocean (Bruland,
1983), have more or less uniform vertical distributions in the Mediterranean
Sea (Laumond et al., 1984; Copin-Montegut et al., 1986). Vertical
concentration profiles of the dissolved trace metals may show a surface
maximum (Cd, Cu and Pb: Laumand et al., 1984; Pb and Cd: Copin-
Montegut et al., 1986; Co and Ni: Zhang and Wollast, 1990) though this is
not always true (Zn and Cr: Sherrell and Boyle, 1988; Al: Cashetto and
Wollast, 1979; Hydes et al., 1988; Chou and Wollast, 1989).

Important questions pertaining to these observations are;

(i) whether the trace metal distributions are the result of natural or
anthropogenic processes,

(i) why the nutrient-type metals are not efficiently removed from surface
waters,

and (iii) why their vertical profiles differ from those in the open ocean.

Based on the results of a box-model, Bethoux et al., (1990)
concluded that during the last few decades the increase in trace metal

concentrations has been caused mainly by anthropogenic input. Such input
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is probably most pronounced in the western basin, because of the higher
levels of industrialization of the bordering countries. The lack of vertical
structure of the trace metal profiles was attributed to the short residence
time of deep waters, minimizing the contribution of biogeochemical relative
to hydrographic processes (Bethoux et al., 1990). Observational evidence
for this explanation is scant, the major impediment being a lack of
information on trace metal fluxes into, within and out of the Mediterranean
Sea. Neither the biological cycling of trace metals (Buat-Menard et al.,
1989) nor the influence of diagenetic processes (Nolting, 1989) has been
quantified for the Mediterranean Sea. Lastly, the descriptions of the trace
metal distributions were based largely on data from the western
Mediterranean Sea, there being no data for the eastern Mediterranean.
EROS-2000 (European River Ocean System), a project of the
Commission of the European Union, has attempted to compare riverine and
atmospheric fluxes to the north-western Mediterranean. One of the main
aims of this program was to determine the relative contributions of materials
supplied from the atmosphere and from the rivers. Within the framework of
this project, the 5 year assessment of particulate matter by precipitation to
the north-western Mediterranean has shown the atmospheric input to be
very close in magnitude to the river input and to range from 10 to
27 t km? yr', about 90 % being constituted of Saharan mineral dust. With
regard to fluvial sediment discharge it has also been shown that 90% settles
in estuarine and coastal zones and that 10% finally escapes to the open
Mediterranean (Martin et al., 1989; Loye-Pilot et al., 1989). This particulate
Saharan dust is particularly rich in elements of ecological concern (e.g. Fe,
Si, Mn, Co...) and since it is generally postulated that only dissolved forms of
these elements can easily be available as nutrients for biological growth
(Finden et al., 1984; Sunda et al., 1983), determination of the partitioning
between dissolved and particulate fractions is a very important task with

regard to the biological significance of the atmospheric inputs.
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The results of a systematic, 16 month, sample collection have
quantified the total atmospheric depositions in a coastal area of the north-
western Mediterranean. Comparison of the atmospheric input of trace
metals with the Rhone river input into the northern part of the western
Mediterranean is presented in Table 1.3. Although the total inputs of trace
metals by the Rhone River are higher than the total inputs from the
atmosphere, It has been stressed that atmospheric inputs cannot be
neglected especially as one moves seaward from the river mouth (Guieu' et
al.,1991a).

Table 1.3. Comparison between total input of Rhone river and atmospheric

input to the Guif of Lyon.
Atmospheric input Rhone input
tyr' tyr’

Dissolved Particulate Total Dissolved Particulate _Total

Al 595 318320 318715 1283 37283 38566
Cd 3 7 10 3 39 42

Co 4 58 62 2 7 9

Cu 107 212 319 16 28 44

Fe 135 197800 197935 387 18093 18480
Mn 194 4273 - 4467 100 318 418

Ni 74 236 310 8 21 29

Pb 6 446 452 24 64 88

(Guieu et al., 1991a and the references cited there in).

It has been verified that partitioning between particulate and
dissolved phases in rain depends upon pH: the highest Pb and Cd
concentrations were observed at very low pH. Surprisingly, Fe, Cu and Ni
behaved differently, the highest concentrations corresponded to the highest
pH measured in red rain events (Guieu et al., 1990).

For the case of Fe this could be explained by the existence of
different oxidation states of the element under environmental conditions.

The different oxidation states have different solubilities and thus, redox
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cycling, possibly via photochemistry, may also play a role (Sunda et al.,
1983; Siffert and Sulzberger, 1989; Zhuang et al., 1992; Johnson et al.,
1994). Throughout atmospheric transport an aerosol may be subject to
repeated wetting and drying cycles during cloud formation and dissipation.
During these cycles, low pHs may be experienced if, for example, the
aerosol acts as a site for SO, adsorption. Subsequent oxidation of SO,
which may even be catalyzed by mixtures of manganese (Il) and iron (ill)
(Takashi and Takeuchi, 1986), can yield very acidic sulfuric acid solutions
(Zhu et al., 1992). The pH of the final precipitation may be raised by
reaction with bases during or after the wetting/drying cycle and thus does
not necessarily reflect the pH conditions the aerosol is exposed to in the
atmosphere. The results of a laboratory study of Fe in Saharan aerosol
during repeated cycling from high to low pH, thereby simulating cloud
processes, has shown that increasing the pH results in almost complete
removal of dissolved Fe and that the amount of Fe remaining in solution
increases with the number of low pH cycles (Spokes et al., 1994). It has
been verified also that the kinetics of the photo dissolution of Fe depend not
only on the pH but also on the structural identity of the iron mineral (Xyla et
al., 1991; Sulzberger, 1992; Sulzberger and Laubscher; 1995). The
importance of these processes for describing inputs to the ocean is that
trace metal solubility may depend on the life history and crystalline structure
of the aerosol, and thus simple solubility-pH relationships may not be
appropriate.

Its ecological importance has motivated researchers to estimate
the atmospheric input of nutrients to primary productivity. In the western
Mediterranean the atmospheric N input contributes 25% of the new
production and this percentage increases to 60% in oligotrophic zones such
as the eastern Mediterranean (Loye-Pilot et al., 1989). In summer, when low
rétes of primary productivity are associated with intense stratification of the
water column, the atmospheric input of dissolved phosphorus forms a large
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part of the phosphorus exported from the photic zone (Bergametti et al.,
1992).

It is noteworthy that Quetel et al., (1993) and Kremling and Streu
(1993) found atmospheric inputs from Africa to be the major source of the
fluxes of Al and Fe particulates in western Mediterranean and subtropical
north Atlantic waters. Quetel et al. (1993) also suggested North African
aerosols to be delivered in the form of pulses which may impose non-steady
conditions on the biogeochemical processes of the iron in the marine
environment. Chester et al. (1990c) have emphasized the need for further
investigation of the role played by Saharan dust in the sea water chemistry
of the western Mediterranean. They proposed that when Saharan dust is
deposited in the mixed layer it can act as a “sink' rather than a “source' for
trace metals in sea water. The 'source/sink’ nature of the role played by
Saharan dust is particularly important in determining the concentration of
PO4-3 dissolved in the eastern Mediterranean.

The analysis of samples collected at high altitudes over the
equatorial Atlantic has revealed that Saharan dust is a significant source of
water soluble phosphate in the boundary layer over this oceanic region
(Talbot et al., 1986). Such enrichment has also been reported by other
scientists who measured the total P over the tropical north Atiantic (Graham
and Duce, 1979; Coude-Gaussen et al., 1987). On a global basis
weathered crustal material is believed to be a principal source of soluble
phosphate in aerosols over the world's ocean (Chen et al., 1985). Actually,
the dynamics of phosphorus exchange on detrital particles exposed to
solution are complex. Chase and Sayles (1980) resuspended five
sediments suspended in the Amazon River in phosphate-free surface
seawater and observed rapid (hours) release of P into solution. On the
other hand, the great reactivity of phosphate with particles and the high
phosphate-absorbing capacity of clay particles possessing a surficial armour
of reactive iron and aluminum hydroxides maintains low equilibrium

phosphate concentrations in solution (Froelich, 1988). This finding led Krom
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et al. (1991) to suggest that removal of phosphate by dust particles may be
an important process controlling the concentration of P in the water column
of the eastern Mediterranean region. These studies, confirming that dust
deposited onto the ocean may provide biologically important elements, led
Donaghay et al., (1991) to postulate a variety of marine ecosystem
responses to episodic atmospheric inputs of nutrients. Indeed, a study of
the nutrients in atmospheric depositions over the northwest Pacific coastal
ocean demonstrated a potential link between episodic atmospheric
deposition and toxic biological blooms (Zhang and Liu, 1994).

Additional evidence demonstrating the importance of the Sahara
has come from geochemical studies of Mediterranean sediments which
suggest that material transported from the Sahara is an important source of
certain clay minerals (Chester et al., 1977; Tomadin et al., 1984; Correggiari
et al., 1989).

The overall amount of mineral aerosol (dust) reaching the
Mediterranean basin is large compared to the atmospheric impact on other
oceans and since the desert dust intrusions to the basin occur in the form of
pulses, these can impose intermittent, non-steady state conditions on the
mixed layer in the Mediterranean (Chester, 1986; Chester et al., 1989;
Quetel, 1993). The assessment of such an influence demands quantitative
knowledge of the atmospheric concentrations and fluxes of the particles over
the marine environment. The wide variation found in the daily trace metal
concentrations of Mediterranean atmospheric particulates (Dulac et al.,
1987; Bergametti et al., 1989b), has highlighted the importance the Co-
ordinated Mediterranean Research and Monitoring Program (MEDPOL)
attached to a continuous sampling strategy for assessing the inputs of trace
elements over the Mediterranean basin (UNEP/WMO, 1989a; 1992).

Knowledge of the dust concentration over the eastern
Mediterranean has been limited by ship time (Chester et al.,1977; 1981,
1984) though long term assessments of dust deposition have been provided
by the Israeli scientists. According to these measurements, about 25 million
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tons of desert dust annually reach the eastern Mediterranean (Yaalon and
Ganor, 1979; Ganor and Mamane, 1982). This addition contributes to the
characteristics of the typical Mediterranean soil (Yaalon and Ganor, 1973).

The finding that the sediment discharged from western
Mediterranean rivers settles in the estuarine zone before it reaches the open
sea (Martin et al., 1989) implies long-range, atmospheric transport to be a
major source of terrigenenous sediment. To our knowledge, however, no
direct measurements of the down-column transport of the alumino-silicate
associated, trace elements have so far been made in the eastern part of the
Mediterranean.

Deposition to the Mediterranean of radionuclides from
atmospheric weapon tests over the Pacific (GESAMP, 1985) and from the
Chernobyl accident (Fowler et al., 1987; 1990) is another good verification
of the long-range transport of material via atmospheric pathways.

Beside the aforementioned effects, increased dust concentrations
over the eastern Mediterranean could change the climate by modifying the
radiation balance and by the generation of cloud condensation nuclei (Levin,
1993; Gilman and Garrett, 1994). The transport of desert dust also aids the
‘neutralization of acidic rains (Loye-Pilot et al. 1986; Mamane et al. 1987;
Loye-Pilot and Morelli, 1988; Losno et al. 1991) and, among the negative
effects of dust transport, it is worthy of mention that intensive dust storms
may profoundly influence human activities and the economies of the

countries of the region (Khalef 1989).

1.4.2. Geographic and Climatic Overview of the Mediterranean Area

In order to assess the transport of material via the atmosphere to
the eastern Mediterranean both from anthropogenic and from natural
sources, the climatology and meteorology of the region must be well

understood.
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The eastern Mediterranean is located to the east of the island of
Crete and bounded by the coast of Turkey in the north, by Syria, Lebanon
and Israel in the east and by Egypt and Libya in the south. The topography
of the continental masses surrounding the eastern Mediterranean area is
complex (Fig.1.1); it provides both barriers to and channels for airflows that
at times bring extremely different air masses to the region. Thus, the
topographic features shown in Figure 1.1 may interact with the large-scale
atmospheric flow within the boundary layer by influencing both horizontal
transport and vertical mixing of the aerosols.

Such well known regional winds (Fig.1.2) as the Etesian, Bora,
Sirocco and Poyraz transport aerosols over the Mediterranean from the
potential source areas.

The Etesian (the Turkish name is Meltem) is a northerly to
westerly wind that occurs during the summer over the Aegean Sea and the
eastern Mediterranean where it occurs as a southeastward extension of the
Aegean wind regime. The Bora is most common along the Yugoslavian
coast but it also occurs over the Aegean Sea; this latter occurrence
occasionally extends into the eastern Mediterranean. The meso-scale
effects of significant mountain gaps along the southern Turkish coast
produce strong regional northerly winds, the Poyraz, especially during the
winter season and during some summer months (mainly August). The
Sirocco (also known as the Ghibli and Khamsin) is a southeasterly to
southwesterly wind over the Mediterranean originating over North Africa.
The air comes from the Sahara as a desert wind and is dry and dusty; the
inhabitants of North Africa call it Chom (hot) or Arifi (thirsty). When crossing
the Mediterranean it picks up moisture as it travels northward, causing rain.
In the eastern Mediterranean, the Sirocco originates in the south over the
deserts of Libya and the United Arab Republic and over the Arabian deserts
to the southeast (see Fig.1.2).
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Figure 1.1. Topographical map of the eastern Mediterranean area
(after Brody and Nestor, 1980).
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Figure 1.2. Major local wind systems in the Mediterranean
(after Brody and Nestor, 1980).

Eastern Mediterranean depressions usually originate in the
Southern Aegean Sea and generally occur in the Cyprus area just south of
the Turkish coast during autumn and winter, being most intense from
November through April, whereas during spring (March through May)
depressions are more effective over north Africa (see Fig.1.3).
Climatological analysis of Mediterranean cyclones has revealed intermonthly
variations in their routes which become lost in seasonal pictures (Alpert et
al., 1990a,b). Thus, composite seasonal pictures are not faithful
representations of the cyclonic routes over such a complex terrain as the
Mediterranean.
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Figure 1.3. Areas of cyclogenesis and tracks of cyclones which affect the
eastern Mediterranean (after Brody and Nestor, 1980).

The Mediterranean region is famed throughout the world for its
distinctive climate affected by the air-sea interactions and by the
surrounding topography. Climatically, the region is characterized by
generally warm temperatures, winter dominated rainfall and dry summers.
The strong contrast between summer and winter rainfall that characterizes
the Mediterranean climate is accompanied by pronounced seasonal cycles
in most climatic variables.

The seasonal weather patterns of the eastern Mediterranean are
controlled by the monsoonal character imparted by the surrounding land
mass. During the winter season (November through February), the Eurasian
land mass to the north is very cold in comparison with the sea surface
temperature. With the upper level westerlies often found over the
Mediterranean, cyclonic activity with unsettled weather and strong winds is
common. Precipitation, although mainly associated with these cyclonic
disturbances, is also influenced by local orographic effects.
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During the summer season (June through September), the
monsoonal effect leads to the development of an intense heat trough over
southern Asia that extends westward over Turkey. With higher pressure
over the relatively cooler sea surface of the Mediterranean, settled and dry
weather with westerly winds persists during the summer.

The transitional seasons, spring and autumn, are of very different
length. The relatively long spring season (March through May) is noted for
periods of unsettled winter-type weather associated with an increased
occurrence of North African cyclones; otherwise spring weather is much like
summer's. Autumn usually lasts only one month (October) and is
characterized by an abrupt change to the unsettled weather of winter
(Reiter, 1975; Brody and Nestor, 1980; Ozsoy, 1981; Milliman et al., 1992).

One of the most commonly used techniques for interpreting
atmospheric measurements, that is, for evaluating the long-range transport
of chemical constituents and for characterizing the mean flow to a specific
region of the atmosphere, is through the modeling of atmospheric
trajectories (GESAMP, 1985; Merrill, 1985a; Miller and Harris, 1985; Dayan,
1986; Dulac et al., 1987; Martin et al., 1987; 1990). Generally, the models
postulate that the tracked air particle follows the mean atmospheric motion
and thus permit the calculation of transport pathways forward in time from a
source region or backward in time from a receptor. All trajectory calculations
rely upon measurements of vertical profiles of pressure, temperature and
wind which are made discretely in time and space. Martin et al., (1987)
have reviewed the various applications of backward trajectory models and
tabulated the advantages and disadvantages of several methods of
calculating trajectories for two basic types of models:

(1) dynamic models, which employ pressure or temperature fields to
calculate isobaric or isentropic trajectories, respectively;
and (2) kinematic models, which employ measured wind fields.
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In isobaric trajectory analysis the motion along constant pressure surfaces
is tracked. This method is useful only for short times (<1 day) when the air
femains on isobaric surfaces (Artz et al., 1985; Merrill, 1985b).

Using case studies, Martin et al., (1987) showed that the
introduction of vertical movements into trajectory models had a noticeable
influence on the horizontal trajectory of air masses, depending on the
meteorological situations. They also compared the 3-D air parcel
trajectories arriving in the Mediterranean region with the isobaric paths and
showed that, for trajectories of duration more than 48 h, significant
differences occur during cyclonic and anticyclonic situations when the
vertical motions are modified by wind shear. Their observations clearly
indicate that trajectory calculations must utilize the vertical component of
wind speed (w) in taking wind shear into account. Subsequently, by
coupling geochemical tracers of dust (Al, Si) and satellite imagery, Martin et
al., (1990) validated the use of the synoptic, vertical wind component in
trajectory calculations defining the real track of African dust transport to the
western Mediterranean.

Whenever trajectories are used to interpret atmospheric chemical
measurements, the assumptions underlying the method used for calculation
must be understood. In addition to model assumptions, it is important to
keep in mind that the coarse resolution of input data limits the accuracy of all
trajectory models. The meteorological data used in the trajectory models
generally possess a selected spatial and temporal resolution. These
discrete data must be interpolated both in space and time. After a certain
number of hours, the magnitude of the interpolation errors in the location of
trajectories increases. The estimates of errors range from 140-290 km after
24 hr to 350495 km after 72 hr (Whelpdale and Moody, 1990). The
important conclusions of these authors for the application of air-mass
trajectories to the interpretation of ground-based aerosol and precipitation
data so as to identify sources and apportion source emissions can be are

summarized as;
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1. Single trajectories should not be used to determine source-receptor
relationships.
2. Trajectory accuracy depends on the type of model and the resolution of

data employed.
3. Trajectory accuracy depends on the meteorological conditions being

modeled.

4. Trajectories provide more reliable estimates where large area sources are
involved.

5. Long-term trajectory climatologies are more reliable than single trajectory
calculations.

6. When available, knowledge of conditions along a trajectory (e.g.
precipitation) helps interpret chemical measurements.

7. The combined use of multiple chemical tracers (such as, Al,Si) and
trajectories may help interpret transport (e.g., Martin et al., 1990).

Most current literature uses satellite-derived images in qualitative
investigations of the magnitude, frequency and movements of dust, or for
long-term assessment of frequencies and source regions of dust transport
(Reiff et al., 1986; Coude-Gaussen et al., 1987; Dayan et al., 1991;
Jankowiak and Tanre, 1992).

Over the ocean, the presence of aerosol increases the upward
radiance by scattering the short-wave radiation which is propagated
downward. Due to the darkness of the oceanic surface, this effect is
observed easily and can be modeled straightforwardly. Thus, it has been
used to map the global aerosol distribution (optical thickness) over the
ocean from the data retrieved by the advanced, very high resolution
radiometer (AVHRR) aboard polar-orbiting NOAA satellites (Tegen and
Fung, 1994). Over continents, the incident visible flux at ground level is
reduced by the presence of dust, yielding a drop in ground temperature.
Moreover the radiance emitted by hot arid surfaces is attenuated by the
colder atmospheric dust layers. During the night, one finds, on the other
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hand, that backscattering and emission by dust particles reduces the cooling
of the colder ground surface. Dust over arid areas therefore significantly
decreases the brightness temperature during daytime but increases it during
night-time and permits the detection of dust over the continents.

By utilizing a time-series analysis of visible (VIS) and thermal
infrared radiation (IR) obtained from METEOSAT, Saharan dust transport to
the Mediterranean and the spatio-temporal distribution of dust occurrences
over the North African continent and Atlantic ocean have been documented
by various scientists. Satellite detection of dust above North Africa during
the eight years, 1984-1991, generates a dust climatology; an annual cycle in
dust producing activity is observed with a maximum in March-May and a
minimum in October-December - which in fact is consistent with
observations of dust above the Atlantic (Dulac et al., 1992a; Legrand and
N'doume, 1992; Legrand et al., 1994, Dulac et al., 1994, Legrand, 1995).

Throughout this study, satellite pictures from METEOSAT VIS and
IR channels were provided for certain dust intrusions from surrounding
desert areas observed at the Erdemli site (data available from Dr.F.Dulac,
Centre d'Etudes de Saclay, L'Orme Des Merisiers, 709, F-91191 Gif-Sur-
Yvette Cedex/France and Dr.M. Legrand, Labor. d'Optique Atmospherique,
bat.P5-Physique Fondamentale, Universite de Lille-1, 59655 Villeneuve
d'Ascq cedex, France). These satellite imageries were used as
complementary evidence for the intrusion of desert dust to the eastern

Mediterranean.
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CHAPTERII

MATERIALS AND METHODS

2.1. Computation of Air Mass Back Trajectories

To obtain the three dimensional (3-D), three day's backward air
mass trajectories, the publicly available operational model on the CRAY
C90/UNICOS super computer at the European Center for Medium-Range
Weather Forecast center (ECMWF, Reading, U.K.) was utilized. To run this
model from a remote site and obtain trajectory data for a specified region
and date, the job (a request file for a trajectory) given in the Appendix
(Table A1) was initialized via internet.

The model uses analyzed wind field components; u and v, zonal
and meridional respectively, plus the vertical velocities available in the
archive of the center (MARS) in the form of a special, on-line database
(Gibson, 1991) gridded every 6 h (00, 06, 12, 18 UT) for standard pressure
levels. The grid space is equal to 1.875¢ for both latitude and longitude.
The model recalculates the new position of the air parcel at each 15-min.
time step by utilizing linear spatial and temporal interpolations (see Kallberg,
1984 for further details). All calculations are carried out on a regular
latitude-longitude grid, with a resolution selected by the user. In this study a
resolution of 1.5x1.5 degrees has been used. A coarser resolution may be
selected, in order to reduce computer time. The resulting parcel positions
(expressed as latitudes and longitudes) together with wind components and

pressures have been entered hourly as characters to a resuilt file.



An example of such a result file, obtained by sending a request
file (see Table A1) for the date of 27 March 1992 is given in Appendix
(Table A2). The second column shows time steps for backtracking and the
third, fourth and fifth columns show u, v and w components of the wind in
every time step. The sixth and seventh columns represent the position of
the air parcel in latitude and longitude respectively at each time step whilst
the last column gives the pressure of the tracked air-parcel at its new
position.

The data for trajectories arriving at four different barometric levels
were obtained daily throughout this study. The hourly latitude and longitude
of air parcels have been plotted on horizontal mercator projection maps.
Such plots are known as air mass back-trajectories, the actual three-
dimensional paths that air parcels follow as they move through space.

The air mass back trajectories provide information only about the
source regions of the air masses arriving at the sampling zone. They do not
give information on precipitation that the air mass might have experienced
throughout its travel - which would be a useful parameter in explaining the
variance in the atmospheric concentrations of the measured species. Local
precipitation data at the atmospheric sampling site has been used both for
the assessment of its effect on the variability of the elemental concentrations
in the aerosols and in wet-deposition calculations. The daily amount of local
precipitation at the sampling site during 1991 and 1992 was obtained from
the Erdemli Meteorological station, formerly part of the Turkish
meteorological network and located 10 km east of the tower.

2.2, Atmospheric Aerosol Sampling
2.2.1. Sampling Tower

In an atmospheric sampling program, site selection is critical.
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The first step is to define the purpose of the measurements clearly. If the
input to a specific location is required then this will obviously dictate the
sampling location. If a regional background will be measured it is important
to recognize the potential sources of local contamination. Local trace metal
inputs will arise from essentially all industrial sources, automobile traffic,
cultivated fields, smoke stacks and any other sources of dust such as areas
of sand or concrete. Sites selected must be remote from such sources
under all wind directions.

Thus a platform for sampling an atmosphere representing a
marine region could be a research vessel or remote coastal site (e.g.an
island). In many cases practical considerations of manpower ability,
electrical power and the cost of site operation will constrain the choice of
site and the best available site should then be selected.

Atmospheric sampling from a ship has some advantages,
particularly for short-term preliminary studies and quick investigations of a
particular geographical area. The problems of shipboard contamination and
the difficulty of collecting sufficient air samples to obtain any meaningful
statistics at a given location precludes ship sampling for any detailed study
of atmospheric transport.

In 1990 a 21 meter high sampling tower was constructed on the
northeast coast of the Mediterranean at the harbour jetty of the institute
(34°15'18" E 36°33'54" N). After various considerations this site was
considered to be the most practical location since it was possible for experts
to reach the tower within a few minutes, thereby reducing the risk of
contamination.

A wide range of material exists for the construction of a sampling
tower. The sampling tower used in this study was constructed from three
commercial, 20 foot containers mounted on top of each other. Apart from
the first, the side walls of the upper two containers were removed to reduce
wind resistance and the tower was secured by steel wires to provide extra
strength. The construction material was quite resistant to oxidation by the
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marine atmosphere, cheap and easy to obtain. Equipment for atmospheric
sampling was located on the top level of the tower.

The vicinity of the sampling tower is surrounded mainly by lemon
trees and cultivated land and greenhouses. Populations of 55,000 and
500,000 inhabitants live 7 and 45 km to the east of the tower, respectively.
Pulp and paper industry exist 45 km to the west of the tower and a petroleum
refinery, soda, chromium, thermic power plant and fertilizer industries are

located 45 km east of the sampling tower.

2.2.2. Aerosol Collection

The sampling campaign started in August 1991 and lasted for 17
months. During this period 339 aerosoi samples were collected. Put simply,
atmospheric aerosols were sampled by passing volumes of air through
filters.

A variety of filter types are available and the particular type
selected depends on a number of factors, including the chemistry of the
substance being determined, the fiow rate obtainable through the filter, the
efficiency of various filter sizes, their loading characteristics (rates at which
the filters clog), the ease of chemical manipulation of the filter (ease of
solubility in various solvents) and its cost. The common filters used for high
volume sampling include glass fiber, Whatman 41 (cellulose), and Delbag
Microsorban (polystyrene). Membrane filters such as Millipore and
Nucleopore, which generally have significantly lower flow rates, are also
used. Whatman 41 (20.3x25.4 cm) filters are generally recommended for
several reasons-a low metal blank, low cost, and ease of handling in
analysis. Accordingly, aerosol samples for trace metal analysis were
collected during the present study on Whatman-41 cellulose filters
(Whatman International Ltd, Maidstone, England).

28



The sampling program was corrected by “comprehensive blanks'
processed in the same manner as the samples collected on the tower with
the exception that no air was drawn through the filters. *Comprehensive
blank' filters were removed from their boxes and mounted in the filter holder,
then dismounted and stored in polyethylene bags for later analysis. By
contrast, “filter blanks' were removed from their box under laboratory
conditions just prior to analysis. Although from the same selection of filters
as the “comprehensive blanks' these filters were never taken on the
sampling tower. Extreme care was taken during the collection and handling
of atmospheric samples.

To assess the blank contributions from filter papers, the blank-to-
sample ratios for each element are given in Figure 2.1. It can be seen that
the contribution from Whatman 41 filter papers was significant only for Ni
(20%) and Cr (17%). For other elements the subtracted blank values were
less than 10% of the mean concentrations of the elements throughout the 17
months collection period at Erdemli.
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Flgure 2.1. Sample—to—blank ratios of the elemental concentrations in

Whatman-41 filter papers.
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Aerosol samples were collected by a model GMWL-2000
(General Motor Works Inc., OH) high-volume sampler consisting of a heavy
duty turbine blower with a high speed motor, flow meter and seamless
stainless steel filter holder.

Utilizing paper media, the model GMWL-2000, designed and built
for continuous sampling, traps particles as small as 0.01 micron-in size. For
their protection, all instruments and components were mounted within a
reinforced shelter constructed of 0.08"anodized aluminum.

The equipment possessed a flow rate of 1.17+0.46 m’ min.”
which could be maintained for 24-72 hours. The air flow monitored by a
variable orifice meter which was calibrated periodically utilizing a calibration
kit (model PN G25) to maintain on-site accuracy. An elapsed-time counter
recorded the duration of the sampling. A flow recorder with a clock-driven
chart provided a permanent record of the sampling duration. In this way
changes in air flow resulting from variations in line voltage or from
increasing filter load could be recognized.

The total volume of air sampled was computed from the sampling

duration and the average mass flow of air.

2.2.3. Sample Manipulation

Both at the sampling site and in the laboratory extreme care was
taken to minimize contamination of the filters by handling during the
sampling and analysis of aerosols. All personnel collecting the samples
were thoroughly familiar with precautions to be taken during sample
collection and handling and were well aware of the many sources of
contamination that could have arisen.

All filters were carried to the sampling tower within their boxes.
Polyethylene gloves were always worn throughout any manipulating of the
filter papers. Filters were unloaded from the box and mounted on the filter

30



holder using Teflon covered tweezers. At the end of sampling the filter
papers were folded over with their exposed face inward and the exposed
filter paper was placed in a polyethylene bag on which the date of the
sampling was written.

For each sample the duration of sampling was read from the
continuous time recorder on the pump and noted. The continuous flow
recorder paper was changed for each sample. These records gave the
mean flow rate throughout the sampling. Before mounting of a new filter
paper, the metal part of the filter holder was cleaned with tissue paper to
remove any dust from the previous filter and the pump was assembled for

the succeeding run.

2.3. Aerosol Chemical Analysis
2.3.1. Sample Dissolution

In order to determine elemental concentrations in solids by atomic
absorption spectrophotometer it is necessary to bring the material into
solution. The analysis of aerosol samples collected throughout this study
utilized Saydam's (1981) procedure for dissolution.

In the laboratory all filter papers were manipulated in a Laminar
Air Flow bénch (Clean LAF HF906). PTFE, polytetrafluoroethylene, beakers
with a capacity of 50 mL were used to dissolve (digest) the filter matrix and
the particles collected on it. Each PTFE beaker was cleaned by refluxing
with 65 % HNO, MERCK Suprapur ® for 6 hours, and subsequently rinsed
with Milli Q water. Each filter paper was carefully removed from its storage
bag and one fourth of the paper was cut by nylon cord and placed in a PTFE
beaker. 25 mL of HNO; were added. The beaker was then covered with a
PTFE lid and placed on a hot plate at 130 °C to dissolve filter material. The

HNO; was refluxed for 10-12 hrs. [f the solution was not clear, depending on
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the sample matrix at the end of 12 hours, 20 mL of additional HNO; was
refluxed for a further 6-8 hr. The sample was then evaporated, until about
10 mL of HNO; was left. 5 mL of 40 % HF MERCK Suprapur ® was then
carefully added to the solution and the samples were digested for a further
6-8 hr. before being evaporated almost to dryness. 5 mL of HNO; were
added and evaporated almost to dryness. This last step was repeated three
times to eliminate any traces of HF left in the solution. The beaker was then
allowed to cool and the residue dissolved with Milli Q water. This solution
was poured into 25 mL graduated flasks and made up to volume with Milli Q
water. The solution was quickly transferred to a labeled polyethylene
sample bottle (100 mL) fitted with screw tops for storage prior to analysis. A
reagent and filter blank determination was carried out using the same
procedures. The solutions were kept refrigerated at 4 °C until analysis.
Since metals are adsorbed on the walls of the container and are
not removed by simple rinsing with distilled water, polyethylene sample
bottles and all other glassware used in the analysis were left in 10 % HNO;
solution for 12 hr. to desorb metals from the walls of the containers before
use. They were then rinsed 3 times with distilled water and 5 times with Milli

Q water and left to dry in a clean hood.

2.3.2. Atomic Absorption Spectrophotometer (AAS)

AAS is a simple and rapid procedure that can be used to
determine trace elements in aerosol samples. Throughout this study
samples were analyzed directly for those elements of interest by the flame
and flameless modes of a computer controlled GBC-906 model (GBC
Scientific Equipment Pty Ltd. Australia) atomic absorption
spectrophotometer equipped at the factory with a deuterium (D,) lamp for
background correction. Detection limits, sensitivities, optimum ranges and

detailed operation instructions were obtained from the users manual of the
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instrument provided by the manufacturer (GBC 906 and 908 Operation
Manual, 1990).

- The analysis of Ca, Mg, Na, Al, Fe, Mn, Zn, and Cr used the
flame mode of the AAS with the attachment of an FS3000 autosampler
which provided automatic sample changing. The autosampler carousel held
10 standards and 60 samples, with separate positions for “rinse', “blank' and
‘rescale standard'. Operation of the autosampler was programmed from the -
computer. The operating instructions for adjusting the controls and
developing and operating a suitable flame were followed carefully to obtain
accurate and reliable results.

in the flame mode the sample was introduced in the form of
homogenous liquid so that thermal and chemical reactions created free
atoms. These atoms were excited by a light source emitting a narrow
spectral line of characteristic wavelength. The decrease in energy
(absorption) was then measured. An air-acetylene flame was used for all
the elements except for Al when a nitrous oxide-acetylene flame was used.

For the analysis of Co, Ni, V, Pb and Cd the flameless electro-
thermal atomization mode of the AAS was used with the attachment of a
PAL3000 autosampler. The PAL3000 provided automatic injection of up to
10 standards for calibration and the automatic analysis of up to 40 samples.

\ In this mode the flame was replaced by an electrically heated and
pyrolytically coated graphite tube. This graphite furnace, by virtue of its
small size, ensured a large population of free atoms in the optical path and
required extremely small volumes of samples, typically 20 uL. Due to the
greater efficiency of the furnace its sensitivity was 10-200 times (depending
on the element) greater than that of flame ionization.

The instrument was calibrated against standards of known
concentrations. Stock solutions were prepared from pure compounds.
Compounds used to prepare stock solutions, were dried and, after
équilibration at room temperature, weighed and dissolved so that the final
cdncentration of the element in the stock solution was 1000 ppm. Working
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standards of elements were prepared by dilutions from stock solutions using
HNO; solution instead of pure water. Concentrations of elements in working
standards were arranged so that the concentration of an element in the
sample lay between the standards used in the construction of a calibration
curve.

From the total procedural chemical blank concentrations and
average sampled volume of 1680 m®, the detection limits (defined as twice
the standard deviation of the blank values) in aerosol samples (in
nanograms per cubic meter) were: Na (30), Mg (25), Ca (30), Al (10), Fe
(15), Mn (1.6), Co (0.01), V (0.2), Cr (1.9), Ni (1.3), Zn (2.2), Pb (1), Cd
(0.02).

2.4. Quality Assurance

The accuracy of the analytical method and of the standards used
was determined by analyzing a reference material issued by the Community
Bureau of Reference (BCR) and prepared by the Commission of the
European Community within the framework of the preparation of reference
materials (RM) for pollution control. The material analyzed was a light
sandy soil (RM 142) for which information on certificated concentrations of
the elements had been provided. Table 2.1. compares the results of the

analysis carried out in this study and those reported by BCR.
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Table 2.1. Concentrations of elements observed in BCR standard reference
material (RM 142) by AAS.

Element determined certified

Cd 0.25+0.08 0.251+0.09

Co  9.03:0.1 (7.9)
Cr  77.3t53 (74.9)
Ni  27.2¢15 29.242.5
Mn 52917 (569)
Pb  35.9+4.6 37.8+1.9
Zn  99.248.3 92.4+4.4

ALO, 90.945.9 (94.8)
Fe,0, 29.5:1.4 (28)
MgO = 11.1%0.5 (10.9)
Ca0  47.2+22 (49.4)

Na,0  6.31 (9.7)

Values in brackets are not certified. Concentrations for Cd, Co, Cr, Ni, Mn,
Pb, Zn are in ug g and for ALO,, Fe,0,, MgO, Ca0O and Na,O are in mg g
The reproducibility of the digestion and analytical procedure was
assessed by seven replicate analyses of subsamples of an atmospheric
particulate sample collected by the mesh technique, for which sufficient
sample was available. The mesh collection technique samples mainly the
soil-sized fraction of aerosols and since it does not quantitatively retain the
full spectrum of atmospheric particles, it can not be used to describe the
total elemental distribution in atmosphere. The detail of aerosol sampling by
this technique was described in another study (Kubilay et al., 1995a). The
mesh-collected sample was washed from the mesh in redistilled water and
treated in the same manner as the filter samples. Analytical precision for
each metal is then defined and reported as the coefficient of variation (c.v.)
calculated by dividing the standard deviation of the replicate determinations
to the mean concentrations. The results are presented in Table 2.2. As can
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be seen from the bottom of the table the percentages of c.v. of each

measured element are less than 10.

Table 2.2. The reproducibility of the AAS technique
(concentrations are in ug g*).

Al Fe Mn Cr Ni Zn Pb Cd Co Na Ca Mg V

30686 23622 398 368 160 298 149 0.2 20.5 34449 68724 30454 93
32223 25100 389 360 158 320 140 0.21 20.0 35073 69651 32964 107
34846 22494 396 356 166 305 140 0.21 22.6 35036 68527 30029 98
33823 24074 386 363 158 310 132 0.2220.2 35444 67911 30085 100
31020 24684 375 372 163 300 132 0.23 22.6 36034 66834 30494 94
30885 24228 376 364 162 289 132 0.2020.8 34813 65341 30743 102
30804 25799 385 369 168 305 134 0.2020.2 35891 60767 31312110

X 32043 24286 386 364 162 304 137 0.21 21 35248 66822 30869 101
sd1653 986 8 S5 4 9 6 0.01 1.1 531 2792 944 6
c.v. 5 4 2 1 2 3 5 5 & 2 4 3 6

C.Vv.= (—Z(—) X100
s.d

c.v.; coefficient of variation
X: mean elemental concentration

s.d.; standard deviation of mean
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CHAPTERII

RESULTS AND DISCUSSIONS

3.1. Atmospheric Transport of Material From the Meteorological

Point of View

3.1.1. Comparison of the Air Flow Climatology at the Erdemli Site With

Different Receptor Sites in the Eastern Mediterranean

To assess the atmospheric transport of aerosols from their source
areas to the Erdemli receptor three dimensional (3D), 3-day back air mass
trajectories arriving at 900 (990 m), 850 (1460 m), 700 (3000 m) and 500
(5560 m) hPa final barometric levels and at 12 00 UT were retrieved on a
daily basis between August 1991 and December 1992.

The validity of the back trajectories for tracing the source areas of
material transported via the atmosphere will be discussed -and established-
in Section 3.3.1.; for the present the qualitative validity of the back
trajectories will be assumed and they will be treated as straightforward
observations which generate a very detailed description on the origin of the
air masses over the eastern Mediterranean.

In order to see the mean airflow pattern at the sampling site
throughout the duration of the study, the air-mass back trajectories have
been classified according to the airflow direction. To do this, the wind rose
was divided into four 90° geographical sectors with Erdemli at the center.
Each trajectory was assigned to the sector in which it spent most of its three
days of travel. In this way the temporal distribution of the mean airflow
direction from the potential source areas for the aerosols over the eastern



Mediterranean has been obtained. The sector directions partitioning the
back trajectories into four categories were as follows:
(1) Trajectories lying in sectors directed between north and east and
therefore revealing aerosols originating in

(a) continental flow from Eastern Anatolia,

(b) long range flow from the Common Wealth of Independent
States.
(2) Trajectories in sectors directed between north and west and therefore
bearing aerosols originating in

(a) continental flow from Western Anatolia,

(b) long range flow from the Eurasian mainiand (the United
Kingdom, Europe, Ukraine) sometimes starting from the Atlantic Ocean and
crossing the Mediterranean before reaching the Erdemli site.
(3) Trajectories in sectors directed between south and west and therefore
bearing aerosols from

(a) the Mediterranean Sea,

(b) North Africa.
(4) Trajectories in sectors directed between south and east, being
continental flow from

(a) Middle East countries,

(b) the Arabian Peninsula.

Moreover, with this type of classification it would be possible to
evaluate the role of long and short range transport on the trace metal
distribution in atmospheric particulates over the eastern Mediterranean.
Short trajectories may be assumed to include aerosol transport from Eastern
Anatolia (sector 1a), Western Anatolia (sector 2a), the Mediterranean
(sector 3a) and Middle East countries (sector 4a), whereas long trajectories
may bear aerosols from the Commonwealth of Independent States (sector
1b), the Eurasian mainland (sector 2b), North Africa (sector 3b) and the
Arabian Peninsula (sector 4b) as well as from the corresponding regions
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covered by short range trajectories. Figure 3.1. delineates areal limits to
classify each of the samples according to the corresponding airflow
direction. Three day back trajectories were associated with close source
regions, when limited to the circled area in the figure assigned as short (see
Fig. 3.1).

Figure 3.1. Sector partitioning for the geographical classification of air mass

back trajectories.

All air mass back trajectories were allotted to one of the
geographical sectors shown in Figure 3.1. by the method described below.

The air parcel locations (72, 1-h positions per 3-day trajectory)
expressed as latitude and longitude were converted into vectors whose
magnitude was defined as the distance to the sampling site and whose
direction was defined as the angle from the x-axis showing the east direction
at the Erdemli site. The points falling within the sectors (1st sector between
0°-90°, N-E; 2nd sector 90°-180°, N-W; 3rd sector 180°-270°, S-W and
4th sector 270°-360°, N-E) were then counted and the trajectory was
assumed to belong to that sector in which it spent most of its travel time.
The result of this classification of each trajectory to its relevant geographical
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sector is depicted in Figure 3.2(a-d)- for four different barometric levels - as

a percentage of the total of 513 trajectories.

Figure 3.2. The percentage of mean airflow directions at various barometric
pressure levels during August 1991-December 1992 at the Erdemli site.
(a) 900 hPa (b) 850 hPa (c) 700 hPa (d) 500 hPa

The classification of the mean air flow directions during the

periods August 1991 and December 1992 obtained from the air mass back
trajectories arriving at 900 and 850 hPa (boundary layer trajectories) was
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quite similar (see Fig.3.2a,b). Although those arriving at 700 and 500 hPa
(free atmosphere trajectories) show quite similar results, the percentage of
air flow from the S-W sector is higher for those arriving at 500 hPa (see
Fig.3.2c,d).

The temporal distribution of the air flow direction at the four
barometric levels is shown in Figure 3.3 (a-d) where the trajectories have
been grouped into three seasons.

During the summer most of the air flow (%50) within the boundary
layer originated frorh the N-W direction, whereas the remaining %50 percent
of the flow originated from both the N-E and S-W directions. The
percentages of the flow from the N-W direction within the upper and lower
layer trajectories were similar. However, in the upper layer trajectories the
percentage of flow from the N-E was smaller and the percentage of flow from
the S-W, especially at 500 hPa, was considerably larger than in the lower
layer trajectories.

The percentages of the air flow directions within the boundary
layer were similar in winter and summer except that during winter there was
flow from the S-E. At higher levels in the winter the airflow percentages
decreased in the following order N-W>S-W>N-E.

During the transitional seasons about 50 % of the airflow within
the boundary layer originated from the N-W and it is in these seasons that
the highest percentage of air flow (about 35%) within the lower layer of the
atmosphere arose from the S-W. As in winter but unlike summer there was
flow from the S-E. In the higher levels of the atmosphere in these seasons
the air flow percentages were almost equally distributed between the N-W
and S-W directions. The most pronounced seasonality exists for those
trajectories having their origin in the S-E direction. Only during winter and
transitional seasons did the boundary layer trajectories originate from this
sector. Although, at the 900, 850 and 700 hPa levels more trajectories
originated from the S-W sector during the transitional seasons than in

summer and winter, at the 500 hPa level the percentage of the trajectories
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arriving from the S-W was the same in the summer and in the transitional
seasons. The same seasonal picture of the variable level mean airflow was
observed for the trajectories arriving from the N-W sector (see Fig.3.3a).

The greater percentages of the trajectories arriving within the boundary layer

originated from the N-E direction during summer.
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Figure 3.3. The seasonal distribution of the air flow directions at 900, 850,

700 and 500 hPa barometric levels.
(a) N-W; (b) S-W; (c) S-E; (d) N-E

To provide insight about the mean airflow direction to the eastern
Mediterranean, five years of back trajectories (January 1978-December
1982) arriving at Israel and nine years of back trajectories arriving at
Platanos (Crete) (January 1975-December 1983) have been reported by
Dayan, (1986) and by the GESAMP, (1985), respectively (see Fig.3.4.a,b.).
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The seasonality observed in the air flow directions in the present study was
also reported by Dayan, (1986). Both the earlier calculations of trajectories
used wind fields at 850 hPa produced by a global atmospheric model
acquired from the National Meteorological Center (NMC) in Suitland,
Maryland. This barometric level was taken as the approximate boundary
layer between the planetary boundary layer, friction layer, or Ekman layer
and the free atmosphere where frictional drag of air along the rough surface
of the earth causes a pronounced inflow across the isobars towards the
lower pressure. Theoretically, this departure of flow from the geostraphic
wind (parallel to isobars) is 45° at the earth’s surface, diminishing to 0°
about 1000 m above the ground (Planetary boundary layer). The planetary
boundary layer depth (PBLD) derived from upper-air rawinsonde data over
the eastern Mediterranean basin shows temporal variability between 800
and 1900 m (UNEP/WMO, 1989b).

Most of the continentally derived material (both natural and
anthropogenic) that contributes to the atmospheric aerosol composition is
initially injected into the PBL. The upper surface of the boundary layer is
defined by an inversion, which inhibits the transfer of material to the upper
atmosphere (Prospero, 1981a). According to Prospero (1981a), the primary
transport path by which material generated close to the continents, i.e.
within tens to hundreds of kilometers, reaches the sea surface may be via
this marine boundary layer. Over longer distances, however, the major
transport path is probably via the free troposphere above the marine
boundary layer. Since the long range transport of material generally occurs
within the upper level of the atmosphere and the height of an air parcel at a
selected isobar is not constant throughout its travel, the calculation of the air
mass trajectories at a single barometric pressure level might lead to
incorrect conclusions in assessing the transport of aerosol particles to the
eastern Mediterranean. Because of this, in this study two trajectories
arriving within the boundary layer (900 and 850 hPa) and two trajectories
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arriving at the free troposphere (700 and 500 hPa) were calculated for each

sample.

(a) (b)

Figure 3.4. The mean airflow climatologies at different receptor sites located
at the eastern Mediterranean area.

(a) Crete trajectories shown as annual percentages (after GESAMP, 1985).
(b) Israel trajectories shown as the percentages of the five years' trajectories
(after Dayan, 1986). About 10% of the total number of trajectories were

missing or could not be accurately classified into the five categories.

Although trajectories were calculated using different sources of
data, models and sectoring techniques, the flow climatologies at 850 hPa
obtained in both the earlier and the present study (see Figs.3.2b and 3.4a,b)
were similar. This provides confidence in the validity of the categorization
used to obtain airflows to the eastern Mediterranean region.

To test whether the amount of precipitation occurring during the
sampling period was anomalous historical precipitations (50 years mean)
recorded at the Mersin Meteorological station (45 km east of the sampling
station) were utilized (Devlet Meteoroloji Isleri Genel Mudurlugu, 1984).
Figure 3.5. presents monthly mean precipitation during the years of 1991
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(empty bars) and 1992 (solid bars) together with the previous climatological
means (dashed bars).
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Figure 3.5. The monthly precipitation rates during the year of 1991, 1992
and the mean rates between the period of 1931-1980 at the sampling site.
- The total yearly precipitation rates are given at the bottom.

The figure confirms that a seasonal pattern of precipitation
existed at the sampling site; almost all rain was experienced during winter
and the transitional seasons whereas summers were dry and this is
consistent with the historical data of the region and is a typical characteristic

of the Mediterranean climate.
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3.2. Atmospheric Concentrations of Aerosol Elements Collected
at the Erdemli Station:

3.2.1. Mean Concentrations

The concentrations of 13 elements (namely Ca, Mg, Na,
Al, Fe, Mn, Co, Ni, Cr, V, Zn, Pb and Cd) were determined in a total
of 339 samples collected at the Erdemli station from August 1991 to
December 1992. The statistics for these samples, including the
arithmetic and geometric means and their respective standard
deviations, the median values as well as the maximum and minimum
concentrations are summarized in Table 3.1.

Most elements are log-normally distributed, i.e. the
logarithms of the concentrations are normally distributed, as can be
seen from the correspondence between the geometric mean and the
median values (see Table 3.1.). The concentration ranges of each
element are very wide resulting in high standard deviations of the
mean concentrations. This is not unusual for atmospheric trace
element data reported for aerosols over the Mediterranean and
suggests significant variability of atmospheric concentrations on time
scales of the order of one day due to the prevailing synoptic and
micro scale meteorological factors and the temporal variation of
source strengths (Dulac et al., 1987; Bergametti et al., 1989b;
Guerzoni et al., 1989). The geometric standard deviations listed in
Table 3.1 range from 2.1 to 3.2 and consequently indicate that the
annual mean concentrations are not very representative of the
concentrations as they occurred throughout the sampling period.
This also illustrates quite dramatically the necessity of collecting a
large number of samples over an extended period of time to obtain
any meaningful information on the "climatological mean"

concentration of any of these metals.



Table 3.1. Summarized statistics of the elemental concentrations for the

whole sampling period (339 samples).

(1)

(2)

3)

4

(5)

Al 1255+2030 685(3.05) 749 21 22560
Fe 128012430 685(2.93) 739 35 30393
Mn 20425 13(2.65) 16 1 306

Ni 7.316.1 5.6(2.2) 5.9 0.1 56

Cr 12+11 8.5(2.49) 8.4 0.07 66

Co 0.74+1.1 0.40(3.19) 0.45 0.004 11.2
\' 10+9.4 7.8(2.24) 8.4 0.29 123
Zn 27124 19(2.42) 20 1 205
Pb 54180 30(2.83) 29 1.4 730
Cd 0.3+0.37 0.19(2.59) 0.2 0.005 3.7

Ca 473045160 3140(2.53) 135 230 52840
Na 3360+4740 1900(3.12) 249 44 44960
Mg 1740+1980 1200(2.35) 1270 67 16750

(1) Mean concentration and standard deviation of the mean.
(2) Geometric mean and geometric standard deviation .

(3) Median.

(4) Min. concentration.

(5) Max. concentration.

All concentrations are in ng m-3.

The log-normal distributions of the atmospheric
concentrations of the elements were verified by a goodness of fit test
(Kolmogorov-Smirnov test) using "Statgraphics" statistical software.
The Kolmogorov-Smirnov goodness of fit test also called the
Kolmogorov-Smirnov one-sample test, assesses the fit of
observations to an expected cumulative frequency distribution
(Biostatistical Analysis, 1984). This test was applied to all measured
species and it revealed that the atmospheric concentrations of
elements measured in this study followed log-normal distributions at
the 95% confidence level.

The frequency histograms of the log-transformed data

and the associated expected normal distribution curves for Fe, Pb
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and Na are given in Figure 3.6 (a-c). As can be seen from the figure
the distributions of log-transformed atmospheric concentrations of
these elements fit quite well to the corresponding expected normal

distribution curves.

3.2.2. Contributions of Major Sources to the Observed

Mean Concentrations

The aerosols over the Mediterranean Sea, always being
near a coastal region, exhibit both crustal and pollutant dominated
characteristics. To a first order approximation one can consider that
the atmosphere over the Mediterranean is composed of two
components, anthropogenic and crust originated particulates.

Rahn (1976) classified atmospheric samples as "marine",
"semi marine" and "nonmarine". According to his classification a
"marine" location means either that the sample was obtained above
the open ocean or that the aerosol was enriched in such marine
elements as Na, Ca, Mg, K, Cl etc. "Semi marine" included areas
where a city was in a coastal area with a continent on one side and
an ocean on the other. This author also concluded that over
continental areas, where little sea-salt is found, weathered crustal
material is the dominant source of atmospheric Na. Nevertheless,
the concentration of Na in the atmosphere over the western
Mediterranean, a region that is affected by windblown dust, is
slightly, but significantly, affected by mineral aerosol (Dulac et al.,
1987). "Nonmarine" included all types of continental sites free of

significant marine aerosol.
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Figure 3.6. The frequency histograms of the log-transformed
atmospheric concentrations of the elements and their expected
normal distributions.

(a) Fe; (b) Pb; (c) Na
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Accordingly, the land based sampling site (Erdemli)
occupied throughout the present study should be classified as semi
marine and would be expected to demonstrate both marine and
nonmarine characteristics under the prevailing meteorological
conditions. Thus we are suggesting that, besides continental
sources (wind eroded alumino-silicate particles and aerosols derived
from anthropogenic emissions), the Erdemli site is influenced by the
nearby marine source.

The contributions of these sources to the total
concentrations of the elements observed in the aerosols can be
estimated by utilizing uniform chemical compositions of crust and of
bulk sea water (Rahn, 1976; Schneider, 1987; Chester et al.,
1993a). These investigators utilized metal:Al and metal:Na ratios in
appropriate reference materials to estimate the relative importance
‘of crustal and marine sources to elemental concentrations. To get a
better feeling for the relative importance of marine and crustal
contributions to the elements in a typical mixed aerosol, the aerosol
of the eastern Mediterranean has been resolved into its crustal and
marine components. The crustal fractions of the atmospheric
concentrations were calculated by assuming 100% of the Al to be
crust derived and utilizing the element to aluminum ratios
documented for average crustal rocks. The marine component was
calculated from the composition of bulk sea water, assuming all
noncrustal Na to be of marine origin. The supposed non-crustal Na
(i.e. Namar) concentrations were calculated from the following

formula:

N Amar = Naair - AIair (&
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In this thesis, the contributions of the crustal and marine
sources to the observed elemental concentration were calculated
from elemental abundances in the crust compiled by Taylor (1964)
and from the bulk sea water composition reported by Martin and
Whitfield (1983) according to the equations given below.

Xcrust = Alai,- (N)cmst ....... (2)

where X, Al and Na,,, represent the atmospheric concentrations of
the observed elements and the aluminum and sodium
concentrations calculated from eqn.1; the subscripts “crust' and
‘sea’ identify the reference material ratios and the subscript “air’
denotes atmospheric concentration. The remaining component of
the concentration of each element is simply the difference between
the total measured concentration of an element and the sum of its
marine and crustal fractions calculated from eqns. 2 & 3. This
unexplained component may come from pollution, unknown natural
sources or from the crust or sea water via enrichment processes.
The percentage contribution of the two natural sources
(crust and sea) to the total atmospheric concentrations of each
element, together with the unexplained percentages are presented
in Table 3.2. By definition 100% of the Al and 78% of the Na
concentrations come from crustal and marine sources respectively.
Dulac et al. (1987) emphasized caution in using Na as a tracer of
sea-salt particles. Even though their samples represented the
marine atmosphere (they collected their samples onboard ship
throughout various cruises in the western Mediterranean) they found
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the crustal influence on a measured sodium concentration
corresponding to a Na/Al ratio of lower than 3 to be more than 20%
and was still more than 10% when the corresponding Na/Al ratio was
higher than 6.

Table 3.2. Percent contribution of the major sources to the observed
mean atmospheric concentrations of the elements.

Elements Crustal Marine Other

Al 100(def.) - -
Fe 53 - 47
Mn 65 - 35
Ni 15 - 85
Cr 16 - 84
Co 55 - 45
Y 21 - 79
Zn 5 - 95
Pb 0.7 - 99.3
Cd 1.9 _ 98.1
Ca 15 5 80
Na 22 78(def.) O
Mg 21 23 56

As indicated in Table 3.2. the calculated crustal influence
on the Na concentration of the whole sample set collected at Erdemli
is 22 %, whereas for the 104 samples having Na/Al ratios higher
than 6 it becomes 2 % and for the 176 samples having Na/Al ratio
lower than 3 it attains 37%. Ca and Mg are the only elements
concerned in this study that have been influenced by the marine
source. The contributions of the marine source to the
concentrations of Ca and Mg, were 5% and 23 % respectively. The
marine source contribution to the atmospheric concentrations of
these elements increased to 11% and 42 %, respectively, for those
samples having Na/Al ratios higher than 6. These two natural
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sources, namely crustal and marine cannot explain the
concentrations of Zn, Cd and Pb and the concentrations of these
elements in the atmosphere can be attributed to anthropogenic
emissions (see Table 3.2).

For only 15% of the total samples was the contribution of
the crustal source to the observed concentrations of Fe, Mn and Co
100%. In the remaining samples the contribution of other sources
was significant. The contribution of other sources to the
concentrations of V, Cr and Ni was also significant, indeed it was
always greater than the crustal contribution.

3.2.3. Comparision of the Data With the Results of Other Studies

The mean concentrations of the elements in atmospheric
particulates exhibit substantial spatial variations which differ markedly from
element to element. For comparison of the data obtained in this study with
those of previous workers, geometric mean concentrations have been
preferred since these correctly reflect the concentrations obtained under
normal meteorological conditions whereas arithmetic means are strongly
influenced by the presence of a very few high values. The higher arithmetic
means might be of interest in other contexts, e.g. in calculations of average
deposition during a measurement period.

In general, low atmospheric concentrations are found at remote
sites and over the oceans, whereas the highest concentrations are observed
at urban sites. Thus, the principal trend in the trace metal observed over
marine environments is a decrease in concentrations from coastal areas to
pristine oceanic sites (Chester et al., 1991a).

For the purpose of the present discussion, sites have been
separated into three groups based on the spatial variation in the mean

concentrations of the elements in atmospheric particulates over the marine
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regions. These groups are coastal "pollutant dominated", coastal "crustal
dominated" and "open ocean" of which some examples are given in
Table 3.3.

Table 3.3. Geometric mean concentrations of trace metals in
aerosols from a number of representative marine

. 8 . . . -3
environments (concentrations are given inng m ).

Element Open Ocean Coastal Seas

Tropical Tropical

North South  Tropical North  Arabian
Pacific  Pacific North  Sea'  Sea’
(Enewetak)' (Samoa)? Atlantic’

Al 21 0.72 160 219 1227
Fe 18 0.21 100 230.5 790
Mn 0.29 0.044 2.2 9.1 17

Ni - - 0.64 25 2

Cr 0.091 - 0.43 3.1 3

Co 0.0076 0.00037 0.08 0.19 0.38
Cd 0.0035 - - - 0.045
\Y 0.082 - 0.54 - 6.3
Zn 0.18 0.06426 4.4 26 10

Pb 0.12 0.01620 9.9 20 4.3

References; 1: Duce et al., (1983); 2: Arimoto et al., (1987);
3: Buat-Menard and Chesselet (1979);

4: Chester and Bradshaw (1991) (close to pollutant sources);
5: Chester et al., (1991a) (close to crustal sources).

The results observed over the Pacific Ocean were obtained
through the Sea-Air Exchange (SEAREX) program designed to study the
atmospheric transport of naturally occurring and anthropogenic substances
to the Pacific Ocean. For this purpose, major field experiments were
conducted at remote island sites in the major wind regimes over the Pacific
Ocean: the northeast trades over the tropical North Pacific (Enewatak Atoll;
11°20'N, 162°20' W) and the southeast trades over the tropical South
Pacific (American Samao; 14°15'S, 170°34'W) (Duce, 1989). The
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concentrations of the elements in the atmosphere at Samao reported by
Arimoto et al., (1987) are among the lowest ever observed over open ocean
areas and lower than those over the atmosphere at Enewatak reported by
Duce et al., (1983). Although these two sites represent truly remote marine
environments, the mean atmospheric concentrations of the crustally derived
elements (Al, Fe) are two orders of magnitude higher in the Enewatak
samples than in the Samao samples (see Table 3.3.) and this has been
attributed to the long-range transport of weathered crustal material from
Asia, primarily desert dust from China (Duce et al., 1983). The existence of
the truly anthropogenic elements, Zn, Cd, Pb and of the crustal elements in
the atmosphere over the tropical Pacific Ocean (at Enewatak Atoll which is
5000 km away from any continental sources) verify the occurrence of long
range transport of crustal material from continents to the remote marine
region.

The data for samples collected on board ship in the tropical North
Atlantic by Buat-Menard and Chesselet (1979) are representative of open
North Atlantic atmospheric concentrations. The higher atmospheric
concentrations of the elements observed over the North Atlantic than over
the Pacific Ocean reveal the atmospheric transport of both crustal and
anthropogenic elements to be more effective in the former oceanic area.
The elemental analysis of aerosols over the tropical North Atlantic and the
trace element fluxes in deep North Atlantic waters show this region to
underlie the path of the northeast trades which transport large quantities of
Saharan dust (Talbot et al., 1986; Kremling and Streu, 1993).

In contrast to the Pacific and Atlantic oceans, the North Sea is
surrounded by some of the most industrialized nations in the world and the
atmospheric concentrations of anthropogenic elements (Zn, Pb) reported by
Chester and Bradshaw (1991) are the highest of the regions mentioned in
the table. A recent study validated anthropogenic processes as being the
most important source of particulate trace metals to the North Sea
atmosphere and showed the anthropogenic fraction of the North Sea aerosol
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to approximate in composition to that of average anthropogenic European
trace metal emissions (Chester et al., 1994).
Although in Table 3.3 the Arabian Sea is grouped with the North
Sea as being coastal, the concentrations of the crustal elements (Al,Fe)
observed over it are one order of magnitude higher than those reported for
the North Sea atmosphere and this has been attributed to a significant
crustal component from the surrounding arid lands (Chester et al., 1991a).
The geometric means of the atmospheric concentrations of the
crustal elements (Al, Fe, Mn and Co) observed for the whole sampling
period of the present study (see Table 3.1) resemble those reported for the
Arabian Sea atmosphere, whereas the concentrations of the elements
derived from anthropogenic processes (e.g. Pb and Zn) resemble those for
the North Sea atmosphere. Thus, the atmosphere over the enclosed
eastern Mediterranean is affected both from aeolian weathering of crustal
material and by anthropogenic activities in the surrounding land masses.
Before attempting to explain the temporal variability of
each trace element, one compares the results summarized in
Table 3.1. with those from comparable atmospheric sampling
programs carried out over the Mediterranean basin. The
comparison of the concentrations found at the Erdemli site with
those reported for other sample collection sites could be valuable in
demonstrating the possible existence of differences in the
concentrations of the elements in the atmosphere over the eastern
and western parts of the Mediterranean. Table 3.4. compares the
geometric mean concentrations of elements in aerosols collected
from different land based stations and also on board ship throughout
various cruises along a Mediterranean transect (the locations of the
land-based stations and the cruise track for the Mediterranean
transect are depicted in Fig.3.7). As can be seen from the figure,
throughout the EROS-2000 (European River Ocean System) project
on the western coast of the Mediterranean more than one coastal,
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land-based station provided data on the elemental concentrations of
the atmospheric aerosol. However, few aerosols have been
analyzed over the eastern Mediterranean, in particular no monitoring
data have previously been reported from a coastal station. The
present study may therefore be considered as a prototype
paralleling the observations of stations occupied along the western
Mediterranean coast and providing preliminary data on the temporal
variation of the elemental concentrations in the aerosols over the

eastern Mediterranean.

Figure 3.7. Locations of the land based aerosol sampling sites
around the Mediterranean basin. The transect along which aerosol
samples collected on ship was indicated (Chester et al., 1993a).

The major difference in the composition of atmospheric

particulates observed in this study and those located in the western
basin is that particulates from the eastern basin have higher
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concentrations of crustal elements, specifically, Al and Fe, and lower
mean concentrations of anthropogenic elements, specifically, Cd,
Zn, Pb.

Particulate Pb is generally considered a reliable indicator
of human activity, particularly of car exhaust, which is the major
contributor of fine particulate Pb in the atmosphere. Pb is added to
petrol as an anti-knock agent and emitted in particulate form, mainly
as PbBrClI (Biggins and Harrison, 1979). About 60 % of the total
anthropogenic emission of lead in Europe comes from this source
(Pacyna, 1984). Emissions of Pb from gasoline combustion seem to
have decreased in western Europe due to the diminished use of Pb
additives and the introduction of unieaded gasoline. In France, for
example, the consumption of leaded gasolines decreased by 50%
between 1988 and 1991 and in response Pb concentrations in the
atmosphere over the French coast of the Mediterranean declined
(Nicolas et al., 1992). Ice-core records in permanent ice fields
probably provide the most accurate assessment of the extent and
magnitude of atmospheric deposition. The samples of Boutron et al.
(1991) in the Greenland ice fields extend back for a continuos
sequence of 22 yr. (1967-1989). They reported that, as a result of
improved emission controls and product-use patterns introduced in
developed countries, Pb concentrations in Greenland snow have
decreased by a factor of 7.5 whereas Cd and Zn concentrations
decreased by a factor of 2.5.

Lower Pb concentrations were reported for samples
collected on board ship throughout the Mediterranean transect
(Chester et al., 1993a) and for samples collected at the
Mediterranean island of Corsica (Bergametti et al., 1989b) than for
the other coastal stations. This suggests emissions from local traffic
to be much more pronounced at the latter stations. Although the

concentrations of such crustal elements of Al and Fe in the
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atmosphere of the Erdemli site are about twice as high as at the
western stations the concentration of Mn is comparable for both
basins (see Table 3.4).

This element has a mixed origin; its atmospheric
concentration is affected by both crustal and anthropogenic sources.
The world-wide manganese emission from windblown dust exceeds
more than 24-fold the anthropogenic emission of manganese in
Europe (Pacyna et al., 1984). In order to estimate the non-crustal
contributions of atmospheric metal concentrations (Excess M), the
crustal contribution is subtracted from the observed element
concentrations, assuming the initial elemental composition of the
crust to be similar to that of the Taylor's (1964) compilation of the

average crustal composition, using the following relation:

E M=M KM) Al ]
xcessM=M__ - Almx “““J

where the subscript "atm" refers to the elemental concentrations (M)
in aerosols and (M/Al)crust is the ratio of the weight of element M to
that of Al in the average crust.

Excess M values vary somewhat with the location of the
sampling site within the atmosphere of the Mediterranean sea. The
average non-crustal (Excess M) percentages of each elemental
concentration estimated from the above equation utilizing the
geometrid mean concentrations of the elements are tabulated in
Table 3.4. The amount of each trace metal in excess of the crustal
material was assumed to be an anthropogenic component either
transported to the atmosphere over the eastern Mediterranean or
produced within the region. It should be noted at this point that it is
extremely difficult to ascertain unambiguously what precise

proportions of the trace elements come from anthropogenic and

59



natural emissions due to variations on the composition of the local
crust. The non-crustal contributions to the total mean atmospheric
concentrations of the elements Cd, Zn and Pb are almost 100 %
irrespective of the sampling location. The observation of
concentrations, low compared to those observed at land based
stations in the western basin, of such elements as Pb, Cd and Zn
indicate that the effect of anthropogenic emissions over the eastern
basin to be much less pronounced. This can be explained simply by
the presence of the industrialized nations that define the northern
border of the western basin. In contrast the eastern basin is
bounded by a desert belt to the South and East and semi-
industrialized and agricultural countries to the North. The most
interesting feature of the Table 3.4. is the highest non-crustal
contribution to the mean Fe concentration, of course, is a well known
crustal element for the samples collected at the Erdemli site. Al-
Momani (1995), reported the non-crustal contribution to the
concentration of Fe in precipitation at Antalya (a coastal eastern
Mediterranean station) as 35%, in line with the percentage given for
the aerosol samples in this study.

The mean elemental concentrations reported for the
Mediterranean transect resemble those in the atmosphere above the
Erdemli site with the exception of Cr, Ni and Pb concentrations (see
Table 3.4). Thus, although the Erdemli site is a coastal land-based
station, it is less affected by pollution sources than other comparable
stations located on coastal sites on the western part of the
Mediterranean. The differences in trace metal concentrations
between Erdemli and other sites highlight the need to establish a
network of atmospheric collection sites around the Mediterranean

basin.
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Table 3.4. The geometric mean concentrations of trace metals in aerosols
over the Mediterranean Sea and surrounding coastal sites.

Percentages of the non-crustal metal concentrations are given in

parentheses.
Erdemli’ Blanes’ Cap Tour Corsica’ Med.Sea’
Ferratt  du
Valat'

Al 680 390 370 380 168 936
Fe 685(32) 316(16) 320(21) 275(6) 144(21) 707(10)
Mn 12.6(41) 10(57) 11(63) 13(68) 5.3(65) 16(36)
Ni 5.6(89) 5.5(94) 2.8(88) - - 4.2(80)
Cr 8.5(90) 1.8(74) 2.5(82) - - 3.1(64)
Co 0.40(48) 0.20(41) - - - -
Cd 0.19 0.60 0.36 0.51 - 0.17
Zn 19 50 41 60 19 12
Pb 30 50 58 56 16 10.5

References; 1: Present study; 2: Chester et al., (1991b);

3: Chester et al., (1990c); 4. Guieu (1991b); 5. Bergametti et al., (1989b);
6: Chester et al., (1993a).

Concentrations are given in ng m '3; (-) no data reported.

The observation of high Cr and Ni levels over the eastern basin is
probably due to the presence of ophiolitic rocks that frequently outcrop on
the coastal hinterland of the basin and are relatively enriched with Cr and Ni
bearing minerals (Aslaner, 1973; Tolun and Pamir, 1975). Guerzoni et al.
(1989) similarly explained the enrichment of Ni and Cr in aerosols over the
Adriatic Sea as arising from ophiolitic minerals in the Balkan area. The
geochemical characteristics, the depositional environment and the
provenance of surface sediments from the Cilician Basin (the area between
Cyprus and southern Turkey) have been well described by various authors
and the enrichment of the near-shore sediments in Cr and Ni has been
attributed to accumulation of the products of the denudation of particular
types of rocks (basic-ultrabasic) in the sediments (Shaw and Bush, 1978;
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Emelyanov and Shimkus, 1986). A significantly high Cr content in one
sediment sample was explained as due to the existence of major chromite
deposits in the central part of the Taurus Mountains flanking the coast. A
survey of the recent sediments of the southern Turkish coast has also
verified that its characteristics are mainly governed by the rock types
(limestone, ultrabasic and intermediate igneous) found on the mountains
bordering the coast which are undergoing weathering (Evans,1972; Ergin et
al., 1988).

The higher excess iron concentrations in the aerosol samples
reported in this study and in the precipitation samples reported by Al-
Momani (1995) with respect to samples collected from the western
Mediterranean atmosphere might also be the result of the weathering of
basic and ultrabasic rocks which have a high Fe content.

Another possible source of excess Cr in the atmospheric samples
is the presence of a factory handling chromium ores at the city of Mersin
located 45 km east of the sampling site.

The enrichment of the basin sediments in Cr and Ni can be
demonstrated by comparing their element/Al ratios with the same elemental
ratio in the crust. The Cr/Al and Ni/Al ratios both in the average crust and in
ultrabasic rocks are 0.001 and 0.44 respectively (Taylor, 1964; Emelyanov
and Shimkus, 1986). The mean ratios of Cr/Al and Ni/Al in the basin
sediments are 0.007 and 0.004 (Shaw and Bush, 1978), whereas the mean
of the same elemental ratios in aerosol samples collected throughout the
present study are 0.012 and 0.008, respectively (calculated from Table 3.1).
It is not yet clear whether the slightly higher ratios found in the atmospheric
particulates compared to those in basin sediments should be attributed to
local anthropogenic emissions or to a regional geochemical characteristic of
the crust.
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3.2.4. Temporal Variation of the Atmospheric Concentrations

3.2.4.1. Seasonal Changes

To illustrate the seasonality in the elemental concentrations the
sampling period has been divided into the following climatological seasons,
winter (November, December, January, February), summer (June, July,
August, September) and the transitional seasons, autumn and spring,
(March, April, May, October). Summarized statistics reveal minimum
seasonal elemental concentrations during winter when the region was rainy,
the mean elemental concentrations in the dry summer season are much
higher. Although rains continued during the transitional seasons, the
arithmetic means of the elemental concentrations and their ranges are
higher than during either winter or summer for almost all elements being
considered in this study (Table 3.5a-c).

Table 3.5. Summarized statistics of the seasonal elemental
concentrations.

(a) Winter (November,December, January, February; wet season)

n=142

(1) (2) @ @ (3)
Al..... 5704775 340(27) 350 21 6110
Fe 615840 375(2.6) 370 35 6470
Mn 10.319.9 7.2(24) 72 11 66
Ni 55¢41 43(21) 45 043 34
Cr 06178 69(24) 72 033 35
Co 0.43:0.64 0.23(3.1) 023 001 4.3
Y 8316  6.522) 69 029 42
Zn 18.3:18.3 13(24) 13 1 156
Pb 39:45 24(28) 26 1.4 400

Cd 0.2610.29 0.18(2.4) 0.2 0.005 2.75

Ca 2565+2230 1895(2.2) 1855 230 14180
Na 325045360 1455(3.6) 1515 650 37800
Mg 112041225 780(2.3) 710 70 10260
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Table 3.5. Cont.
(b) Summer (June, July, August, September; dry season) n=103

(1

(2)

(3)

4)

(5)

Al 12704640 1120(1.7) 1090 130 3435
Fe 1370+1070 1140(1.75) 1090 310 8220
Mn 23.9:102  21.8(1.56) 22 3.6 75.8
Ni 7.443.6 6.7(1.59) 6.4 2.3 19.3
Cr 11.849.5 9.4(1.9) 8.4 2.6 59.5
Co 0.83:0.50  0.70(1.77) 0.68 0.16 2.89
Y 11.747.1 9.6(1.95) 9.4 0.63 32.5
Zn 42427 34(2.06) 41 1.5 206
Pb 53167 34(2.32) 30 6.7 390
Cd 041052  0.21(3.16) 0.24 0.02 3.65
Ca 582044100 4680(1.93) 4680 1000 20780
Na 395012315 3225(2.07) 3465 150 11085
Mg 19201880 1760(1.5) 1733 670 5940

(c) Transitional seasons (March, April, May and October; wet seasons)
n=145

(1) (2) 3 @ (3)
Al 228643480 1115(3.3) 1340 100 22570

Fe 221544240 970(2.6) 1160 49 30390
Mn  29.7#429  16.4(24) 198 1.0 306
Ni 9.8+9.3 6.6(2.8) 7.8 0.1 56

Cr 16.4+14.5 10.5(3.0) 10.8 0.07 66
Co 1.11+1.91 0.49(3.8) 0.52 0.01 11.2

Y 11.9+14.3 8.0(25) 88 0.4 123
Zn 24121 18.9(20) 189 2.4 169
Pb 801124 39(32) 33 4 730

Cd 0.25+0.23 0.18(2.2) 0.19 0.02 1.43

Ca 6890+7690 4395(2.7) 4290 300 52840
Na 293017690 1625(2.7) 1695 44 44960
Mg 2500+3180 1534(2.6) 1455 190 16745

(1) Mean concentration and standard deviation of the mean.
(2) Geometric mean and geometric standard deviation.

(3) Median.

(4) Min. concentration.

(5) Max. concentration.

All concentrations are in ng m>
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The same seasonal pattern, that is higher mean concentrations in
summer than in winter have also been reported for the western
Mediterranean (Bergametti et al., 1989b). These authors suggested that this
seasonal change in atmospheric concentrations could be explained by two
factors:

(1) a seasonal change in continental source strength and/or airflow patterns
and/or

(2) a different removal rate for atmospheric particles between these two
seasons.

They ruled out the first effect since nine years' observation of air flows over
the region showed no obvious change from season to season (GESAMP,
1985). They therefore attributed the observed seasonal change of the
atmospheric elemental concentrations to the local precipitation rate and
episodic inputs of crustal material from North Africa.

Compared to the western area, a marked seasonal change in
airflow patterns has been observed in the mean air flow directions to the
eastern Mediterranean both in this study (see Section 3.1) and in other
studies (GESAMP, 1985; Dayan, 1986). This implies that the seasonality in
atmospheric concentrations over the eastern Mediterranean is the

consequence of both the factors suggested by Bergametti et al., (1989b).

3.2.4.2. Elemental Concentrations: Time Series

The temporal variation of the atmospheric concentrations during
August 1991 and December 1992 is shown in Figs.3.8 (a-m) for the
elements Al, Fe, Mn, Ca, Mg, Co, Ni, Cr, V, Pb, Cd, Zn and Na. The figures
also depict local rainfall, clearly demonstrating the dramatic decreases
observed in elemental concentrations following rain in winter, spring and
autumn - but not during summer which is a dry period. The large standard

deviations of the mean concentrations presented in Table 3.1. confirm that
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the intense, short term variations of atmospheric concentrations are
superimposed on a seasonal pattern. That is, during the dry period (June-
Sept.) the geometric mean concentrations for the trace metals are higher
than those reported for the wet period (Nov.-Dec.) (see Table 3.5a-c) and
indicate also that the means are poorly representative of the concentrations
as they occur throughout the year. At first sight, the data suggest
precipitation to be a major factor influencing the variability of the observed
aerosol trace metal concentrations. Indeed, it appears from Fig.3.8 that
precipitation is systematically followed by abrupt decreases of the aerosol
trace metal concentrations.

The atmospheric concentrations of the major elements (Al, Fe, Si,
Ca and Mg) are determined by the long-range transport of crustal alumino-
silicate particles (commonly called dust or mineral aerosol) over the marine
environment (Rahn, 1976; Guerzoni et al., 1989; Coude-Gaussen et al.,
1987, Bergametti et al., 1989a,b; Martin et al., 1990). Al concentrations
have often been used as indicators of the atmospheric dust load, itself
(Uematsu et al., 1983; Prospero and Nees, 1987; Chester et al., 1991a).
Accordingly, in this study the increase in the concentrations of Al has been
used as a chemical indicator of the intrusion of dust from the surrounding
desert areas which are highly productive sources of mineral aerosol. The
time variabilities of Al, Fe, Mn, Co and Ca concentrations depict similar
patterns. All these elements possess minimum concentrations during winter
when the soil on both the local and the surrounding land masses is damp
due to precipitaion. 'During this period weathering of the crustal material
decreases and there is a decrease in the atmospheric concentrations of
those elements that derive from weathered crustal material. During the
transitional seasons the major elements show intense episodic peaks and
between these events concentrations diminish to the magnitudes observed
in winter. During summer the concentrations of these elements varied less
markedly. Compared to winter, summer is a favorable period for local soil
particles to become airborne.
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Concentrations of Pb, Cd and Zn which derive from pollution, did
not show the significant seasonal trends of crustal elements (see Fig.3.8j-1)
From simultaneous measurements of lead in aerosol samples collected at a
remote coastal station (Corsica), air mass trajectory analyses and
precipitation patterns, the variability of aerosol lead concentrations in the
western Mediterranean atmosphere on both daily and seasonal time scales
has been shown to be due primarily to the scavenging of lead aerosol
particles by rain rather than to changes in source strengths (Remoudaki et
al., 1991). This finding, together with the results obtained during the present
study, indicates that these elemental concentrations are generated in the
atmosphere by local emissions rather than by remote sources. The primary
anthropogenic source for Pb is gasoline combustion, secondary sources
being iron, steel and alloy production as well as refuse incineration, cement
production and wood combustion. The largest contribution of Cd and Zn to
the atmosphere arises from primary zinc-cadmium smelters located mainly in
the former Russian region. Other sources are the combustion of coal and
oil, refuse incineration, iron, steel and alloy manufacturing, gasoline
combustion, wood combustion, phosphate fertilizers and cement production
(Pacyna, 1983).

Ni and Cr showed no significant seasonal trend which could be
attributed either to local natural enrichment of the weathered soil or to
anthropogenic emissions (see Figs.3.8g,h).

Na, which is universally used as an index for seasalt particles in
the atmosphere, shows conspicuous peak intensities in winter periods when
storms are more pronounced (see Fig.3.8.m). The classical linear relation
between the local wind speed and the atmospheric concentration of Na has
been demonstrated for both western and eastern Mediterranean aerosols
(Bergametti et al., 1989b; Karakoc, 1995).
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Figure 3.8. Variations in aerosol metal concentrations during August 1991-
December 1992 at the Erdemli site, illustrating the large-scale short-term
variability. Local daily precipitation amounts are indicated at the bottom.

(a) Al; (b) Fe; (c) Mn; (d) Ca; (e) Mg; (f) Co; (g) Ni; (h) Cr; (i) V; () Pb; (k) Cd
() Zn; (m) Na
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3.3. The Variations in the Atmospheric Concentrations of the

Elements and Air Mass Back Trajectories

3.3.1. African Dust Reaching the Eastern Mediterranean:

A Case Study to Verify Trajectory Calculations

g

The precipitation experienced on 29 March 1992 at the sampling

site exhibited typical characteristics of Saharan. This sample was a

pronounced outliner so far as its abnormal pH and particulate aluminum

concentration was concerned. The appearance of the particulate material

was also unusual, being distinctly reddish.
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By way of illustration Figure 3.9. shows the back trajectories for
27 March 1992 derived from the data shown in Table A2 in Appendix. The
vertical motions of the air parcels in a pressure-time diagram is given in the
right hand site of Figure 3.9. The slopes of these curves provide information
as to the meteorological conditions prevailing during the atmospheric
transport (Martin et al., 1987). One observes that the trajectories arriving at
850 hPa on 27 March 1992 started from elevated sources - which represent
an anticyclonic situation - and the trajectories arriving at 900, 700 and 500
hPa started from a low level source representing cyclonic movements at

these levels.

300
400
Mgl
860 4 ,,"- \‘;:::::::ﬁ“i':,:
ﬁm
4
12 gm P
< gug M
f R Ly
7 100D
50 60 25 March 2@ March 27 March

Figure 3.9. 3-D, three days backward air mass trajectories arriving at
Erdemli, at 900, 850, 700 and 500 hPa barometric pressure levels, at 12 00
UT on 27 March 1992. The pressure profile is shown at right hand side of
the figure. "

Since the trajectories provide only qualitative information about
atmospheric transport and their validity has sometimes been challenged
they should be complemented by measurements of ground-truth.
Unfortunately there is no aerosol sample for this event. Due to technical
difficulties with the sampling pump beginning from 24th of March till the end
of the month aerosol sampling at ground level was discontinued. The only
ground-truth observation of this event is the rainwater collected on 29 March
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1992. The pH of the rainwater was 7.8 and the concentration of Al (indicator
of wind eroded alumino-silicate minerals in atmospheric samples) measured
in the particulate of this precipitation was 8020 ug L " These values are
higher than the mean pH of the rainwater, 4.93, and the Al concentration in
particulates from precipitations, 540+730 ug L'1, observed at a land based
coastal station (Antalya) 400 km west of Erdemli (Al-Momani, 1995). It has
been well documented that precipitations associated with trajectories
originating from Saharan desert, both in the western and eastern parts of the
Mediterranean, have a high pH due to their high CaCO, content (Loye-Pilot

et al., 1986; Mamane et al., 1987; Losno et al., 1991).

Thus the alkaline character of the pH and the order of magnitude
higher Al concentration in the particulates from the rainwater collected on 29
March (with respect to the mean Al concentration in the particulates sampled
by Al-Mamani (1995) at Antalya provide direct geochemical evidence for
Saharan dust intrusion and deposition at the Erdemili site.

Meteosat vis images of March 25 to 31 are displayed in Figure
3.10 so as to provide a complete picture of the long-range transport of the
atmospheric material over the eastern Mediterranean which originated from
North Africa. The clear sky over the sea is in dark blue, clouds are gray or
appear with colour dots and dust concentrations increase from light blue to
red. Images correspond to 11:30 UT except when indicated (14:30 on the
25th of March). On 25 and 26 of March there was no dust at the Erdemli site
and visual inspection of the trajectories for these days indicated trajectories
with a N-W origin. On 27 of March the horizontal trajectories of air masses
arriving at 900 and 500 hPa together with their vertical movements (see
Fig.3.9) show cyclonic movements from North Africa and the Middle East.
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Figure 3.10. A sequence of METEOSAT vis images from 25 to 31 March 1992.
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On 28 of March the red colour over the Israeli coast and over a
south-north flank from the coast of Libya to Turkey clearly verified that dust
was being transported to the Mediterranean both from the Middle East and
from the North African deserts

The red colour on 29 of March over the southern coast of Turkey
clearly indicates the existence of desert dust in the atmosphere. The transit
time of this dust intrusion from North Africa to the sampling coordinates was
2 days.

On the night of 29 March it rained and washed out the
atmosphere, thereby lowering the dust load as can be seen from the colors
of the images corresponding to the 30 and 31 of March.

The METEOSAT IR images of 24, 26 and 27 March 1992 shown
in Figure 3.11 clearly verify the existence of dust over North Africa and the
Middle East. The figure labeled as "ORIGIN" for 27 March represents the
original IR image, whereas the figure labeled as "DIF" represents the
difference of the original images from a reference image which is supposed
to be clean of any dust or water cloud. Dust in the "DIF" images is
constituted as smooth yellow unstructured patches, while the reddish
structures - which can also be seen on the original image - are clouds.
Clear and clean areas appear black, they are apparently associated with
anticyclonic airmasses.

Thus, this specific transport of African dust to the sampling zone
has been documented and examined more thoroughly using satellite
imagery, air-mass back trajectories and surface observations. The
correspondence between the results of the different techniques has
revealed that trajectory analysis offers opportunities to researchers who
need accurate identification of the source regions of the long-range

transport of atmospheric material.
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IR DIF 26/03/92) IR DIF 27/03/92

Figure 3.11. A sequence of METEOSAT IR images from 25 to 31 March 1992.
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3.3.2. Atmospheric Concentrations of the Elements and

the Corresponding Air Mass Back Trajectories

3.3.2.1. Case Studies

The principal finding to emerge from the earlier studies is that the
variability of the elemental concentrations in the Mediterranean atmosphere
depends on the origin of the air masses arriving at the sampling zone, on
source strengths and on precipitation scavenging (Chester et al., 1984,
Dulac et al., 1987; Guerzoni et al., 1989; Bergametti et al., 1989b and
Chester et al., 1990c). To assess the atmospheric transport of aerosols
from their source areas, 3-D air mass back trajectories corresponding to
each sample were classified according to the method explained in Section
3.1.1 and are presented in Table A3 in Appendix as their corresponding
codes together with elemental concentrations and the amount of daily
precipitation rates. By examining the pressure-time diagram of each
trajectory the prevailing air flow type was expressed as cyclonic (C),
anticyclonic (A) or isobaric (I) and included in the tables.

Dulac et al. (1987) also used 3-D air-mass trajectories to identify
source regions for atmospheric particles over the western Mediterranean.
The vertical dimension is particularly useful in determining when the air-
mass traveled in the boundary-layer where pollutants are predominantly
emitted. Further, for several cases of transport, Maring et al. (1987)
assessed the influence of the different source regions on Pb inputs, using
stable lead isotope analysis and 3-D air-mass trajectories.

The following paragraphs examine the bulk data obtained in
October, 1991 and in April, 1992 together with the relevant back-trajectory
information in order to illustrate the relative influence of local precipitation
and airflow patterns on the daily fluctuations of the atmospheric
concentrations of the elements over the eastern Mediterranean. A first

glance at the data of both months (see Tables A3.3 and A3.9 in Appendix)
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suggests that washout by local rains diminished atmospheric concentrations
at the sampling site.

Figure 3.12 classifies the air mass back trajectories at four
different barometric levels for October 1991 according to the geographical
sectors discussed in Section 3.1.1. In the lower layers of the atmosphere
(900 and 850 hPa) air flowed from all four directions but at higher levels
(700 and 500 hPa) air flow was confined to the north west and south west

directions.

October 1991 (900 hPa) Oclober 1991 (850 hPa)

(a) (b)

October 1991 (700 hPs) Octlober 1991 (600 hPs)

© ()

Figure 3.12. The percentage of mean air flow direction at various
atmospheric pressure levels during October 1991.
(a) 900 hPa; (b) 850 hPa; (c) 700 hPa; (d) 500 hPa
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On 1-2 October the air mass back trajectories at all four levels
demonstrate short range continental transport from the north-east (Fig.3.13
presents air mass back trajectories on 2 Oct. and the associated vertical
movement of air masses). The permanent downflow of the air masses from
their source area to the receptor point and the shortness of the trajectories
reveals that the prevailing weather was governed by a regional cell of high
pressure. The aridity of the sampling region throughout the three months
prior to October (i.e. during July, August and September) implies that dry
fallout of the aerosols can have been the only loss mechanism from the
atmosphere. Consequently the average elemental composition of the
samples collected on Oct.1 and 2 (samples 1 and 2) (also shown in
Fig.3.13) is the best approximation to the local averaged elemental

concentrations over the previous three months.

400

Ca:3910 Mg:1080 Na:1700 Al:2050 Fe:1200 Mn:24 Co0:0.64 V:8.5 Ni:14
Cr:18 Zn:26 Pb:58 Cd:0.29

Figure 3.13. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 2 October 1991. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).

The sample collected on 3 of October (sample no. 3) possessed
larger elemental concentrations than the average concentrations of samples
1 and 2- by one order of magnitude for the elements Ca, Mg, Al, Fe, Mn and
Cd and by two orders of magnitude for the elements V and Co. The
observed increases in the concentrations of Ni, Cr and Zn were relatively
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low and there was no change in the Pb and Na concentrations. The high
concentrations of Cd, usually considered an anthropogenic element, in the
crust dominated aerosols from the Sahara desert have also been noted in
previous studies of samples collected in the western and the central
Mediterranean (Chester et al., 1981; 1984; Dulac et al., 1987; Guerzoni et
al., 1989; Tomadin et al., 1989). Dulac et al. (1987) considered that crust-
dominated aerosol become enriched with respect to Cd in consequence of
the anthropogenic pollution from Zn-Cd metallurgy in North African countries
and the production of Cd-containing fertilizers in North Tunisia. Guerzoni et
al. (1987), on the other hand, attributed the high concentration of Cd in
samples originating from the Sahara to the characteristics of calcite-
enriched rock or soil exposed to weathering processes. They explained that
part of the Cd enrichment in these samples was the result of Cd association

with the calcite minerals.

Atmoupheric Pressure (hPa)
=
g
8

Bao G T |

1000

1 Oet, 2 Oot, 3 Oct.

Ca:37600 Mg:14300 Na:1750 Al:22570 Fe:20050 Mn:305 Co:11 V:120 Ni:56
Cr:66 Zn:54 Pb:47 Cd:1.39

Figure 3.14. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 3 October 1991. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?3).

The air mass back trajectories for the 3 October showed short
range downflowing transport from the S-E and N-E directions, indicating the
predominance of the previous days high pressure system at lower

barometric levels. On 3 October the air parcel arriving at the sampling point
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at 500 hPa originated at 800 hPa over Tunisia three days before (on1
October) and experienced a mean continuous and upward movement over
the lower layer air masses (Fig.3.14). Consideration of the vertical
dimension in the three dimensional air mass trajectories, together with the
abrupt change seen in the elemental concentrations, reveals that either the
intense cyclogenic activitity over Tunisia or the high pressure system in the
lower layer of the atmosphere from the Syria-Iraq region caused an uplift of
crustal material (dust) into the atmosphere which was then transported to the
sampling site by the prevailing wind systems.

To clarify which of the sources (Middle East or North Africa) were
active during the time of the sampling, METEOSAT thermal infrared pictures
were obtained. They are constituted of a 12 UT thermal infrared original (or
primary) image from METOSAT, an "ORIGIN+date", which supplies the
minimum geographic information and a time series of three successive,
processed, difference images, "IR DIF+date", the last being the observation
of the dust at the site where the aerosols were sampled. Dust is shown as
smooth yellow unstructured patches, while the reddish structures- that can
also be seen on the original image- are clouds. Clear and clean areas
appear black, they are apparently associated with anticyclonic air masses
(over the northeastern and eastern Sahara) (see Fig.3.15). As can be seen
from these satellite images, dust is associated with the clouds in the
atmosphere both over Tunisia and over Iran-Iraq. Since the trajectories of
the sample collected on 3 October show these two desert regions at
different levels, it is not possible to identify a unique source region for the

corresponding sample.
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CRIGIN 03/10/91 IR DIF 01/10/91

IR DIF 02/10/91 IR DIF 03/10/91

Figure 3.15. A sequence of METEOSAT IR images during 1-3 October 1991.
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Local precipitation observed on 4, 5 and 6 October washed-out
the dust from the atmosphere. On 7-8 October the air masses at all four
levels had their origins over the Mediterranean Sea (short range maritime air
masses from the S-W direction) and the weather was subjected to a regional
marine low pressure system as may be deduced from the ascending vertical
motions of the air masses (Fig.3.16 presents the situation for 8 October
1991 and the average elemental concentrations of the samples collected on
7 and 8 Oct.). As a result, the precipitation, together with the change in

airflow direction, decreased the elemental concentrations to low levels.
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Ca:310 Mg:205 Na:985 Al:470 Fe:130 Mn:1.8 C0:0.19 V:2.7 Ni:2.9 Cr:7.6
Zn:10 Pb:5.4 Cd:0.10

Figure 3.16. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 8 October 1991. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).

Sample 6 was a composite of two days collection (Oct.9 and
Oct.10). Since the air mass back trajectories of Oct.9 and Oct.10 arrived at
the sampling site both from the local Mediterranean and from the inner part
of Anatolia (see Fig.3.17), it is difficult to assign a sample to a specific
region when sampling had a duration of more than one day. Hence,
utilization of the relatively featureless mean climatological flow pattern to
explain change in atmospheric concentrations due to air mass history is
uninformative when compared to a typical daily flow pattern such as that
depicted in Figure 3.17.
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(@ (b)

Ca:1535 Mg:215 Na:480 Al:230 Fe:135 Mn:2.5 C0:0.01 V:4.6 Ni:2.2 Cr:5
Zn:8.6 Ph:55 Cd:0.08

Figure 3.17. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels.
(a) 9 October 1991 (b) 10 October 1991

On 11 and 12 Oct. the air mass back trajectories at each different
barometric level evolve from similar origins. As can be seen from the bottom
panels of Figure 3.18, the air parcels at 500 hPa arrive at Erdemli in a
gradually ascending order which can be attributed to cyclogenesis over
Libya bearing dust and thereby increasing the elemental concentrations
within the aerosol. Peak elemental concentrations associated with the event
initiated on 11 Oct. were observed on 13 Oct. (sample no 8). This suggests
that additional transport of material from the east (Middle East) resulted in
cyclonic transport within the boundary layer of the atmosphere (see
Fig.3.19).
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(a) ®

Ca:4700 Mg:470 Na:900 Al:1540 Fe:2060 Mn:28 Co0:0.27 V:6.8 Ni:4.9 Cr:8.1
Zn:28 Pb:31 Cd:0.19

Figure 3.18. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric. The bottom panels illustrate associated vertical
motions of the trajectories.

(a) 11 October 1991; (b) 12 October 1991
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Ca:5115 Mg:2170 Na:1875 Al:3215 Fe:2475 Mn:41 C0:0.88 V:14 Ni:10 Cr:21
Zn:22 Pb:24 Cd:0.40

Figure 3.19. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 13 October 1991. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).
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From 17 th up to 23 rd of October short range transport from the
local sea or land at 900 hPa was accompanied by long range transport of
continental material by 500 hPa trajectories passing over Africa or the north-
west region (see Fig.3.20). Indeed, the character of the 500 hPa trajectories
persisted until 28 th of October but from 24-28 th October local transport at
900 hPa was superseded by long range transport of air masses originating
mainly over the sea (Fig.3.21).
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Ca:5185 Mg:1440 Na:800 Al:1655 Fe:1610 Mn:29 Co0:0.50 V:9.7 Ni:9.6 Cr:17

Zn:35 Pb:40 Cd:0.24

Figure 3.20. Air mass back trajectories arriving at Erdemli during 17-23
October 1991 (conc. in ng m?).
(a) 900 hPa; (b) 500 hPa

Ca:3110 Mg:760 Na:2200 Al:345 Fe:225 Mn:4.5 C0:0.36 V:2.3 Ni:4.2 Cr:5.8
Zn:7.9 Pb:14 Cd:0.11

Figure 3.21. Air mass back trajectories arriving at Erdemli during 24-28
October 1991 (conc. in ng m?).
(a) 900 hPa; (b) 500 hPa
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On 29 th October the concentrations of the elements V, Co, Al,
Fe, Mn, Cr and Pb increased between 2 and 8 fold and the air parcel
arriving at 500 hPa passed over Libya at ground level (see Fig.3.22) where
dust was lifted and made available for long range transport in the upper
levels. The ascending character of the air masses arriving at 700 and 500
hPa and the descending character of those arriving at 900 and 850 hPa
during their last day of travel, induced frontal mixing which may have
enhanced the dispersion of material from the upper to the lower atmospheric
levels. These phenomena resulted in episodic increase in the elemental
concentrations. Since the air mass trajectories of October 30 and 31 were
similar to those of October 29, the observed decrease in the elemental
concentrations must have arisen from washout by local rainfail probably

induced by the frontal mixing of the air masses.
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Ca:3470 Mg:990 Na:500 Al:1820 Fe:1600 Mn:35 C0:0.60 V:7.2 Ni:5.9 Cr:11
Zn:17 Pb:30 Cd:0.18

Figure 3.22. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 29 October 1991. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).
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The patterns of the airflow in April, 1992 are presented in Figure
3.23. It will be seen that flows from the north-west and south-west directions

were dominant.

April 1982 (900 hPa) Aprfl 1992 (850 hPn)

7

(@) (b)

April 198% {70D hPa)

(© @
Figure 3.23. The percentage of mean air flow direction at various

atmospheric pressure levels during April 1992.
(a) 900 hPa; (b) 850 hPa; (c) 700 hPa; (d) 500 hPa

Although only one local precipitation was recorded during April,
1992, the atmospheric concentrations of the elements at the sampling site
show abrupt changes (see Table A9). Accordingly, these changes must be
attributed to changes in the airflow patterns rather than the precipitation
scavenging of the local atmosphere. It is necessary to emphasize here that
a trajectory of a sample gives no indication of any precipitation that the air
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may have encountered during its transport and, consequently, one has been
able to consider the washout of atmospheric particles only by local rainfall.
The probability of decrease in elemental concentrations in aerosols
throughout their atmospheric transport has also been mentioned by Dulac et
al. (1987) when studying the variability of the elemental concentrations in
aerosols over the western Mediterranean. These authors pointed out also
that even the grid size of the synoptic scale meteorological charts (200 km)
is insufficient to permit consideration of local rain that might have be

influenced the air masses during their transport.
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Ca:1760 Mg:930 Na:870 Al:440 Fe:370 Mn:8.8 C0:0.29 V:8.2 Ni:6.7 Cr:9.6
Zn:23 Pb:12 Cd:0.13

Figure 3.24. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 1 April 1892. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m3).

The back trajectories for 1 April show that the air masses at each
level underwent long range and descending transport (see Fig.3.24). Thus,
the corresponding elemental concentrations observed at the sampling site
and given in the same figure may be ascribed to the concentrations that
persist from the European continent. Since the air masses had been
transported within the upper troposphere, the influence of anthropogenic

sources over the continents had been at a minimum throughout the transport

88



path and thus, for example, the associated Pb concentration, a well known
label of anthropogenic activity, was at its minimum value. Although, the
back trajectories on 2 April were similar to those of April 1 the air masses
arriving at 900 and 850 hPa depict short range transport. The most
pronounced difference in the elemental concentrations of the samples
collected on April 1 and 2 was the sharp increase in the concentration of Cr

in the later sample (see Table AS).

(b)

Ca:2330 Mg:1440 Na:1400 Al:1155 Fe:905 Mn:20 Co:0.47 V:16 Ni:10 Cr:44
Zn:30 Pb:60 Cd:0.16

Figure 3.25. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric. The right hand panel illustrate associated vertical
motions of the trajectories (conc. in ng m?).

(a) 3 April 1992; (b) 4 April 1992
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Continuous collection of a single sample throughout the two days
of 3 and 4 April makes it is difficult to assign the variation in the elemental
concentrations to a single source. On 3 April the air parcel arriving at 700
hPa originated over Libya and its vertical movement verifies the existence of
cyclonic activity which could enhance the transport of dust by the
northeasterly component of the winds to the sampling site. This would
induce an increase in the elemental concentrations observed in the
particulates collected at the sampling site. In fact, an abrupt increase in
concentrations was not observed on April 3 because of the dilution caused
by subsequent air masses which arrived from the local sea and from the
north-west on 4 April (Fig.3.25).

The concentrations of the elements on 7 April present a sharp
increase with respect to samples collected on 1 and 2 April. On 7 April 1992
reduced visibility caused an aviation accident when a passenger plane
carrying Yassir Arafat crashed in Libyan territory during a heavy dust storm
(Ganor, 1994). The air mass back trajectories along with vertical
movements (Fig.3.26) support the existence of a frontal process similar to

that observed on April 3 generating dust transport to the sampling site.

0 10 20 30 40 o Apr. 6 Apr. ? Apr.

Ca:16030 Mg:2890 Na:2785 Al:2675 Fe:2190 Mn:42 Co0:0.87 V:24
Ni:15 Cr:45 Zn:50 Pb:65 Cd:0.26

Figure 3.26. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 7 April 1992. The right hand panel
illustrates associated vertical motions of the trajectories (conc. in ng m?).
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This characteristic flow pattern, favorable to African dust
transport, persisted until 13 April. The air mass trajectories arriving at 700
and 900 hPa and the concentrations from 8 to 12 April are shown in
Figure 3.27.
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Ca:7115 Mg:2545 Na:4960 Al:3485 Fe:1960 Mn:32 C0:0.50 V:13 Ni:10 Cr:20
Zn:18 Pb:80 Cd:0.11

Figure 3.27. Air mass back trajectories arriving at Erdemli during
8-12 April 1992 (conc. in ng m?®).
(a) 900 hPa; (b) 500 hPa

The sudden decrease in the concentrations of the all elements -
except Na and Pb - on 13 April must, in the absence of wash out by local
rain, be ascribed to the change in the direction of all air flows to the
Mediterranean (Fig.3.28). The increase in the concentrations of Na and Pb
could be due to the transport of air masses arriving at 900 and 850 hPa

within the boundary layer during the last day of their travel (see right hand
panel of Fig.3.28).
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Zn:2.4 Pb:30 Cd:0.02

Figure 3.28. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 13 April 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?3).

The trajectories corresponding to samples collected between 14
and 16 April still possess the characteristics of maritime air. The higher
concentration of Pb with respect to the sample collected on 13 April is the
result of the boundary layer transport along the coast as displayed in Figure
3.29 for the 14 April.
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Ca:1855 Mg:1230 Na:3480 Al:300 Fe:270 Mn:6.7C0:0.13 V:3.8 Ni:3.8 Cr:12
Zn:10 Pb:144 Cd:0.06

Figure 3.29. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 14 April 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).
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On 19 April, (Figure 3.30a) ascending trajectories ending at 700
and 500 hPa transported material from the inner part of North Africa to
Erdemli and the subsiding motions of the trajectories ending at 900 and 850
hPa transported material from Anatolia and from over the Mediterranean
respectively. These trajectories suggest that the dust layer originating from
North Africa was transported between the 700 and 500 hPa levels (at a
mean altitude of between 3000 and 5000 m) and the observed frontal
process induced strong vertical mixing which permitted the observation of
dust at ground level despite its transport at higher levels. Since, the sample
collected between 17 and the 19 April was composited the elemental
concentrations cannot be used to verify the trajectory calculations on a
synoptic scale.

Figure 3.30b shows that on 20 April trajectories originating over
western Europe and passed over the African continent before reaching the
sampling site. The corresponding vertical motions of the air masses at all
levels demonstrate that the long-range transport of the dust in the
atmosphere (uplifted by the frontal process observed on 19 April) occurred
in the upper atmospheric layer and this inhibited the addition of material
from point emission sources on the continents over which the air masses
had passed during their travel. Thus the sample collected on 20 April had
an elemental composition representative of "pure" north African material as
observed at the Erdemli site.

On 21 April air masses were still transported from North Africa at
all four levels but thé trajectories ending at the 850 and 900 hPa levels
spent the last day of their travel within the lower atmosphere (see Fig.3.30c¢).
The elemental composition of the sample collected on 21 April reveals that,
except for the elements Pb, Zn and Cd, the concentrations of the elements
decreased due, probably, to washout by local rain experienced during the
night of 20 April. It is possible to ascribe the peak concentrations of the

elements (especially of the one order of magnitude increase in Pb
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concentration) observed in this sample to the contribution of local

anthropogenic emissions.

17 Apr. 18 Apr. 18 Apr.
400 200 300 400 500 600 700 800 900 1000 1100
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1D Apr. 19 4pr. 20 Apr.

(b)

Ca:16790 Mg:7310 Na:5885 Al:9860 Fe:4850 Mn:72Co0:1.69 V:13 Ni:7.6 Cr:10
Zn:13 Pb:11 Cd:0.04

Ca:9465 MQ:2450 Na:3260 Al:4445 Fe:2160 Mn:29C0:0.47 V:6.7 Ni:5.7
Cr:4.8 Zn:15 Pb:106 Cd:0.06

Figure 3.30. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels. The right hand panel illustrates associated
vertical motions of the trajectories (conc. in ng m?).
(a) 19 April 1992 (b) 20 April 1992 (c) 21 April 1992
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From 22 April till 29 April the air masses arriving at all levels
experienced a more steady flow from the north-west. Figure 3.31 depicts
the trajectories at 900 and 500 hPa.

(a) (b)

Ca:3090 Mg:1000 Na:1610 Al:670 Fe:585 Mn:12 C0:0.25 V:9.3 Ni:8.7 Cr:30
Zn:18 Pb:76 Cd:0.16

Figure 3.31. Air mass back trajectories arriving at Erdemli during
22-29 April 1992 (conc. in ng m?®).
(a) 900 hPa; (b) 500 hPa

The composition of the sample collected on 27 April is the best
example of long range transported continental material from the north-west
sector. The associated continental trajectories represent an anticyclonic
transport generating a permanent down-flow of air (Fig.3.32); that is, the air
masses traveled above 900 hPa level or did not travel within the boundary
layer.
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26 Apr. R8 Apr RT Apr

Ca:3515 Mg:1040 Na:1250 Al:665 Fe:520 Mn:12 C0:0.23 V:9.7 Ni:8.8 Cr:8.1
Zn:17 Pb:42 Cd:0.17

Figure 3.32. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 27 April 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?®).

On 30 April there was a three fold increase in the concentrations
of Al, Fe, Co and a two fold increase in the concentrations of Ca and Mn
with respect to the mean concentrations of the period 22-29 April (see
Fig.3.33) and this was caused by the cyclonic transport of air masses
arriving at 700 hPa from the SE direction.
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Ca:6175 Mg:1815 Na:1225 Al:1410 Fe:1330 Mn:28 Co:0.73 V:14 Ni:10
Cr:26 Zn:36 Pb:402 Cd:0.80

Figure 3.33. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 30 April 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).
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An important finding has been the realization that dramatic
changes in the direction of the air-mass trajectories over the eastern
Mediterranean occur on rather short and unpredictable time scales
accompanied by differences in the origins of the arriving air masses at
different béfbfﬁetric levels. This sheds light on the extreme variability of the
atmospheric concentrations of the elements observed on daily time scale.
The vertical dimension of the trajectories is particularly useful in determining
the boundary-layer transport of the air-masses where pollutants are
predominantly emitted. During times of increased vertical motion, wind
eroded crustal material can remain suspended and thus be transported over
long distances. However, in a stratified atmosphere typical of stable
atmospheric conditions most of the particles are removed by gravitational
settling.

Now let us compare the data of October, 1992, with that of
October, 1991 so as to demonstrate the interannual variation in the
elemental concentrations of the aerosol. Since the sampling schedule
started in August, 1991, chemical data for April 1991 is not available. For
this reason October 1992 has been selected for an interannual comparison
of the geochemical and meteorological data. Since local rain was observed
but once in October 1992, the main parameter affecting the variability of the
atmospheric concentrations was assumed to be the changes in airflow
patterns. As discussed above, to explain the variability of atmospheric
concentrations of the elements completely it is mandatory to consider the
different levels of the air mass trajectories together with geochemical data.
Figure 3.34 classifies the trajectories at each level with respect to
geographical sectors for the month of October 1992. The main difference in
airflow patterns between October 1991 (see Fig.3.12) and October 1992 is
the comparative lack, in the latter month, of trajectories originating in the E-
N and S-E. October 1992 was dominated by south-west flow at all levels of

the atmosphere.

97



October 1892 (800 hPa)

Oclober 1882 {850 hPa}

(a) (®)

© ()

Figure 3.34. The percentage of mean air flow direction at various
atmospheric pressure levels during October 1992.
(a) 900 hPa; (b) 850 hPa; (c) 700 hPa; (d) 500 hPa

Between 5-8 October 1992 the long range transport of air masses
from North Africa resuited in an increase in the elemental concentrations.
The air mass back trajectories on 6 October had their origin over the African
continent and continuos upwelling of the air mass lifted dust into the upper
troposphere where it was transported to the Erdemli site at 700 hPa
(Fig.3.35). The presence of high concentrations of such anthropogenic
elements as Pb and Cd in these samples can be attributed to local coastal
sources. During the period from 2 to 5 October the air masses arriving at

900 hPa were relatively short, indicative of weak winds generating little
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diffusion. Such meteorology favors the accumulation of local anthropogenic

emissions in the atmosphere.
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Figure 3.35. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 6 October 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).

Between 12 and 23 October 1992 the airmasses arriving at
Erdemli at 900 hPa traveled mostly over the sea whereas those arriving at
500 hPa originated from North Africa (Fig.3.36). The high mean elemental
concentrations throughout this period indicate that the higher level airflow
brought desert dust to Erdemli where it was, in fact, sampled. This situation,
observed in both October 1991 and 1992, can be described as typical of the
mixing of material from local sources with long range transported material.
Consequently, the observed concentrations are not representative of "pure”

material of African origin.
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(a) (b)

Ca:9065 Mg:2270 Na:1695 Al:1825 Fe:1405 Mn:24 Co:1.33 V:12 Ni:9.4 Cr:21
Zn:18 Ph:60 Cd:0.26

Figure 3.36. Air mass back trajectories arriving at Erdemli during 12--23
October 1992 (conc. in ng m?).
(a) 900 hPa; (b) 500 hPa

The most representative samples of long range material
transported from the S-W and N-W sectors were those collected on 24 and
26 October 1992 respectively. On 24 October, 1992, trajectories arriving at
four different levels originated from north Africa where they underwent
continuous upwelling (see Fig.3.37). Although the air masses arriving at
Erdemli at 850 and 900 hPa were at ground level over the African continent,
the concentration of such anthropogenic tracers as Pb, Zn and Cd was lower
than might have been expected. This is consistent with the dilution of the
concentrations in the continental air masses by air masses from the open

Mediterranean sea.
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Figure 3.37. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 24 October 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).

On 26 October, 1992, air masses at all levels originated from the
Atlantic and reached the sampling zone by passing over the European
continent. Although this continent is populated and industrialized, the
concentrations of anthropogenic tracers were still low. The associated
trajectories (Fig.3.38) show the air masses traveling over Europe at more
than 700 hPa and permanent down-flow of the air masses indicates
anticylonic transport. At all levels air parcels were transported above the
boundary layer across a region where entrainment and removal by
precipitation would be minimized and the elemental composition of this
sample can therefore be assumed to be representative of the atmosphere of
the Atlantic ocean.

In summary, one has observed the eastward transport of air masses
above the boundary layer from the Atlantic region passing over the
European mainland and advecting material to the eastern Mediterranean
atmosphere where it was delivered back to the surface in subsiding air.
Further, as indicated by the elemental concentrations of the sample
collected on 26 October, the vertical entrainment of free tropospheric air into
the turbulent boundary layer serves to reduce the boundary layer
concentrations by dilution.
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Figure 3.38. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 26 October 1992. The right hand panel

illustrates associated vertical motions of the trajectories (conc. in ng m?).

Between 27 and 29 October, 1992, the elemental concentrations
reached their nadir for the month and the associated trajectories arriving at
900 and 500 hPa show that the sampling zone was under the influence of
maritime air (Fig.3.39).
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Figure 3.39. Air mass back trajectories arriving at Erdemli during 27-29
October 1992 (conc. in ng m?).
(a) 900 hPa; (b) 500 hPa
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In these case studies of the months April, 1992, and October, 1991
and 1992, we have seen how, day by day, the elemental concentrations in
the aerosols sampled at Erdemli can be correlated with the history of the air
masses flowing over the eastern Mediterranean. The analysis has
emphasized the utility of back trajectory studies in the Mediterranean region.
The work has explained:

1. The abruptness of change observed in aerosol trace metal compositions,
2. The importance of using 3-D, variable level air mass back trajectories in
considering not only the problem of altitudinal variations in wind speed and
direction and but also the wider question of the usage of the vertical
components of air motion to examine the association between air mass
history and the fluctuations of both crustal and anthropogenic elemental
concentrations in aerosols over the eastern Mediterranean.

3. How, infrequently, the composition of "pure" Atlantic, European and North
African atmospheres can be separated.

In fact, 3-D air mass back trajectories corresponding to each sample
have been obtained. These data, together with the associated elemental
compositions are shown in Appendix. One could analyze the daily data for
nearly the entire sampling period employing exactly the same philosophy
and exactly the same methods as those used in the case studies. Although
this would obviously provide much more detail one would find few, if any,
phenomena that have not been considered in the case studies. Indeed, the
months April and October were chosen since these months both belong to
transitional seasons when intrusions of desert dust can enhance
atmospheric Al concentrations to extraordinary magnitudes. Although both
months lie in the transitional seasons they differ from each other in the
following way. April follows the wet winter months whereas October
succeeds the dry summer months. Thus, the atmosphere over the basin
was scavenged more efficiently before the April sampling period but, on the
other hand, accumulation of particles within the atmosphere was to be
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expected before the sampling in October due to the lack of precipitation and
the stagnation of air masses that is characteristic of the summer season.

A daily analysis of the entire sampling period would permit
consideration of the seasonal variation in aerosol composition. In fact, a
discussion of the effects of seasonal variation on the sectorial composition is

included in the next section.

3.3.2.2. Influence of Sectors of Air Trajectories on the Elemental

Compositions of the Aerosols at the Erdemli Site

Having discussed the influence both of the origin of the air masses
arriving at the sampling zone and of the scavenging of aerosols by local
rainfall on the diel variation of the atmospheric concentrations of the
elements, the characteristic seasonal concentrations of the N-W and the S-
W geographical sectors will be discussed. This will enable one to see the
effect of the temporal variation of the source strengths on the sectorial
elemental concentrations. These two sectors were chosen since, throughout
the investigations, they provided the dominant airflows to the sampling site.

The calculated air trajectories will be used to classify the samples
with respect to emission areas. Since the sampling was carried out at
ground-level the samples were classified by observing their lowest level
trajectories, which are those arriving at the sampling point at 900 hPa. The
representative samples for each group were selected from those whose
trajectories originated from the same sector at all four different levels. Since
the geographical area that the trajectories covered during their transit is
important in determining the composition of the atmospheric particulates, the
trajectories have also been grouped within each sector as either long or

short ranged.

104



Representative trajectories from western Anatolia (sector code 2a);

Europe (sector code 2b); and their corresponding mean seasonal elemental

concentrations are given in Figure 3.40 (a-b).
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Figure 3.40. Representative trajectories and their mean elemental

n=35

Ca:5715+4000 Mg:17301795 Na:4760+2390
Al:1020+335 Fe:1075+£333 Mn:2317.1
C0:0.65£0.28 V:10+4.8 Ni:6.8+2.4 Cr:8.543.7
Zn:45+33 Pb:53+60 Cd:0.25+0.33

n=29

Ca:2340+1535 Mg:665+445 Na:1300+1500
Al: 475450 Fe:5404+575 Mn:9.5+7.9
C0:0.40+0.55 V:8.948.0 Ni:5.5+£3.0 Cr:1047.5
Zn:20+16 Pb:37+33 Cd:0.20+0.12

n=9

Ca:2530+£925 Mg:814+498 Na:1205+930
Al:6501+455 Fe:720+605 Mn:1116.5
Co0:0.3910.28 V:6.4+3.8 Ni:4.5+2.8 Cr:1418.9
Zn:25+15 Pb:1004£220 Cd:0.2310.1

concentrations on seasonal basis from the N-W sector (conc. in ng m).

(a) Western Anatolia; (b) Europe
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n=16

Ca:6470+4580 Mg:2000+975 Na:3465+2320
Al:14204+440 Fe:1360+530 Mn:21+8.5
C0:0.69+0.36 V:11+7.1 Ni:7.0£3.0 Cr:1245.7
Zn:30+20 Pb:75+85 Cd:0.69+0.91

n=31

Ca:2170+1395 Mg:8151+470 Na:2330+2025
Al:380+344 Fe:400+255 Mn:7.7+5.2
C0:0.354£0.31 V:8.0+3.9 Ni:4.5+2.4 Cr:1218.6
Zn:15+11 Pb:37+38 Cd:0.25+0.22

n=14

Ca:3000+1995 Mg:1085+500 Na:1410+980
Al:635+440 Fe:765+730 Mn:15+12
C0:0.3640.27 V:7.2+4.6 Ni:6.4+3.8 Cr:12+10
Zn:23+11 Pb:80+105 Cd:0.211+0.19
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Fig.3.40. Cont.
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Short trajectories from the N-W direction (Fig.3.40a) cover western
Anatolia whereas the long ones (Fig.3.40b) mainly originate from Eastern
Europe in summer but in winter and the transitional seasons they have a
longer fetch over the continent, sometimes starting from the Atlantic. In
spite of this large geographic coverage of the trajectories, there are no
significant differences in the mean elemental concentrations of the samples
associated with short and long trajectories within the seasons. The higher
standard deviation of the mean concentrations of most of the elements in
winter and the transitional seasons reveals precipitation scavenging of the
atmosphere to be most effective in generating large fluctuations in the
concentrations. Although most of the mean elemental concentrations have
relatively low standard deviations in summer, the pollution-derived elements
(e.g. Pb, Zn and Cd) still have higher standard deviations than the others.

Minimum atmospheric concentrations of crustal elements occurred
during this study in winter when NW winds dominated the sampling site.
Thus the elemental concentrations corresponding to long trajectories at 900
hPa (see Fig.3.40b) in winter can be accepted as providing the best possible
values of the "European Background". Another important finding arises from
the winter concentrations observed from short trajectories (see Fig.3.40a).
In winter one observes that, when the trajectories extend towards Europe the
average concentrations of individual elements in air masses are little
different whether the trajectories are long or short ranged. In other words,
the elemental composition of the material transported from Europe varies no
more than when the trajectories are short ranged and the air mass traverses
Anatolia only. During winter one expects local anthropogenic emission
within the geographic coverage to be at its maximum, while particulates
originating from crustal sources are at their minimum due to the wetness of
the catchment regions. The same reasoning also applies to the catchment
areas at European sites. Therefore, the winter observation of similar
average elemental compositions in the particulates of long and short
trajectories can be further interpreted as; the average composition of the
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European background material that can be transported to the sampling site,
if it exists, is the same as the local composition.

Irrespective of the sectors, the dispersion of material between the
upper and lower layers of the troposphere over the Mediterranean is
restricted in summer because of a strong subsidence inversion based about
1500 m (850 hPa barometric level) above ground that is well correlated with
the depth of the mixing layer (UNEP/WMO, 1989). Such high-inversion
stagnation interrupts vertical mixing and produces a persistent haze layer
throughout the season (Reiter, 1975). The land-sea cooling cycle in this
season results in the growth of the mixing height over the sea until the late
evening. Thereafter, the aerosol in the upper layer has the possibility of
downward mixing.

In summer some samples that have short coverage of the NW
direction at 900 hPa have unusually high concentration of the crustal
elements (see Fig.3.41a). The lower panel of the figure showing the
trajectories arriving at 700 and 500 hPa demonstrates that at higher
levels of the atmosphere airflow from North Africa which was able to
bear mineral aerosol from this potential source area to the sampling
site (see Fig.3.41b). The present investigation has shown that this
mode of transport occurs in the higher levels in summer over the
eastern Mediterranean and also over the Black Sea (Kubilay and
Saydam, 1995c; Kubilay et al., 1995b). This result demonstrates the
drawback which would arise when one uses trajectories only at one
standard atmospheric level to represent the long-range transport of
material. It also shows the importance of coupling geochemical
tracer concentrations (e.g. in this study the Al concentration in the
air was utilized) with air mass back trajectories in order to classify
the origin of the aerosols arriving at receptor sites.
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n=9

Ca: 65605350 Mg: 2835+1360 Na: 3100+2745

Al: 2550+395 Fe: 3885+1855 Mn: 39+14 Co: 1.75£0.41 V: 2515
Ni: 14£3.6 Cr: 30+17 Zn: 38+26 Pb: 72+114 Cd: 0.45+0.1

Figure 3.41. Saharan originated trajectories during summer time
(conc. in ng m?).
(a) 900 hPa; (b) 700 and 500 hPa

The geometric mean of the all elements (except Cr and Pb)
given in Table 3.5. exhibit higher values in summer than in winter
and the transitional seasons. Further, as can be seen from Figure
3.41a, the local lower layer trajectories may permit the accumulation
of both continental and marine origin elements in the atmosphere.
Consequently, restricted ventilation together with the deficit in
precipitation during summer results in the accumulation of particles
within the atmosphere.

The short range trajectories arriving at 900 hPa from the SW cover
the Mediterranean Sea (see Fig.3.42). The elemental mean concentrations
of the samples associated with marine trajectories generally decrease in the
following order; summer>winter>transitional seasons. The higher mean
concentrations of the crustal elements (e.g. Al, Fe) from this sector during
the summer was result of diurnal heating and cooling cycles cause the
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convective transport and circulation of the air between sea and land in the

boundary layer.

There is no long range transport at 900 hPa from the S-W except

during the transitional seasons when there were a few occasions when long-

range continental transport from North Africa was observed.

n=18

Ca:5350+2935 Mg:1880+520 Na:4050+1770
Al:9201425 Fe:930+395 Mn: 1917
C0:0.69+0.28 V:11+4.5 Ni:5.3+1.7 Cr:10+5.1
Zn:40+20 Pb:40+32 Cd:0.451+0.36
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n=18

Ca:18554+1065 MQ:7954+415 Na:2325+3380
Al:415+270 Fe:500£300 Mn:8.915.5
Co0:0.30+0.23 V:814.4 Ni:412.6 Cr:8.718.7
Zn:17+15 Pb:30+£27 Cd:0.19+0.13

n=11
Ca:2250+£1650 Mg:9801+535 Na:2785+2125
Al:350+170 Fe:290+258 Mn:4.44£2.5

Zn:7.5%2.9 Pb:27+38 Cd:0.0910.07

Co0:0.23+0.13 V:3.1£2.2 Ni:3.311.6 Cr:6.114.4

Figure 3.42. Representative short range trajectories and their mean

elemental concentrations (ng m®) on seasonal basis from the S-W sector.

(a) Summer; (b) Winter; (c) Transitional seasons
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A study conducted at a remote coastal station in the southeast of
Sardinia, in the central Mediterranean revealed that Saharan dust transport
to the region provided on average about 30 uyg m ® of the suspended
particulate dust load in winds from the south (Guerzoni et al., 1992).
Assuming an Al:mineral ratio of 0.08 (see Chester et al., 1991a) this mineral
dust loading corresponds to an atmospheric Aluminum concentration of
2500 ng m®. This atmospheric Al concentration may be accepted as the
threshold Al concentration representing the chemical signature of a desert
dust intrusion or pulse to the region.

During the transitional seasons 21 samples were recorded having Al
concentrations of >2500 ng m*. Examination of the air mass back
trajectories of these 21 samples arriving at 900 hPa shows that:

a) only 4 samples originated from the Sahara (see Fig.3.43),

Ca:12920(8920-16790) Mg:4600(2535-7310)
Na:4940(2695-6130) Al:5140(3125-9860)
Fe:3010(2265-4854) Mn:48(35-72)
C0:1.87(0.44-2.69) V:16(11-22) Ni:13(7.6-15)
Cr:25(7.1-43) Zn:18(11-26) Pb:100(11-268)
€d:0.18(0.04-0.33)

[ 10 X i) 4

Figure 3.43. North-Africa originated trajectories arriving at 900 hPa to the

Erdemli site (conc. in ng m™).

b) 6 of these 21 dust samples originated from Syrian deserts (see
Fig.3.44a). The lower panel of the figure represents the vertical movement
of the trajectories. At 900 hpa air masses are transported within the
boundary layer that could carry dust from near Middle East. Trajectories
arriving at higher barometric pressures (700 and 500 hPa) originated from
North Africa except one that had its origin over Europe.
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Ca: 13145 (5115-37600) Mg:5640 (2170-14295) Na:2625 (850-5770)
Al:7430(2527-22568) Fe:7125(1553-20045) Mn:97(28-306) C0:3.3(0.2-11) V:34(8.6-123)
Ni:21(6-56) Cr:29(10-66) Zn:40(22-55) Pb:103(16-340) Cd:0.49(0.14-1.39)

Figure 3.44. Representative Middle East originated air-mass back
trajectories and their corresponding vertical movements (conc. in ng m?).
(a) 900 hPa (b) 700 hPa and 500 hPa

c) The 900 hPa trajectories of the remaining 11 samples in transitional
seasons; gave very different origins of the air masses depending on the final
barometric level. The lower layers of the local atmosphere were fed with air-
masses coming from non desert sources, one trajectory reaching 60 ° N
(see Fig. 3.45a). Only the trajectories ending at the 700 and 500 hPa
barometric levels had their origin over North Africa (see Fig. 3.45b). The
vertical motions of the trajectories are also shown at the bottom panel of the
Figure 3.46. At the synoptic scale, there is a significant upward movement
for the upper trajectories (700 and 500 hPa) and in contrast, a notable
downward movement for the lower layer trajectories (900 hPa). The upward
movement allows the dust to ascend and consequently to be taken in the
cyclonic system.
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So, these observations strongly suggest that the advection of the Saharan
dusts is similar in character to a frontal system. The African dust transport
event observed at the Erdemli site is quite similar to that previously
described by Bergametti et al., (1989b); Martin et al., 1990; Dulac et al.,
(1992) as over the western Mediterranean and by Reiff et al., (1986) and
Davies et al., (1992) as over Europe.
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Ca:16344(5285-52840) Mg:6560(1465-16745) Na:6935(405-44960)
Al:6615(2675-14840) Fe:7350(1870-30390) Mn:76(11-190) C0:3(0.26-11) V:22(6.6-38)
Ni:20(5.7-45) Cr:26(4.8-60) Zn:45(12-170) Pb:90(20-365) Cd:0.32(0.06-0.58)

Figure 3.45. Representative North-Africa originated air-mass back
trajectories and their corresponding vertical movements (conc. in ng m>).
(a) 900 hPa (b) 700 and 500 hPa
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Thus it can be seen that the long range transport from this sector has
a pronounced influence on the atmospheric concentrations of the elements
and as consistent with the discussion of the case studies in Section 3.3.2.1
one concludes that the long-range transport of desert dust from the S-W
sector is the most important apparent source effecting the atmospheric
concentrations of the elements at the Erdemli receptor.

The assessment of atmospheric dust transport from North Africa to
Atlantic is also in agreement with the frontal character of African dust
transport to the Mediterranean and is further complicated by the non-
uniform vertical distribution of the dust. Aircraft measurements made at
Barbados (tropical North Atlantic) during the summer of 1969 (Prospero and
Carlson, 1972) show the maximum aerosol concentrations to be above the
marine boundary layer. The dust is confined to a layer between 550 and
750 hPa (Carlson and Prospero, 1972). This elevated layer, termed the
Saharan air layer, is a persistent feature of the tropical North Atlantic during
dust outbreaks. Aircraft studies above the coast of West Africa (Talbot et
al., 1986) indicate a similar vertical distribution. Martin et al., (1990),
conducted a study at a remote coastal station in Corsica in the western
Mediterranean to determine the actual levels at which Saharan dust was
transported. These authors found, by combining geochemical tracers of
dust (Si,Al) with three-dimensional air-mass trajectories, temperature
soundings of the World Meteorological Organization (WMO) along the path
of the dust clouds and satellite imagery, that the dust layers were located
mainly between 850 and 500 hPa which is what has been shown to be true
in the eastern part of the Mediterranean throughout this study. Dust from
the Saharan air layer settles into the marine boundary layer by gravity and
by convective mixing across the inversion of the marine boundary layer.
Because of these processes, dust concentrations in the marine boundary
layer might be lower than in the Saharan air layer.

Dayan's (1986) five years (1978-1982) climatological study of airflows
reaching Israel indicates a seasonal variation in the frequency of airflow
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patterns at 850 hPa. He observed the long range transport of dust to the
eastern Mediterranean from North Africa and from the Middle East deserts to
occur in spring and fall, respectively. Mineral aerosol detection above Africa
from the thermal infrared channel of the satellite between the period of
1984-1993 have described both the seasonal character of dust activity and
allowed the sources of dust emission to be located (Legrand et al., 1994;
Legrand, 1995). The produced dust climatology throughout the
observational period revealed an annual cycle with a maximum in March-
May and a minimum in October-December. The same seasonal rhythm of
dust activity identified identified by Legrand et al., 1994 and Legrand, 1995
was also reflected in the statistics of dust-storm occurrence performed at
Israel (Ganor, 1994). He analyzed the occurrence and duration of Saharan
dust outbreaks to Israel during a period of 33 years and results show the
following: The dusty season begins in late summer, episode frequency is
uniform through autumn and early winter and rises to about double (maxima
during April) the monthly average during March and April. Frequency drops
sharply after May and July-August are dust free. The spring maximum in the
dust transport from North Africa seen throughout Ganor's study is also in line
with the maximum in the photometric measurements of back-scatter
(turbidity) observed over North Africa between March and June (D'Almeida,
1986).

The air mass trajectories able to carry dust to the eastern
Mediterranean have been classified into two types (Yaalon and Ganor,
1979; Ganor et al., 1991). First, those trajectories originating over North
Africa as a result of the Saharan depression and secondly those originating
over the Arabian Peninsula on the rare occasions when the 'Persian Gulf
Depression' is situated over the Red Sea. Ganor et al., (1991) described
the chemical composition of 23 severe dust intrusions to an eastern
Mediterranean coastal site (Israel) and concluded that only one of the
intrusions originated from the Arabian Peninsula.
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During 3-5 November, 1992 a dust storm from the Arabian desert
increased the elemental concentrations of the aerosol samples collected at
Erdemli. On 4 November the air mass back trajectories at 900, 850 and 700
hPa arrived from the SE during this unique event so far as the present study
is concerned and clearly indicate transport from the Arabian Peninsula,
whereas the trajectory arriving at 500 hPa originated over the
Mediterranean. The vertical movements of the trajectories arriving at 900
and 850 hPa demonstrate a typical cyclonic flow favoring the uplift of dust
(see Fig.3.46).
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Ca:14180 Mg:3150 Na:1635 Al:6114 Fe:6470 Mn:66 Co:4.3 V:17 Ni:17 Cr:35
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Figure 3.46. Air mass back trajectories arriving at Erdemli at 900, 850, 700
and 500 hPa barometric levels on 4 November 1992. The right hand panel!

illustrates associated vertical motions of the trajectories (conc. in ng m?3).
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3.3. Chemical Composition of Aerosols Over the Eastern Mediterranean

3.3.1. Enrichment Factors

As discussed previously (Section 3.2), the elemental concentrations
of atmospheric particulates vary over several orders of magnitude
depending on the geographic location of the sampling site, the local and
meso-scale meteorological conditions (rain, long-range transport of air
masses) and the seasonal changes in the intensities of the sources venting
particulates into the atmosphere. There being many factors affecting the
atmospheric concentrations of the elements over short time and space
scales, it is difficult to characterize the composition of the aerosol by
observing their regional atmospheric concentrations. This has been
confirmed in Section 3.3.2.2. where one sought elemental concentrations
characteristic of each of the potential sources surrounding the Erdemli site.
The identification of source areas was found to be difficult because the
origin of individual injections was masked by the mixing which occurs in the
reservoir.

The primary constituent of the aerosols arriving at the sampling site
was the crustal component transported both from the surrounding desert
areas and from within the region - as a result of deforestation, agricultural
activities and over-exploitation of vegetation for domestic use. Thus, the
chemical composition of the Mediterranean aerosol is controlled by the
mixing of various components and the extent to which the mixing occurs will
vary both in space and time.

One way of evaluating the chemical character of the aerosol is by the
use of Enrichment Factors (EFs) providing information on the extent to which
trace metal concentrations in aerosols are enriched or depleted relative to
crustal and marine sources. In this section EFs which are straightforward
and informative parameters will be utilized for the characterization of
aerosols. Generally, EFs are utilized to establish the expected contributions
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of crustal and marine sources to the composition of aerosols (Zoller et al.,
1974; Rahn, 1976). The EFs are conveniently calculated for the various

elements in the aerosol by the general formula given below:

in which EF(X) aeresoisource iS the enrichment factor of element X in the aerosol
relative to a crustal or marine source and X/Ref is the ratio of the
concentration of element X to the concentration of the reference (precursor
of source material) element in the aerosol and in the source material.
Elements commonly used as crustal indicators include aluminum, silicon,
iron and scandium; for sea salt the nearly universal choice is sodium.

The definition of EF is based on the assumption that constituents
from the source are found in the sample in the same proportion as they
occur in the source. Since rocks have been analyzed more extensively than
soils, in the calculation of EFs relative to crust, crustal rock is used instead
of average soil. A number of estimates of the average composition of crustal
rock are available; the present study uses that of Taylor (1964) which
represents a 1:1 mixture of granite and basalt rocks. In fact, those rocks
which undergo weathering around the eastern Mediterranean have been
defined as ultrabasic, basic and limestone (Ergin et al., 1988). The
elemental abundancies in such rocks, together with those in average rock,
are given in Table 3.6. This Table shows local rocks to be enriched in
certain elements (Ca, Co, Cr, Ni, Fe) relative to average rock. This
discrepancy may introduce errors into the calculation of enrichment factors.

Rahn (1976), postulated three reasons as to why average rock rather
than local rock must be chosen as a reference material when calculating
EFcrust values:
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(1) most aerosol analyses are not accompanied by corresponding analyses
of local soil

(2) inter worker standardization of enrichment factor calculations are easier
when only a handful of global reference materials are used

(3) use of a constant reference material by each worker enables the direct
comparison of enrichment factors.

Rahn (1976) compared several tables of elemental abundances in
average crustal rock given by different authors and concluded that there was
similarity of concentrations from estimate to estimate and that the
uncertainty in enrichment factors due to the choice of reference rock was
less than a factor of two.

Constituents that derive from sources other than the Earth's crust will
have high crustal EFs though coals and even fly-ash possess relative
concentrations of many trace metals similar to that of average crustal
material (Bertine and Goldberg, 1971). Elements with low EFs are assumed
to be of crustal origin only, whereas enrichments less than 1, signify
depletion with respect to crustal sources. In this thesis elements with
EFcrust (or EFsea) values of less than 10 are considered to have
approximately the same inter-element concentration ratios in the
atmosphere as in average crustal material (or in bulk seawater). The upper
limit of ten has been used for interpreting the crustal enrichment (seawater
enrichment) factors because the proportions of trace elements in the actual
crustal-aerosol (sea salt-aerosol) precursors may differ from those in
average crustal material.

Since different types of crustal rock and soil exist in the various
source areas and since there is uncertainty concerning the chemical
fractionation which occurs during weathering, mean crustal rock ratios have
been used as crude approximations of the relative composition of crustal
material in the aerosols. Thus, if the values of elemental EFs do not exceed
10 they may be accepted as indicating a crustal source for the elements
considered. However, this approach will not distinguish between crustal
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material vented into the atmosphere by natural processes and injected as a
result of such human activity as increased exposure of soil surfaces due to
agriculture and other land-cleaning operations, stone crushing, sand and
gravel operations and the suspension of soil particles by vehicular traffic. In
polluted areas 90 % or more of the nonenriched elements in the atmosphere
have an anthropogenic origin (Rahn, 1976).

Because of the various constraints involved in the calculation of EF
values they should be treated as order-of-magnitude indicators of the type of
potential sources.

In Section 3.2.2. it was concluded that concentrations of the elements
in aerosols over the sampling site were derived from both crustal and marine
sources. In these circumstances it may be of interest to use EFs to estimate
the relative crustal and sea salt contributions to the abundance of each
element. The average crustal (Taylor, 1964) and bulk seawater (Martin and
Whitfield, 1983) compositions with respect to elements considered in this
study are given in Table 3.6. Soil composition (Martin and Whitfield, 1983)
is also indicated in the table. The main difference between the average
composition of rock and soil is the lower concentration of Ca, Mg and Na in

soil.
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Table 3.6. The average composition of mean crust, various rocks types, soil
and bulk sea water.

Rock Ultrabasic Basic Limestones Soils Sea Water
(@) (b) (c) (o
(ng/g) (ug/L)
Al 82300 4500 87600 4200 71000 0.5
Ca 41500 7000 72000 302300 15000 412000
Cd 0.2 - 0.2 0.035 0.35 0.01
Co 25 210 48 0.1 8 0.05
Cr 100 2000 200 11 70 0.3
Fe 56300 98500 85600 3800 40000 2
Mg 23300 - 45000 47000 5000 1.29 10°
Mn 950 1500 2000 1100 1000 0.2
Na 23600 5700 19400 400 5000 1.077 107
Ni 75 2000 160 20 50 0.2
Pb 12.5 0.1 8 9-5 35 0.003
\/ 135 40 200 - 90 2.5
Zn 70 30 130 20 90 0.1

(a) Taylor, (1964).
(b) From Tables in Emelyanov and Shimkus (1986) and Ergin et al., (1988).
(c) Data from Martin & Whitfield (1983).

Figure 3.47 illustrates crustal enrichment factors calculated with
respect to average rock (solid lines) and soil (dotted lines) composition of
elements observed in the eastern Mediterranean aerosols. The type of
variation differs from element to element and from sample to sample as can
be clearly seen from the relatively high standard deviations of the geometric
means. As shown in Section 3.2, the concentrations of the elements in the
Erdemli aerosol are, to a good approximation, log-normally distributed. Any
linear combination of normally distributed variables must itself be so |
distributed. Accordingly, to be representative, the geometric mean of the
EFs was preferred to arithmetic means during the construction of Figure
3.47. Although the geometric means of the EFcrust values of elements Fe,
Mn, Co, Mg, V, Ni, Ca, Na and Cr for the whole sample set are between 1

and 10, standard deviations - except for those of Fe, Mn and Co - reveal the
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possibility of enrichments within the data set. Zn, Cd and Pb have mean EF
values larger than 10 indicating the anthropogenic origin of these elements.
The mean EF values of Co, Mg, Ca and Na relative to soil are higher than
the mean EF values of the same elements calculated relative to average
rock due to the depletion of these elements in soil relative to rock (see
Fig.3.47). Since the abundances of the elements Zn, Cd and Pb in soil are
higher than in average rock (see Table 3.6) their mean EF values with
respect to soil are lower than those calculated for with respect to average

rock.
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Figure 3.47. EF ..« values for atmospheric trace metals collected at the
Erdemli site. The horizontal bars represent geometric mean enrichment
factors, and vertical bars represent the geometric standard deviation (Solid
bars for average crust composition and dashed bars for average soil

composition).

The EF values of the elements calculated with respect to bulk sea

composition are about 105, save for Mg and Ca (see Fig.3.48) these being
elements affected by sea salt. Dulac et al. (1987) also concluded that over
the western Mediterranean recycling of sea salt from oceanic sources made
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a negligible contribution to trace metal concentrations in the bulk particulate

aerosol.
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Figure 3.48. EF . values for atmospheric trace metals collected at the
Erdemli site. The horizontal bars represent geometric mean enrichment
factors, and vertical bars represent the geometric standard deviations.

These variations can be summarized more clearly if the data are
grouped in three seasons (to compensate for temporal variation) as
discussed in Section 3.2.4.1 describing the elemental concentrations in
atmospheric particulates (see Table 3.7). On the basis of EF values, trace
metals can be divided into three broad groups; i.e. non enriched elements

(NEEs) and two categories of anomolously enriched elements (AEEs).

Group 1, the NEEs: Aluminum (by definition, the crustal indicator
element), Fe, Mn, Co and Mg in all seasons; Ca, Na, Ni, Cr, V (in summer
and transitional seasons), have geometric mean EF values which are <10 in

the Erdemli aerosol population.
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Group 2, the less significantly enriched AEEs: Ca, and Na (in
winter); Ni, Cr, V (in winter) and Zn (in all seasons) have geometric mean
EF values in the range >10-<10".

Group 3, the more significantly enriched AEEs: Pb and Cd have

geometric mean EF values in the range >10%-<103.

Table 3.7. Seasonal geometric mean enrichment factors (EFs) of the metals

(number in parenthesis are the ranges of EFs).

Winter Summer spring-fall
Fe 1.8(0.1-15) 1.5(0.3-5.3) 1.4(0.1-6)
Mn 2.0(0.2-17) 1.8(0.5-8.7) 1.5(0.1-6)
Ni 14(2-193) 6.5(1.7-22) 6.5(0.9-36)
Cr 16(0.7-668) 7.0(1.3-81) 8.0(0.2-97)
Co 2.7(0.1-35) 2.1(0.5-12) 1.9(0.1-6)
Cd 215(5-2942) 88(15-1816) 66(1.8-1370)
\' 14(0.6-265) 5.4(0.4-55) 4.4(0.6-26)
Zn 44(6-359) 35(1-273) 20(1.6-212)
Pb 456(17-6590) 200(26-3537) 225(7-10080)
Ca 11(1.6-132) 8.3(0.9-60) 8(1.1-50)
Mg 8(1.4-142) 5.6(2-25) 4.9(1.0-46)
Na 14(0.3-542) 9.8(0.3-94) 5(0.1-171)

Although the trace metals have been grouped according to their
seasonal geometric mean EFs, the EF ranges indicate that within the groups
the NEEs may sometimes behave as AEEs and vice versa. From the
magnitudes of the crustal EFs one may conclude that, in almost all samples,
Fe and Mn have a mainly crustal origin; Co, Ca, Na, Mg, Ni, Cr and V have a
mainly crustal origin in some samples but in others possess a substantial
non-crustal component. In all samples the origin of Zn and especially Pb
and Cd appear to be predominantly non-crustal. Table 3.7 shows the
proportions of crustal/non-crustal components in the particulates to vary with
the seasons. All the elements have their highest EFs in winter when the

amount of dust (or the concentration of its precursor Al) is low. This
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indicates that during dry and dusty periods (summer and transitional
seasons) the concentrations of the elements in the aerosols was evidently
controlled by the amount of dust but, as the levels of dust subsided, other
sources became apparent and resulted in the enrichment of the elements

relative to crustal sources.

3.3.2. The Average Compositions of the End Members of the Aerosols

Over the Eastern Mediterranean

In previous studies carried out in the eastern and western
Mediterranean, Chester et al., (1977; 1981; 1984; 1993a) made a series of
particulate collections and found, on the basis of the meteorological
conditions, the crustal EFs and the clay mineralogy, that there are two
distinct end members over this regional sea; namely, materials brought to
the atmosphere of the Mediterranean from the European continent, defined
as the "European end Member" and from the North African continent,
defined as the “Saharan end Member".

The elemental composition of the particulates is controlled by the -
mixing of these two components. However, in the absence of local pollution
the composition of the end-members does not appear to vary
geographically. There have been attempts to establish "average”
characteristic EFs of the elements for individual end members of the
atmospheric particulates over the Mediterranean basin, and in this section
data obtained during the course of the present study will be used to define
the characteristics of the end members for the eastern Mediterranean
atmosphere.

In order to identify characteristic long-range material transported
from the Eurasian continents to the atmosphere over the eastern
Mediterranean, individual samples have been selected on the basis of their

air mass back trajectories since these indicate the geographical origin (i.e.
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the catchment area) of the particulates and also the land masses over which
the air masses have passed before reaching the sampling coordinates.

The enrichment factors of the elements in "pure" Sahara dust
outbreaks sampled at the various Mediterranean sites and off the coast of
West Africa during the prevailing north east trades at the north Atlantic are
listed in Table 3.8. Although a number of dust outbreaks from the
surrounding desert regions have been sampled throughout the sample
collection period of the present study only two have been included in the
table, these being truly "desert" populations representing North African and
Middle East and Arabian deserts, namely the episodes of 20 April, ‘92 and 4
Nov. '92. These two samples are the most representative examples of "pure
desert" materials collected during the present work.

As demonstrated by Schutz and Rahn (1982), the basic
assumption that the ratios of crustal abundancies are preserved from source
to sampling site, is well founded for particles of less than 10 um in diameter.
And element concentrations in Saharan soils in this size fraction that is
subject to long-range transport have relatively homogeneous composition.
These foundings support the non-enriched characteristic of elements in
Sahara end member save for those, such as Zn, Pb and Cd, which are
derived from pollution (see Table 3.8).
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Table 3.8. EF ..« values of the elements in the samples collected from

outbreaks of desert dust.

(a) (b) (o (d) () (M (9 (h1) (h2)

Element

Na 0.14 - - 008114 - 04 04 20 09
Ca 0.69 - - - - 6.83 11 34 46
Mg 0.78 - - - - 217 16 26 1.8
Fe 1 1 0.92 - 055 118 1.2 0.74 16
Al 0.93 1 1 1 1 1 1 1 1
Mn 1.07 1 084 026-044 092 115 5 059 087
Co 0.88 - - 1.54 - 063 25 063 26
Ni - 1.2 2.8 0.6-1.7 66 111 4 084 3.1
Cr 1.02 1.4 2.9 - 21 166 - 085 46
\/ 0.88 - - - - 134 - 09520
Zn 2.34 32 56 - 13 366 11 2 6
Pb - 7.7 46 9-134 56 102 31 7 134
Cd <200 83 96 - 26 14 255 4 76

(a) Rahn et al., (1979) (Atlantic north east trades).

(b) Murphy (1985) (Atlantic north east trades; mean of 6 Saharan dusts).

(c) Chester et al., (1984) (average of four Saharan dust episodes
collected on board in the Tyrrhenian Sea).

(d) Tomadin et al., (1989).

(e) Chester et al., (1990) (Cap Ferrat; Saharan dust sample).

(f) Ganor et al., (1991) (Mean of 23 Sahara dust storm episodes in Israel).

(g) Guieu (1991b) (Tour du Valat).

(h1) present study (North African originated dust intrusion event
observed on 20 Apr.1992).

(n2) present study (Middle East originated dust intrusion event observed on
4 Nov. 1992)

The diffuse nature of the sources of the pollution derived
elements, especially Pb, on the continents causes considerabie variation
within their EFs. The contamination of the desert material has been linked
to the meteorological conditions during its long-range transport to the
receptor regions. The data set obtained for the Arabian and Middle East
desert origin end member contains considerable Pb and Cd. This result
may be explained by the fact that the air masses originating from the

Arabian Peninsula on 4 November passed over Middle Eastern countries
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before reaching the sampling site, whereas the dust observed on 20 April,
1992 had traveled only over the sea. As mentioned in Section 2.3.4. the
sample collected on 20 April 1992 was the most characteristic desert sample
obtained during the course of the sampling period which did not suffer from
local poliution.

The other end member of the atmosphere over the eastern
Mediterranean, as described in Section 3.3.2.2., might consist of long-range
material transported within air masses from Eurasia and possessing long
transit times over the continent before reaching the sampling site. Table 3.9
displays both the mean atmospheric Al concentrations and the elemental
EFs of the metals for those winter samples having long-range trajectdr,ies
from the NW direction (see Fig.3.40b) together with the corresponding data
for samples defining the European end member for the western
Mediterranean atmosphere (Chester et al., 1984).

Table 3.9. EF ..« values of the elements in samples representative of the

European end Member.

Present study Chester et al. (1984)
(n=31) (n=5)

Alng m® 384(26-1778) 112(75-216)

EFFe 2.3(0.45-15) 1.7(0.87-2.4)

EFMn 2.7(0.53-16) 3.5(2.8-5)

EFCr 63(2.6-668) 8.6(4.7-16)

EFNi 26(2.3-190) 15(7.2-29)

EFZn 86(8-304) 120(79-170)

EFPb 1070(17-6680) 767(275-1333)

EFCd 502(21-2269) 1219(445-3087)

The elemental characteristics of the samples named as European
end member samples summarized in Table 3.9 arise from samples, none of
which, during the the 3 days preceding their collection, received any

contribution from desert sources. Any variation within the Al concentrations
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is therefore due either to local crustal effects or to precipitation scavenging
of the atmosphere. Thus, comparison of the composition of the local end
member with that from the western Mediterranean atmosphere suffers from
differences in local Al contributions that result in a variation in the EFs.
The data presented above can be used to draw one important
conclusion. The eastern Mediterranean aerosol contains a "background"
material which has a composition controlled by the extent to which it is
diluted or mixed with regional crustal material rather than with anthropogenic
material. Further, it appears that there exist two contrasting particulate
catchment regions around the basin. However, European Background
material brought by long range transport from the NW produces no
significant change in the EFs of the elements compared to those of the
Saharan end member and therefore no change in the trace metal
composition of the aerosols in the lower troposphere over the eastern

Mediterranean.

One sees that one of the end members of the region, a desert
catchment, supplies large quantities of crustal material which dilute the
background, whereas the other end member, consisting of urban and semi-
industrialized catchments, does not supply “pollutant” or crustal material to
enhance the local background composition.

It is apparent from the above discussion that the eastern
Mediterranean represents an excellent example of a region in which both
desert and non-desert catchments provide material superimposed on local
background.

Table 3.10 provides EFs of the elements, relative to crust, in aerosols
observed over contrasting marine environments. The atmospheric
concentrations of the elements over the North Pacific are higher than those
reported for the South Pacific ocean (see Section.3.3.2.2) due to the

episodic influx of Asian dust to the former area (Duce et al., 1983). Table
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3.10 shows, however, the EFcrust of the elements to be higher in the South
Pacific Ocean than in the North Pacific region. This result reveals the
composition of the aerosol over the North Pacific Ocean to be more affected
by crustal sources than the aerosol over the South Pacific Ocean. Since the
composition of the aerosols over the tropical North Atlantic is affected by
Saharan dust the EFs of the elements, except for Pb, resemble those
reported for the North rather than the South Pacific.

The lowest EFs reported in Table 3.10 for aerosols over coastal
seas are for elements found over the Arabian sea. The similarity of the
calculated mean EFs in the samples collected during the present study to
those reported for North Sea aerosols, the North Sea being known to be a
polluted region, confirms the presence of an anthropogenic effect in the
Erdemli aerosol.

Table 3.10. Mean EF .« for trace metals in aerosols representativé of marine

environments.

Element Open Ocean Coastal Seas

Tropical Tropical

North South  Tropical North Arabian
Pacific  Pacific North  Sea'  Sea’
(Enewetak) (Samoa) Atlantic

Al 1 1 1 1 1

Fe 0.84 1.9 0.9 1.5 1

Mn 0.96 7 1.1 3.6 1.4
Ni - - 4 12.4 2.3
Cr 2.7 - 24 11.5 24
Co 0.93 13 1.6 2.8 21
Cd 130 - - - 18
\") 3.5 - 2 - 6

Zn 13 140 28 141.5 18
Pb 40 190 390 605 27

1.Duce et al., (1983).

2.Arimoto et al., (1987).

3.Buat-Menard and Chesselet (1979).

4 Chester and Bradshaw (1991) (close to pollutant sources).
5.Chester et al., (1991a) (close to crustal sources).
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It is of interest to compare the mean EFs of trace metals found at
the Erdemii site with those reported from other land based stations located
in the north western'Mediterranean at which aerosols have been collected
over periods of several months. The data in Table 3.11 indicate that, on the
basis of their EFs, the aerosols over the Erdemli site were less enriched in
the elements Pb and Zn than aerosols sampled in the western part of the

Mediterranean.

Table 3.11. EF,.« values in aerosols over the land-based stations at the

Mediterranean Sea (sampling locations are indicated in Fig.3.7).

Blanes' Cap Tour Corsica® Erdemli®
Ferrat® du
Valat®

Al 1 1 1 1 1

Fe 1.3 1.2 1.1 1.3 1.6

Mn 2.3 2.6 29 2.7 1.8

Cr 3.4 56 - - 10

Ni 15 26 - - 9

Zn 151 128 186 134 33

Pb 843 1024 982 631 295

1. Chester et al., (1991b).

2. Chester et al., (1990c).

3. Guieu (1991b).

4. Bergametti et al., (1989b).
5. Present study.

Most of the observed variation in EFs is caused by variability in
the amount of crustal material (e.g. the Al concentration) present in the
atmosphere. To discuss this, the elemental EFs for the samples collected in
April 1992 are ranked in Table 3.12 according to their increasing Al
concentration.

It is apparent that there are considerable variations in the
concentrations of Al and these variations are strongly dependent on the
origin of the air masses arriving at the collection site. Clearer insight as to
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how the source controls the elemental composition of atmospheric
particulates is provided by the air mass back trajectories corresponding to

each sample (see Section 3.3.2.1).

Table 3.12. Enrichment Factors, ranked on the basis of Al
concentrations, in atmospheric particulates collected

in April 1992.
Sample
No Al CaMgNaFe Mn Co Ni Cr V Zn Pb Cd
ngm® (EF oruet)

10 198 10 14 46 1.5 39 11 16 10 3.6 202 2047 491
11 200 14 11 27 1.7 35 1.3 23 97 14 132 7790 336
9 300 12 15 40132014 14 35 79 39 3157 82
8 39 1318 71 121711 5538067 501 18

1 443 8 8 7 121821 16 18 11 61 178 117
15 599 8 56 7 141609 8 7 39 21 1357 50
16 615 146 17 13 19 13 13 34 91 34 1019 205
17 664 116 7 111611 15 10 91 31 417 103
2 7537 3 2 081204 3533 26 37 113 41
18 816 5 5 4 131613 19 22 11 36 353 44
3 1156 4 54 111613 97 32 85 30 341 58
121203 105 14 141911 11 28 87 61 948 134
191414 9 5 3 141817 8 16 6.3 30 1871 233
202000 9 3 3 111226 10 5 7.8 19 1163 294
4 2675 124 4 121511 6 14 57 22 161 41
5 2755 5 3 7 080906 2 3 2 12 409 20
7 2996 3 3 4 091006 4 2 24 5 45 16
144446 4 2 3 07 06 03 1408 09 4 157 6
64704 4 2 4 080703 3173 23 3 67 5
139859 3 3 2 070706 0909 08 2 7 2

There is no change within the EFs of Fe, Mn and Co with change
in Al concentration. On the other hand, it is very clear from Table 3.12 that
the EF's of the elements, Na, Ca and Mg, increase as the Al concentrations
decrease. This is clearly consistent with the primarily marine origin of these
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elements in atmospheric particulates. The EFs of the elements of Ni, Cr, V,
Zn, Pb and Cd vary by up to three orders of magnitude and this confirms that
for these elements there are sources other than crust. In general the EFs of
these elements increase as the Al concentrations decrease. This would
suggest that the background anthropogenic constituent of atmospheric
particulates over the eastern Mediterranean is masked by an Al rich crust
derived component. The present data shows this clearly with wide ranges of
Al concentration i.e. 198-9859 ng m™ for April 1992. This discussion is
consistent with the idea of Chester et al. (1981) that the elemental
composition of atmospheric particulates over the eastern Mediterranean is
controlled largely by the dilution of the background anthropogenic
component by the crustal component. In the following section this "dilution
theory" will be tested using the enriched element, Pb, utilizing the concept of

an EF diagram.

3.3.2. Enrichment Factor (EF) Diagrams

The relationship between aluminum and the other elements in
aerosols can be expressed in the form of an EF diagram, in which the
EFcrust is plotted against the concentration of aluminum in the air on a log-
log scale (Rahn, 1976; Saydam, 1981; Chester et al., 1981; 1983; 1989;
1993a; Guerzoni et al., 1989). Generally, in this type of diagram enriched
elements (e.g. Pb, Cd and Zn) fall in a triangular field in which the EF's
increase as the concentration of aluminum decreases. The triangular field
has a hypotenuse along a line of constant concentration which forms an
apparent lower limit of concentration. In contrast, non-enriched elements
(e.g. Fe, Mn) have EF's which generate a broad horizontal field with only a
small vertical range, i.e. the EF's are largely independent of variations in the
concentration of aluminum. The log-log scatter diagram pays an unexpected

dividend -isopleths (lines of equal concentration) of the element whose
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enrichment factor is being plotted appear as straight lines inclined at 45°
counterclockwise from the vertical. Thus a single diagram shows the
concentrations of elements X and Al, as well as the enrichment factor of X
relative to the crust and Al (Rahn, 1976).

The benefit of EF diagrams for defining regions is apparent.in
Figure 3.49 where data from contrasting marine and coastal regions are
plotted on a composite Pb EF diagram. This EF diagram incorporates a
linear "mixing relationship" for the aerosol over the Mediterranean and
surrounding marine regions (Chester et al., 1981; 1983; 1989; 1993a). This
"mixing relationship" has been shown to hold within the relatively narrow
region enclosed by lines at 45° to the axes, which represent minimum
(Cmin) and maximum (Cmax) concentrations which constrain the limit of the
field. For the purpose of assessing the effects of crustal and urban inputs in
perturbing the linear mixing relationship, the positions of the Cmin and Cmax
concentration of the enriched element have been identified from analyses of
samples collected at various cruises in the Mediterranean and surrounding
seas covering the North Atlantic westerlies/north east trades, the western
Mediterranean, the Tyrrhenian Sea, the eastern Mediterranean, the Red Sea
and the Arabian Sea (Chester et al., 1993a).

Data from atmospheres over the remote Southern and Northern
Pacific where the dilution of the background noncrustal component of the
atmospheric particulate by a crustal component is at a minimum (Duce et al.,
1983; Arimoto et al., 1987) have been included in the figure. Although these
particular Pb concentrations are lower than the Cmin (1 ng m?®) of the
Mediterranean region they nevertheless corréspond to enriched material
(i.e. EF>10). The enrichment of Pb relative to crust in these remote regions
indicates the existence of an anthropogenic background component over the
marine areas. These data provide an excellent contrast to the regional
marine data set which is diluted by a crustal component.
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Figure 3.49. Composite enrichment factor diagram for Pb.

Data for the following aerosol samples are plotted. Mediterranean open ocean samples (circles,
central Mediterranean, data from Correggiari et al., 1989; diamond, eastern Mediterranean, data from
Chester et al., 1981; x, eastern Mediterranean, data from Karakoc, 1995); polluted samples (star,
Istanbul, data from Kubilay et al., 1995b; green asterixs, Bosphorus and the sea of Marmara,
Karakoc, 1995; square, Cap Ferrat, data from Chester et al., 1989;); crustal end member (+, Atlantic
ocean, Murphy, 1985; red filled star, Cap Ferrat, Chester et al., 1990c; blue symbol, Tyrrhenian Sea,
Chester et al., 1984); European end member (brown symbol, Tyrrhenian Sea, Chester et al., 1984);
remote region (triangle, north and south Pacific, Duce et al., 1983; Arimoto et al., 1987). The 45°
broken lines enclose the dilution/mixing region in which the elemental chemistry of aerosols is
controlled largely by the dilution of the European background material by crustal solids.

135



Data from different Saharan dust episodes, to-the North Atlantic
(Murphy, 1985), the western Mediterranean (Chester et al., 1990c) and the
Tyrrhenian Sea (Chester et al., 1984) which define the "crustal end member"
for the Mediterranean atmosphere have also been plotted. The episode
reported by Murphy, (1985), defines a specific region in the high Al
concentration and EF<10 part of the diagram that delineates the
perturbation of the mixing region by crustal components. The Saharan
samples collected from the Tyrrhenian Sea (Chester et al., 1984) and from
the Cap Ferrat station located at the southern coast of France (Chester et
al., 1990c) plot in the region of mixing/dilution. This suggest that crustal
perturbations of the composition of the aerosol are less significant over the
western Mediterranean basin than over the Atlantic Ocean where the
prevailing trade winds favor the transport of North African dust.

Chester et al., (1984) defined another constituent of the
Mediterranean atmospheric particulate, the "European end member", as
occupying the upper end of the dilution/mixing region along a 45 degree axis
having low Al concentrations and relatively high Pb EF's.

The perturbation of the linear mixing relation by urban poliution is
defined by two samples collected in Istanbul whose air-mass back
trajectories verified that local anthropogenic emissions were the source of
the atmospheric particulate (Kubilay et al. 1995b) and by samples collected
over the Sea of Marmara and along the Bosphorous (Karakoc, 1995) all of
which are plotted on the same figure. These samples delineates a specific
area that can be defined as the perturbation of linear mixing by local
anthropogenic emissions. Atmospheric samples from a land-based station
located at the Cap Ferrat station (Chester et al., 1989) are included in the
diagram and generally also occupy the area to the right of the dilution region
indicating the effect of local pollution (see Figure 3.49).

Samples collected on board ship during oceanographic cruises in
the central and eastern Mediterranean (Correggiari et al., 1989, Chester et
al., 1981; Karakoc, 1995) demonstrate the linear mixing/dilution relationship
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perfectly. These sa‘mples‘also illustrate the effect of the perturbation of the
relation by the crustal end member and by local pollution.

The Pb EFs and the Al concentrations of the twenty samples
collected during April 1992 (see Table 3.12) have been plotted as an EF
diagram in Figure 3.50. One sees that points falling on equal concentration
lines may have EF values differing by two orders of magnitude. For
example, the concentrations of Pb in samples 1 and 13 are 12 and 10.7
ng m’a, whereas the corresponding EF values are 176 and 7, respectively.
These two points clearly show that the concentration of an enriched element
in atmospheric particulates is not a restraining parameter on the
identification of the source of the atmospheric particulates.

Sample 13, which was collected at the sampling site from the dust
storm of 20 April, is assumed to exemplify the true, crust-derived, desert
component transported to the basin and its specific location on the EF
diagram well represents the perturbation of the mixing region by the crust
derived material. The controlling factor for the two order of magnitude
change in EFs between samples 1 and 13 is the concentration of Al
representing the amount of crustal material in the atmosphere. The
concentrations of Al for samples 1 and 13 were 440 and 9860 ng m-3,
respectively. The higher concentration of Al for the point 13 is a result of the
air mass having been swept over North Africa. The air-mass back trajectory
for sample 1 originated from Eastern Europe (see Figure ). These two
points on the EF diagram provide an excellent example of the dilution of the
anthropogenic component (Pb in this case) by the crustal component of the
atmospheric particulate within the mixing/dilution region.

One sees that the enrichment of an element with respect to crust in
atmospheric particulates is controlled by the concentration of Al (an indicator
of crustal material). Examination of the elemental concentrations of the
samples collected in April, 1992, together with their corresponding air mass
back-trajectories at four different barometric levels, has shown that in this
month there were two outbreaks of dust from North Africa (see Section
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3.3.2.1). The second dust outbreak observed from 7 to 12 April 1992
(samples 4 to 7) had the longest duration of any dust pulses observed
during the course of this study and is known to have suffered from urban
poliution. The specific location of the samples known to have been affected
by local urban inputs (samples 4 and 5) illustrates another use of the EF
diagrams. In other words, local urban perturbation of the dominating air
mass can be traced by the specific positions possessed by individual

samples on the EF diagram.

Pb (ng m?)

10 100 1000

EF Pb
o

10 ™
107'1 10 10*10°10*10° 10°
Al (ng m3)

Figure 3.50. EF Diagram of Pb for the samples collected during April 1992.
The mean Al concentration of all the other samples was 670

ng m™ (100-2000 ng m™) and their positions on the EF diagrams were
controlled mainly by the mutual proportions of the two components (crustal
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and anthropogenic) superimposed on the composition of locally derived
atmospheric particulates. The corresponding range of Pb EFs was 100-
7690. EFs of samples collected from the same place can vary almost daily
as materials from different catchments are collected. The Pb concentrations
used for the construction of the EF diagram had a sufficiently wide range
(10.7-402 ng m?) to permit the construction of constant concentration lines
(isolines).

The coupling of the collection sites of individual samples with the
appropriate air mass back trajectories permits the definition of certain
specific regions on the EF diagram. Samples 8,9, 10 and 11 arrived at the
sampling site with trajectories indicating their previous 3 days travel over the
Mediterranean Sea. The Al contents of these 4 samples were less than 400
ng m>. This conflicts with the mean Al concentration corresponding to short
range coverage of the trajectories at 900 hPa (since same order of
magnitude Al measured at those samples reaching to sampling site from NW
and SW irrespective of seasons as mentioned in the section

In other words, the only source that could be identified by the use
of the EF diagram is the desert source. This region is defined on the EF
diagrams by those samples whose Al concentration is greater than 2500 ng
m* and whose Pb Efs are less than 10.

The Pb concentration may always be modified by the advection of
the arriving air masses over various emission areas. Marine samples
possess the highest EF values since the arriving air masses spent no time
over the continents, dilution of the anthropogenic elements with crustal
material was at a minimum. The positions on the EF diagram of samples
originating from continental areas varies with the meteorological conditions,
especially the amount of precipitation, they have suffered during their travel.
The EF diagram for Pb indicates a linear inverse trend between this element
and the concentration of Al in the eastern Mediterranean atmosphere. That
is', the greater the concentration of Al, the smaller the Pb EF. Such a
relationship verifies the conclusion in Section 3.3.2.2 that over the eastern
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Mediterranean there is a "background’' component, or components, in which
the atmospheric particulates have relatively high Pb EF's, but are mixed
with, and diluted by, crustal components. This relationship is similar to that
found for various different marine atmospheric particulates from the North
and South Atlantic, the Red Sea, the Arabian Sea, the Mediterranean Sea
and the Black Sea (Chester et al., 1981; 1983, 1989, 1993a; Kubilay et al.,
1995b) and is important precisely because it has been shown to operate
over many regions of the World Ocean.

The important conclusion to be drawn from the EF diagram of Pb
is that the trace metals in atmospheric particulates over the eastern
Mediterranean have at least two long-range transported aerosol
components. These are the "Eurasian urban" and the "Saharan and Middle
East crustal" sources. A knowledge of the characterization of atmospheric
aerosol end-members is critical to our understanding of their oceanic fates.
There is evidence that the source of a trace metal affects the extent to which
it is soluble in seawater. In general, metals having an urban source are
more soluble than those derived from crustal weathering that can act as re-
scavenging substrates for dissolved constituents of seawater (Chester et al.,
1986; 1993b; Kersten et al., 1991). As a result, it is important to identify the
extent to which the aerosols from two different sources are mixed together in
the eastern Mediterranean atmosphere. This could be achieved by the use
of such parameters as enrichment factors and variations in the concentration
of Al (which is a crustal indicator) or by air mass back trajectories.

As discussed previously. the elemental mean concentration, or
the EFs, of atmospheric elements vary seasonally over the eastern
Mediterranean. It must be stressed that the variation in the elemental
concentrations or EFs is related to catchment areas (potential source
regions supplying material to the atmosphere of the receptor region). When
defining regions on the EF diagram the assumption must be made that the

scavenging history and the rates of particle production of all the relevant
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aerosols must be identical. Consequently, to maintain consistency EF
diagrams must be constructed on a seasonal basis.

In the following sections, the elemental chemistry of atmospheric
Pb concentrations over the eastern Mediterranean are discussed in terms of

the EF diagram.
The data collected in three different seasons are plotted as Pb EF

diagrams in Figs.3.51 (a-c). The general impression offered by these
enrichment factor diagrams is that of independence of the lead and
aluminum concentrations i.e. that the sources were noncrustal.

In the diagram for summer the data clusters in a narrow range of
Al concentrations covering one order of magnitude (132-3435 ng m™)
whereas the Pb EF changes by two orders of magnitude (26-3589). The
spread of enrichment factors within a relatively narrow range of aluminum
concentrations seems to imply other enrichment processes are at work. For
example, lead is used as an additive in certain gasolines, the combustion of
these during summer when traffic activity increased could introduce sizable
amounts of lead into the atmosphere. The absence of wet scavenging and
stagnation of the air masses throughout this period causes accumulation of
Pb in the atmosphere. The apparent minumum Pb concentration during

summer was 6.7 ng m>,
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Figure 3.51. EF diagrams of Pb constructed on seasonal basis for the

aerosols collected at the Erdemli site.

(a) summer (b) winter (c) transitional seasons
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During winter both Al concentration (21-1778 ng m*) and Pb EF
(33-3510) change by two orders of magnitude. The lowest lead
concentration observed in winter was 1.4 ng m™.
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During transitional months the scatter of data points along the x
and y axes is more obvious. Both the Al concentration (33-22568 ng ) and
the Pb EF (7-9950) change by three orders of magnitude. During
transitional months the majority of the points are aligned along constant
concentration isolines, which is what one expects of enriched elements.
Moreover, there appears to be a well-defined lower limit of concentration of
about 2.1 ng m>.

Thus, one concludes that the EF variations observed during the
transition seasons are representative of the annual variations of Al and Pb.
The discussion has shown another way of presenting the interaction of the
various source regions. The specific activities and associated transport

efficiencies of particulates within the prevailing air mass is reflected in the
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wide dispersion of sample points along the mixing/dilution region on the EF

diagram.

3.4. Statistical Techniques in Studying the Relationships Between

the Elements

3.4.1. Linear Correlation

The inter-relationship of the complete suite of the analyzed
elements is shown by their calculated correlation coefficients in Table 3.13.
The crust indicator, Al, is strongly correlated [p(see the correlation
coefficient of each pair in Table 3.13,339) < 0.00001] with Fe, Co, V, Ca,
Mg, Mn, Ni and Cr. The statistically significant correlation
[P(0.25,339)<0.00001] of Al with Zn, which is an anthropogenic element, is
surprising. Significant correlations also occur between Al and other
anthropogenic elements Pb [p(0.17,339) < 0.002] and Cd [p(0.15,339) <
0.004]. The number of significant correlations which Al exhibits, including
Zn, Pb and Cd confirms the common behavior of crustal and anthropogenic
elements, either because of a common partial source or because of the
mixing of those air masses that have different origins. There is no
correlation between Al and Na which does show that these two elements
originate from different sources. The significant correlation between Ca, Mg

and Na indicates that Ca and Mg are influenced both by seawater and crust.

145



Table 3.13. Relationships between the elements in the atmospheric

particulates

Ca Mg Na Al Fe Mn Co Ni Cr V Zn Pb Cd

Ca 1 0.770.30 0.730.57 0.76 0.79 0.67 0.45 0.52 0.29 0.16 0.20

Mg 1 056 0.77 0.64 0.79 0.77 0.73 0.40 0.52 0.27 0.130.15
Na 1 0.08 0.08 0.15 0.24 0.19 0.04 0.04 0.18 0.03 0.02
Al 1 084 0.94 0.83 0.78 0.50 0.71 0.25 0.17 0.16
Fe 1 0.78 0.72 0.68 0.40 0.61 0.36 0.26 0.16
Mn 1 0.88 0.82 0.52 0.75 0.38 0.16 0.20
Co 1 079 0.54 0.68 0.27 0.16 0.17
Ni 1 0.630.74 0.330.350.21
Cr 1 0.65 0.200.310.16
\ 1 0.310.290.27
Zn 1 0.160.34
Pb 1 0.13
Cd 1

3.4.2. Factor Analysis

The relationships between the elements have been further
explored by factor analysis, which aims to reproduce the correlation matrix in
its most emphatic form. In this work, factor analysis utilized the Statgraphic
program package. Interpretation of the common factors is facilitated by
performing Varimax rotation. As a general rule of thumb in factor analysis,
only eigenvalues larger than 1 are retained. Although factors with
eigenvalues less than 1 make no significant contribution to the variance of
the data they can be retained if they are physically interpretable.

Table 3.14 shows the four factors which explain 80 % of the
variance; the first three have eigenvalues greater than 1 and the fourth has
an eigenvalue of 0.923. The first factor explains 53% of the variance. Ca, V,
Co, Al, Fe, Mn, Ni, Cr, and Mg load heavily in this factor. This factor may be
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interpreted as representing aerosols from crustal sources (either local or

long distance sources).
Table 3.14. Varimax rotated factor matrix.

Factor Loading

Variable 1 2 3 4  Communality
Ca 0.78 0.13 0.32 0.06 0.73
Na 0.08 0.06 0.96 -0.01 0.93
\' 0.75 0.22 -0.11 0.34 0.74
Co 0.90 0.09 0.17 0.09 0.86
Al 0.96 0.07 0.003 0.04 0.93
Fe 0.82 0.16 -0.02 0.10 0.71
Mn 0.95 0.17 0.07 0.05 0.94
Ni 0.82 0.14 0.13 0.35 0.83
Cr 0.55 0.07 -0.05 0.54 0.60
Zn 0.22 0.75 0.17 0.09 0.65
Pb 0.07 0.09 0.02 0.91 0.84
Cd 0.09 0.84 -0.06 0.05 0.72
Mg 0.78 0.07 0.55 0.04 0.91
Eigenvalue 6.8 14 1.2 0.92
Cumulative % of

variance 53 64 73 80

The second factor explains a further 11% of the variance. Zn and
Cd load heavily in this factor, which may be interpreted as aerosols
containing elevated concentrations of trace metals due to the emission from
Zn-Cd smelters. The third factor further explains 9% of the variance. Na, Mg
and Na load heavily. This factor can be interpreted as aerosol derived from
the sea surface (marine contribution). The fourth factor explains a further
7% of the variance. Pb, Cr, Ni and V load heavily and the factor is
interpreted as aerosols possibly derived from oil burning and vehicular

sources.
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it should be noted that the correlation of Al with Zn, Pb and Cd
cannot be explained by this factor analysis. The four factor solution is a
reasonably good model of the individual variables, the column of
communalities shows that the model explains well over 70 % of the variance
of each variable, with the exception of Cr and Zn with communalities of
about 0.60.

Correlation and factor analysis of the trace element data both
indicate that components from crustal and anthropogenic sources behave
quite similarly, suggesting that it is not possible to apportion sources on a
sub-regional scale and that there is strong meteorological control which
produces effective mixing of individual and subregional sources. This
explains why a number of elements associated with crustal sources behave
similarly to anomalously enriched (anthropogenic) elements and why

attempts to aportion sources using elemental ratios have failed.

3.5. The Atmospheric Input of Trace Elements onto the

Eastern Mediterranean

The deposition of atmospheric particulate species onto
the sea surface can have a significant impact on biological
processes and chemical cycling in the oceans (see Chapter 1.).

A deficiency of "bioactive' trace metals may limit oceanic plankton
production (Brand et al., 1983). Mineral dust particles are of
particular interest because they can provide limiting micronutrients
that are required by phytoplankton for various metabolic reactions
(Duce and Tindale, 1991). Excess of certain toxic metals especially
in urban atmospheric particles may inhibit plankton growth when
they deposited on to the sea-surface microlayer (Hardy and
Crecellus, 1981).

148



In November 1987 an airborne pollution monitoring and
modeling program was prepared during the WMO/UNEP Workshop
on Airborne Pollution of the Mediterranean. This program was then
initiated within the framework of the national MED POL monitoring
projects of the participating nations. The major goals of the program
were identified as follows: to evaluate the importance of the
atmospheric transport and deposition of land-based contaminants to
coastal and open Mediterranean waters, to assess the airborne
contamination levels of potentially harmful substances, to identify
source areas for these atmospheric contaminants and to develop
predictive models for assessing airborne pollution loads. The
program recommended that the priority measurement of trace
elements in precipitation and aerosol should include Pb, Zn and Cd
(UNEP/WMO, 1989). Results of the modeling effort for the
atmospheric transport and deposition of these metals onto the
Mediterranean obtained by utilizing emission inventories of the
adjacent countries together with meteorological parameters, for the
year of 1991, were published in (UNEP/WMO, 1994).

This section emphasizes the estimation of the deposition
fluxes of the mineral dust indicator (e.g. Al, Fe and Mn) and pollutant
indicator (e.g. Pb, Zn and Cd) elements.

3.5.1. Dry and Wet Deposition Fluxes

The total deposition of chemicals to the ocean from the
atmosphere is the sum of the amounts transferred in gas, liquid and
solid phases. Materials transferred in gas and solid phases are
referred to as "dry' deposition. Liquid deposition, often referred to
as “wet' depbsition, will comprise water and its dissolved gases and
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solutes, together with any insoluble material contained therein

(GESAMP, 1989).
Since wet and dry deposition comprise the final portion of

the atmospheric pathway of chemical constituents, deposition rates
must be known in order to determine the eventual impact of
continent to ocean and continent to continent transport. It is well
known that knowledge of total concentrations alone is insufficient for
understanding trace metal-biota interactions, since trace metal-biota
interactions, including assimilation, biological limitation and toxicity,
are related to the free metal-ion concentrations and their speciation
within the sea water (Bruland et al., 1991). The data obtained
during this thesis permit the determination only of the total
deposition of trace metals which may provide an estimate of the
importance of the atmospheric input to the eastern Mediterranean
and of its temporal variability.

Recently, an attempt to estimate the yearly atmospheric
input of trace elements and mineral aerosol to the world ocean and
regional seas using state-of- the art data and knowledge has shown
important gaps and uncertainties (GESAMP, 1989).

Sampling of dry deposition fluxes of particles is generally
based on the use of flat plate surfaces or bucket-like collectors,
referred to as surrogate surfaces. In view of the drawbacks of such
techniques which do not simulate natural surfaces properly,
elemental dry deposition fluxes are often estimated using indirect
approaches combining model and aerosol measurements
techniques.

The dry deposition flux of a given element (F ) is given by
the product of the measured atmospheric particulate concentration

of the element (C,) and its deposition velocity (V),

FD=VdXCp
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The term V, comprises all the processes of deposition,
such as gravitational settling, impaction and diffusion of particles to
the water. It is very difficult to describe properly since each of these
processes acts simultaneously and because each is dependent on a
number of variables (i.e., wind speed, particle size, relative humidity,
air viscosity, sea surface roughness). There are two ways to
estimate V, values of the trace metals in aerosols. One is based on
field estimates of dry deposition using surrogate surface; the second
is to e;t}'mate Vs from the theoretical model of Slinn and Slinn
(1980) together with distributions of mass particle sizes generally
derived from cascade impactor samplers. Based on modeling
efforts, a range of V, values for various size classes of particles are

given in GESAMP (1989) which are indicated below.

Submicrometer aerosol particles:
0.1 cm s, + a factor of three

Supermicrometer crustal particles not associated with sea-salit:
1.0cms”, + a factor of three

Large sea salt particles and materials carried by them :

3.0cms’, + a factor of two

The large variation in the V, values of various trace
metals in particles over the Mediterranean have also been confirmed
both by experiment and modeling techniques (Migon et al., 1995;
Dulac et al., 1989).

The wet deposition flux (F ) is formally expressed as the
product of the precipitation rate (P) and the concentration (C,) of the

substance of interest in rain,

F,=PxC
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This equation is often expressed not in terms of C,, which
effectively implies making direct flux estimates, but through a
scavenging ratio (S) (also sometimes called a washout factor), which

is the ratio C% ; such that
p

-1
F,=PxSxCpxp

in which p (the density of air) appears in order to make particle
concentrations, which are expressed as mass per unit volume of air
(often ng m's), dimensionless. The attractiveness of the concept is
that one can take advantage of numerous ground-level air-
concentration measurements to estimate precipitation concentration
and wet deposition. The scavenging ratio concept has a limitation in
that these ratios are often derived from ground-level air
concentrations, which do not necessarily represent the air entering
the frontal storms where there can be strong vertical gradients in
ambient concentrations. The other factors known to affect the
scavenging ratio include the size of the particles being scavenged,
their physical and chemical form and such cloud properties as
droplet size, temperature and cloud type (GESAMP, 1989). During
calculation of the deposition fluxes of the elements in the present
study the V,; and S values recommended for the regional seas in
GESAMP, (1989) were utilized. That is;

for mineréj dust indicator elements Vd = 1 cm s'1; S =1250

and for pollution-derived elements Vd =0.1 cm s '1; S =600.

The contribution of each of the geographical wind sectors

mentioned in Section 3.1.1. to the total depositional flux of the
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elements considered in this thesis was determined by an approach
developed by Vossler et al. (1989). The average fractional
contribution of each geographical sector j on element k was

calculated using the equation:

> (CuxPy)/[Cy]

Zi~

[c]

where C, is the concentration of element k from each geographical
sector j, Cy is the average concentration of element k in all samples,
Ci is the concentration of element k, for sampling period i. Since
trajectories were not confined to a single sector during their three
days of travel, calculation of sector frequencies (P;) corresponding
to each sample was performed according to the method outlined for
grouping of the trajectories into geographical sectors (see Section
3.1.1). During calculation of P; values, trajectories arriving at 900
hPa were used and all the deposition and C calculations performed
by the spreadsheet calculation.

The total deposition fluxes of the elements during the year
1992 are presented on a seasonal basis in Table 3.15. The
percentage of the total depositions for each season in wet and dry
forms are indicated in parenthesis.

In winter 80% of the total deposition of Al, Fe and Mn and
about 90% of the total deposition of Zn, Pb and Cd were deposited
in the wet form.

In summer Al, Fe and Mn had about 70 % of their total
deposition in the dry form. The anthropogenic indicator elements,
Zn, Pb and Cd, had about equal percentages of their total deposition
in wet and dry forms. This result verifies the findings of Dulac et al.
(1992b) that the dfy deposition flux of mineral aerosol may be
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quantitatively dominant, on a seasonal scale, in marine regions like

the Mediterranean having a marked dry season.

Table.3.15. Total atmospheric deposition fluxes of trace elements
onto the eastern Mediterranean. The percentages of the
total depositions in wet and dry forms are presented in
parenthesis (mg m? year ).

Winter Summer Spring-Fall
Al 295(80,20) 201(27,73) 842(66,34)
Fe 358(81,19) 233(31,69) 1108(72,28)
Mn 5.8(80,20) 3.3(21,79) 9.9(65,35)
Zn 2.7(92,8) 0.9(50,50) 2.7(89,11)
Pb 5.3(94,6) 1.7(63,37) 13.6(91,9)
Cd 0.06(94,6) 0.01(55,45) 0.03(91,9)

During transitional seasons about 70 % of the total
deposition of the elements, Al, Fe and Mn, are in wet form whereas
this percentage increased to 90% for the elements Zn, Pb and Cd.
The total deposition fluxes of Al, Fe, Mn and Zn are maximum in the
transitional seasons. The higher Al flux (mineral dust indicator
element) during transitional seasons relative to the other seasons is
due to the intense Saharan dust outbreaks to the eastern
Mediterranean. The effect of the episodic Saharan dust outbreaks
on the atmospheric concentrations of the elements was described in
Section 3.3. Bergametti et al., (1989b) have shown that in the
western Mediterranean about 30 % of the total annual flux of the
dust indicator elements (Al and Si) resulted from only one single
Saharan dust outbreak to the region observed in March 1986. This
indicates that a major fraction of the annual deposition can occur in
a small number of the days, as observed also by Prospero et al.,
(1987) for Saharan dust deposited in Miami (Florida). Although the
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mean atmospheric concentrations of the elements were higher in the
summer than in the winter (see Section.3.2.4) their corresponding
total deposition figures were higher in the winter. As shown in
Section 3.1 the greatest percentage of the annual precipitation at
the sampling site occurred in winter which confirms the higher
efficiency of the wet deposition with respect to dry deposition.

The contributions of each geographical wind sector to the
seasonal total deposition of elements at 900 hPa are given in Table
3.16. In winter the contribution from the SW sector to the total
deposition of all the elements was minimum except for Pb which

enjoyed equal contributions from both the SW and NW sectors.

Table 3.16. Percent contribution of the four geographical sectors at
900 hPa to the mean seasonal total deposition of the

elements.

Winter Summer Spring-Fall
NE NW SW SE NE NW SW SE NE NW SW SE

Al 19 33 1434 21 40 36 3 37 14 22 27

Fe 17 34 15634 15 39 43 3 50 14 13 23

Mn 21 361627 21 40 36 3 34 19 21 26

Zn 24 446 26 17 38 43 2 48 25 11 16

Pb 18 40 1923 17 46 31 6 36 39 5 20
2

Cd 26 39 17 18 21 40 37 36 36 12 16

Bergametti (1987) used airflow climatology together with
the atmospheric concentrations of the elements over Corsica
(western Mediterranean) to evaluate the contributions of the different
source regions on a yearly time scale. He suggested that the
contribution of Al (mineral dust indicator) associated with flow from
the south may have been underestimated because of the lofting of
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warm African air masses to considerable height. He estimated that
up to 70% of the annual Al deposition comes from Africa.

The percentage contribution of the sectors on the total
depositioh of Al was recalculated by utilizing 700 and 500 hPa
trajectories. The most striking feature found was that during
transitional seasons the contribution of the SW sector to the total
deposition of Al increased to 68 and 72 % respectively. This result
confirms the conclusion in Section.3.3.2.1. that the long-range
transport of dust from the SW sector could be identified with the
higher level trajectories.

The total deposition fluxes of the elements estimated
during this study for the year 1992 are compared with the annual
fluxes of the same elements to other regional seas reported in
GESAMP, (1989) (see Table 3.17). The depositional flux of the
elements are similar both for the North Sea and Baltic Seas and in
general they are lower than those given for either the western or

eastern Mediterranean.

Table.3.17. Total atmospheric depositions of trace elements onto

the regional seas (mg m? yr™).

North Baltic North Western Eastern
Sea Sea Mediterranean Mediterranean
Al 38-150 - 970 1338
Fe 38-150 87 720 1699
Mn 1-5 24 22 19
Zn 5-23 11 34 6.3
Pb 4-23 2.4 29 20.6
Cd 0.1-0.5 0.14 1 0.1

The total deposition fluxes of Al and Fe are higher in the

eastern than in the western Mediterranean basin. In contrast, the
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total deposition fluxes of the pollution derived elements, Zn, Pb and
Cd, are lower in the eastern basin. The total deposition of Mn is of
similar magnitude in both basins. This is connected with the higher
excess concentration of Mn relative to crust in the western
Mediterranean (see Section.3.3.2.2). That is, although the total
deposition of Mn is the same in both basins, the percentage of
pollution derived Mn may be higher in the western than in the

eastern basin of the Mediterranean.
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CHAPTER IV

CONCLUSIONS

The results obtained through the operation of the first continuous
atmospheric sampling tower at the ERDEMLI site have shown clearly:

1. Atmospheric concentrations of elements vary greatly on time scales
ranging from days to seasons. Day-to-day and season-to-season changes
of one or two orders of magnitude are common especially in the transitional
seasons. The variations in the chemical composition and the corresponding
dust loading over the eastern Mediterranean basin throughout these
seasons are governed by the inputs from desert regions and the Sahara is
by far the most important remote source of atmospheric particulates over the
basin.

The contrast between the rates of precipitation in Winter and Summer is
reflected in the atmospheric concentrations of the elements. During the dry
summer seasons the elemental concentrations in the samples were higher
than in the wet winter seasons when precipitation scavenging of the
atmosphere was effective both at the sampling site and the surrounding
regions.

2.'The most tedious but, nevertheless, the most scientific approach to
understanding the variation in the elemental composition of the samples is
to study their daily air mass trajectories. During this study facilities were
made available through the LAND-3 project and the Italian Meteorological
Office at Erice/ltaly to reach ECMWF's (European Centre for Medium Range
Weather Forecast, Reading, UK.) Mars archive and compute the air mass
back trajectories at different barometric levels. The procedures for reaching



ECMWF's archive and the algorithms used to compute 3-D air mass
trajectories for given geographical boundaries at 4 different barometric
levels are included in detail in the Appendix. Thus it is possible for anyone
to use the steps given herein to compute the airmass back trajectories.

ECMWF's trajectory model and data base were used to calculate
three-day back, 3D trajectories arriving at the Erdemili site at 900, 850, 700
and 500 hPa pressure levels on a daily basis between the period of August
1991-December 1992. The calculated trajectories permitted identification of
the mean airflow patterns and the origins of air masses in conjunction with
-the chemical characterization of the aerosols.

Classification of the trajectories into geographical sectors reveal
that the dominant air flow pattern to the collection site throughout the
sampling campaign was from the NW and SW directions. The contribution
of NW flows to samples collected at Erdemli was uniform throughout the
year. Southwest flow, especially along the North African coast, was most
frequent during spring and autumn (defined as transitional seasons
throughout this thesis). During the summer the frequency of air flow from
this direction within the free atmosphere (500 hPa) was similar to that
observed during transitional seasons. Northeast continental flow was most
frequent during the summer and was usually confined within the boundary
layer. SE flow from the Middle East was infrequent, occurring mainly within
the boundary layer during winter and the transitional seasons. This review
of the general circulation of the atmosphere over the eastern Mediterranean
provided a starting point for the discussion of the long-range transport of
material. Much evidence found in the literature and throughout this study
supports the idea that long-range atmospheric transport is important in
moving both natural and man-made substances around the world.
Throughout the sampling period it was only the desert dust that gave a
signal from a distant source that could be distinguished from the highly
variable lecal background signal. The episodic influx of desert dust from the

surrounding arid regions to the sampling site greatly increased our
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awareness of how effective meteorological processes are in generating and
distributing material throughout the environment. These meteorological
events, by their episodic nature, do not appear explicitly in the average
atmospheric circulation. However, they strongly influence the amount of
dust transport and, depending on their strength and frequency, they may
influence the long-term average of the atmospheric concentrations. The
height to which dust is carried over the desert regions may have a large
influence on its eventual range of transport. In addition, at the time of
transport, mechanisms that vertically redistribute substances in the
atmosphere, in particular from the planetary boundary layer where wet and
dry removal processes are effective, to the region of the free troposphere
where greater vertical stability and higher wind speeds prevail, havea

significant influence on the efficiency of large-scale transport.

3. The vertical dimension of the air mass back trajectories is particularly
essential in understanding the availability of desert dust for atmospheric
transport. In such analyses it has been shown clearly that dust is
transported if, and only if, the upper boundary trajectories were close to
ground level over the source regions. In other words, consistent with the
climatological analysis of the eastern Mediterranean depressions by Alpert
et al., (1990,a,b) the presence of deep cyclonic meteorological events over
the source regions, especially during the transition months, often results in
upward movement of the upper trajectories. This is a necessary step for the
uplift and possible long range transport of desert dust over the basin.

As a conclusion the uplift of dust above the atmospheric boundary
léyer over the source regions can be achieved by;
(a) synoptic-scale vertical motions (from a front or cyclone) which account
for the intense events observed in transitional seasons.
(b) the vigorous convection processes over the North African continent

which initiate the non-intense rarely observed events in summer.
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3. Recent advances in remote-sensing technology and the associated data-
analysis techniques have resulted in important new capabilities for verifying
the long-range transport of desert dust. The use of satellite (METEOSAT-
PDUS) data demonstrated the transport of desert dust during synoptic scale
meteorological events. Various techniques can be used to manipulate
digital data in order to understand the presence of dust over the continents
and sea. The techniques used to differentiate dust over the continents also
reveal the disturbances caused by dust pulses on the radiative processes of
the planet. The observation of dust pulses by the NOAA AVHRR data
collected at the Institute since 1994 has successfully demonstrated that
satellite data can be used for the identification of dust transport over the sea
or land. Other data from various satellites such as NOAA TIROS-N or
METEOSAT can be used to predict and trace the hourly propagation of the
clouds in association with synoptic scale meteorology. Since 1992
demodulators have also enabled us to receive synoptic scale surface
meteorological charts from ECMWF/UK. These further support the real time
satellite data and their description of dust transport. Thus it can be
suggested that ahy atmospheric sampling program should always be

supported by satellite data.

4. The 3 days air mass back trajectories are an essential tool for the
understanding of atmospheric transport from a variety of sources. The study
has further shown the necessity of the computation of air mass trajectories
at different levels within the atmosphere. The barometric levels defining
transport within the boundary layer (i.e. 900 and 850 hPa) are necessary in

order to understand the perturbations caused by local sources.

5. The air masses arriving at the sampling station above the boundary levels
(i.e. 700 and 500 hPa) were responsible for the observed fluctuations in the

particulate matter concentrations. The knowledge of air mass history above
the boundary levels is important, not only because these levels are the main

161



transport mechanism of desert dust but also because they introduce clear air
masses over the sampling region especially during winter. During the
course of low dust periods (i.e. during winter when the air mass mainly
originates over the European continent with a long fetch, both above and
below the boundary levels) the chemical composition of the particulates
varies little compared to air mass originating from local sources. This
highlights the fact that particulates originating from local sources during low
dust periods appear to have the same composition as the air mass arriving
from the European continent. It may be that the air mass originating from
the European continent during winter contains insufficient material to alter
the chemical composition of material transported below the boundary layer.
Although the geographical classification of the origin of the air-
mass trajectories has shown there to be a potential for long-range transport
of aerosols from Europe, the differences observed between the mean
atmospheric elemental concentrations associated with short and long range
transport from the NW geographical sector were insignificant compared with

their large standard.deviations.

6. Although precipitation scavenging of the atmosphere was effective during
the transitional seasons, the arithmetic means of the atmospheric
concentrations of the dust indicator elements (e.g. Al and Fe) were about
four times higher than the winter means and twice as high as the summer
means. That the long-range transport of Saharan dust dominates the
chemical character of the aerosols over the basin in the transitional months
and especially during March and May, further exemplifies the importance of
the material over the basin which originates from the deserts. By utilizing
the air mass back trajectory information and the atmospheric concentration
of Al it was estimated that about 70 % the total deposition flux of this

element in transitional seasons originated from the SW sector.
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7. The concentration of dust in the atmosphere reaches its peak during the
transition months and varies with the synoptic scale meteorology over the
source region. The presence of dust masks all other local sources that are
present along its path. - Any local perturbations from anthropogenic sources
can still be explained, however, from the vertical dimension of the
trajectories arriving within the boundary level. Dust transport takes place as
pulses even within the transitional seasons. This is another important
peculiarity of dust transport which has been shown to affect the heat budget
of the Mediterranean Sea (Garrett et.al.,1994). Thus it is important to know
how each pulse of dust was transported; annual averages may cancel the
importance of pulse transport. Further, the annual dust loadings of the
eastern basin, although much more significant than those in the western
basin, will underestimate the biological impact of dust pulses on the sea
surface. Since Saharan crust-dominated aerosols are delivered in the form
of pulses and can impose intermittent non-steady state conditions in the
mixed layer when they are subsequently deposited to the sea surface,
particular attention must be paid to estimating the input of Saharan aerosols
to the eastern Mediterranean. Monitoring of dust pulses by satellite remote
sensing available at the Institute has emphasized their impact on biological
production within the sea surface and their possible effect on climatic

variability.

8. Analysis has further shown the necessity for increased frequency of
sampling especially during transitional seasons. It is well known that any
synoptic scale cyclonic event approaches the sampling point in association
with frontal systems which are often associated with abrupt rain and followed
by drastic change in the direction of the winds following the depression.

This study has shown that the air mass following the cyclonic events
provides the main reason for the observed fluctuations in the dust loadings
during transitional seasons when maximum dust loadings are followed by

very low dust concentrations similar to those attained during winter. This
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necessitates change in the frequency of the sampling strategy which may
further complicate the logistics of the sampling. The position of the sampling
tower used in this study, though by no means ideal for atmospheric
sampling, was a wise choice logistically. The aim of a daily sampling
frequency has not been satisfied but the rate of sampling was greater than
that achieved at most other land based stations. The results of this study
clearly show the need for refinement in the sampling strategy so that
variations within each synoptic scale event could be sampled. This may be
solved in future studies by the use of multiple samplers possibly operated
automatically coupled to a wind sector controller or remotely operated. Such
sampling might further highlight the importance of pulse transport since the
present sampling strategy must have always underestimated the dust
arriving at the sampling site.

Thus the importance of the dust episodes that originated from the
Sahara - this desert being the largest single mineral aerosol source for the
northern hemisphere - may be much more important that was thought
before. Any increase in the glbbal temperature due to the greenhouse effect
can simply increase the aridity over the Sahara and make more dust
available for long range transport, even with the present magnitude of the
synoptic scale meteorological events. In fact recent statistics demonstrates
that over the sub-Sahara the average rainfall has declined since 1970 (in
Tucker et al., 1991). Therefore, long term statistics concerriing the transport
of Saharan dust could become even more important than previously thought

and in this respect the present study could be an important milestone.

9. The analysis of the elemental concentrations can be discussed in many
ways. The techniques involved in this study have shown various
methodologies to be available for such discussion and all reach the same
conclusions about the reasons for observed variations in elemental

concentrations. In order to reduce the large amount of data and provide a
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basis for the description and interpretation of the results, the method of
factor analysis has been applied to the data set. The results of factor
analysis have revealed that four factors together explain 80 % of the total
variance in the data set. Factor 1 has high loadings for Ca, V, Co, Al, Fe,
Mn, Ni, Mg and, to a smaller degree for Cr. This factor explains about 53 %
of the variance. Aluminosilicates, both windblown soil dust from remote
desert areas and local sources probably correspond to this factor. Factors 2
and 4 explain a further 18 % of the variance. Cd, Zn, Pb load heavily on
these factors, as to a lesser extent do V, Ni and Cr. This factor is
interpreted as the emissions from anthropogenic sources, which are possibly
derived from metallurgical processes (Zn, Cd, Cr) and combustion
processes (Pb, V, Ni). Factor 3 probably represents marine impact on the
elemental concentrations of the aerosols over the Erdemli site (which is a
rural location near the seaside) and explains 7 % of the variance.

10. The elemental data, as illustrated for lead, can also be expressed in
terms of EF diagrams. Such diagrams can explain all the peculiarities of the
variations in the dust loadings. It is possible to identify desert input regions
as well as samples that have suffered from urban poliution that delineate a
contrasting region. The majority of the samples are shown to occupy a
region defined as the mixing-dilution region. The orientation of individual
samples within this region further varies in accordance with the past history
of the air mass corresponding to the specific element. It has been found
possible to combine various published results together with the present data
oﬁ the same figure, thus enabling one to see the effect of basinwide and
even global variations of the elements.

Thus, although enrichment factors can be useful in differentiating
the anthropogenic and natural elements the effects of different natural
sources (e.g. the variable composition of local soil) can complicate any

simple interpretation.
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CHAPTER V

RECOMMENDATIONS FOR FUTURE RESEARCH

This work is based on studies confined to samples that have been
collected from Aug 1991 to the end of Dec 1992. However, the sampling
program at the institute has been continued till the present day. Thus, part
of the recommended future work to understand the interannual variability in
the long range transport of desert dust is already in progress. During the
course of 1994 another step in the possible recommended work is being
realized and the transport of dust pulses has been forecasted, using the
NMC ETA step mountain model, by the team present at ERICE-Italy within
the LAND-3 project. The establishment of the satellite remote sensing
facilities at Erdemli, enabling the tracing of dust pulse transport using both
NOAA TIROS-N series satellites and METEOSAT WEFAX data has also
been realized at the institute. Satellite imagery can be used to identify major
dust storms over the desert. Dust storms are most visible in the infrared (IR)
spectrum. Because of the altitude of a dust cloud, it radiates at a
temperature cooler than that at the earth's surface; hence, in the black-and-
white photographs from the geostationary (METEOSAT) satellite, a dust
cloud appears as a light-toned area against the black (hot) desert surface.
The history of a dust cloud can be followed from the time that it appears until
it crosses the northeast coast of Africa. Over the Mediterranean it can be
followed in the imagery taken at visible-light wavelengths. Unfortunately,
dust storms are difficult to identify when water clouds are present. Thus, the
relative importance of dust sources and transport can not be qualitatively
assessed on the basis of satellite imagery alone.



The continuation of the work at Erice within the Land-3 program
has reached the stage that at present we are able to predict the occurrence
of dust pulses by the model and subsequently observe them by satellites.

The knowledge gained during this study highlighted the
importance of Saharan dust pulse events during April and one such event
was recorded by satellite and by ground truth measurements (Karakoc,
1995) during 6-7 April 1994. The biological response of the eastern
Mediterranean ecosystem was reflected in the blooming of coccolithophorid
organisms (Emiliania Huxleyi) following the episodic influx of Saharan dust
recorded in satellite data as high reflectance from the sea surface. Again, in
April, 1995, it was proven by ground-truth that the observation of high
reflectance from the seasurface following the episodic influx of Sahara dust
was indeed caused by the blooming of Emiliania Huxleyi (Saydam 1995;
Saydam et al. 1995 a,b).

Thus the biological impact of Saharan dust that would otherwise
have been the subject of another recommendation has also been taken care
of. Recent publications have further highlighted the importance of Fe on the
marine biological cycle. The diurnal cycle in the dissolution of the Fe
associated with desert dust within the clouds during day time is the prime
suspect for the source of biologically available Fe. A latitudinal solar light
dependency of the photochemical dissolution of Fe has been proposed and
the distribution of the reported Emiliania Huxleyi blooms over the world
ocean has been tested on this basis. This has conditioned the sampling
strategy for dust pulses arriving at Erdemli during the spring of 1996.

Sulzberger and Laubscher, (1995) have demonstrated that an
essential parameter in the photochemical dissolution of iron is its
mineralogical form and these authors showed that it is the iron in
lepidocrosite that can undergo photochemical dissolution. Ongoing
international cooperation with Erice has further incorporated the
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photochemistry and the biological uptake of Fe(ll) by the microorganisms
described by Johnson et al., (1994). Srdjan (1995) demonstrated that the
high reflectance regions observed by satellite following the Saharan dust
influx observed in April 1994 can be reproduced well by the model results.

It is therefore essential that further research should be devoted
toward the characterization of the mineralogical state of the iron within the
Saharan dust and the determination of the possible effect of the desert dust
matrix on the bloom of specific organisms. It is also necessary to develop
atmospheric models that incorporate the photochemistry of iron and its

diurnal cycle during.its transport.

As a general recommendation, it is time to begin planning an
intensive desert dust transport field program over the Mediterranean. The
experiment should include; (a) a network of ground stations at receptor sites
(which would also study water column processes). More experimental data
would be useful for the accurate determination of trace metal deposition on
the Mediterranean Sea, especially continuous sets of concentrations for long
periodé of time, since concentrations of elements change vigorously during
a time scale of days (b) remote sensing; (c) modellers; (d) biologists and

meteorologists.

This proposed program should be carried out in at least 2 years.
The coupling of atmospheric deposition and biological productivity in surface
seawater is one of the most important consequences of the long-range
tfansport of desert dust and the proposed programme would prdvide
valuable data to the entire scientific community studying the long-range

transport of dust and its possible effect on marine bio-geochemical cycles.
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Table Al The job utilized for retriving'air mass back
trajectories from ECMWEF

—— e  —————— — G ———— " T—— ——— —— — ——— " — ——— .t —— " T ————— — —— ——— " > ————— - —

#QSUB/USER ="mcf"/PASSWORD=password"
#QSUB/REQUEST=MRSANMA

#QSUB/MERGE

#QSUB/CPUTIME=1000

#QSUB

#

set +v

#

PATH=$PATH

export PATH

#
CRAYPACKLIB=/tmp/emos_sms/lib/craypacklib.a
#FDB=/tmp/emos_sms/lib/libfdb.a
TRAJDB=/tmp/emos_sms/lib/traj.a

#

pwd

ls -1

rm TERRY TMDB core fort.73 fort.74 fort.75 trab.out trdata
# MARS request

#

mars << \EOF

RET, TYPE=an,
date=920324/T0/920327/BY/01,
time=00/06/12/18,
levtype=ML,
levelist=ALL,
repres=SH, RES=81,
param=U/V/W/LNSP,
TARGET="TERRY"

END

EQF

#cp /tmp/emos_sms/bin/maketdb maketdb

ls -1

#

# Create the database

4 .

/tmp/emos_sms/bin/maketdb -f TMDB -s NEW -o DELETE -u YES -m 31 TERRY
#

1s -1

rm TERRY

#

# Defaults

#

set -ex$S

# .

# Assign statements

assign -a trdata fort.7

# SFDB is not needed (ECMWF)
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#segjdr -H 330000+1000 $TRAJ $SCRAYPACKLIB $TRAJDB \
SECLIB S$EMOSLIB -o trab.out -e TRAMS
#

echo " 3 DIMENSIONAL TRAJECTORIES "
trab.out << *EQF*
&NATRAJ

LUDB=72, LUTR=75,
DAYS=3., IDT=-15, NTRAJ=4,
INIY=1992, INIM=3, INID=28, INIH=12
NLON=240,,NLAT=121,NLEV=31, LEVLOW=31, LEVUPP=1,
STALAT= 36.33, 36.33, 36.33, 36.33,
STALON= 34.15, 34.15, 35.15, 34.15,
STALEV=900., 850., 700., 500., ,

L3DIM=.TRUE., LTEST=.FALSE., LPRINT=,FALSE.,

——— ————————_——— — — o —————_— — — — " — S S " T T ——— T — — — o — — — —— ——— T — — - —

(DAYS=number of days to follow the parcel; IDT=timestep in
(integer) minutes, negative for backtracking; NTRAJ=number

of trajectories (Max=20); NLON, NLAT=resolution of regular
finite difference grid; NLEV=number of levels in the database
(up to 16/9/91 it is 19 and beginning from 17/9/91 to onwards
it is 31); LEVLOW, LEVUPP= limits (in level numbers) for
calculation interwval; INIY, INIM, INID, INIH=start(end) date;
STALAT, STALON, STALEV=start (end)positions in degrees and hPa

Table A2. The trajectory data base obtained from the
requestfile given in Table Al.

- —— —— i —— ————— oy A — T ) —— — ——— — — —————— S " T T WS it St o e T - — — — —— ——— —

o ———— T — ——— o o) o b S St it ot v ovwe S Sy

INITIAL DATE/TIME 1992- 3-27 12UT
ECMWF ANALYSES

STEP HRS U v W LAT LON LEVEL
0 0 -2.60 4.73 0.24 36.33 34.15 900
4 -1 -3.45 4.55 0.21 36.18 34.27 892
8 -2 -3.69 4.35 0.15 36.03 34.41 885

12 -3 -3.65 4.23 0.09 35.89 34.55 881
16 -4 -3.54 4.01 0.03 35.76 34.69 878
20 -5 -3.51 3.65 -0.03 35.63 34.82 878
24 -6 -3.59 3.16 -0.08 35.52 34.96 880
28 -7 -3.28 2.96 -0.04 35.42 35.09 882
32 -8 -2.91 2.82 0.00 35.33 35.21 883
36 -9 -2.51 2.71 0.03 35.24 35.31 883
40 -10 -2.08 2.61 0.05 35.15 35.40 881
44 -11 -1.65 2.51 0.06 35.07 35.47 879
48 -12 -1.19 2.41 0.08 34.99 35.52 876
52 -13 -1.08 2.62 0.10 34.90 35.56 873
56 -14 -0.98 2.89 0.13 34.81 35.59 869

60 -15 -0.89 3.23 0.16 34.71 35.63 864
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64

68

72

76

80

84

88

92

96
100
104
108
112
116
120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268

-16
-17
-18
-19
=20
=21
=22
-23
-24
-25
-26
=27
-28
-29
=30
-31
-32
-33
-34
-35
-36
=37
-38
-39
-40
-41
-42
-43
-44
-45
-46
-47
-48
-49

-51
=52
-53
-54
-55
-56
=57
-58
-59
-60
-61
-62
-63
-64
-65
-66
~-67

-0.82
-0.77
-0.79
-0.71
-0.68
-0.68
-0.70
-0.73
-0.76
-0.68
-0.51
-0.37
-0.20

0.01

0.25
-0.04
-0.39
-0.79
-1.25
-1.78
-2.37
-3.06
-3.83
-4.63
-5.42
-6.19
-6.86
-6.54
-5.98
-5.21
-4.46
-3.70
-2.94
-3.00
-3.03
-3.25
-2.94
-3.12
-2.91
-2.97
-2.98
-3.31
-3.43
-3.61
-3.80
-3.01
-2.22
-1.43
-0.66

0.08

0.76

1.11

3.67
4.25
4.85
5.00
5.02
4.98
4.94
4.96
5.11
4.88
4.65
4.20
3.76
3.34
2.93
2.71
2.48
2.19
1.86
1.48
1.01
0.93
0.89
0.90
0.97
1.16
1.43
2.17
2.62
2.74
2.89
3.04
3.12
2.89
2.87
3.06
2.86
3.00
2.93
2.40
1.80
1.31
0.69
0.05
-0.61
-1.10
-1.55
-1.96
-2.31
-2.62
-2.88
-2.58

0.18

0.21

0.22

0.14

0.07

0.02
-0.03
-0.07
-0.10
-0.08
-0.08
-0.08
-0.10
-0.12
-0.13
-0.12
-0.10
-0.09
-0.08
-0.07
~-0.05
~-0.07
-0.09
~0.10
-0.11
-0.11
-0.09
-0.08
-0.08
-0.10
-0.12
-0.15
-0.17
-0.14
-0.12
-0.10
-0.08
-0.07
-0.06
-0.06
-0.06
-0.05
-0.04
-0.03
-0.02
-0.01

0.00

0.01

0.02

0.02

0.03

0.01

34.60
34.47
34.32
34.16
34.00
33.83
33.67
33.51
33.35
33.19
33.03
32.88
32.75
32.64
32.53
32.44
32.36
32.28
32.21
32.16
32.11
32.08
32.05
32.02
31.99
31.95
SH. S
31.85
31.76
31.67
31.58
31.47
31.37
31.27
31.17
31.08
30.99
30.90
30.81
30.73
30.67
30.63
30.60
30.60
30.61
30.64
30.69
30.76
30.83
30.92
31.01
31.11

194

35.65
35.68
35.71
35.73
35.75
35.78
35.80
35.82
35.85
35.87
35.89
35.90
35.91
35.90
35.89
35.89
35.89
35.91
35.94
35.99
36.07
36.17
36.29
36.45
36.64
36.85
37.10
37.35
37.59
37.80
37.98
38.13
38.26
38.37
38.48
38.59
38.69
38.79
38.88
38.97
39.07
39.18
39.29
39.40
38.53
39.64
39.72
39.77
3%9.80
39.79
39.76
39.71

858
851
843
836
833
831
831
833
836
839
842
845
848
852
856
861
865
869
872
874
876
879
881
885
888
892
896
899
902
905
908
913
919
924
927
929
931
932
934
936
937
938
939
940
940
941
940
940
939
938
937
935



272
276
280
284
288

-68
-69
-70
-71
=72

-29

-35
-36
-37
-38
-39
-40
-41
-42
-43
-44

.47
.82
.13
.44
.83

NN

-2.22
-2.12
-1.77
-1.35
-1.05
-0.88
-0.86
-0.80
-0.53
-0.08
0.55
1.19
1.52
1.16
0.84
0.47
0.10
-0.27
-0.64
-0.55
-0.40
-0.29
-0.25
-0.26
-0.37
0.35

-2.23

-0.06

31.19
31.27
31.33
31.38
31.42

LAT
36.33
36.12
35.91
35.71
35.52
35.33
35.15
34.98
34.81
34.64
34.46
34.28
34.09
33.91
33.74
33.58
33.44
33.32
33.22
33.15
33.12
33.14
33.19
33.29
33.43
33.57
33.71
33.85
33.98
34.12
34.26
34.40
34.55
34.70
34.86
35.02
35.17
35.33
35.47
35.60
35.73
35.84
35.94
36.04
36.15

195

39.64
39.57
39.47
39.37
39.26

LON
34.15
34.24
34.32
34.38
34.43
34.46
34.50
34.53
34.56
34.57
34.56
34.53
34.47
34.42
34.38
34.35
34.34
34.34
34.36
34.38
34.40
34.41
34.42
34.43
34.44
34.44
34.41
34.36
34.30
34.23
34.15
34.08
34.02
33.98
33.96
33.95
33.96
33.98
33.99
34.00
34.01
34.02
34.02
34.02
34.04

935
935
937
938
936

LEVEL
850
842
835
831
828
828
830
832
831
828
823
815
807
797
786
776
765
754
743
733
722
710
698
686
673
659
646
633
621
609
596
584
572
561
551
542
534
527
521
516
512
510
509
509
511



180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288

STEP

12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
12
76
80
84

-45
-46
=47
-48
-49
=50
-51
-52
-53
-54
=55
-56
=57
-58
-59
-60
-6l
-62
-63
-64
-65
-66
-67
-68
-69
-70
-71
=72

-0.50
-0.38
-0.14
0.20
0.65
0.98
1.23
1.45
1.67
1.93
3.01
3.93
4.67
5.26
5.68
5.93
6.20
6.41
6.50
6.39
6.28
6.33
7.13
7.89
8.60
9.18
9.61
9.86

4.61
4.68
4.87
5.07
5.23
5.37
5.49
5.39
5.56
5.94
6.48
7.08
7.64
8.07

8.25

8.23
8.03
7.72
7.43
7.45
7.44
7.42

-3.88
-4.15
-4.40
-4.62
-4.68
-4.63
~4.50
-4.30
~4.02
-3.67
-4.16
-4.55
~4.83
~5.00
-5.02
-4.89
-5.16
~5.40
~5.63
-5.72
-5.58
-5.37
~4.90
~4.50
-4.15
-3.91
-3.54
-2.67

7.31
7.25
6.80
6.20
5.62
5.10
4.62
4.26
3.83
3.44
3.15
3.03
3.08
1.87
0.85
0.05
-0.55
-0.93
-1.22
-0.96
-0.67
-0.34

-0.07
-0.08
0.01
0.08
0.14
0.19
0.21
0.22
0.16
0.12
0.10
0.10
0.11
0.11
0.06
0.01
-0.02

36.27
36.39
36.53
36.67
36.82
36.96
37.11
37.25
37.38
37.50
37.62
37.76
37.91
38.06
38.22
38.38
38.54
38.70
38.88
39.06
39.24
39.41
39.57
39.72
39.86
39.99
40.10
40.20

LAT
36.33
36.09
35.87
35.66
35.47
35.30
35.15
35.01
34.88
34.76
34.66
34.56
34.47
34.39
34.35
34.34
34.35
34.38
34.42
34.46
34.49
34.51

196

34.06
34.07
34.08
34.08
34.06
34.03
33.98
33.92
33.86
33.78
33.68
33.54
33.36
33.15
32.93
32.68
32.43
32.17
31.90
31.63
31.36
31.10
30.81
30.50
30.15
29.77
29.37
28.95

LON
34.15
33.96
33.77
33.57
33.37
33.16
32.94
32.73
32.51
32.28
32.04
31.77
31.48
31.17
30.85
30.52
30.20
29.89
29.60
29.30
29.01
28.72

514
517
521
524
527
529
528
527
524
520
516
514
512
512
513
515
517
519
520
520
520
519
517
514
510
505
501
497

LEVEL
700
691
686
684
684
685
686
687
684
679
672
664
655
648
642
637
633
628
623
619
617
617



88

92

96
100
104
108
112
116
120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288

-69
=70
-71
=72

7.
7.
7.

7

7.
7.
7.

6

1

-0

-0
0

0.
1.
2.
3.
5.
6.
8.
8.
9.
10.

6.
6.
5.
S.
5.
4.
4.
4.
4.
3.
3.
3.
4.
3.
3.
3.
B
Z
2 o

1.
1.
0.
0.
.21
-0.
-0.
.02
.00
-0.
.29
-0.

41
48
59
40
27
17
07
98
90
44
97
53
07
59
09
05
01
96
91
91
06
94
76
50
14
70
19
82
47
12
75
31

12
02

12

08

.26

93
71
54
57
33
94
12
87
78
37

-0.03
0.04
0.02

-0.81

-1.44

-1.90

-2.23

-2.42

-2.49

-2.69

-2.82

-2.92

-3.06

-3.22

-3.40

-3.46

-3.53

-3.59

-3.61

-3.60

-3.48

-2.47

~-1.60

-0.84

-0.17
0.44
1.00
1.36
1.70
2.04
2.42
2.87
3.41
3.95
4.49
5.09
5.77
6.52
7.33
6.99
6.86
6.85
7.11
7.85
8.92
9.22
9.29
9.39

10.28

12.76

16.53

-0.04
-0.03
-0.01
0.03
0.06
0.07
0.08
0.08
0.07
0.04
0.01
-0.02
-0.03
-0.05
-0.06
-0.01
0.04
0.09
0.14
0.18
0.22
0.16
0.09
0.02
-0.05
-0.12
-0.19
-0.12
-0.06
0.00
0.07
0.13
0.20
0.14
0.08
0.01
-0.08
-0.17
-0.27
-0.36
-0.46
-0.52
-0.54
-0.54
-0.52
-0.45
-0.47
-0.52
-0.59
-0.65
-0.57

34.52
34.52
34.52
34.54
34.58
34.64
34.71
34.79
34.87
34.96
35.05
35.15
35.25
35.35
35.46
35.58
35.70
35.81
35.94
36.06
36.17
36.27
36.34
36.38
36.40
36.40
36.38
36.35
36.30
36.25
36.18
36.08
36.00
35.88
35.75
35.60
35.43
35.23
35.01
34.78
34.56
34.34
34.12
33.89
33.62
33.33
33.03
32.74
32.42
32.06
31.59

197

28.43
28.13
27.84
27.54
27.25
26.97
26.69
26.41
26.14
25.87
25.63
25.40
25.19
25.00
24.82
24.66
24.50
24.34
24.18
24.03
23.87
23.71
23.55
23.40
23.27
23.15
23.05
22.97
22.91
22.85
22.82
22.80
22.79
22.80
22.80
22.80
22.80
22.80
22.81
22.82
22.81
22.79
22.74
22.65
22.54
22.36
22.12
21.83
21.50
21.14
20.76

617
618
617
616
614
610
607
603
600
597
595
594
595
595
596
597
595
592
587
580
572
564
559
556
556
558
563
567
570
570
568
564
557
550
545
543
543
547
554
564
578
585
614
632
651
667
682
699
718
740
761



100
104
108
112
116
120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200

14.53
15.59
16.14
15.87
15.64
15.27
15.40
15.49
15.59
15.65
15.85
16.15
16.83
17.02
17.33
18.16
19.52
20.48
21.93
21.35
21.28
21.12
21.65
22.27
22.51
21.23
20.56
20.23
20.02
19.59
18.76
18.63
18.22
17.68
16.93
16.54
16.01
15.69
15.50
15.38
15.05
14.40
13.49
12.57
12.16
11.98
11.59
11.13
10.57

9.62

8.96

3.58
3.78
3.52
3.29
2.84
2.80
3.04
4.41
5.31
5.57
5.34
5.10
5.28
5.79
5.72
5.44
5.05
5.53
6.57
8.84
10.23
11.38
11.98
12.47
12.82
14.02
14.69
15.33
16.30
17.24
17.38
16.26
15.15
13.76
12.11
10.83
9.51
8.57
8.77
9.04
9.44
9.75
9.70
9.14
8.50
8.07
7.81
7.46
7.38
7.43
7.61

W
0.23
-0.09
-0.29
-0.40
-0.40
-0.23
-0.03
0.02
0.01
0.01
0.00
0.03
0.07
0.00
-0.05
-0.19
-0.31
-0.40
-0.52
-0.42

-0.38.

-0.26
-0.20
-0.21
-0.25
-0.31
—fNcx
-0.28
-0.23
-0.23
-0.28
-0.34
-0.43
-0.54
-0.61
-0.58
-0.57
-0.45
-0.31
-0.20
-0.12
-0.06
-0.02

0.01

0.01
-0.05
-0.14
-0.23
-0.32
-0.29
-0.21

LAT
36.33
36.21
36.10
35.99
35.89
35.80
35.71
35.59
35.43
35.26
35.08
34.91
34.75
34.57
34.39
34.21
34.04
33.87
33.68
33.43
33.13
3 Zenlal
32.39
32.00
31.59
31.15
30.69
30.20
29.69
29.15
28.59
28.05
27.54
27.07
26.65
26.28
25.96
25.68
25.40
25.12
24.82
24.52
24.20
23.90
23.62
23.36
23.10
22.86
22.62
22.39
22.15

198

LON
34.15
33.55
32.92
32.29
31.68
31.08
30.48
29.88
29.28
28.67
28.07
27.45
26.81
26.16
25.50
24.82
24.10
23.34
22.52

21.70.

20.88
20.08
19.27
18.45
17.60
16.79
16.02
15.26
14.52
13.79
13.09
12.41
11.75
11.11
10.49
9.90
9.33
8.77
8.23
7.69
7.16
6.66
6.18
5.74
5.32
4.91
4.51
4.13
3.77
3.43
3.13

LEVEL
500
496
501
511
523
533
535
532
528
526
523
520
515
512
510
512
518
528
542
556
568
5717
582
587
592
599
608
615
621
0626
631
639
651
665
684
703
721
737
749
756
759
760
760
758
756
755
757
762
770
780
787



204 -51
208 =52
212 -53
216 -54
220 =55
224 -56
228 =57
232 -58
236 =59
240 -60
244 -61
248 -62
252 -63
256 -64
260 =65
264 -66
268 -67
272 -68
276 -69
280 -70
284 -71
288 =72

BRLWWWes BTN 1 W ®
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Table A3. Classification of the trajectories corresponding
to the samples collected during August 1991-December 1992
with respect to their origins and meteorological conditions
together with their elemental composition.
The geographical coverage of trajectory codings is indicated
in Figure 3.1. and the codes used for the type of airflow

are as follows: A: Anticyclonic; C: Cyclonic; I:

Isobaric

(For the sake of space the sample number is given instead of
date in the concentration tables ).

A3.1. August 1991

—————— o — — — —— —— T} " ———— —— — e o o T " —— i it it o o T —— o} — T — — —— — — —— —— ————— —t—

01/8/1991
05/8/1991
06/8/1991
07/8/1991
08/8/1991
09/8/1991
10/8/1991
12/8/1991
14/8/1991
15/8/1991
16/8/1991
19/8/1991

500

Precipitation
(rm)

Sample 900
No

1 2a,A
2 3a,C
3 2a,C
4 2a,1
5 3a,C
6 3a,C
7 2a,C
8 2b,C
9 2a,A
10 la,A
11 la,I
12 2a,lI

2a,C

la,C
2a,A

199

2a,I

Z2a,

2b,A



20/8/1991 13 2a,A 2a,A 2a,A 2b,A

21/8/1991 14 2a,A 2a,A 2b,A 2b,A
22/8/1991 15 2a,C 2a,C 2a,A 3b,A
23/8/1991 16 2a,I 2a,lI 3a,A 3b,A
. 26/8/1991 17 2b,A 2b,A 2b,A 2b,A
27/8/1991 18 2b,A 2b,A 2b,A 3b,A
28/8/1991 19 2a,lI 2a,I 2a,A 3b,A
29/8/1991 20 2a,I 2a,lI 2b,A 3b,A
30/8/1991 20 2a,1I 2a,I 2b,A 2b,A
1/9/1991 20 2a,A 2a,A 2b,A 2b,A

———— i — _ . —— ——— ——— —— ———— . ——— " — — . — —— — o — T t—— " ——— _—— ——— " _— _—— (o o

No (ng m™>)
1 2445 1075 3075 925 1350 21 0.57 5.9 5.8 7.9 46 19 0.09
2 2190 1555 5300 770 625 12 0.49 4.5 3.5 8.4 17 21 0.08
3 2150 1111 4300 940 739 16 0.49 4.5 4.4 8.5 20 14 0.11
4 2130 1100 4200 820 1000 19 0.44 5.4 5.6 4.5 50 30 0.13
5 2055 940 4085 760 630 16 0.41 4.7 3.7 4.7 37 24 0.12
6 1980 1600 7385 930 1280 23 0.62 8.6 20 5.7 60 30 0.12
7 4680 1550 5085 1415 1445 32 0.86 9.1 12 15 45 30 0.18
8 7585 1590 3755 1800 1760 40 0.90 13 16 20 42 85 0.16
9 5365 1740 4185 1215 1965 22 0.75 9.8 19 22 35 50 0.09
10 2870 1960 7875 830 840 22 0.54 5.9 10 14 50 25 0.08
11 3565 1250 4520 750 725 17 0.38 5.4 7.7 10 33 40 0.06
12 3130 1300 4960 700 1115 21 0.50 4.1 8.1 8.5 58 20 0.07
13 1945 1160 4885 880 1525 22 0.49 5.1 5.3 3.8 49 25 0.07
14 3000 1245 3395 975 1090 25 0.54 6.6 8.8 8.3 47 25 0.10
15 2045 1210 5860 700 1120 22 0.40 4.5 8.3 4.9 57 28 0.07
16 2240 1265 5320 830 770 22 0.42 4.9 4.5 3.9 47 26 0.08
17 3635 1900 8890 825 1360 24 0.63 7.2 9.7 5.2 73 39 0.10
18 4300 1235 3280 1110 890 21 0.45 5.9 7.8 2.7 11 11 0.05
19 2350 1730 6300 605 520 15 0.29 5.4 8.2 9.1 41 21 0.06
20 2685 1150 3465 800 630 20 0.21 4.1 3.1 6.8 47 30 0.04
A3.2. September 1591
Date

Sample 900 850 700 500 Precipitation

No hPa (mba) (mm)
02/9/199 1 3a,A 3a,A 2b,A 2b,A
03/9/1991 2 2b,A 2b,A 2b,A 2b,A
04/9/1991 2 1b,A 1b,A 2b,A 3b,A
05/9/1991 3 1b,A 1b,A 3b,A 3b,A
06/9/1991 4 2a,C 2a,C 2b,A 3b,A
07/9/1991 4 2a,C 2a,C 2b,A 3b,A
08/9/1991 4 2a,A 2a,A 2b,A 3b,A

200



09/9/1991 5 2a,A 2a,A 2b,A 3b,A
10/9/1991 6 2a,I 2a,I 3b,C 3b,A
16/9/1991 7 la,A la,A 4a,C 3a,C
17/9/1991 8 3a,A 3a,A 3b,A 3b,A
.18/9/1991 9 3a,A 3a,A 3b,A 3b,A
19/9/1991 10 3a,A 3a,A 3b,A 3b,A
23/9/1991 11 2a,A 2b,A 2b,A 2b,A
24/9/1991 12 2a,A 2a,A 2b,A 2b,A
25/9/1991 13 2a,A 2a,A 3a,A 3a,A
26/9/1991 14 2a,A 2a,A 2a,A 3b,A

—————— e - —— o —— . — ——— — — — — —— - — —— — - > ——— — — —— —— — — —— it — ——— s T — —— T —— ot

No (ng m™2)

1 2900 1070 2720 1045 650 15 0.28 5.5 5.0 2.9 27 18 0.08
2 4410 1085 2250 935 805 19 0.59 5.2 4.1 2.3 14 16 0.05
3 4130 1325 3635 830 700 17 0.54 5.4 5.3 3.3 14 23 0.06
4 3200 1120 3445 710 620 16 0.46 4.6 3.7 7.9 28 37 0.05
5 4335 1010 2715 1060 860 22 0.88 7.0 6.8 16.2 30 33 0.06
) 4460 1050 4040 820 755 22 0.77 6.2 7.6 14.4 59 48 0.07
7 6815 2000 4865 1595 1595 36 1.75 9.5 6.5 17.7 64 51 0.08
8 5110 1345 3100 1780 1710 32 1.19 7.7 7.0 18.1 78 45 0.09
9 2300 1095 2040 845 775 22 0.62 5.2 4.5 4.4 73 35 0.07
10 4860 2555 4375 2120 1475 38 1.10 7.8 6.4 4.9 41 21 0.08
11 4235 970 415 675 895 22 0.66 7.2 8.1 11.9 25 47 0.06
12 5955 1100 5955 1320 1185 29 0.64 9.0 10.0 9.3 71 105 0.07
13 7050 1175 7050 1475 1295 32 0.79 11.0 15.0 22.1 51 137 0.10
14 9290 1625 9290 1895 1540 37 1.12 11.0 7.0 15.3 30 148 0.07
A3.3. October 1991

Date Sample 900 850 700 500 Precipitation

No hPa (mba) (mm)

01/10/1991 1 la,A la,A la,A la,I

02/10/1991 2 la,A la,A la,A la,I

03/10/1991 3 4a,A 4a,A la,A 3b,C

07/10/1991 4 3a,A 3a,I 3a,I 3a,C 17.5
08/10/1991 5 3a,C 3a,C 3a,C 3a,C

09/10/1991 6 3a,C 3a,A 2a,C 2a,A

10/10/1991 6 2a,A 2a,A 2a,A 2a,A 3.1
11/10/1991 7 la,I la,I 2a,A 3b, C

12/10/1991 7 la,I la,I 3a,lI 3b,C
.13/10/1991 8 4a,C 4a,C 3b,I 3b,1I

14/10/1991 9 2a,I 2a,A 2a,A 2a,A

15/10/19%81 10 la,I la,A la,A 2a,1

16/10/1991 10 2a,A 2a,A 3a,A 3b,A




17/10/1991 11 2a,A 2b,A 2b,A 3b,A

18/10/1991 12 2a,A 2a,A 3b,1 3b,C
13/10/1991 13 3a,C 3a,C 2b,C 2b,I 30.2
20/10/1991 14 4a,C 4a,C 2b,A 2b,1I
21/10/1991 15 4a,C Z2a,A 2b,A 3b,1I
22/10/1991 16 4a,lI 4a,I 2a,A 3b, I
23/10/1991 17 3a,A 3a,A 3b,A 3b,A
©24/10/1991 18 3a,C 3a,C 3b,C 3b,C
25/10/1991 19 3a,I 3a,lI 3b,C 3b,C
26/10/1991 20 2b,A 2b,A 2b, I 2b, I
27/10/1991 20 2b,A 2b,A 2b,A 2b, I
28/10/1991 21 2a,A 2a,A 2b,A 3b,C
29/10/1991 22 3a,A 3a,A 3b,C 3b,C
30/10/1991 23 3a,A 3a,A 3b,C 3b,C 2.4
31/10/1991 24 3a,C 2a,C 3b,C 3b,C 0.3

——— — i ——— - > — —————— " — — —— e —— " — — — M o  — — ——— — — ————— — — ——— e > —— —— o — —— (o o o

No (ng m™~)

1 4370 1045 1815 2240 1065 21 0.43 11 11 9.2 19 37 0.25
2 3450 1120 1580 1865 1350 26 0.85 17 25 7.9 34 80 0.34
3 37600 14295 1745 22565 20045 305 1.00 55 65 122 54 47 1.39
4 325 225 830 430 110 2.5 0.25 3.5 3.4 2.4 11 6.9 0.07
5 300 190 1140 510 50 1.1 0.14 2.3 11.8 2.9 9.1 3.9 0.12
6 1535 215 480 230 140 2.5 0.01 2.2 5.0 4.6 8.6 56 0.08
7 4700 470 895 1540 2060 27 0.27 4.9 8.1 6.8 27 31 0.19
8 5115 2170 1875 3215 2470 41 0.88 10 21 14 21 23 0.40
9 2985 1145 1030 1370 1510 25 0.75 9.2 24 8.3 17 11 0.18
10 3445 855 815 1250 1115 20 0.67 6.3 15 11 46 66 0.24
11 4095 635 725 755 2485 51 0.51 10 14 10 47 87 0.30
12 1986 585 645 750 450 9.2 0.41 3.8 7.5 6.1 30 30 0.24
13 4025 655 405 1025 575 10 0.07 2.4 8.7 5.5 21 34 0.19
14 5650 2220 850 3030 2345 41 0.2 11 22 9.9 55 16 0.32
15 6015 2800 2160 2525 2155 37 0.82 12 16 8.8 35 20 0.21
16 6980 1420 185 1835 1545 25 0.93 12 17 8.7 17 31 0.16
17 7535 1770 615 1685 1730 28 0.62 15 29 18 32 70 0.27
18 2750 670 1370 235 165 1.8 0.28 4.7 9.3 1.9 5.0 4.9 0.04
19 3310 1035 1965 595 190 3.5 0.37 4.5 4.8 1.5 8.0 17 0.07
20 3460 765 2160 290 290 6.8 0.38 3.1 4.1 2.6 6.7 12 0.17
21 2930 555 3300 2770 250 5.7 0.43 4.4 5.1 3.2 11 22 0.16
22 3740 990 495 1820 1600 35 0.60 5.9 10 7.2 16 30 0.18
23 5835 780 2485 1720 770 15 0.64 8.9 18 10 23 8.8 0.17
24 1265 620 745 650 630 8.5 0.24 1.9 2.4 10 6.9 18 0.11
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A3.4. November 1991
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01/11/19%91
02/11/1991
03/11/1991
04/11/1991
05/11/1991
"06/11/199

07/11/1991
08/11/1991
09/11/1991
10/11/1991
11/11/1991
12/11/1991
13/11/1991
14/11/1991
15/11/1991
16/11/1991
17/11/1991
18/11/1991
19/11/1991
20/11/1991
21/11/1991
22/11/1991
23/11/1991
24/11/1991
25/11/1991
27/11/1991
28/11/1991
©29/11/1991
30/11/1991

1/12/1991 25

2b,A

2b,

C
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Sample 900
No
1 3a,1
2 3a,C
2 3a,C
3 3a,C
4 3a,A
5 2a,A
6
7 3a,A
7 3a,C
8 3a,C
9 2a,C
10 3a,C
11 2a,A
12 Z2a,A
13 Za,A
14 3a,A
15 3a,A
16 3a,A
17
18 2b,A
19 3a,A
20 2a,A
21 2a,A
21 3a,A
22 2b,A
23 3a,C
24 3a,C
25 3a,C
25 3a,A
la,C
991
Mg Na Al
530 720 275
520 1745 120
185 445 200
275 560 150
315 600 180
315 245 300
700 740 465
740 830 670
620 530 575
1060 345 1660

850 700
hPa {(mba)
3a,1 2b,A
3a,C 3b,C
3a,C 3a,C
4a,C 2b,A
2a,A 2b,A
2a,A 2b,A
3a,A 3a,lI
3a,C 3b,A
3a,C 3b,C
2a,C 2a,A
3a,C 3a,C
2a,A 3b,1I
2a,A 2b,A
2a,A 2b,A
3a,A 3a,A
3a,A 3a,C
3a,A 3b,C
2b,A 2b,A
3a,A 2b,A
2a,A 2b,C
2b,A 3b,A
3a,A 3b,C
2b,A 3a,C
3a,A 3b, I
3a,C 3a,C
3a,C 2b,A
3a,A 3a,A
4a,A 3b,A
Fe Mn Co
(ng m~3)
390 4.0 0.11
185 3.3 0.04
80 1.7 0.22
115 1.9 ©0.01
260 5.0 0.10
255 4.5 0.13
710 11 0.16
765 15 0.28
745 10 0.17
800 17 0.35
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Precipitation
(mm)
7.9
21.6
0.8
8.4
6.9
1.8
4.3
A% Zn Pb Cd
10 5.0 45 0.09
3.1 8.0 26 0.07
5.9 1.0 28 0.01
1.7 1.7 12 0.05
9.4 7.3 38 0.08
10 7.8 58 0.09
14 37 71 0.22
12 40 100 0.26
16 29 65 0.22
21 39 48 0.24



11 2575 640 150 315 655 12 0.20 4.3 8.0 9.7 50 59 0.04
12 1890 420 155 240 370 9.2 0.09 2.4 1.6 4.9 53 58 0.21
13 3650 990 840 570 880 16 0.27 5.1 0.7 3.4 49 76 0.23
14 6240 1840 645 1975 1880 30 0.82 8.4 16 17 42 88 0.26
15 6920 2520 360 2630 3030 35 0.56 9.4 18 19 28 26 0.31
16 3610 1780 2010 1410 1185 20 0.13 7.1 15 16 32 54 0.23
17 700 670 1980 230 235 5.5 0.13 2.1 3.6 8.7 24 51 0.14
18 530 510 1695 435 135 4.4 0.15 3.0 6.6 6.9 13 18 0.10
19 970 360 650 290 145 5.4 0.12 3.8 14 13 10 12 0.08
20 1240 335 395 115 200 2.4 0.04 5.7 17 41 11 49 0.19
21 1665 395 200 615 400 5.5 0.22 4.2 13 15 12 35 0.23
22 1665 610 365 805 710 9.8 0.34 3.2 2.5 9.6 10 12 0.18
23 1135 1270 3570 925 695 10 0.42 4.2 1.2 9.8 6.2 17 0.12
24 690 1160 3565 250 215 1.1 0.06 1.4 0.9 6.0 2.3 30 0.05
25 945 700 1565 350 410 5.1 0.11 2.5 4.0 5.9 3.5 27 0.06
A3.5, December 1991
Date Sample 900 850 700 500 Precipitation

No » hPa (mba) (mm)
03/12/1991 1 1b,A 1b,A 1b,A 1b,A 0.2
04/12/1991 2 2b,A 2b,A 2b,A 2b,A 0.1
05/12/1991 3 1b,A 2b,A 2b,A 2b,A
06/12/1991 4 la,A la,A 2b,A 3b,C
07/12/1991 4 4a,A 4a,A 3b,C 3b,C 1.8
08/12/1991 4 3b,C 3b,C 3b,C 3b,C 22.2
09/12/1991 5 2b,C 2b,C 2b,C 2b,A 53.5
10/12/1991 6 2b,C 2b,A 2b,C 2b,C 9.2
11/12/1991 6 3a,A 3a,A 3a,A 3b,I 0.7
12/12/1991 7 3a,A 3a,A 2b,A 2b,A 18.5
13/12/1991 8 la,C 1b,C 3a,A 3a,A 4.6
14/12/1991 8 la,A la,A 4a,C 2b,I
15/12/1991 8 la,A la,A 1b,A 1b,A
16/12/1991 9 2a,A 2a,A 2b,A 2b,A
17/12/1991 10 2a,C 2b,C 2b,A 2b,A
18/12/1991 11 2a,A 2a,A 2a,A 3b,I
19/12/1991 12 2a,A 2a,A 2a,C 3b,C
20/12/1991 13 3a,C 3a,C 3a,C 3a,C
21/12/1991 13 4a,C 4a,C 3b,1I 3b,C 0.3
22/12/1991 13 3b,I 3b,I 3b,I 3b,C 2.7
23/12/1991 14 3b,A 3b,A 3b,A 2b,C 41.4
24/12/1991 15 4a,C 4a,C 3b,A 3b,C 31.4
25/12/1991 16 4a,C 4a,C 3b,A 3b,C
26/12/1991 17 4a,I 4a,I 3a,C 3a,A 0.6
27/12/1991 18 2b,A 2b,A 2b,C 2b,C 49.6
28/12/1991 18 2b,A 2b,A 2b,C 2b,A 0.9
29/12/1991 18 3b,C 3b,C 3b,C 2b,A 8.9
30/12/1991 19 3b,C 3b,C 3b,C 3b,C 8.1
31/12/1991 20 3a,1 3a,I 3b,C 3b,C 34.4
1/1/19%2 20 2b,C 2b,C 2a,C 2b,C
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December 1991

o — — ——— ————— —— T —— " f— —— — " S —— —— - —— - —— —————— {————— ——— —— ———————— " —— ————

- — ————————— ————— " —————— — " ————— —— — ] —— —— —— " —— —— ————— ——— —— ————— > —— T {— T — e — -

Sample Ca
No

1 675
2 2090
3 2035
4 2215
5 620
6 935
7 420
8 640
9 860
10 1300
11 2655
12 2855
13 1780
14 1000
15 1800
16 1710
17 920
18 1000
19 600
20 495
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02/1/1992
03/1/1992
04/1/1992
05/1/1992
06/1/1992
07/1/1992
. 08/1/1992
09/1/1992
10/1/1992
11/1/1992
12/1/1992
13/1/1992
14/1/1992
15/1/1992
16/1/1992
17/1/1992
18/1/1992
19/1/1992
20/1/1992
21/1/1992
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2a,A
3a,C
2a,l
2b, I
2a,C
2b,A
2b,A
2b, I
2b,A
2a,I

2a,1

2a,A

3a,C

2a,C

2a, 1

2b, I
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2b,C

v Zn Pb
1.5 4.5 12
11 11 74
19 18 400
5.1 17 39
4.6 7.0 15
7.6 6.4 45
3.1 2.5 3.1
4.7 6.6 7.4
5.3 5.6 9.8
7.8 13 9.8
19 18 15
17 65 144
9.7 30 104
12 21 136
6.1 10 103
16 19 112
6.5 5.8 20
7.1 6.2 58
3.7 2.9 10
10 4.3 11
Precipitation
(mm)
0.7
0.1



22/1/1992 15 2a,C 2a,C 2b,C 2b, I

23/1/1992 16 2b,A 2b,A 2b,A 2b, I
24/1/1992 17 2b,A 2b,A 2b, I 2b, I
25/1/1992 17 1b,A 1b,A 1b,A 1b, I
26/1/1992 17 1b,A 1b,A 1b,A 1b,A
27/1/1992 18 1b,A 1b,A 1b,A 1b,A
28/1/1992 19 1b,A 1b,A 1b,I 1b,A
29/1/1992 20 1b,A 1b,A 1b,I 1b,A
30/1/1992 21 la,A la,A 2b, I 2b,C
31/1/1992 22 2a,I 2a,I 2b, I 2b,C
1/2/1992 22 2b,A 2b,A 2b,A 2b, I 9
2/2/1992 22 2b,A 2b, I 2b,A 2b, I

—— i —— . — . ——— ——— ——— ——— —— —— — —  _— — ——— ——— ——_— — — —— i} T —— — . —— — — — T — —— — " — ——— —_— > (" S oot

Sample Ca Mg Na Al Fe Mn Co Ni Cr v Zn Pb Cd
No (ng m~3)
1 1765 880 1165 390 355 4.0 0.28 8.1 2.9 10 10 10 0.11
2 2370 665 2955 290 310 5.4 0.22 6.1 5.0 26 30 65 0.1¢
3 1550 385 465 160 200 3.4 0.13 4.9 2.1 4.9 20 11 0.24
4 1960 430 940 125 220 3.2 0.08 5.0 5.0 7.5 32 15 0.34
5 1885 490 1000 150 200 3.2 0.16 4.5 6.3 6.6 16 71 0.22
6 3825 1085 4760 230 565 11 0.42 10 3.9 19 56 29 1.05
7 7850 1810 6440 650 906 14 0.10 2.6 28 9.2 39 67 0.86
8 930 600 735 665 680 14 0.32 9.5 8.1 15 43 27 0.46
9 2585 1520 6275 575 590 7.9 0.27 9.0 12 21 25 36 0.47
10 4080 1700 7490 450 500 7.9 0.29 8.4 11 11 24 40 0.56
11 1825 480 610 240 260 6.7 0.20 4.2 10 5.6 28 30 0.22
12 4360 930 3015 370 345 7.2 0.27 5.7 12 27 28 46 0.08
13 1445 820 4475 150 180 3.1 0.12 4.2 16 9.6 38 8.2 0.09
14 1605 365 505 185 145 3.3 0.10 4.7 5.5 6.5 19 10 0.18
15 3255 1115 3625 590 500 9.8 0.32 8.1 8.9 12 23 116 0.10
16 2890 715 2590 405 330 5.1 0.26 6.3 5.8 12 27 122 0.48
17 4200 1400 4390 555 575 10 0.26 5.4 5.9 10 22 71 0.24
18 5465 1570 4980 570 610 10 0.44 7.9 9.2 9.1 16 23 0.28
19 7095 2475 8065 750 893 19 0.64 11 12 17 57 21 0.89
20 10160 4870 37800 1200 1045 15 0.90 13 5.2 9.4 27 21 0.81
21 2175 1500 5920 350 390 7.4 0.28 4.9 4.9 7.0 17 19 0.59
22 1630 1960 10200 215 272 11 0.49 2.6 11 8.8 16 29 0.41
A3.7. February 1992
Date Sample 900 850 700 500 Precipitation

No hPa (mba) (mm)
03/2/1%92 1 1b, I 1b,I 3a,I 3b,C
04/2/1992 2 la,A la,A 3a,C 1b, I
05/2/1992 3 2a,A 2a,lI 2b,I 2b,I
06/2/1992 4 2b,A  2b,A 2b,A 2b,1I 7.8
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07/2/1992 5 2b,I 2b,I 2b,A 2b,C
1 08/2/1992 5 2b,A 2b,A 2b,A 2b,C
09/2/1992 5 2b,A 2b,A 2b,A 2b,C
10/2/19%2 6 1b,A 1b,A 1b,A 1b,A
11/2/1992 7 2b,A 2b,A 2b,A 2b,A
12/2/1992 8 2b,A 2b,A 2b, I 2b, I
13/2/1992 9 2b,A 2b,A 2b,A 2b,C
14/2/1992 10 2a,lI 2b,I 2b,A 2b, I
15/2/1992 10 2a,I 2a,I 2b,A 2b,A
16/2/1992 10 2a,A 2a,A 3b,C 3b,C
17/2/1992 11 4a,I 4a,I 3b,C 3b,C
18/2/1992 12 3b,C 3b,C 3a,C 3b,C
19/2/1992 13 3a,C 3a,C 2b,A 2b,1I 17.2
20/2/1992 14 2b, I 2b, I 2b,A 2b,A
21/2/1992 15 2b,A 2b,A 2b,A 3b,C
22/2/1992 15 Z2a,A 2a,A 2a,C 3b,C 2.4
23/2/1992 15 2a,A 2b,A 2b,A 1b,A 5.4
24/2/1992 16 1b,A 2a,I 2a,C 2b, 1 1.6
25/2/1992 17 3a,A 3a,A 3a,A 3a,I
26/2/1992 18 la,C la,C la,A la,A 0.2
27/2/1992 19 2b,A 2b,A 2b,A 2b,A
28/2/199%92 20 2b,A 2b,A 2b,C 2b,C

1/3/1892 20 2b, I 2b, 1 2b, I 2b, I 2.4

T e e s - — o —— s —— Y — —— ——— T — . —— . e T S o o . — —— s — T —— A — — —— — —— f———

No (ng m™2)

1 4070 10260 34970 430 580 16 0.76 9.8 3.3 3.1 22 15 0.31
2 2900 1010 2070 250 2%0 7.3 0.25 5.6 5.2 5.2 15 22 0.20
3 2215 1360 4535 150 217 6.5 0.20 10 13 9.2 14 49 0.14
4 1360 1270 4925 115 135 5.2 0.09 4.1 5.8 6.1 20 18 0.11
5 2825 1085 2250 680 390 13 0.41 10 6.8 4.6 13 8.7 0.10
6 4125 910 570 720 515 10 0.30 4.9 5.4 4.0 8.7 24 0.12
7 2140 435 685 270 285 6.8 0.26 3.9 8.2 5.7 8.1 49 0.11
8 3550 1245 2845 450 500 11 0.31 6.8 12 8.5 37 48 0.19
9 3485 1165 2980 410 510 13 0.46 6.9 5.7 6.9 47 28 0.39
10 4965 1245 2070 510 1020 27 0.62 9.4 11 10 155 83 0.97
11 3650 1070 1645 710 1080 24 0.55 7.2 5.3 11 82 54 0.77
12 980 1255 4490 63 130 3.2 0.06 3.7 4.1 4.7 18 11 0.24
13 1280 1170 3830 132 115 1.1 0.12 2.3 1.4 1.6 7.3 12 0.08
14 1905 1145 3525 215 235 4.8 0.35 7.1 22 10 16 102 0.14
15 1980 2715 8065 340 400 6.6 0.27 4.2 8.2 7.6 13 13 0.38
16 ‘550 390 1435 55 110 4.9 0.06 2.1 2.1 3.7 12 4.6 0.19
17 1270 390 635 120 175 4.1 0.17 3.1 2.2 3.7 13 4.1 0.26
18 1255 355 705 180 215 4.0 0.20 5.7 8.0 3.7 9.2 2.8 0.09
19 2535 630 1420 270 280 5.7 0.31 4.5 10 7.5 13 890 0.16
20 1775 495 875 170 220 6.7 0.10 2.0 7.0 3.4 18 29 0.23
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A3.8. March 1992
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02/3/1992
03/3/1992
04/3/1992
05/3/1992
06/3/1992
07/3/1992
08/3/1992
09/3/1992
10/3/1992
11/3/1992
12/3/1992
13/3/1992
14/3/1992
15/3/1992
17/3/1992
18/3/1992
19/3/1992
20/3/1992
21/3/1992
22/3/1992
23/3/1992
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6945
52840

10 12860
11 3090
12 418
13 660
14 845
15 1135

1465
11280
16745

5650

2040

1280

880
580
280

32315
44960
6585
5325
4970
3130
1920
870

0 850 700
hPa (mba)
2b,A 2b, I
2b,A 2b,A
2a,A 2b, I
2b,A 2b,A
2b,A 2b,A
2b,A 2b,A
2b,A 2b,C
1b,A 1b,A
1b,A 1b,A
1b,A 1b,C
1b,A 3b,C
1b,A 3b,C
3a,A 3b,A
3a,A 2b,A
34,C 3b,C
3a,A 2b, I
2b,C 2b,A
2b,A 2b, I
3a,C 2b,C
2a,C 2b,A
2a,C 2a,C
Al Fe Mn Co
(ng m~3)
325 320 6.3 0.16
280 330 7.4 0.16
330 395 13 0.27
855 730 17 0.36
370 450 9.5 0.08
345 335 7.2 0.17
385 380 6.8 0.57
1185 1570 40 1.5
8100 6565 136 10.5
7700 4355 72 0.27
1315 1070 19 0.03
100 60 1.7 0.03
115 105 3.4 0.20
140 133 3.3 0.01
120 155 3.4 0.04

500 Precipitation
(mum)

2b,C

2b,A

2b, C

2b,C

2b,C

2b,A

1b,A

2b, C

2b,A

1b,C

3b,C

2b,A

2b,A

2b,C

2b,A 0.2

2b,C 9

2b,A 17.6

2b, C

2b, C

2b,A 3.6

3a, 1.3

Ni Cr A Zn
1.4 10.5 2.9 23 8.1
3.7 8.9 7.8 20 56
3.5 6.0 6.3 60 10
5.9 4.4 6.4 24 10
3.6 3.8 4.9 12 32
1.4 7.0 5.1 11 6.8
2.6 4.9 4.4 7.2 10
13 6.9 9.8 57 39
38 61 34 63 55
12 19 16 36 54
5.1 11 12 27 99
0.1 1.0 1.7 5.2 5.4
0.1 2.7 1.8 14 7.9
1.9 1.9 2.8 9.6 17
0.8 4.4 4.0 7.5 19
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A3.9. April 1992
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. 01/4/1992
02/4/1992
03/4/1992
04/4/1992
07/4/1992
08/4/1992
09/4/1992
10/4/1992
11/4/1992
12/4/1992
13/4/1992
14/4/1992
15/4/1992
16/4/1992
17/4/1992
18/4/1992
19/4/1992
20/4/1992
21/4/1992
22/4/1992
23/4/1992
24/4/1992
25/4/1992
26/4/1992
27/4/1992
28/4/1992
29/4/1992
30/4/1992

el e SR S e S PR
GUBWNNNRFOWO-IJ~10 U WWN -

=
(o)}

2 e
@~ oy

19

500

—— - — —— _ ————— T ————— o — T —— ——— —— ——— —— — — —————— f—f_— —————— —

4a,A

3a,A

3a,A

2b,A
2b,A
3b,C
2b,A
3b,C
3b,I
3b,A
3b,C
3b,C
3b,A
3a,1I
2b,A
2b,A
3b,A
2b,A
2a,A
3b,C
3b,A
3b,C
2b,A
2b,A

3a,I

—— —— ———— —— — ——— —— —— " — T — ——— —— St — T A} > o} > Gt e . M - . > A o e S S T " . v . T — —— —— (—— ——— -

Sample Ca
No

Mg
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0 955

395
300
195

325
275
200

) ~J o
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Precipitation

(mm)

4

A Zn Pb
8.2 22 12
3.1 23 12
15 29 60
24 50 65
8.7 29 171
17 11 47
11 12 20
0.4 2.4 30
3.8 10 143
1.1 33 61
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(mm)
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11 1380 620
12 5785 1730
13 16790 7310
14 9465 2455
15 2400 875
16 4255 1040
17 3515 1040
18 2185 1075
19 6175 1815
20 9060 1975
A3.10. May 1992
Date Sample
No
04/5/1992 1
05/5/1992 2
06/5/1992 3
07/5/1992 4
20/5/1992 5
21/5/1992 6
25/5/1992 7
26/5/1992 8
27/5/1992 9
28/5/199%2 10
May 1992
Sample Ca Mg
No
1 10285 2720
2 6150 1740
3 2035 590
4 17540 7055
5 3310 885
6 760 635
7 5325 1860
8 21865 14580
9 20095 11825
10 17360 10085

1600 200 240 7.7 0.08
4940 1200 1155 25 0.39 1
5885 9860 4855 72 1.69
3260 4445 2160 28 0.47
1160 600 575 10 0.18
3000 615 535 12 0.25
1255 665 520 11 0.23
1020 815 725 14 0.33 14
1225 1415 1330 27 0.73 10
1565 2000 1555 27 1.60 18
900 850 700
hPa (mba)
1b,A la,A 3b,A
3a,C 3b,A 3b,A
4a,C 4a,C 1a,C
la,A la,A 3b,C
2a,A 2a,A 2b,C
2b,A 2b,A 2b,A
2a,lI 2a,I 2b,I
2a,A 2a,A 2b,A
3a,A 3a,A 3b,C
4a,1 4a,1 3b,A
Na Al Fe Mn Co
(ng m~3)
3155 3145 7250 11 2.10
3720 275 950 7.3 0.54
265 691 1497 7.3 0.60
6320 11255 30390 100 13
2135 480 1990 10 0.48
44 1380 2215 22 0.53
1615 2100 5795 37 1.45
1000 14840 11455 190 8.52
435 11680 10600 139 2.86
3345 10495 14195 123 6.40
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A3.11. June 1992

- —————— ——— ——— oy (o —— oy ——— Y —— — ——— — ——— _———— ——— — " ———— ——— " " —— T ——————

Date Sample 900 850 700 500 Precipitation
No hPa (mba) (mm)
01/6/1992 1 3a,C 2a,A 2b,C 2b,C
02/6/1992 2 2b,A 2b,A 2b,A 2b,C 0.1
03/6/1992 3 2b,A 2b,A 2b,A 3b,C
04/6/1992 4 2b,A 2b,A 3b,C 3b,A
05/6/1992 5 2b,A 2b,A 2b,I 3b,A 0.6
08/6/1992 6 2a,I 2a,1 2b, I 2b,1
09/6/1992 7 2a,I 2a,I 3b,A 3b,C
10/6/1992 8 3a,C 3a,C 3b,A 3b,1I
11/6/19%2 8 3a,C 3a,C 3b,A 3b,A
.12/6/19%2 9 3a,C 3a,C 3b,A 3b,C
13/6/1992 10 2a,A 2a,A 3b,C 3b,C
14/6/1992 11 3a,C 3a,C 3b, I 2b,A
15/6/1992 12 3a,C 3a,C 3a,A 2b,A
16/6/1992 13 2a,C 2a,C 2a,C 2b,C
17/6/1992 14 2a,C 2a,C 2b,C 2b,C 0.2
18/6/1992 15 2b,A 2b,C 2b, I 3b,C 22.9
25/6/1992 16 la,A la,A 1b,A 1b,A
238/6/1892 17 2a,A 2a,A 2b,A 2b,A
30/6/1992 18 3a,A 3a,A 2b,A 2b,A
June 1992
Sample Ca Mg Na Al Fe Mn Co Ni Cr v Zn Pb Cd
No (ng m™~)
1 2955 1285 2360 1955 1770 19 0.77 3.3 4.0 15 15 21 0.58
2 3190 1430 1515 1625 1335 21 0.93 7.5 14 18 7.5 19 0.52
3 3020 1435 2555 1750 1895 20 1.10 6.5 16 24 6.0 43 0.52
4 2548 1684 2123 1156 1356 26 1.44 14 18 20 53 306 0.60
5 1690 1025 2035 1760 1655 14 0.44 4.2 19 23 1.5 69 0.37
6 1190 1875 1965 2665 3745 31 1.65 10 41 32 9.7 22 0.46
7 1520 1535 1035 2135 5285 27 1.37 12 14 21 9.4 19 0.39
8 1565 1345 1140 2055 2255 26 1.06 11 27 15 47 19 0.33
9 2858 2130 1775 2360 4340 32 2.06 19 59 30 50 37 0.40
10 1885 2000 2600 3000 3310 28 1.28 11 17 21 21 21 0.32
11 3405 5940 10635 2295 8220 29 1.47 12 17 17 13 17 0.47
12 2155 2375 7705 1285 1700 12 0.58 5.8 7.0 9.0 10 15 0.24
13 3445 1310 2585 1070 1575 7.6 0.43 7.6 7.2 9.0 8.6 100 0.19
14 1000 670 1945 390 310 3.6 0.21 3.6 7.2 5.6 8.9 215 0.16
15 1430 880 2335 1010 1130 5.5 0.16 5.4 18 9.5 16 250 0.47
16 3700 1510 2010 1895 2500 23 0.99 14 20 17 52 29 1.27
17 2915 2575 8310 1585 2760 18 0.46 6.9 7.7 10 57 18 0.43
18 5055 2195 6995 700 855 32 0.81 2.3 21 12 89 59 0.56
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A3.12. July 1992
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Date Sample 900 850 700 500 Precipitation
No hPa (mba) (mm)

01/7/19%992 1 3a,I 2a,A 3b,A 2b,I

02/7/1992 2 2a,A 3a,A 2b,A 2b,A

06/7/1992 3 3a,lI 2a,1I 2a,A 2b,A

07/7/1992 4 2a,A 2a,A 2b,A 2b,A

08/7/1992 5 2a,A 2a,A 2b,A 3a,A

09/7/1992 6 2a,lI 2b,A 2b,A 3b,C

14/7/1992 7 3a,A 3a,A 3a,A 3a,A

16/7/1992 8 3a,A 3a,A 2b,A 2b,A

19/7/1992 9 2a,A 2a,C 2b,I 3b,I

20/7/1992 10 2a,C 2a,C 2a,C 2b,I

21/7/1992 11 3a,A 3a,A 3a,A 2b,C 0.5
" 22/7/1%892 12 3a,A 3a,A 2a,lI 2b,A 0.7

23/7/19%2 13 2a,A 2a,A 2b,A 2b,A 0.4

27/7/199%2 14 1b,A 1b,A 2b,A 2b,A

28/7/1992 15 2a,l 1b, I 2b,A 2a,A

29/7/1992 16 2a,lI la,I 2a,A 2b,A

30/7/1992 17 la,A la,A 2a,Aa 2b,A

July 1992

Sample Ca Mg Na Al Fe Mn Co Ni Cr \ Zn Pb Cd
No (ng m 3)

1 4955 2075 6220 665 830 31 0.86 6.4 17 14 85 16 0.48
2 9640 2010 8695 320 810 25 0.94 2.3 16 12 49 43 0.33
3 11580 2795 3315 2630 2450 48 2.89 14 29 28 69 52 0.66
4 8935 2180 2170 2340 2120 41 2.15 13 58 31 67 55 0.57
5 8195 2085 2585 2220 1885 39 2.12 8.8 25 25 73 48 0.62
6 15225 3635 3540 3435 3765 75 2.41 17 29 25 74 36 0.52
7 6110 1725 2195 1405 1585 31 1.60 9.3 20 21 45 18 0.48
8 3860 1730 4455 370 740 18 0.95 4.3 7.9 15 41 42 0.26
9 4910 1745 3275 1000 1410 35 1.23 6.2 10 14 62 296 1.25
10 4085 2840 9800 765 970 27 0.85 6.5 7.6 13 49 39 0.76
11 2770 1520 4890 345 450 12 0.41 5.3 8.2 16 46 26 1.52
12 1800 935 2430 130 400 12 0.48 2.6 12 11 30 23 0.52
13 3920 1265 3380 510 535 15 0.58 4.8 4.5 7.8 27 50 0.27
14 5390 1730 4385 1000 1150 32 1.48 11 16 15 83 16 0.57
15 5350 2625 9255 1080 1100 30 0.39 12 8.8 0.6 86 55 0.65
16 3245 2630 11085 1170 1045 36 0.76 6.8 5.8 15 205 24 1.54
17 6435 2230 4825 1630 355 37 1.79 12 8.8 14 90 25 0.69
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A3.,13. August 1992
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Date Sample 800 850 700 500 Precipitation
No hPa (mba) {mm)

03/8/1992 1 la,A la,A 1la,a 2b,A
04/8/1992 2 2a,A 2a,A 3a,A 3b,A

05/8/1992 3 2a,C 2a,A 1la,A 3b,A

10/8/1992 4 1b,C 1b,I 1b,C 2b,A

11/8/1992 5 1b,A lb,A 1b,A 2b, A

12/8/1992 6 4a,1 l1b,A b,A 2b,A

13/8/1992 7 la,A la,A 3b,I 3b,I

17/8/1992 8 2a,1 2a,I 2a,A 3b,A

18/8/1992 9 2a,A 2a,C 2b,A 2b,C

19/8/1992 10 2a,A 2a,A 2a,A 2b,A
20/8/1992 11 2b,C 2b,C 2b,A 2b,A 5
24/8/1992 12 3a,A 3a,A 2a,C 2b, I

25/8/1992 13 3a,C 3a,A 2b,A 2b,A

26/8/1992 14 2a,A 2b,A 2b,I 2b,C

27/8/1992 15 2b,A 2b,A 2b,A 2b,A
0 31/8/1992 16

August 1992

——————— ————— o —— {———— — —— —— — —— {— T T — ——— — _— — ——— —— — ———— —— i — — —— e ——— —— —— . — " —————— —— -
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1 6830 2175 5415 1085 800 18 0.45 4.8 3.4 6.4 26 11 0.21
2 9070 2565 4370 1115 980 24 0.76 10 18 10 80 14 0.5¢
3 7115 1905 3045 1185 1075 25 0.52 10 8.1 14 66 13 0.5¢
4 8540 2640 955 2406 2030 36 1.43 14 16 14 39 104 0.4:
5 4025 1445 150 1420 1100 21 0.62 6.3 9.0 8.2 19 65 0.2¢
6 7215 1840 170 2015 1860 35 1.26 15 11 10 16 257 0.2(
7 22 393 0.3!
8
9

N
o

14850 4130 1600 2530 2285 44 1.28 19 11

5545 2480 2300 1260 1000 19 0.54 7.5 8.4 8.4 25 10 O0.1!

6975 3150 2435 1145 975 18 0.67 8.5 10 9.4 17 11 0.1
10 18390 4450 3810 1640 1440 28 0.72 9.2 6.4 9.8 22 73 0.1
11 8360 2585 2900 1500 1165 24 0.59 10 19 9.7 23 152 0.4
12 5065 1545 3695 655 460 10 0.30 4.1 6.8 5.1 29 19 0.0
13 6960 2570 1400 890 730 16 0.57 6.1 8.4 7.8 44 84 0.9
14 10075 1985 3145 1240 880 17 0.53 6.1 14 8.7 44 29 0.7
15 8685 2505 4090 1210 800 17 0.70 6.8 16 7.6 30 100 0.3
16 7610 2330 3220 900 775 16 0.45 5.0 10 7.4 44 22 1.2
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A3.14. September 1992
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" Date Sample 900 850 700 500
No hPa (mba)
01/9/1992 1 3a,C 3a,C 3a,A 3a,A
02/9/1992 2 3a,C 3a,A 2b,A 2b,A
07/9/1992 3 3a,A 3a,A 3b,A 2b,A
08/9/1992 4 2b,A 2b,A 2b,A 2b,A
09/9/1992 5 2b,A 2b,A 2b,A 2b,A
10/9/1992 6 2a,A 2b,A 2b,A 2b,A
14/9/1992 7 2a,A 2a,A 2a,A 2b,A
15/9/1992 8 2a,A 2a,A 2b,A 2b,A
16/9/1992 9 2a,I 2a,A 2a,A 2b, I
17/9/1992 10 2a,1 2a,A 2b,A 2b,C
21/9/1992 11 3a,A 3a,C 3a,A 2b, I
22/9/1992 12 3a,A 3a,A 3a,I 3b,A
23/12/1992 13 3a,A 3a,A 3a,1 3b,I
24/9/1992 14 3a,A 3a,A 2b,A 2b,A
28/9/1992 15 1b,A 1b,A 2b,A 2b, I
29/9/1992 16 1b,A 1b,A 2b,A 2b,A
30/9/1992 17 2b,A 2b,A 2b,A 2b,A

No (ng m™~)
1 4050 2460 3525 650 630 12 0.68 5.3 9.6 7.3 29 18 0.20
2 12615 1895 2185 845 840 15 0.54 8.8 10 12 24 143 0.26
3 5765 1880 3110 1565 1300 26 0.84 5.4 9.7 8.3 36 50 0.30
4 19415 4810 2530 2310 1730 34 0.%6 3.7 3.5 5.9 30 27 0.21
5 12115 3425 6300 2130 1660 31 1.26 6.1 7.4 6.4 30 32 0.23
6 20780 3715 1915 2140 1525 30 1.12 6.7 3.5 5.8 32 8.5 0.16
7 16295 2630 2390 1400 1310 26 1.76 6.9 4.4 5.2 49 27 0.43
8 14120 2235 4635 1010 900 19 0.52 3.2 3.4 5.5 21 17 0.16
9 6560 2100 4200 1245 1085 21 0.76 4.4 10 5.5 22 6.7 0.25
10 10040 2720 3800 1235 1205 25 0.74 4.7 8.3 9.3 28 13 0.14
11 11765 2935 4350 1080 980 20 0.64 4.5 11 7.8 46 11 0.13
12 7150 1815 2410 900 1060 22 0.86 6.4 17 10 63 56 0.79
13 8145 1930 4830 955 980 21 0.70 6.4 8.3 7.3 60 66 0.76
14 5375 2425 6155 975 945 20 0.72 4.8 9.7 5.8 32 40 0.29
15 7510 1535 1695 640 615 10 0.31 2.5 5.8 3.9 19 40 1.95
16 6820 1355 1125 895 630 12 0.26 5.4 6.2 5.2 42 21 3.65
17 7700 1525 560 830 685 13 0.24 3.0 2.6 2.7 23 8.7 2.30
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A3.15. October 1992
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Date Sample 900 850 700 500 Precipitation
No hPa (mba) (mm)
01/10/1992 1 la,A 2a,A 2a,A 2b, I
05/10/1992 2 3a,I 3a,lI 3a,I 3b, I
06/10/1992 3 3b,C 3b,C 3b,C 3b,C
07/10/1992 4 3b,A 3b,A 3b,C 3b,1I
08/10/1992 5 3a,A 3a,A 3b,C 3b,I
12/10/1992 6 2b,A 2b,A 3b,C 3b,C
13/10/1992 7 3a,A 3a,A 3b, 1 3b,C
14/10/1992 8 3a,lI 3b, I 3b,C 3b,A
15/10/1992 9 3a,I 3b, I 3b,C 3b,I
16/10/1992 10 3a,A 3a,A 3b,A 3b,C
17/10/1992 11 3a,1 3a,lI 3b,A 2b,A
18/10/1992 12 3b,A 3b,A 3b,A 3b,A
19/10/1992 13 3a,A 3a,A 3a,A 3b,C
20/10/1%92 14 3a,A 3a,A 3b,C 3b, I
22/10/1992 15 2a,I 2a,I 3b,I 3b,1I
23/10/1992 16 3a,A 3a,A 3b,A 3b,C
24/10/1992 17 3b,C 3b,C 3b,C 3b,C
25/10/1992 18 3b,A 3b,A 2b,A 2b,A
26/10/19%2 19 2b,A 2b,A 2b, I 2b, I
27/10/1992 20 2b,A 2b,A 2b,A 2b,C
28/10/1992 21 3a,A 3a,A 3a,I 3a,lI
.29/10/1992 22 3a,C 3a,C 2b,C 2b,A 0.1
30/10/19%92 22 3a,C 3a,C 3b, I 3b,I
31/10/1992 23 3a,I 3b,I 3b, I 3b,1I

" —— . ——— > T — — —— —— T — T —— = . ——— T — — — — —— T — T — TE— " G — s (" T ——
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i ——— — T —— — —_———— — ——— o _——— " —— — — ——— — T ——— — — ——— — ——— —— _—— ) T ——— — — ——— —— ——— — — —— T———— ——

1 5085 3585 515 595 5835 12 0.75 6.0 3.0 7.2 12 24 0.17
2 11530 2675 2925 1400 1165 19 1.10 13 20 13 20 130 0.31
3 10185 4450 4425 3125 2265 42 2.70 13 42 21 25 160 0.33
4 12440 5020 2690 4420 2930 48 2.41 15 23 19 20 267 0.33
5 7835 3965 3820 2735 1970 37 1.59 7.6 20 14 17 26 0.22
6 7605 1690 705 12451040 16 1.08 8.2 33 11 12 37 0.28
7 12555 2840 1895 1705 1475 26 1.49 13 53 20 23 246 0.40
8 10480 3090 2460 2190 1620 28 1.35 11 18 14 26 113 0.33
9 7155 1900 1445 2095 1540 27 1.50 6.7 15 9.7 18 16 0.20
10 13395 2750 1030 2335 1845 31 1.64 8.9 3.5 8.2 17 22 0.17
11 12620 2460 2188 2195 1570 27 1.63 9.1 7.4 10 14 24 0.18
.12 10025 2660 1645 1870 1450 24 1.55 10 8.1 10 15 40 0.30
13 9735 3125 2750 1815 1305 23 1.47 10 17 14 14 18 0.25
14 9205 1810 2170 1435 1065 18 1.01 11 26 16 13 71 0.33



15 4325 1915 1605 1475 1025 18 0.93 6.8 20 8.0 14 60 0.24
16 2624 745 755 1735 1500 20 1.00 6.1 25 8.6 24 20 0.22
17 16255 3690 6130 3590 2555 41 2.12 14 7.1 10 17 17 0.15
18 18540 3070 2345 1555 1225 24 1.09 9.7 0.7 4.0 7.9 4.8 0.07
19 4010 1320 3545 365 250 5.6 0.27 2.3 0.8 1.0 6.1 9.7 0.03
20 4185 1390 1585 165 190 3.4 0.16 2.8 3.5 1.3 5.1 32 0.03
21 2965 1000 2310 130 190 3.7 0.17 4.1 9.0 3.2 6.3 22 0.09
22 2955 825 1920 245 245 4.2 0.25 3.0 0.1 1.7 3.5 11 0.05
23 5675 1465 410 3210 2050 38 1.73 14 9.5 11.4 15.3 23 0.19
A3.16. November 1992

Date Sample 900 850 700 500 Precipitation

No hPa (mba) (mm)

02/11/1992 1 2b,A 3b,A 3b,A 3b,1I

03/11/1992 2 2b,A 4b,C 4b,C 2b, 1

04/11/1992 3 4b,C 4b,C 4b, I 3a,I

05/11/1992 4 4b, C 4b,C 4b, I 3a,C

06/11/1992 5 2b, I 2b,I 2b,C 2b, I

07/11/1992 6 2b,A 2b,A 2b,A 2b,C

08/11/1992 7 2b,I 2b,I 2b, I 2b, I

09/11/1992 8 2a,C 2a,C 2b,A 2b,A

10/11/1992 9 2a,A 2a,A 2b,C 2b,C

11/11/19%92 10 2a,C 2a,C 2b,A 2b,A

12/11/1992 11 2a,A 2a,A 2b,A 2b,A

13/11/1992 12 4a,C 4a,C 3a,1 2b, 1

14/11/1992 12 3a,C 3a,A 3a,C 2b,C 6
15/11/1992 13 2b,C 2b,C 2b,A 2b, I 60.8
. 16/11/1992 14 2b,A 2b,A 2b,C 2b,A 1.5
17/11/1992 15 2b,A 2b,A 2b,A 2b, I

18/11/1992 16 3a,A 3a,A 3b,A 2b,A

19/11/1992 17 4b,A 4b,A 4b,C 3b,A 0.7
20/11/199%2 18 4b,C 3b,C 3b,C 3b,A 11.7
21/11/1992 19 3a,C 3a,C 3a,C 2b,A 58.7
23/11/19%92 20 2b,A 2b,A 2b,C 2b,C

24/11/1992 21 2b,A 2b,A 2b,A 2b,A 0.3
25/11/19%2 22 - 2b,A 2b,A 2b,A 2b,A

26/11/1992 23 2b,A 2b,A 2b,I 2b, I

27/11/1992 24 2b,A 2b,A 2b,I 2b, 1

28/11/1992 25 3a,C 3a,C 2b,C 2b,C

29/11/1992 26 2b,A 2b,A 2b,A 2b,C

30/11/1992 27 2b,A 2b,A 2b,I 2b, I
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No (ng m~3)

1 6330 1390 603 2140 2520 33 2.05 8.3 5.7 1.8 16 17 0.24
2 10185 2120 1020 3725 3880 48 1.91 13 23 7.8 24 36 0.39
3 14180 3145 1638 6115 6470 66 4.33 17 34 16 30 126 0.46
4 8860 2300 1555 3990 4580 50 3.85 10 9.5 13 24 18 0.23
5 8840 1690 2555 2290 2680 29 3.30 12 15 7.7 15 11 0.23
6 4445 1070 1880 810 1095 18 1.30 4.0 6.8 4.8 7.7 29 0.09
7 3165 520 185 385 585 11 0.80 6.5 6.6 4.7 7.9 34 0.13
8 3940 600 750 765 1210 20 1.66 8.1 8.4 5.2 10 34 0.04
9 5440 980 490 740 1455 23 1.86 9.9 18 8.4 12 69 0.25
10 5380 1240 390 1870 2250 27 1.68 4.4 10 7.3 11 24 0.32
11 6615 1710 2385 1940 2340 31 1.83 7.4 9.2 7.8 16 30 0.20
12 3135 1950 5600 1010 1335 17 1.23 9.0 14 5.8 17 84 0.19
13 1315 625 2280 115 190 2.3 0.13 1.9 24 5.9 5.3 22 0.09
14 1120 290 605 110 140 1.2 0.10 4.0 24 6.5 3.6 8.0 0.15
15 2500 570 1520 165 510 9.8 0.46 5.0 23 8.5 16 36 0.28
16 3475 625 780 195 485 9.4 0.58 0.9 26 7.7 12 21 0.24
17 3220 2235 9595 485 700 13 0.63 1.7 3.7 3.6 11 31 0.24
18 3675 2135 9975 1650 1770 19 1.06 4.3 6.0 5.7 11 19 0.23
19 925 895 3165 34 232 3.8 0.22 0.4 6.0 3.1 3.5 18 0.09
20 2%60 915 2740 44 455 8.4 0.42 7.6 35 11 11 44 0.24
21 1760 595 76 835 685 12 0.76 4.4 8.4 5.6 5.7 2.1 0.22
22 1285 380 685 445 260 4.4 0.23 1.1 8.3 4.0 6.4 22 0.09
23 1030 390 1540 315 205 4.2 0.21 0.9 17 6.5 17 8.1 0.20
24 3065 515 1510 285 685 17 0.42 0.8 14 6.8 23 53 0.36
25 4730 735 1580 415 735 12 0.71 1.0 34 12 20 78 0.43
26 7320 1335 1755 725 1000 20 1.10 2.1 32 14 25 168 0.80
27 3165 1960 6775 745 715 17. 0.%4 1.6 15 6.6 22 45 0.45

217



A3.17. December 1982

Date
Sample 900 850 700 500 Precipitation
No hPa (mba) (mm)
01/12/1992 1 4a,C 4a,C 3a,C 3a,C 2.1
02/12/1992 2 4a,A 4a,A 3b,C 3b,C 53.3
03/12/1992 3 4a,C 4a,C 1b,A 2b,A 5.2
04/12/1992 4 2a,A 2a,A 1b,A 3b,C
05/12/1992 5 2a,A 2b,A 2b,C 2b,C
06/12/1992 6 2b,A 2b,I 3b,C 3b, 1
07/12/1992 7 3a,A 3a,A 3a,C 3b,C
08/12/1992 8 3a,C 3a,C 2b, I 2b, I 59
09/12/1992 9 3a,C 3a,C 2b, I 3b,1I 3.3
10/12/1992 10 3a,I 3a,I 3b,I 3b, 1
11/12/1992 11 4a,I 4a,1I 3b,C 3b,1
©12/12/1992 12 4a,C 4a,C 3b,A 3b,A
13/12/1992 13 2b,C 2b,A 2b,A 2b,A 1.7
14/12/19922 13 3a,C 3a,C 3a,C 3a,C 12.4
15/12/1992 14 2b,C 2b, I 2b, I 2b, I 33.9
16/12/1992 15 2a,1 2a,I 2a3,C 2b, I 13.8
17/12/1992 16 2a,1 2a,I 2a,1I 2b, I 1.6
18/12/1992 17 2a,A 2a,A 2a,A 2a,A
19/12/1992 18 1b,C 1b,C 1b,C 1b, I
20/12/1992 19 1b,A 1b,A 1b,A 1b,A
21/12/1992 20 1b,A 1b,A 1b,A 1b, I
22/12/1992 21 1b,A 1b,A 2b, I 2b,C
23/12/1992 22 2b,C 2b,C 2b,C 2b,C
24/12/1992 23 2b,A 2b,A 2b,A 2b,A
25/12/198%2 24 1b,A 1b,A 1b,A 1b,A 0.2
26/12/1992 25 1b,I 1b, I 1b,C 1b,A
27/12/1%892 26 1b, I 1b, I 1b,C 1b,C
28/12/1992 27 la,A la,A 1b,A 3b,C
29/12/1%892 28 la,A 2a,A 3a,I 3b,C
30/12/1992 29 2a,lI 2a,lI 2b,C 2b,C
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No (ng m~
1 1495 1565 16635 210 125 6.2 0.46 6.0 8.8 1.0 3.7 14 0.11
2 600 245 245 55 160 3.8 0.24 2.9 2.7 1.3 1.7 10 0.21
3 695 67 52 160 130 1.8 0.16 2.6 3.9 0.3 3.2 5.1 0.08
4 1165 220 455 205 190 3.8 0.20 0.4 4.8 2.7 5.9 6.1 0.10
5 2035 275 80 243 234 4.5 0.24 2.2 5.5 4,7 8.9 19 0.21
6 2190 480 930 180 410 8.5 0.46 4.7 12 14 14 30 0.29
7 1710 1770 15160 285 280 9.4 0.70 9.2 9.6 3.5 7.1 27 0.16
8 2860 1560 3920 1100 1125 17 0.84 4.3 3.8 4.9 7.7 16 0.10
9 1570 380 285 350 620 9.1 0.07 4.4 2.5 2.4 7.4 6.1 0.30
10 2420 580 420 465 960 18 0.32 5.1 6.5 9.8 21 17 0.42
11 2530 550 955 200 480 8.3 0.18 3.9 2.8 3.9 13 11 0.24
12 1485 540 1320 40 380 6.6 0.18 1.2 0.6 7.5 10 15 0.29
13 560 820 3320 20 115 2.4 0.07 3.0 2.0 3.3 5.1 10 0.10
-14 475 680 2300 25 37 1.8 0.02 0.7 2.9 1.6 1.7 6.6 0.08
15 630 920 3355 43 65 1.4 0.02 2.6 2.4 1.7 3.5 10 0.17
16 520 105 505 30 80 2.7 0.03 2.2 3.3 0.4 4.0 3.0 0.11
17 710 245 470 90 118 2.4 0.27 3.2 8.6 2.0 5.8 1.6 0.07
18 1500 650 1465 385 275 6.3 0.24 5.3 5.0 1.6 8.9 9.7 0.11
19 1095 235 330 185 180 4.7 0.05 3.6 3.4 1.9 5.9 1.4 0.16
20 1670 365 940 355 200 4.1 0.06 3.9 1.8 1.5 8.2 1.9 0.20
21 1700 375 230 455 265 6.5 0.20 4.0 8.0 9.9 13 24 2.75
22 1330 495 130 260 295 8.% 0.28 3.7 3.7 4.0 5.2 1.8 0.17
23 990 450 1255 135 315 6.6 0.10 6.8 7.0 5.3 2.5 6.4 0.36
24 955 170 325 275 224 6.3 0.24 4.8 4.0 4.3 10 8.4 0.30
25 790 120 245 100 100 2.7 0.04 3.7 1.2 3.4 5.4 13 0.23
26 1320 335 1215 205 180 5.9 0.12 3.1 2.3 4.1 6.1 19 0.19
27 3885 2315 8700 345 835 18 0.54 9.3 8.9 7.1 22 31 0.49
28 4410 11985 3000 950 795 14 0.50 7.9 10 6.9 19 57 0.39
29 1465 565 1380 385 495 11 0.11 6.0 18 8.7 18 27 0.45
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