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ABSTRACT

CHEMICAL COMPOSITION OF ATM OSPHERIC PARTICLES AS A TOOL
TO IDENTIFY SOURCESAFFECTING AEROSOL POPULATION IN THE
EASTERN BLACK SEA ATMOSPHERE

Bal cél ar , Kl ker
Ph.D., Department of Environmental Engineering

Supervisor: Prof. DIG¢ r dal Tuncel

March2018,250pages

Daily size distributed particulate matter samplese collected at a rural statioon
Eastern Black Sea regitaetweerMarch 201landDecember 201 3articulate matter
samples were analyzed ftaceelements by ICBMS and EDXRF and for black
carbon by AthalometerMean concentrations of trace elementshe tine fraction
varied between 0.0011 ngfor Tm and 1382.42 ng thfor SO, while mean
concentratios in the coarse fractioraried between 0.aF ng m?for Tm and 1445
ng i for Si. The dominant sectors of air masses arrivingghstern BlaclSea region
were N, NE and Ein summer andSE, S, SW and Wh winter. Air masses were
classified intoeight clusters regarding their wind speed and directi®ainfall was
found as the only local meteorological parameter affecting concentrafiepgcies
The average contribution of episodes to the concentrations of elements was 60%
Source apportionment of PM was carried out by PMF modekanensources were
resolved Power plantemissions were found toebthe major contributor to PM
(50%). The secoth largest source wdke anthropogenisourcewith a contribution of

17%. Crustalfactorswere also remarkable soursawith 15 contributionin total



Urban pollution emission were accounted fo?da8f PM..smass The iron and steel
plant emission and ogrocessing emission were accounted 2% and 3% @kRMsS,
respectivelyPotential source regions of resolved sources were determimpededntial

source contribution function analysis

Keywords:EasterrBlack SealLongrange Transporfrace ElementPositive Matrix

Factorization, Potential Source Contribution Function.
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CHAPTER 1

BACKGROUND

The regionaltransport of pollutantthrough atmosphere and this way damagdire
forestandlake ecosystems has been one of the most important agenda items in Europe
and in other parts of the worl@ihe most important indication of this is tGenvention

on Longrange Transboundary Air Potlan (CLRTAP), which is the first
international binding treatgigned by the European Countries and by Turkey as State
Party in 1979 and additional protocols developed later on this convemtenair
pollution problem is dealt byhe convention on a rempal basis The concept of
regional air pollution has led to very comprehensive warkonly in Mediterranean

Basin but alsan almost all of the worldAs a result, there are many stuglie the

Eastern MediterraneaneBion, Mediterranean and Aegeanioag today.

The literature in Mediterranean and Eastern Mediterranean basin have studied the
chemical and physical characteristics of existing aerosol population in the basin. Now,
there is a broad database for Mediterranean particle composition. Thes ed.,
Gell ¢ et al ., 2000; Ko-ak et al ., 2007;
et al., 2012; Pey et al., 2013) showed that Mediterranean particles have four main
components; a crustal component; an anthropogenic component; a sempaltent;

a biogenic component. The source locations for crustal component were arid regions
at North Africa and Middle East, while for anthropogenic component the source
locations were industrialized regions located at the north of the basin. The
anthropgenic component of Western and Eastern Mediterranean aerosol was studied
extensively to identify source types affecting the basin and to determine the locations
of these sources. The modeling studies (e.g., Barnaba and Gobbi, 2004; Spyridaki et
al., 2006)also investigated the physical and radiative characteristics of Eastern
(Fotiadi et al., 2006; Ichoku et al., 1999) and Western (Esteve et al., 2012; Mallet et



al., 2011) Mediterranean particles. Lidar network was also established around the basin
(Baliset al., 2003).

Studies to investigate chemical composition of Black Sea particles are not as abundant

as the studies in the Mediterranean regiomer€ area few datasetsgeneratedo

determine the pollutant levels and the sosieo®l locatios of thesepollutantsin the

Black Sea atmosphere. The fidata setwas generatefom 19 aerosol samples

collectedat two researctshipsin 1988by analyzingapproximately 4Glement and

ion by using Instrumental Neutron Activation Analysis (INAA), Atomic Absampti

Spectrometry (AAS) and lont@omatography (IC) technigus ( Hacésal i hoj |l u e
1992) Although the number of samplés very small, it is an important data set

because of the large number of parameters analyzed aodlytstudy that the East

and Westrn Black Sea aerosol compositiongere comparedAnother dataset

generatedh the region is the datasgeneratedyy analyzing daily collected rainwater

and aerosol samples in a station established in Amasra between 1993 and 1997 for

trace40 elements and ions by using INAA, AAS and IC methods (Alagha and Tuncel,

2003 K ar a k atkal, 2004dAnother datasejeneratedn the Black Seaegion is

the dataset obtained by analyzing samples collected ir19aB at a shipising AAS

and IC technique (Kubilay et al., 1995)In addition to thesstudies daily aerosol

samples were collected from April 2006 to March 2008 riral site established by

our gr oup in Kérklareli and coll ected sampl es v
ions using ICAMS and IC technique§(o k g° z), 2013

All the evaluations relatea tthe Black Sea atmosphexeebased on aboveata sets.

The most current data set in Black Sea Regio
the study was conducted on the Bulgarian borfi@udkey in Western Black Sea and

the concentrationgand compositionsf the pollutants are different in the Earstand

WesernBlack Sed Ha c € s al i h o jHbweveg dne thing to notelh8r®i2that

this difference was seen the samplesolleced in 1988 Everything that we know

aboutEastern Black Seadgion is based on analysisfive aerosol samples collected

in 1988 Thesituation in the region today may have changed greatly, but there is no



data to evaluate iSo there are still gaps im&wledge associated with the Eastern

Black Sea atmosphere.

Reliable scientific data on anthropogenic emissions are necessary for the construction
of applicable policies and regulation of raade emissions. The literature associated
with temporal coverag of trace element concentrations of Eastern Black Sea
atmosphere is very limited and outdated. Identification of more sources with available
receptor modelling techniques needs more parameters and more darbplased as
tracers. For this reason, highemporal coverage (sample) is useful in resolution of
more sourced source apportionment studid$e generation of data set will fill the

gaps in the current knowledge of pollution profile of Eastern Black Sea Rd&®yjibn

the measurements of trace elements alone cannot be used directly by policy makers to
formulate optimal abatement strategies to achieve ambient air quality standards. The
delineation of contribution of local sources and distant sources is a crigpains
forming balanced and cost effective strategies for dealing complex air pollution
problemin a region This study will not only provide pollution profile of Eastern Bdac

Sea egion to the scientific community, but also it will provide invaluablernmiation

on source types affecting the aerosol population in the Eastern Black Sea Region,
contribution of these to the measured levels of pollutants and locations of these sources

to the policy makers.

In this study, results obtained from dasize distributed particulate mattsample
collectedbetween March 2011 and December 2018iedl site on thé=astern Black
Seabasin were studied extensiveljhe data set generated in this workme ofthe
extensivestudiesatthe Black Seaagion aml themost extensive study Bastern Black
Sea region due to the temporal coverdge data generated in this work is invaluable
to identify types and locations of the sources affecting the region. In thiigateon,

the atmospheric lontange transport fonatural and anthropogenic species to the

EastermBlack Seaegionwas studied.



1.1 Aim of the Study

The main objectives of this study are as follows:

a)

b)

d)

Determination of concentration of pollutants: Most of the aerosol studies
were conductedroCentral olWestern Black Selaasin.The available literature

in Eastern Black Sea is very limited and outdated. Due to the expected spa
variability of the atmospheric concentratiotiee data generated this part of

the basin will be very beneficial to identiSources and source regions. The
trace element data obtained in this study be compared witlother studies

to asses to extend of the pollution level in the Eastern Black Sea.

Determination of longrange transport patterns of pollutants to the
Eastern Black Sea region:Theflow climatology of Eastern Black Sea region
will be determined by analyzing back trajectories of air massese@l flow
patterns of back trajectories and concentrationsraxfe elementwill be

combine taunderstand theansporimechanisms of pollutants

Investigations of relation between local meteorological parameters and
concentration of pollutants: Local meteorological parameters (wind speed,
temperature and rain) canovide information on contribution of local sources
The dependencyof pollutantson local meteorologicaparameters will be

investigated to determine tleentribution of local sources.

Determination of temporal variations of pollutants: The short and long term
variations of pollutants is a very strong clue flee transport mechanisms of
the pollutants of to the region. Episodic and seasonal variations of the
pollutants will be investigated to understand factors controlling these

variations.



e) Determination of source types and source regions affectinghe
concentrations of pollutants in the Eastern Black Sea region:The
contributions forest fires and different desert dusts to the pollutant
concentrations will be investigatagsing the marker speciedhe types of
sources responsible for the pollutant concéiatng will be evaluated. For this
purpose Positive Matrix Factorization will be used to identify sources and to
determine theontribution of sources'he source regions of identified sources
by Positive Matrix Factorization will be determineding Poterial Source

Contribution Function analysis.






CHAPTER 2

LITERATURE REVIEW

2.1 Particulate Matter

Aerosols are suspensions of solid or liquid particléeeeratmospher& he particulate
portion d an aerosol is referred to as particulate mattelpbMr Particulate mtter is a
generic term applied to chemically heterogeneous discrete liquid droplets or solid
particles. The metric used for describing PM is the micron, or microrf@ter The

PM in an aerosol can range in size from 0.001 to greated@tamicrons in diameter
(Spurny, 1999)

Particulate matter has great importancan air pollution studies and has been
identified as one of the 6 common pollutarffgiority pollutants) by the US
Environmental Protection Agenc§ EPA). The other priaty pollutants are grounrd
levelozone (@), carbon monoxide (CO), sulfur dioxide (8(hitrogen dioxide (N©

and lead (Pb)n conjunction with this definition, particulate matter and other priority
pollutants are monitored amggulatedin accordance Wi the National Open Air
Quality Standards (NAAQS) estadiled undeClean Air Actlaw (US EPA, 2018. In

our country,pollutants are regulated withrticle 6 of the Environment Lawand Air
Quality Assessment and Managem&mgulationin accordance witlthe European

Union Air Quality Directives.

When the deathasnd serious health problezausedy air pollution and the knowledge
gained from epidemiological and toxicological studies on dire pollution are
consideredwe can conclude thahe particulatanatter has serious effects on human
health and the environmenithe fact that the World Health Organization (WHO) has
ranked the particulate matter air pollution as th& lading cause of mortality



worldwide is alsoanindicative of the effects of pactilate matte(Anderson et al.,
2012.

2.2 Size Dstribution of Particulate Matter in the Atmosphere

Understanding the size distribution of particulate matter in the atmosphere is of great
importance for understanding the sources, behaviorf@amadation mectanisms of
particulate matterThe level of health and gemonmental effects of particulate matter
aredirectly related tats dimensionsAs the diameters of particles become smaller,
they become morkazardousor health because they can move more deeply the
respiratory systenmin addition, as the residence time increaséh the decreasing
diametey the environmental impacts become larger. (Fuzzi et al., 2015; Radke et al.,
1991; World Health Organization, 2003)

Particulate matteronsists of paitles of very different density and shape. Therefore,

it is not possible taonsiderall particles as spheres and to define their diameters
accordingly. For this reason, the particles in the atmosphere are defined by the
"aerodynamic diameter". The aerodynic diameter is defined as the diameter of the
spherical body, which has the same behavior as the real particles, with an equivalent

velocity of settling and a density ofyt cni®of the real particleddeCarlo et al., 2004

Particulate matter is divided into two classesUfy EPA, coarseand fine, and this

classification is used globally. Coarse part
(PMio) , and fine particles repregpEIEPA, particles
2016). Contrary to particlesize classificationrdone by US EPA, Whitby (1978)

proposed a trimodal particle size classificatiomAccording to this trimodal

classification, particulate matteare mainly classified into Aitken nuclei mode
(D<0.0lemhat iacccumade (0. 01em<D<2. 0¢egm) and

(D>2. 0em) .

The particles forming the Aitken nuclei mode are formed by-pgascle

transformation, and the residence times of such particles in the atmosphere are very



short due to their very high cgalation rates. The particles in the accumulation mode
either consist of gaparticle transformation, as in the case of Aitken Particles, or
growth and coagul ation of particles in t|

is usually formed by mechanigatocesses such as friction, abrasion (Jacob, 2000).

Mechanisms leading to aerosol formation are showfrigure 2.1 (Whitby and
Sverdrup, 1980). Théormationmechanisms are importarttecausehe dimensions
(aerodynamic diameters) of the resulting particles depend on the formation type. Most
of the aeroslamass is in the accumulation and coarse particle modes. This is related to
the formation mechanisms of the particles. The majority of particles in the Aitken and
accumulation modes are secondary patrticles. In other words, these particles have not
been entted from any source, they are formed by reastafrdifferent gases in the
atmosphere. As can be understood from this, the most important dimension range for
the health effects and transport of particles is the acktiom mode that is between

00k m dan2. 0¢e m. Particles in the accumul ati
nitrate, ammonium, organic compounds and elemental carBortethe particles in

this group are formeduring transformationof gas to particulate and combustion

processes, the press is complicated.

The particles in the coarse aerosol group are generally consist of dust (calcium
carbonate, silica, metal oxides) and sea salt (Jacob, 2000). Coarse particles are one of
the important component of the atmosphere due to theirdigttering properties and

their productioninlage quant i t i e sresidédaedmesnghe ptaasphere | e s 6

areshorter than smaller particles, since they settle rapidly due to their large mass.

As mentioned before, the particles in the accumulatiodems the most important
group ofparticles. One reason for thigleeir chemically active surfaces are very large.
This characteristic is also seen in the Aitken nuclei particles, but the life of the particles
in Aitken nuclei group is much shorter, nvads the particles in the accumulation mode

more important



The majority of the particles we know as pollutants in the atmosphere are secondary
particles. Thdormationmechanisms of secondary particles are very complex, but in
general, they are low vappressure products formed in the reactions of the precursor
gases in the atmokpre. Secondary particle nuchkegirsto grow just after they have
formed. Growth rates continues until they reach a value between 1 and 20 boeh

to the size of sucparticles, health effects are important. Secondary particles can reach
the lowest level of the respiratory system, since they have small dimensions. These

particles can also be transported to long distansege they are resistant to
scavenging from thatmosphere due to their diameters.
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Figure2.1 Size distribution and formation mechanisms of aerq8lstby and
Sverdrup, 198D
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2.3 Sources of Particulate Matter

Particulate matterhas a wide variety of maral and anthropogenic sources.
Componentsof these sourceare both primary (directly emitted) and secondary
(formed in the atmospheréNational Research Council, 201®oil, sea salt and
volcanoes are the beshown natural resources. On the other dyafossil fuel
combustion and industrial emissions are the-kestvn anthropogenic sources. In
some cases, it is not easy to distinguish between natural and anthropogenic sources.
For example, soil is a naturadrticulate mattesource. The particldsftedby the wind
constitute a significant part of the aerosol mass on a global scale. Hpoweserot
possible to concludéhat every dust lofted by the windhasa natural source The
increasing desertificatiotiue tohuman activities can increase thessiaoncentrations
of soil particles in the atmosphere regionally or locally. No matter the soil isieahat
source, the particldermed in suchdesertification processare not naturalAnother
example is the forest fires. If the forest fimecus due to natural causes such as
lightning, it is considered a naturaburce. However, forédire started by humans is

an antlropogenic source, natnatural source.

The chart prepareoly US EPA (Figure2.2) shows the US national summanfyPM. 5

and PMo emissions by sourceAccording tothese results, the largest Pdsource in
the US is fires, followed by dust particles and agricultural emissldresmost obvious
source is the dust particles Mioemissions anébllowed by agricuiural emissions
and fire emissions in the UB.can be also concludédatthenatural sourcegenerally

emit coarse particles, whienthropogenic sourcesnit fine particles.

Ninety percentof the mass of the particulate matter in the atmosptemeesfrom
natural sources (Voiland, 2010); bilte remaining 10% of the particulate matter,
which is considered anthropogendogminate the airdownwind ofurban and cause
greater human and environmental impacts (National Research Council, 2010; Voiland,
2010). The urderlying reason for this ishe particulate matteemissions from
anthropogenic sources apeedominantly attributed to fine and very fine particle
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groups, sahat the longer the atmospheric lifetimes, theager the number and density
in the atmospher@AQEG, 2005.

2.3.1 Natural Sources

The most common natural sources atipalate matter arevind-blown dust particles,
sea and oceaorigin salt crystals, volcagiborne particles and natural forest fires.

Dust particlesand salt crystals are the two most importamgsof these sources.

The mineral dust, one of the two most importaatural sources, is emittedtan
atmosphere from soil erosions, dust stonmmasuspension of soil particles. The largest
source of natural mineral dust is the Sahara DeKarafasiou et al., 201.25uch
emissions contribute greatly to the particulate matter air pollution and account for the
largest proportion of thBMzio emissiors (Fuzzi et al., 2015/s a result, these sources
are responsible for the emisssmf mineral oxides andrustalelements such as iron,
aluminum, silicon, calcium, gassium, and magnesiumgpel et al., 2013; Houghton

et al., 2001; Perraud et al., 201Fuzzi et al.(2015) indicatedthat 75% ofdust
emissions aremitted fromnatural sources while the remaining 25%emittedby
anthropogenic sourceShese emissions have become increasingly important in recent
yearsdue tothe Saharadust stormevens and their transport are known to play a role

in exceedances @articulate matteair quality standards in European citi€aérol et

al., 2009

Marine and oceaborne particulate mattein other words seaprayaerosols (SSA),

has an important plage air pollution studiebecausef formingthe largest fraction

of the mas®f global particulate matter budget with agarcontribution of 3 to 30 Pg
year! (Lewis andSchwartz, 2004 as well agffect onthe global radiative budgdte

to absorbing oscatteringproperties of theolar radiation, andfiect onthe formation

of the cloud condensatianuclei(CCN) (Greythe et al., 2014; Houghton et al., 2001).
The most important component of sea salt aerosols is sodium chloride (NaCl), as well
as ions ad organic substances such a3, ig**, C&*, SQ% (O'Dowd et al., 2004).
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National PM2.5 Emissions by Source Sector

{NEI 2014 1)

Total Emissions
Fires 1,730,969
Agriculture 987 991
Dust 964,173
Fuel Combustion 726,339
Mobile 238,825
Miscellanecus 335,145
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National PM10 Emissions by Source Sector

(NEI 2014 v1)
Total Emissions
Dust 8,626 745
Agriculture 5,013,268
Fires 2,062,253
Fuel Combustion 841,158
Industrial Frocesses 724,344
Mcbile 491289
Miscellanecus 292,337
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0 5,000,000 10,000,000
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sector(US EPA, 2013)

natural sourceEssentially two substances amittedfrom

first is the volcanic ash rich in iron and magnesium, and

13

Figure2.2 US national summary of particulate matter (PM) emissions by source

Volcanic eruptionsalso contribute to the formation of particulate matter as another
volcanic eruptionsthe

the second is sulfur in the gas
phase, mostly in thierm of SQ (Houghton et al., 2001pepending a the power of

the volcanic eruptionghe ashesmittedfrom these explosions cdre transportetb

the free troposphere and even to the stratosphere. In addition to direct bursts of




volcanic ash, volcanicsa can sink into the clinker by wind and can be transported in
the atmosphere (Langmann, 2013). In addition, volcanic asheasuspendd by

wind and can be transported in the atmosphere (Langmann, 2013).

Forest fire is anatural sourcethat emits various gasses and particulate matter
complexes through the combustion of wood and various mgj&iorest fire emissions
form asignificant part othe combustiorrelated emissiongdinds (1999) stated this
amount as 20 Tgear'. Most of the particulate migr emissionn forest firesconsist

of incomplete combustion producsd mostly contribute to thedrganic carbon and
black carbon fractionsf the particulate matt¢Franziet al, 2011; Radke et al., 1991;
Urbanskiet al.,2009).

2.3.2 Anthropogenic Sources

Anthropogenic (mamade) particulate matter sources are divided into two; as
stationary sources and mobile sources. Statiosaryces consist of residential,
commercial, agricultural and industrial sources, while mobile sosoresst ofmotor
vehicles such as automobiles, airplanes, traiasd vessels(National Research
Council, 2010US EPA, 2015.

Fossil fuelcombustionis the leading factor imanmadeparticulate matter emissions.
This combustioncan take place in differefiorms, including motor vehiclg power
plants using fossil fue]slomestic heatingnd in industrial plantg(National Research
Council, 2010US EPA, 201k

Traffic-related emissions includBrectand indirect vehiclemissionstire and brake
wear emissionsand indirect emissiorfrom resuspended road du@European
Commission, 1997)Vith the use of fossil fuels in motor vehiclesany trace elements
such as Fe, Al, Ca, Na, K, Ba, Se, S,,dMnd Pbare emitted into atmosphere (Hung
et al, 2009; Omidarborra et al., 2009; Robeet al., 2007)
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The distribution of important direct and indirect soucomtributors to theraffic-
related particulate matter emission@lbany, Birmingham, Houston, Long Beach, El
Pasgand Westburgitiesfrom a study conductelly Gertler (2005)s shown irFigure
2.3.
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Figure2.3 PM2s source attribution results for seven urban sites in théGé®ler,
2005)

Obviously, the most important of these sources is the exhaust gas emissons
vehicles. Fossil fuels such as gasoline and diesel used in vehicles are one of the main
sources of particulate matter emissions as well as many products due to incomplete
combustion.From these fuels, variougsearches show that diesghissions have

more contribution to theurban particulate pollution thasthers(Schauer2003 Zhu

et al., 2002 A study by Gertle2005 at a roadsidearea in New York City in 1992
alsosupports this. The results obtaiha this study are shown in

Figure2.4.
Power plantspne of the main sources of all types of air pollutants, have a significant

effect onthe particulate matter emissions, andparticular havgreat influence on the

fine particulate matter emissioiBuropean Commission, 1997 particular, coal
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burningpower plantsare responsible for tHarge part of the power plapmissons
According to the report of the US Environmental Cooperation Gesiam,of the 250
power plants that makthe most contribution to thparticulate matteemissionsn the

US, 241 (96.4%) were using coal as fuel while 7 (2.8%) were using liquid fuel (fuel
oil) and 2 (0.8%) were using natural gddiller and Van Atten 2005) The main
components of partitate matter emissions from coal burnipgwer plants are
identified as SiQ Al20s, FeO3 (Zhang et al.2005).
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Figure2.4 Results of a Pk source apportionment study performed at a roadside
location in New York City in April 1992Gertler, 2005)

Domesticheating which is another source of particulate matter based on fossil fuel
combustion, also exhibits similar characteristics to the paoerces mentioned
above The reasen is that these fuelzave high carbon and sulfur content due to their
complex chemical structure, resultingamittanceof particulate matter in the form of
incomplete combustion products (Energy Information Administinatl999).

Most of thedomestic heatingarticulate matter emissions are due to wood and coal
combustion Such fuels have high carbon and sulfur content duéew tomplex
chemical structure and emit particulate matter emission as products of inmple

combustion(Energy Information Administration, 1999). Caaty to these fuels,
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natural gas emitsnuch lower levels of particulate matter and other dangerous
pollutantsdue to its simple chemical structutew carbon and sulfur contentdl$
EPA, 1995)This is alscconfirmed bythe comparison of particulate matter emissions
per unit energy outpuAccordingly, the amount of particulate matter emissions for 1
billion BTU energy production is 7 Ib for natural gas, 84 Ib for oil and 2744 Ib for coal.
Hence natural gas emissiorege 392 times cleaner than coamissions in terms of

particulate matteemissiongEnergy Information Administration, 1999).

The emissions from industrial processes are also one sbtineesontributing to the
atmospheric partidate matter loadAs a matter of factemissions from industrial
processesontributed23% of thetotal particulate mattegmissions in the UKPassant

et al, 2002) The authors listed the major industrial processes that contribute to the
particulatematter pollution as iron and steel plariisst furnaces, cemeptoduction,

lime production, glass production, construction, and quarryksga result of these
industrial processes, dangesdtace elements such as As, Cd, Cr, Rty Zn, Hg, Ni,

Se,and V areemittedinto the atmosphere (Passant et al., 2002).

2.4 Trace Elements

In order to ensure that the precautions to be taken to reduce pollutant emissions in a
regionareaccurate, effective and not costly, the contribution of sources to the pbllutan
levels must be correctly determinédirganic and inorganic pollutants are frequently
used inidentifying thepollution source types ardktermininglevels of contribution.

Most of the trace elements are emitietth atmospher&om their sources (naturafr
anthropogenic) on particulate matter and remain on the particles during their transport
to the remote areaBecause of these conservative behavidrsace elemenfghey
canbeme asur ed at anasatnetal2097; Kukarm étialgo 208 and ¢
used asnatural tracerso identifyt he sources of pol .Thet i on
trace elements in the aerosols mayedpaitted from natural andf anthropogenic
sources.Table 2.1 lists the natural and anthropogenic source types and the trace
elements emitted from these sources. From eadheohatural and anthropogenic

sources, one or moreace elements areemitted to the atmospheres in different
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compositionsDepending on the ratio of eattaceelement in aerosols, the type of

source can bedentified This is further discussed in the following parts of the

manuscript. It has been shown that the natural sources of the trace elements are

generallywindblown dust and sea salarticles; and anthropogenic sources are such

as motor vehicles, industrial processes, and incineration plstaisawska and Zhang,

2002) Therefore, the number of measuteteelements ismportantin identification

of sources and determination of thegontributions(Artaxo et al, 1998; Thurston et

al., 2011).

Table2.1 Elementakcompositionof atmospheric particulateatter(Morawska and

Zhang 2002

Emission Source

Characteristic elements

emitted
Road transport
Motor vehicle emissions Br, Pb, Ba
Engine wear Fe, Al
Tire wear Zn
Road dust EC, Al, Si, K, Ca, Fe, Zn

Industrial facilities

Oil-fired power plants
Refuse incineration

Coal combustion

Refineries

Non-ferrous metal smelters

Iron and steel plants

Plant producing Mn metal and Mn
chemicals

Copper refinery

V, Ni

Zn, Sb, Cu, Cd, Hg

Se, As, Cr, Co, Cu, Al, S, Pa,
Ca

\Y

As, In, Ni, Cu

Pb

Mn
Cu

Incinerators

Wasteincinerators
Wood smoke

Zn, Sb, Cu, Cd, Hg, K, Pb
Ca, Na, K, Fe, Br, CI, Cu, Zn

Mineral and raw material processes

Mg, Al, K, Mn, Fe, Se

Sea pray

Na, Cl, S, K

Suspended dust particles

Si, V, Cr, Cai Ti, Sr, Al, Mn,
Se
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2.5 Environmental Effects of Particulate Matter

Particulate matter pollution has many environmental effects as well as health effects.
These environmentaffectscan be summarized briefly as thegradatiomf visibility,

the effect on hydrological cycle thwugh the formation of cloud condensatiwnclei
(CCN), and theeffects on climate changeU§ EPA 2017b; World Health
Organization, 2003)

2.5.1 Health Effects of Particulate Matter

Poor air quality has been regarded as a sign of bad health throughout dvistdrgs
become an undesirable situatidispecially in the last century, after tfegal air
pollution incidens, it has become a serious interest and research topic (Anderson et
al., 2012)The first major fatal case recorded in the past occurred in dusdNalley,

an important heavy industrial zone in Belgium. Between December 1st and 5th, 1930,
a thick fog layer covered the sky in the region amate than60 peopledied dueto
respirdory diseases (Nemery et,&00L1).

Theincidentin the Meuse Valley was the first known major event,thatincident in
1952 in Londorwas the most weknown incidentin the world andt has beera
milestonein air pollution researchn this incident, also known as The Great Smog, a
dense dark S&containing fog and black smoke layer covered the London skies for
about a week and killed about 4,06re peopleon averagdLaskin, 2006) This
catastrophe has become a milestone in atmospfesearcland hagsevealed that the

air pollution can be fatabnd serious work has begun on this subjeaiiowing this,

the Clean Air Actcame into forcen the United Kingdom in 1956, and similar laws
came into forcen the United States and around woalilerl970s (Anderson et a).
2012;Laskin, 2006.

Themost important criterion idefining the health effects @articulate matter is the

aerodynamic diamet of the particles, because thesidence timef the particles in
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the atmosphere and the extent of tiediectto the human body depend on tleesof

the particles S EPA, 201®). Sincethepr t i cl es | arger t han
from atmosphera a short time by wet or dgeposition and are capturigdthe upper
respiratorysystem the health effects on humans are low, and thesRBMndard has

been setaccordingly (Anderson et al., 2012)owever,fine particles, smaller than

2.5 mpose a major threat to human health because they can penetrate into the

respiratory system and reach the lungs and eaarenteinto the bloodstream.

Particulate m#er is the most fundamentaisk factor ofthe air pollution on human
health because it has mae#ect on human health than adther priority pollutants
(Kim et al, 2015).The reason being is thite chemical composition of the particulate
matter vares in a wide range; nitrates, sulphates, acidsnargaibstances and heavy
metals (World Health Organization, 2003Major health problems caused by
particulate matter include premature infant deaths fatal heart attackscardiac
dysrhythmia,asthmajung function loss, shortness of breath, agsbiratorysystem
irritation (Anderson et al., 201Xim et al., 2015;US EPA, 2016b; World Health
Organization, 2003).

Abdolahnejadet al (2017) reported thaevery 1 0 B9 increase in P
concentration causean increase of 6% in mortality rat@ Europe World Health
Organization2013) also reported that the daily-eduse mortality increases D(26%
per Indincegse oPMio, while longterm risk of cardiopulmonary mortality
increases 61 3 % p e M3 ihcPease gPM,s. In addition,more thar25,000 new
cases of chronic bronchitimmore thar290,000 cases of brohitis in children, more

than 0.5 millionasthma attacks and over 16 million casesesfrictedactivity have

been eported in adults throughoutuAs t r i a , France and Switzer]|

2000)

2.5.2 The Effects of ParticulateMatter on Haze Formation

Visibility rangeis defined as th&urthestdistancehat isvisible with the naked eye in

the operair (Zhao et al.,2013). It is known that the particulate matter in the
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atmospherempairsthe visibility range. Thismpairment is due to thecattering and
absorption of visible light by suspended particlHsiscaseis defined as haze (Cheng

et al., 2013). The particlés the atmosphere appear as haze in three different ways

1. When there is enough sunlight, the atmosphere turns into a turbulent state and
the pollutants in the atmosphere eubwell to form a homogeneous haze

2. In cold winter months, whethere is windthe pollutants appear as a coherent
cloud of smoke

3. If there is no wind and pollutants aeenittedinto the stagnant atmosphere, a
hazy layer formsrad new layers continue to build &s long as the stagnant

weather conditions continue.

Although haze forration isaffectedboth by natural and anthropogenic sources, it can
be concludedthat anthropogenic sourcgsimarily responsible fohaze formation,
sincefine partcles contribute to this formation mom@asoline and diesel emissions
from motor vehiclespower plants, especially colurning power plants, and various
indudrial activities are known teesponsible for the formation of haze and the visibility
degradatiorfMalm, 1999).Thevisibility degradatiomproblem is more prevalent and more
intense incrowded urban areasecause hte major constituentsesponsible for haze
formation in the particulate mattsuch assulfates, nitrates and various organjmesent

in higher amounts in such are@bhao et al(2013)revealed that the visibility range the
Yangtze River Delta, known as one of the busiest city clusters in Chindebesased

from 25 km to 20 km over the past 30 years tduextensive haze formation in this area.
2.5.3 Effects of Particulate Matter on Hydrological Cycle

In a particle free atmosphere, supersaturatiori060% is necessary for water vapor

to condense and form water dropletghich is not possie under atmospheric
conditions(Seinfeld andPandis, 2006)T'herefore, particles that serve as condensation
nucle (CN) are required to form water droplets in the atmosphere. Cloud condensation
nuclei (CCN) is defined as the particles active at a certain supersaturation to form cloud
droplets.
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There are many different types of atmospheric particles that can a€Ns The
compositionof these particles can be composed of many different substances such as
dust orclay, black carbonfrom biomassor forest fires, sea salt frosea sprays
sulphate from volcanic activitygnd organic matter formed by oxidation of organ
compoundsSince the hygroscopic properties of these different componentegre
different, the abilityof the particles to form cloud droplets varies according to the
composition.For example, sulphate and sea gadtticles are veryhygroscopic

whereas sooand mineral particlearehydrophobic

Although the fresh soot particles are known to be hydrophobic,atesged in the
atmospherand shifted to &aydrophilic structure and act as condensation nulcle.
laboratoryscale study, it was obeved that thesoot particles injected intahe
experimental setuacted as condensation nuclei following an activatiperiod of 40
minutes (Ma an&im, 2014).

Particles thatact as acondensabn nuclei in the atmosphere can have natural or
anthropogeic sourcesas wd as be primaryparticles(directly emittedl or secondary
particles(Kalivitis et al., 2015; Kerminen et al., 2012; Merikanto et al., 2008
formation of new patrticles in the atmosphere starts at 1 to 2 nm in diameter, but then
growsrapidly through coagulation to form condensation nuclei (Fuzzi et al., 2015;
Kerminen et al., 2012Modeling studiehaveshown thatthe new particle formation
(secondary particlesy responsible for significant proportion of condensation nuclei
amountin the atmosphe (Fuzzi et al., 2015; Kalivg et al., 2015; Kerminen et al.,
2012). Merikanto et al.(2009) showed that31%45% of the lowlevel cloud
condensatiom u c | e 0.280supesdturation were formethrough nucleation.In
addition, in his study, it was reported that 55% of the condensatiaiei (45%
entered from freeropospherand 10% nucleated directly ihe boundary laygmwere
formed by nucleation at 0.2%upesaturationn the marine boundary layer. Another
study showed that 45 - 78% of the low cloud condensation nuclati 0.2%

supesaturatiorwas througmucleation(Westerveliet al, 2014).
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2.5.4 The Role of Particulate Matter in Climate Change

Like all other air pollutants, the atmosphemanissionsof particulate matter
undoubtedly plays a role in climate change. The most obvious effect of particulate
matter emissions is the effectsEartld sadiation budgetYSEPA, 2016). However,

the way the particulate matter affects the radiation budgetssdepending on various
factors. These factors are the setggapeand chemical compositiasf the particlesin
addition to these factorsalsotemporal and spatiatariances play a role (Jimoda,
2012.

Aerosols affect the radiation budget of the earthsbatteringor absorbingsolar
radiation In the case of solar radiation scattengeatticles make aegativechange in
the radiation budget, making the earth cadléis happens whelow carbon content
particlessuch as sulfategoticles and sea salt particles predomingéBasseck. and
POsfai,1999. In thecase of solar radiation absorbpdrticles make positive change
in the radiation budgetnaking the earth warmeFhishappes when thélack cabon
content (mostly from combustion emissions)daminates in desert dust particles
(Fuzzi et al., 2015)

Particles canaffect the climatalirectly and indirectly. The direct effect, known as
direct radiative forcing effect, is the interaction of pdescwith solar radiation and
terrestrially reemitted infrared radiatiofCharlson et al., 1992 he indirect effect,
known as indirect radiative forcing effect, is the alteration of the planetary albedo
(Twomey, 1991) One example to this is the blackrlman. It alters the planetary
albedo.When black carbon idepositedbn snow and ice surfacesaiters the albedo
by darkeninghesnow and ice surfaces. Thilemd and mountain glaciers absorb more
radiationandthey melt faste(Fuzzi et al., 2015; Nainal Research Council, 2010).
Haywood andBoucher(2000 estimated the radiative forcing for sulfate-@6 to-
0.82 Wm?, for black carbon a$0.16 to +0.42V m2, andfor mineral dust+0.9 to-
0.46W m2.
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2.6 The Long Range Transport of ParticulateMatter

Long range transport of air pollutants meansrttabilizationof air pollutantsfrom

their initial location to downwind locationthrough wind. This way, they may reach
thousands of kilometers away from their source. Pollution levels in citiesaased

by two factors, local sources and pollutants or precursors transported through a long
range. However, pollution in rural areas are predominantly caused by long range

transport as local sioces are scarce or n@xist

Long range transport allowsedrormation of secondary pollutants as it provides the
time required by chemical reactions. Because of this, unless a given pollutant is
chemically inactive and is considered as a primary pollutant, both atmospheric
chemistry and long range transport slidog thought to affect its fate. This also results
in the spatial distribution of secondary pollutants being smoother compared to that of
the primary pollutants as atmospheric chemistry occurs alongside atmospheric

dispersion.

Among the important factodinked to long range transport is the residence time or
atmospheric lifetime of a pollutant. This residence time refers to the average time it
takes for a pollutant to be removed from the atmosphere. Its value depends on the
removal rate rather than theeyall abundance of the pollutant (Seinfeld and Pandis
2006).

The common occurrence of long range transport is referenced in many studies around
the world investigating the sources of PM pollution and the manner long range
transport affects the PM levals urban centers. Various studiesdrth American

acid rain and photochemical smog phenomena have indicated that long range transport
is an important factor in determining the pollutant concentrations (Brankov et al. 2003;
G8l vez 2007; Kerylams Hopket1989).A. study g8odducted by Vet
and Ro (2008) showed that between 56% and 83% of wet deposition-séasalt

SO and NQ' is caused by long range transport from the US. A different study
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suggested that about 65% to 70% of the suni?iMers in greater Toronto is caused by
long range transport (Brook et al., 2002).

In Europe,the European Monitoring and Evaluation Program (EM@f@yides the
framework for long range transport of air pollutants. It was seen from various studies
that mos of the PM pollution in both urban and rural areas of Europe is caused by long
range transport (Abdalmogith and Harrison, 2(ismili et al., 2010; Cabello et al.,
2012;Mantas et al2014;Paschalidou et aR015;Remoundaki et 3l2013). A study
showed that dust from African deserts frequerntihnsported td&europe(Kalivitis et

al., 2007).Similarly, Cabello et al. (2012) showed that Eastern Spain is regularly
subjected to dust from Africa. Another study indicated that air massgmg to the

south of Athens, Greece were linked to the episodes in the Wider Metropolitan Area,
showing long range transport of Saharan dust combined with seRasdhélidou et

al., 2015). Saharan dust was also found to be the source of about 3 to 5% xf PM
pollution reaching much higher values during dust emissions from the Sahara desert
(Mantas et al. 201/Remoundaki et al. 20).3

2.7 National and International Air Quality Standards

Air pollution, which is a consequence of urbanization broadpoiutby modern lig,

has an impact on global scale as well as local and regional. Since air pollution has
important effects on human health, great importance is given to air quality all over the
world. In order to solve air pollution problems and determine strategies,thmth
scientific community and the relevant authority have focused on monitoring and
analyzing the atmospheric pollutant concentrations (Kyrkilis et al., 208ir).
pollution regulations aim to defirend establish air quality targets to prevent or reduce
the harmful effects of air pollution on the environment and human health, and to ensure

thattheair quality is assessed on the basis of defined methods and criteria.
In our countryair pollutants are regulated with Article 6 of the Environment Law and

Air Quality Assessment and Management Regulation in accordance with the European
Union Air Quality Directives(96/62/EC, 99/30/EC, 2000/69/EC, 2002/3/B&@d
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2004/107/EQ (Resmi Gazette, 2008)he national ambient air quality standards along
(Resmi Gazette, @8) with US EPA (US EPA, 20l16d)and EU (European
Commission, 20179tandards by the year 2018 for 6 criteria air pollutants are given in
Table2.2.

Table2.2 National and international air quality standards for 6 criteria air pollutants

Averaging Time USEPAL.V. EU L.V. National L.V.

CO 8 hours 10mg n® 10 nmg nm® 10 nmg nv®

Pb 1 year 0. 15 3t 05¢ g *m 0.6e g 3(n2019)
NO- 1 hour 188¢ g *m 200e g °m 260e g °m
Os 8 hours 140e g **m 120e g * m 120g g 3@im2022)
PM2s 24 hours 35 ¢£%g 25¢g g >*m --

PMio 24 hours 50 &3¢ 50e g *m 50e g *m
SO, 1 hour 19656 g *m 350 32 g 380¢ gn?

L.V.: Limit Value

*converteldd to e€g m
** averaging time is 3 months

*** gveraging time is 1 year

The limit valuessetin our country ardnigher tharthe limit valuessetby theEU and

US EPA. In addition, there is no restriction in our legislationRi, 5. However, it is
targeted that these limit values will be in line with the limit values set by EU air quality
directives. Beside these 6 criteria pollutants, Turkey set limit values for aihe
pollutants such as Benzene, As, Cd, Ni, and Benzo(a)pyrene in accordance with EU
directives (se@able2.3). These limit values will be effective from on 2022021
(Resmi Gazette, 2008).

Table2.3 National air quality standards for benzene, As, Cd, Ni, and Benzo(a)pyrene

Averaging Time  Limit Value From on

Benzene 1 year 5¢g3m 2021
As 1 year 6 ng n3 2020

Cd 1 year 5ng nr® 2020

Ni 1 year 20 g nv3 2020
Benzo(a)pyrene 1 year 1ngnt 2020
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2.8 Source Apportionment of Particulate Matter

Two different approaches, source oriented and receptor oridreed,beernused to
determinesources of pollutants arsburcecontributions to the level of atmospheric
pollution in a region Numerical models are the main teolsed in source oriented
approachlin this approach, also known as dispersiandeling, meteorological and
topographic information, emission invengpisource information are used as input
parameterandthe concentration of contaminants in the atmosphecalcsilatedby
simulating the transport of pollutants in the atmospH2espite the widespread use of
numerical modeling, the uncertainty of tlesultscan behigh due to the insufficient

or incorrect source inventory of pollutants.

Receptor orientednodels can be used as an alternative method of identifying sources
and distributing the observed concentrations of contaminants to these sources.
Receptor models do not require emission, topography and meteorological information.
Receptor modeling is an experimental methbdt involvesthe measurement of
natural tracers aources in theollected samples and identification of the sources by
means ofstatistical tools applied lateSince eceptor modelsare independent of
meteorological conditions and emission rate changes, it is possible to simultaneously
calculate the contribution of different types of pollutant sources to atmospheric air
pollution (US EPA, 2009.

Trace elements are usedragural tracers isourceapportionmenstudies by means

of receptor modelingBut, it is not possible to characterize each source wiingle
traceelement because each sourgeetgoes not have a singtacerthat is noemitted

from other sourcesThereforesources are characterized by a set of elements, referred
to as "source profiles"Although the natural tracersof sources seem like trace
elementsin fact it is theproportion of the trace elemenEspecially inregional studies

it becomesnore difficult toidentify the source types, as pollutants come fobstant
sourcesand many emissions will interfere with each other dutimagyr transport For

this reason, the use of statistical tools witfphhielability is very important irsource

apportionmenstudies by means of receptor modeling.
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Depending on the statistical tool used, various receptor models are déheatost
commonly used receptor modedgice 1986in order toidentify probable surcesof
the total aerosol massd compositiommeasured in the receivirdmosphere, are the
multivariate statistical approaches call&dinciple Component Analysis (PCA),
Multiple Linear Regression (MLR Factor Analysis (FA), Chemical Mass Balance
(CMB), UNMIX, Positive Matrix Factorization (PMF), Multilinear Engine (ME)
(Kuntasal, 2005; Han et.aR0035.

Among these models, CMB differs from other mod€lencentration of an element
measured at any receptor point in CNdBonsidered aa linear combnation of the
emissions of the same elemefrtam different sources ancheasured concentrations
areseparated into components (amounts coming from different sourcagplyng

"least square fit"CMB technique has some advantages and disadvantagestioser
receptor modeling techniquéhe most important advantageCMB is that it can be
applied to each sample separaté@lgerefore, large data sets are not requireapfay

CMB. However, the most important disadvantage is the needofarceprofiles.
Source profiles are the elemental composition of particles that are emitted from each
source.Since it is not possible to measure the composition of the emissions at each
source in the studies dorike need for the sour profiles is a big disadvantage .Ul

EPA has created SPECIATE database,BIBAd6s repository of wvol ati
and particulate matter speciation files for air pollution sources, in order to

overcome this problenS(ibramoney et al., 2013).

Other receptor modelintechniquesuchas FA, PCA, PMRandMLR are based on

the variance relationship between the parameters(Mgatson et al., 2002)-A and

CMB are theearliestreceptor models and have beesa since the early0s (Gordon,

1988. PMF(Paatero and Tapper, 1994 p newemethod than other receptor models.
Although the PMF has recently been developed, it has found a wide range of uses due
to its advantages over conventional methods sucAaBEA or CMB Karanasiou et

al., 2009Kim et al., 2003; Liu et al., 200Reff etal., 2007;Viana et al., 2008 The

major advantage of PMBver other receptor modeis that it isbased on variance

analysisand gives quantitative results artthe uncertainty of each parameter is
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evaluated individuallyThis last statement points to a very important advardates
method The data sets of trace elements or organic compounds may have large missing
data pointsSome of thesenissing data points are due to the pollutant concentrations
are below the detectn limit. The other part igitherdue to the measured values are
below theblanklevelsor the fact that the parametiernot measured in some samples
Statistical methods used in multivariate analysis of variance methods such as FA and
PCA do not accepmissing data points in the data set. Therefore, if there are
unmeasured or below method detection limit valwesich are often found in the
dataset,thenthe samples eithercompletely removed frorthe analysis, oreplaced

with adatagenerated by agpproximation technique for missing data poir(t&/ang

etal., 2006 Yendra et al., 20)3Both of these approaches aralasired. Whenthe
samples have missing data psintmoved, sometimeso data left to apply FA or

PCA. Moreover, if it is taken into@ount that these dasetsare generatedvith a

great deal of labor and money, it does not seem to be a good approactovethe
missing data point®\lthoughthere are different types data approximatiomethods,

it should benotedthat no datagyenerated with this &y is a true data, (Palmer and
Royall, 20190 Wang et al., 2006Yendra et al., 20)3For these reasonBMF, which
handles the missing data poimghe dateset better, has a considerable advantage.
PMF, missing data points areplaced with half of the method detection limit dhne
uncertainty of this data is kept very hidy this way the contribution of these ddta

model optimization is minimal, sindegh uncertainties are assigned to them and it is
not necessary to remevhe sample from PMF analysi&nother advantage of the
PMF technique is that it gives quantitative resuitsnultivariate analysis of variance
such as FA and PCA, the concentration data are normalized in the first step, so

concentration information igst and the results are only qualitative.

Back trajectory statistics is another type of receptor moddiageptor modeling can
provide very comprehensive information abtygesof emissions thabrm an aerosol
mass, butthey cannot determinsourcelocations of emissionsTo obtain such
information, it is necessary to combine the concentratadawith the backrajectory
information.Determination of source locations by this process is generally known as

back trajectory statistic3he potential sorce contribution function (PSCF), which is
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a type of back trajectorgtatistic, is also used in this work and has been discussed
extensively in later chaptefSor this reason, the PSCF technique is noudised here.
PSCF and other back trajectastatstics methods are widely used in the literature
(Gildemeister et al., 200T.ee and Hopke, 200&hao anl Hopke, 2006; Xie et al.,
1999.

2.9 Aerosol Studies in Black Sea

The Black Sea region shows similar features in terms of regaar@obllutionwith the
Mediterranearbut studieslone in this regioaremuch more limitedEven thougtthe
studies done in Black Sea composedidéw datasetghe generatedlataset were
highlightedsome points about this regiofihe knowledge gained fromdbke stdies

is summarized belowOne of the first pointsevealedin relation to the Black Sea
atmosphere is that the $Oion concentrations measured in both aerosols
(Hacésalihojlu et al ., 1992) and iin rai nwat e
is in the Eastern Mediterranean regiddnfortunately, there is not enough data
available tcevaluatehe SQ% concentratiorecline over timén this region The high
concentration of Sg¥ in the Black Sea region attracted the attention of researchers in
a gudy conducted in Georgia ithe 1980s (Dzubay et al., 198Fhe fact that high
concentrations Qs> are still measured in very different placéBlack Sea region,

as it in Eastern Mediterranean region, indicdbed theSQs%level in the Black Sea
does not decese as much as it is in Europe

Another pointrevealed fromhe studies is that the trace element and ion concentrations
measured in the Black Sea atmosphere are comparable to those measured in the
Medi terranean ( Omtheather handpolutant lgzelsan@asred in

the Black Seatenosphere are twice as high as those measured in the regions of the
Anatol i an Pl at e a uSinildrly, adtogancoredntraohs. meas2e 0 8 ) .
on the Mediterranean coast afteohigher tharthose measured in thenatolian Plate,

indicating that the pollutant transport to thegjionis highly complex.
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Another point that has been revealed about the Black Sea aerosol is that the
concentrations of the pollutants are different in the é&fagtind Wesern Black Sea.

The concentrations of the anthropogenic elements and ions measured in the samples
collectedon Western Black Sea remn weretwo times higher than the concentrations
measuredn samples collectedn Eastern Black SeHa c é s al ilh1®92) u et
However, one thing to note here is that this difference was se#reiexamples
collected in 1988

In a modeihg study conductetty Pervann 1991 it wasshown that thenajority of

the S concentration calculated in Turkey's Thrace Badernthe Black Seavas
originating from distantsources and Turkey's contributiarasvery small (Pervan
1991).The contribution of domestic afidreignsources to the sulfur levels calculated

in Turkey and the distribution of sulfutepositionobtained m this model study in
different regions of Turkey is shown kigure2.5. Likewise, in a short period of work

in Georgiaby Dzubay et al(1984) it was concludedthat the concentration of
anthropogenic elementsvas high and it was suggested that the souscef
arthropogenic elementgerethe smelting plant located in Mikopol or Zestafofhe

fact that the Mroriginating from the metal industry is as high in trestern Black Sea
region asit is the Western region also confirms that this region is affected by the
smelting plants in RussiAs can be noted, the evaluations made are based on very old
data.Thesituation in the region today may have changed greatly, but there is no data

to evaluate it.

Another informatiorrevealedrom studies in the Black Sea atmbspe is that aerosol
compositions show short (daily) and letegm (seasonal) changeswlas concluded
that the most important reastor thesevariationswerethe changes in precipitation
(Alagha et al., 2003K a r a k a kK e tAlthaugh the mas0 @#nent source of
measuregollutantsin the Black Sea regiowasdust it wasconcludedthat marine
and anthropogenic source®realsohadimportant influencey. Kar akak et al
T ¢ rnkegal., 2008)inst udy conducted by Dojan et al
anthropogenic pollutantsereoriginated from Véstern Europe and Turkéy means

of local and longange transporfhe main source regions of soil elememéselocal,
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Africa, former USSR countes, Western Europeaand Middle Eastern countries,
while for anthropogenispeciesource regions weMestern and Eastern Europe and
Russian Fedation and Turkey (Alagha and Tuncel, 2003;-Agha, 2000;
Hacésal i hi®92IKarak& t ea |l .aT ¢ rnkeRd.02008)The results
revealedirom these studiewereobtainedfrom samples collectedn Western Black
Sea.The only study including the Eastern Black Sea region was carried out by
Hacésal i hoj Inthe study, saples wefe @dlle?l pra ship that traveled
from the WestBlack Sea to the &stBlack Sea However, the number of samples

collected in the studyaslimited tofive.

Figure2.5 (a) sulfur deposits idifferent regions of Turkey and (b) contribution of
foreign sources to precipitated amounts
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CHAPTER 3

MATERIAL AND METHODS

3.1 Sampling

3.1.1 Sampling Location

Sampling location selection is an important step in all fields of environmental studies.
It becomes more crucial in lofrfgnge transport studies where trace levels of airborne
pollutants are measured. In longnge transport studies, the purpose is to measure
airborne pollutants originating from distant sources rather than local sources.
Therefoe, sampling site should not be under influence of any kinds of local sources.
It should be away from large agglomeration(s), power plants and major roads. Other
requirements also should be taken into consideratisal@ction osampling location

in ruralareadnclude

1. Availability of power for sampling equipment,
2. Adequate protection for sampling equipment,

3. Capable people to change samples.

The station was planned for a T| BITAK pr
long-transport of pollutants to E@sn Black Sea region and to compare the measured
concentrations of pollutants with other stations operated under the same project at
different parts of Turkey. Aerefore, various places on the EasteracBISea region

were visitedo find a sampling loc@n, which fits above criteridAfter these visits, a
timberst or age depot of the Gener al Directo
39A16"' 56 . 8 ppraxinately 8 knadowhdastd Tor ul town of G

province was selected as the sampling locatvhere the station to be established.
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Sampling point was approximatelp km from the Black Sea and 200 km from the
Georgian border arat analtitudeof 1115 m fram the sea levelLocation of the station

and some pictures of it are givenFigure3.1.

The nearessettlement are#o the stationis Torul town, which hd a population of
5000at t hat t i me€&he bigoeskagglometah tlosg to samplingtation
istheG ¢ m¢ K h a(Papulation 41604), which epproximately 30knto the south
of the stationThere is also no significant industrial activity within a circle of 50 km

radius around the station.

Daily PM sampling was started dfarch 2011 anénded on December 2013uring

this sampling period, total 3%laily aerosol samples were collected

3.1.2 Sampling Equipment

Daily, coarse (PMs10) and fine (PMs), aerosolsamples were collected using a Gent
Stacked Filter Unit (SFU)Variety of samples are available to collestzeseparated
aerosokamples and dichotomous sampler is one of thémekT-ilterUnit is cheaper

than "dichotomous sampler" ansl designed for the same purpose. The sampling
system is based on the principle of collectingtipkes on two different pore sized
filters (8.0mm and 0.41m) located in series when air is drawn at a rate of 16.7 L min

! Particles with a diameter larger than B1& are retained on the top filter (8@n

pore size) and Pp particles are retained dhe bottom filter (0.4m pore size). Not

all filters have this feature. When a membrane filter is referred with pore size, for
example 2.0rm pore size, actually the average pore size is mentioned. There are many
different diameter of pores in the membrane filters, but their average values are
expressed as the pore size. The filter used in this studgde ofpolycarbonateind

known by the band name "NUCLEPORE". Such filters are formed by first thinning
the polycarbonate layers with alpha particles and then etching the thinned portions
with acid. The most important feature of these filters is that all the pores on them have

the same dimensig.Only Nuclepordilters can provide the desired size separation.

34



35

Figure3.1 Location of the sampling station



The "Stack Filter Unitand itscomponents are shown kgure 3.2, Figure3.3 and
Figure 3.4. The system consists of a filter urffigure 3.2 and Figure 3.3) and a
constant flow pumgFigure 3.4). In filter unit, two Nuclepore filters with different
pore sizes placed series. When the flow rate of the air passing through these filters
is fixed to 16.7 L mirt, particles with aerodynamic diameter greater thamthre
collected on the top filter and particles with aerodynamic diameter less thamz2.5
are collected othe bottom filter(Hopke et al., 1997)This system has been widely
used in the literature due to its relatively low priaé&-Momani et al., 2005; Artaxo et

al., 1999; Graham et al., 2004; Yatin et al., 2000

A special filter holder, which is anotheomponent of SFU and allows two filters to
be placed in series, is available from NI(NILU, Model 9634) Another component
of SFU is a PMb pre-impactor which has a cut point at dth. When the flow rate of
SFU is fixed to 16.7 L mif, particles with aedynamic diameter greater than i

are hedl at the prempactor and are not allowed to reach filters.

The constant flowpump usedMarathon Electric, Model 5SKH36KNAS510Xh the
SFUespecially designed for this task and eged with a flow meter. Itdscapability

of vacuuming up to 100 L of air per minute and it can be adjusted to desired flow rate
by the user. The flow metéF&J Model) allows to monitor instant flow rate, total
sampling time, and total volume of air sampled during the sample catieEhe total

volume air parameter is the most important parameter in such studies, because the

volume of air used in the calculation of the concentrations of species.
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Figure3.4 Constant flow pumpised in SFU



3.1.3 Sample Handling

Size separatedparticle samples were collected at-12dur periods. Sampling was
started every dagpproximatelyat 10:00 and endeapproximatelyat 10:00 the next

day. When the samplewas stopped; volume, time, and final flow rate valwesre

read from the irdrmation screen on the pump and the observed meteorological events
(precipitation, wind etc.) in the 2dour sampling process and filter numbers were
recorded in the relevant places on the "Filter Information Form". After this process,
the filter holdemwas removed from the PN preimpactor and placed in polyethylene
bags together with the "Filter Information Form" of the relevant filters. Polyethylene
bags were sealed with heat to prevent possible mométion during transport. A fresh
filter holder, pr@ared for sampling, was placed in the B8pte-impactor and sampling

was started for that day. Collected samples were sent to the laboratories every 7 days.

Loading of the filter holders for sampling and unloading them from aftepbng was
done in a @an arean the METU Environmental Engeering Department.iAin the
clean roomwas filtered througtHigh Efficiency Particulate (HEPA) filterswvhich
capturegarticleswith diameter€.1 mm, with 0.9999999 efficiency

Since the measured concetimnsare expected to be tace levels, all the necessary
precautions were taken in order meinimize the contamination aach step of
sampling. Powdefree gloves and plastic tweezers were used during loading and
unloading of filters to minimize possible mM@amination. Before and after sampling
coarse and fine pore filters were placed in different petri dishes and conditioned in the
constant humiditghamber( 2 6 ith2%) N teBperatGre for 24 hours

After conditioning, filters were numbered and igheed using a precision scale
Conditioned filters were placed on filter holders by placing coarse filters at top and
fine filters at bottom Loadedfilter holders were placed in polyethylene bagd heat

sealebeforethey weresent to the station
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3.2 Analytical Techniques

In this study, coarse and fine filters, first, were weighed gravimetrically to determine
the PM mass collected on them. Next, black cadmtenton filters were analyzed
using an Aethalometer Finally, filters were analyzed fortheir trace éement
composition using=nergy Dspersive Xray fluorescencend Inductively Coupled

PlasmaMass ectrometrytechniques.

Detailed information about each analytical technique is in given following sections.

3.2.1 Gravimetric Analysis

As stated befordyoth coarse and fine filters were conditioned in constant humidity
(26N4%) and t &Cghamba fon24 leours HefBrél fitesere sent to
station and after sampling. Just after each conditioning step, filters were weighed with
a microbalanceCoarse and fine filterboth have 47 mm diametewhich means
samples were collected on a relatively small surface area (1735 marticularly

when it is compared with filters used in-Mol samplers $16.1 cm). At a flow rate

of 16.7 L min', approximately 24 ni of air weresampledin a 24hr sampling day

which is also significantly smaller than air sdagpby a HiVol sampler in a 24r
sampling period (12001400 n¥). Therefore, amount of Piasscollectedon coarse

and fine fraction filtersvere @ microgramlevels.

In this study, filters were weighed with Sartorius M&Cmicrobalance with 0.001 mg
sensitivity. Before weighting, statideetricity of filters waseliminated by placing by
an ionizer by the filter. Collected PM mass on filters waalkeulated by subtracting
initial weigh of filter from weigh of filter after sampling.

3.2.2 Black Carbon Analysis

After gravimetric analysis, both coarse and fine filters were analyzed for their Black
Carbon (BC.) content by using Aethalomet@iagee Scientic, Model OT21), which

41



is located at METU Environmental Engineering Departm@aicentratiorof B.C.

(mg m®) in samplesvascalculated in accordance with the following equations

0000QE 0 W Tﬂmssw Equation3.1
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Z Equation3.3
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where;

Tois transmission intensity of reference filter,

T is transmission intensity of sample filter,

0 is specific attenuation coefficient ,

Aris exposed area,

VEis volume of air passed through the sample filter,

Gt is correction coefficient.

The working principle of Aethalometer is based on optical propesti&C. Along

with sample filter a reference filter, in this case field blanks were used, to measure

B.C. content of the sample filter. Aethalometer firstamgres transmission intensities

of blank filter and sample filter at 880 namd attenuation of sample filter is calculated

using Equation3.1 At this point the assumption is that the light attenuation at the

sample filter .G &adngByssngEquation3. B.C.taténtoB

sample filter is calculated. In order to calculate th@. Blensity, specific attenuation
coefficient Iis needed. The specific attenuat
16.6 nt g* by the manufacturein last step, BC concentration was calculated by using

Equation3.3. Khan et al(2010) reported theorrection coefficientg) as 1.1, since

the BC. collection efficiencyof the Nuclepore filter is 90%.
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3.2.3 Trace ElementDetermination

Asstatep r evi ousl y, the sampling station was
the collected samples were analyzed by Enerngpdsive *ray fluorescence (ED

XRF) for the project. Trace elements are used asatural tracers insource
apportionmentstudies by mans of receptor modelindBut, it is not possible to
characterize each source withiagle traceslement because each sourgeetgoes not

have a single tracdhat is notemitted from other sourcesldentification of more

sources with available receptoodelling techniques needs more parameters and more
samples be used as tracers. For this reason, teallsamples were analyzed with
Inductively Coupled Plasmislass Spectrometr{fCP-MS) to increase the number of

parameters.

ICP-MS is a very powerfumnulti-element technique, but it has a traditional weakness

for some elements. Unfortunately, two of these elements are Al and Fe, which are
very important marker elements for crustal material. Because ofatlisreason
mentioned abovesamples were firgtnalyzed byeD-XRF, which is a nhofdestructive
technique, then idested and analyzed by IGQWS. Comparison of results
demonstrated that agreement between the two techniques were acceptable for most of
the elements including Fe and S, but not so doodAl and few other elementshese
elements were also detected in smaller number of samples-iME8Reasurements.
Because of these reasons, XRF data were used for this small group of elements
includingNa, Mg, Al, Ca, Mn, Ni, As, and Pb.

3.2.3.1ED-XRF Analysis

Analysis offilters was performed using an Energyspersive Xray fluorescence
spectromete(ED-XRF) inSar ayk®°y Nucl ear Research anc
Turkish Atomic Energy Authority in Anka. The XRF were able to detect 17
elementsincludingNa, Mg, Al, Si, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, and

Pbin samples
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Energy dispersivXRF analysis is gowerful multi-element analysis techniquk

allows gualitative and quantitative analysis of elements in a sgAipEshaikh et al.,
2011) There are few important advantages of XRF over other analytical techniques.
First of all it is a multielement technique which can analyze > 30 elements (at least in
theory) in sample. It is also natestructive, which means you can take a sample
analyzedby XRF and analyze it with another analytical tool. It is also a very fast
analytical tool. Analysis time can be as low as one minute. However it should be
noted that analysis time is a strong function of concentrations of elements in the
sampe. Sinceparticle loading on sampfiters were very low, four different excitation
programs were run for different groups of elements, and analysis time 17

minutes/sample.

The technique has also some disadvantages against comparablelemsint
analytical mdtods. The most notable disadvantage is its sensitivity. It is not very
sensitive for samples where elementalrcc ent r ati ons are | ow

samples). Itis also a surface technique.

In an X-ray fluorescencepectrometer, the photonsnéted from an of Xray source
aredirectedonto the sample to be analyzexd-ray thotonsdisplacesaninnershell of

the atomleavingbehindavacang at the inner shelthus excitinghe atonto a higher
energy state. The atom fills the vacancy that the displaced electron left behind with the
electrons from outer shells of the atom to go back to its low energy state (so called
ground state). During the drop of electron from a higher to lovedrtetfill vacancies,

atom loses energy. This energy, whictegal to the differencin energes of two
shells. The emitted energy is the characteristieay (Mathys et al., 2001)This
characteristic Xay is unique to each element,ather wordsit is the fingerprint of

the elementDetecting the wavelength of therdy allows us to determine the element.
Intensity of the emitted Xay, on tlke other hand, is related with the mass of that

element in the sample.

The main components of tiE-XRF used in this studgonsist of a radiain source,

a silver anode Xay tue, a sample chamber, an amplifier, aiduid ntrogerrcooled
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lithium-drifted silicon solidphase detecto6ilver anode Xay tube, which is used for
excitation of elements, has b®00s Amaximum current and 50 kV maximum voltage

specifications.

One of the main factors controls the measurement time of the XRF is the exposure
time (Huang et al., 2016%ince extation of elements with Xay depend on atomic
numbers, different extation conditionsshouldbe usedfor different elementdn the
spectrometer used in this study, four different analysis conditions were applied during
the 17minute long analysis of a sample to provide optimal conditions for different
elements. Analysisonditions used in the spectromedee given inTable3.1. As can

be seen fronTable3.1, different elementsvereanalyzedn differentconditionsand

their concentrationgerecalculated.

Table3.1. Different measurement conditionsed in the spectrometer during

analysis of a sample

Parameter Condition Number
1 2 3 4
(VLE) (S) (St) (ME)
Tube VoltaggkEV) 2.5 10 15 22.6
Tube Curren{fmA) 900 900 1000 494
Analysis Time(s) 150 100 100 100
Energy Range Na - K KT Cr CriFe Fei Mo
Analyzed

ElementsAnalyzed Mg, Al, Si,P,S K, Ca Ti, Cr, Mn Fe, Ni, Cu, ZrPb
VLE : Very Light ElementsS: Solids;St: SteelsME : Medium Elements

One of the methods used in the calibration of theX®¥ is the use of standards,
which areprepared by addition of standard solutions on to filter medBraz{ewicz

et al, 2004. Various types of SRMs are available by NIST for this purpose. However,
the matrix of the SRM used in this study should match with the matrix of the sample.
In this stidy, National Institute of Standards and Technology (NIST) SRM 2783 was
used as standard for calibration of &XIRF. SRM 2783 is a deposited air particulate
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matter sample on polycarbonate filter and is reduced in particle size to simulaie PM
(National Irstitute of Standards & Technology, 2011).

3.2.3.2ICP-MS Analysis

ICP-MS is one of the most sensitive medfement analytical technique which can be
purchased and operated in any laboratory. There are few other comparable multi
element techniques, includingstrumental neutron activation (INAA), prompt gamma
activation (PGAA), prton induced xay emission (PIX) and xray fluorescence
(XRF). The INAA and PIXE have comparable detection limits with -NI®.
However, one cannot buy an INAA or PIXE system. uYaust have access to a
research nuclear reactor to use INAA and you must have proton accelerator to use
PIXE. You cannot have these facilities in your lab. The only comparable instrument
that you can install to your lab is XRF. However, XRF measuredesnmaimber of
elements and its detection limits arat as low as those of IGHRS. Because of these

advantages, IGRIS found tremendous use in analytical community.

3.2.3.2.1 Preparation of Samples for ICRMS Analysis

One of the most important steps of the {KB analysis technique is the sample
preparationstep PM samples collected on the polycarbonate filters should be
converted to aqueous solution before aspirating into theMSPIn this studysample
filters for trace element analysis were first digesteth @iHNQ-HF mixture using a
BERGHOF SW2 model microwave digestion system. Ftaystem is depicted in
Figure3.5. The threestep digestion program used in the microwave is givarabie

3.2

Thereare 10 teflon digestion vessels in the microwave turret shotigume3.5. Nine

of these vessels were used for the filter digestion and one of them is usediftarthe

blanks.
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Table3.2 Three phase digestion program

Step Time (min) Temperature ( ¢ Power (W)
1 9 100 40 %
2 10 140 80 %
3 9 180 90 %

For digestiorof the sample filters, fitshe filters wergut into vessels and then 5 ml

HNOs and 1 ml HF were added to the teflogeltion vessel shown figure 3.5.

With the program shown ifiable3.2, the samples could be digested in approximately

30 minutes. However, the resulting solution contains HF. Since HF can damage of
ICP-MS6s optics syst assgndqudrtk, itifinecessarym@aedaporatef g |
the HFentirelybefore the samples aaspirated to ICRMS. Aftermicrowave digestion

sample mixture was transferred to Teflon open digestion vessels and evaporated until

1 ml of mixture left by placing # vessls on hot plateRigure 3.6). Then, 5 mL of

ultrapure HNQ was added to the Teflon vessels, and the mixture were again
evaporated until 1 ml left. This procedure was repeated one more tierestoe

complete removal dfiF.

After removal process of HF, content of the vessel was transferred to volumetric flask
andthe volume was adjusted 50 mL with nanopure water which has a resistance of
18. 2 1 bdigat 25°C. Then the diluted solution was filtered throu§artorius
cellulose acetate filter paper, which had 0.45 mm pore, to remove soot carbon

residuals.

Since trace element levels measured in PM samples are very low, the acids and water
used must be very pure to avoid contamination. Merc suprapur grade iH&reoplire
waterwas used in the sample preparation step of theMGSRanalysis. High amounts

of HNGOz is requiredduring the sample preparation for KBS analysis and in this

case, the cost of HNJa an important criterion. ISO grade 65 % HN©® a cheaper
alternaive to suprapur grade 65 % HN(However, the trace element levels in the

ISO grade is higher than the ones in suprapur grBderefore, ISO grade 65 % HNO

was further purified by using an AHF, Model SAB2 subboiling distillation unit.
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The unit usedor this purpose is shown Figure3.7. Trace elements levels in purified

HNOz were compared with commercially available suprapur grade Ha@
discussed in Sectidh3.2.2

Figure3.5 Microwave digestion system

Figure3.6 Open digestion vessels placed on hot place

48



Figure3.7 Subboiling distillation unit

3.2.3.2.2 Analysis

PM samples collected in this study were analyzed for trace elememgrioximately

50 major and minor trace elements. Elements measncédieLi, Be, Na, Mg, Al S,

K, Ca, Ti, V, Cr, Mn, FeCo, Ni, Cu, Zn, Ge, As, Se, Rb, Sr, Y, Zr, Ag, Cd, Sn, Sb,
Te, Cs, La, Pr, Nd, Sm, Eu, Gd, Tb, DY, Er, Tk, Lu, Hf, Ta, Tl, Pb, and Bi.
Samples were analyzed usiRgrkin EImer DRC Il Model ICRMS which islocated

at the Central Laboratory of the Middle East Technical University.

Inductively Coupled Plasma MaSpectrometry (ICAMS) is an analytical technique
that allows extremely fast and precise measuremeatementsn solid and liquid
samplegMontaser, 1998)CP-MS instrument consists of sample introduction system
which composes of nebulizer, spray chamdwed ICP torch, plasma, mass analyzer,

detector and computer. Analyte from the sample vial is pumped into the nebulizer
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where aerosol is formed as a result of mixing with argon gas. Larger droplets pass
through the cool spray chamber. By this way, theylwaremoved from the aerosol.

On the other hand, the fine aerosol is dragged into the central channel of the plasma
where argon stream is present in a quartz tube or torch. Due to the travel through the
high temperature argon plasma, aerosol droplets smgjected to drying,
decomposition, vaporization and atomization. The removal of one electron from each
atom results in the production of positively charged ions in the plasma. Sampling
orifice extracts the ions into the interface. The ions next extratdt@sgacuum region,

where the ion lenses and mass analyzer are located. The positive ions are separated
from the unwanted neutral species via electrostatic lenses. In order to achieve this
separation, these lenses bend the positive ions into the massearslgtem and
guadrupole mass spectrometer, one of the components of the mass analyzer system,
uses mass to charge ratio for the separation. The mass of interest is scanned by the
guadrupole across the mass range and is passed to the detector. Thegiztedty

is an electron multiplier detector. The electronic signals are counted and stored and
mass spectrum in which the intensity of the given mass is proportional to concentration

of isotope at that mass created via this detector.

The most apprapate physical conditions for IGMS measurements should be

established in the laboratory. For this purpose, the tempeveasieept between 15

30 UC and the maxi mum temperature change per
ensured that the humidity the laboratory is between 30% and 50% and that it did not

go beyond these limits. The air entering the -l@8 laboratory was filtered to

minimize particulate matter levels in the laboratory. This is especially important for

the accurate determination sdil-derived elements such as Fe, Ca, K, Na, which are

abundant in the atmosphere. The pH value of the cooling water used should be kept

between 6.5 8.5 andcare wadaken to ensure that the heavy metals in the water are

below 1 ppmThe pressure of the coolingwateas3 4 4 N 13 kPa.
After taking all the necessary precautions, KB was started up and the analytical

conditions was selected. Analytical conditions include selection of isotopes, method,

and instrumental paramete@ptimized parameters weestored once thegreated for
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the analysis and same parameters were used during analysis of the samples. Optimized
operating parameters used in the IB analysis is in given ifable3.3.

Table3.3. ICP-MS Operating Parameters

a) Instrumental Parameters

RF power(kW) 1100 Watts
Argon gas flow (L mint)

1 Plasna 15

1 Auxiliary 1.2

1 Nebulizer 0.97
Peristaltic pomp (rpm) 18
Sample uptake ratd (ml min') ~1

b) Data acquisition parameters

Measurement mode Scanning (Standard)

Number of measurements per pe 50 ms

Mass rangém/z) 5-270 amu
Integration time 1000 ms
Number of repetitions 3

Time per sample measurement 4 min22s (including 40 s sample flust

3.3 Quality Assurance and Quality Controlfor ED-XRF and ICP-MS Analysis

3.3.1 Method Detection Limit

Met hod detecti on | iheminimuth bbDdentratiovsanamatyfei n e d
in a sample determinedwith a 99% confidencelevel that concentration is

di stinguishabl e f rbydb.ERA20L79. Diffdrehtprocédurese s ul t
have been reportad the literaturgo calculatemethoddetection limit(Bennet et al

2005;Gatari et al, 2005. In this study, for both EEXRF and ICPMS analysis method

detection limitof each elementvas calculatechs the three times of the standard

a)

deviation, obtained from 10 replicate analysis of the blank fi{tespeset al, 2006.
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3.3.1.1Method Detection Limit of ED-XRF
Method detection limit calculated for each element inXdRF analysis and percent
below detection limit (BDL) of corresponding elements in the coarse and fine fractions

aregivenin Table3.4.

Table3.4. ED-XRF MDL of elements and percent BDL in each fractions

MDL Coarse Fine
(ngm3* o BDL 9% BDL

Na 6.97 9.59 9.96
Mg 10.91 0.74 7.01
Al 70.30 13.28  24.72
Si 147.76  10.33  25.09
S 57.08 2.58 0.00
K 3.40 0.00 2.95
Ca 78.18 1.85 20.30
Ti 7.44 19.93  26.57
Vv 0.87 4.43 2.21
Cr 2.89 16.24  17.34
Mn 3.61 8.86 12.55
Fe 67.48 9.23 9.59
Ni 0.75 13.28  7.38
Cu 4.36 16.24  17.71
Zn 9.44 9.59 11.44
As 0.51 59.04  57.93
Pb 6.00 25.83  36.53

*The aerage sampled volunveas taken as 24 n

Method detection limit of the elements varied between 0.51HgAs) and 147.76 ng

m (Si). %BDL of elements showed different patternsdifferent size fractions.
Crustal elements, Al, Si, Fe, and Ca, had %BDL were less than 10% in coarse fraction
whereas their % BDL values were higher (greater than 20%), in fine fraction.
Elements with mixed sources, inciad Ti, V, Cr, Ni, had higher ®DLs in fine
fraction. Among measured anthropogenic elements, As and Pb had the highest %BDL

in both fractions. % BDLs for As and Pb was observed as 58 % and 37 %, respectively.
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The concentrations of the remaining elements were abovwdhein nearly all he
samples.

3.3.1.2Method Detection Limit of ICP-MS

Calculated MDL for each element in IWS analysis and percent BDL for
corresponding elements in different size fractions are givehabie 3.5. Method
detection limit of the elements varied between 0.007 H¢Tm) and 18.1067 ng th

(Zn). %BDLs of elements in different size fractions followed similar patterns as they
did in ED-XRF. %BDL of crustal elements, Al, Fe, and Ca, in coarse fraction varied
between 0% and 2.58% whereas their %BDLs varied between 0% and 22.25% in fine
fraction.The concentrations of elements with mixed origin such as Ti, Cr, awendi
above theMDL in nealy all the samplesOnly exception to this was V, which had
16.77% BDL in coarse fraction and 18.96% BDL in fine fraction. Anthropogenic
elements, S, Zn, As, Cd, and Ag had lower %BDLs in fine fraction compered to ones
in coarse fraction. Only Pb and Cuddiot followed this pattern, their %BDLs were

higher in the fine fraction.

Table3.5 ICP-MS MDL of elements and percent BDL in each fractions

MDL Coarse Fine MDL Coarse Fine

(ng m3* %BDL  %BDL (ng m3* %BDL %BDL

Li 0.1469 21.29 23.90 Zr 0.9270 3355 57.42

Be 0.0336 30.32 36.81 Ag 0.0942 0.65 0.27
Na 0.2125 32.26 54.12 Cd 0.1259 4258 19.51
Mg 0.0527 8.39 14.56 Sn 0.8779 34.19 48.35
Al 0.1502 2.58 22.25 Sb 0.0073 0.65 0.27
Si 0.0672 21.94 28.30 Te 0.0086 9.03 7.42

S 0.0686 1.94 0.00 Cs 0.0022 3.87 6.04

K 0.1344 58.06 60.71 La 0.0294 3.23 12.64

Ca 0.3907 0.00 0.00 Pr 0.0044 7.74 17.86
Ti 3.0931 0.00 0.82 Nd 0.0168 10.32 21.70
\% 0.1910 16.77 18.96 Sm 0.0048 1.94 11.54

Cr 2.2480 0.00 0.00 Eu 0.0021 0.65 6.87
Mn 0.2692 452 4.67 Gd 0.0019 1.94 3.57
Fe 0.0159 0.00 0.27 Tb 0.0008 7.74 23.63
Co 1.7553 69.68 82.42 Dy 0.0052 9.68 29.40
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MDL Coarse Fine MDL Coarse Fine

(ng m3* %BDL  %BDL (ng m3* %BDL %BDL
Ni  0.8908  0.00 0.00 Er 0.0035 15.48 38.19
Cu 19721 1226 29.95 Tm  0.0007 20.00 33.24
Zn  18.1067 14.84  8.24 Yb 00026 10.97 34.62
Ge  0.0027  3.23 3.30 Lu  0.0005 1.94 5.22
As  0.6677 43.87 38.74 Hf  0.0111 11.61 37.09
Se 04760  8.39 8.52 Ta  0.0057 32.26 35.44
Rb  0.2005 32.90 42.86 Tl 0.0017 839 522
Sr 23253  47.74  47.80 Pb 50721 29.68 54.67
Y 0.0274  16.77 35.16 Bi 0.0057 7.10  7.69

*The aerage sampled volunveas taken as 24 n

3.3.2 Blank Analysis

Since blank samples have significant effects on uncertamtysampling and
measurementsblank levels of the elements in this study were very carefully
monitored. Throughout the study, different types of blank samples were

collectedpreparedFollowing blanks were analyzed in the course of the study:

1 Filter blanks: Blank sample measuremehotsthe determination of elemental
levels in clean filters,

1 Reagent blanks: Blank sample measurements for the determination of
elemental levels iacids and water

1 Field blanks

ED-XRF is a nondestructive method therefore, reagent blanks and filter slandk
not necessary in the EKRF analysis, only the field blanks were analyzed along with
the sample filters. In ICIRIS analysis, sample filters first digested then analyzed.

Therefore, all the blank types mentioned above were analyzed along with tHessamp
Filter blanks were prepared and analyzed along with samples-&18sing exactly

the same proceduress mentioned before, one clean filter was put in to teflon vessels

at each set of microwave digestion procedure (9 sample filters and 1 degnfil
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total 60 filters were prepared. In this way, trace element variability of clean filters were
monitored at each digestion set.

Reagent blanks were used to monitor the contribution of acids and water used during
the digestion of samples. 12 acidiks and 10 DI water blanks were prepared and
analyzed with the samples.

Field blanks were the main blanks in this study. Because, they include all the possible
contaminations fronprocesses followed during the sample collection and analysis of
the sampls Eighteen field blanks were collected during the study peFietd blanks

were weighed, recorded, and sent to the fikdel sample filters However,sampler

was operated only for 5 minutedien feld blanks were loaded to samplafter this
step,field blanks were treated as sample filters and same processes were applied to
them.

3.3.2.1ED-XRF Blank Analysis

Collected field blanks were treated as samples and were analyzed under same
conditions with samples. Average elemental composition of field blar&kgiven
Table3.6. Theaverageconcentrationsf theelements in coarse and fifractions and

the percentagsubtraction of the field blanks from tencentratia in thecoarse and

fine fractions are alsgiven in theTable3.6.

As can be seefrom Table3.6, dementscan bedivided into two groups according to
their blank valuesThe first group consist dfig, Al, Si, S, K, Ca, Ti, Mn, FeNi.
Blank concentrationdor these elementsvere less than 10% of their average
concentrations. The exceptitmthis groupelements was S. Blank concentration of S
was a very small fraction4%, of the average S concentration in fivee fraction
However, S tank concentrationn the coarsefraction was22% of the measured S

levels in the samples
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Table3.6 Average field blank concentrations and percent contributions to size

fractions
Coarse Fine

Aggr?l?e Averaége Sample % Averegge Sample %

Conc. onc. BLK one. BLK

ng cn? ng cn? ng cn?
Na 86 N 801 11 405 21
Mg 16 N 1432 1 690 2
Al 41 N 3871 1 1719 2
Si 123 N 11136 1 4404 3
S 246 N 1138 22 5713 4
K 39 N 1364 3 931 4
Ca 90 N 8162 1 2759 3
Ti 17 N 2072 1 197 8
Vv 5 N 150 3 24 21
Cr 25 N 183 14 145 17
Mn 9 N | 221 4 128 7
Fe 334 N 7518 4 4629 7
Ni 1.030.34 19 5 32 3
Cu 23 KN 76 30 76 30
Zn 68 N 203 33 220 31
As 0.84 f 3 33 3 29
Pb 46 N 50 92 68 68

Second group is consisted of remaining elements Na, V, Cr, Cu, Zn, As, Pb and these
elements high blank concentrations, ranging from 11% to 92% of the measured levels

in the samples. Thus, statistical uncertainties of this group will be high.

3.3.2.2ICP-MS Blank Analysis

After the filter blanks analyzed with ERRF, same field blanks were digested with
the same procedure used in the digestion of samples and analyzed along with samples.

Average field blankconcentratios and corresponding standard deviationsthad
measurealementss givenin Table3.7.
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Sampleto-blank ratiosof measured elements were also calculated based on the
concentrations of samples and field blanks for both coarse and fine size fractions and

givenFigure3.8 andFigure3.9, respectively.

Table3.7 Average field blank concentrations and standard deviations (ng‘50m|

AVGNST AVGNS1
Li 2.96N1 Ag 6. 15N
Be 0. 97N Cd 1.97N
Na 4. 97N2 Sn 6. 34N
Mg 2. 4N0. Sb 0.96N
Al 9. 68N Te 0. 09N
S 3.37N0 Cs 0. 04N
K 2.66N1 La 1. 01N
Ca 19. 63N Pr 0.12N
Ti 141N37 Nd 0. 35K
Vv 2. 45N2 Sm 0.26N
Cr 208. 75| Eu 0.18N
Mn 4. 2N3. Gd 0. 13N
Fe 0.81KN0 Tb 0.02N
Co 28. 31N Dy 0.12N
Ni 76. 29N Er 0.11N
Cu 49. 43N ™™ 0.02NK
Zn 456. 07K Yb 0.07N
Ge 0.31K0 Lu 0.02NK
As 9. 9N8. Hf 0. 44N
Se 15. 76K Ta 0.07N
Rb 4. 63N2 Tl 0. 04K
Sr 51. 7N2 Pb 95. 64K
Y 0.62N0 Bi 0.11N

Zr 24. 93N

Sampleto-blank ratios in the coarse fraction ranged fro fbr As, Be, K, Se, Ge,

Ag and S, from 2.0 Rb, Mg, Sr, Cr, Tm, Er, Ca, Na, Lu, Eu, Sm, Yb, Zr, Zn, Y, Ni,
Ti, Sb, Dy, Tb, T, Li, Hf, La, Gd, Pr, Sn, Ta, Co, Nd, V, Pb, Al, Bi and Cu, from 11
47 Fe, Te, G, Mn, and Cd. Sample blank ratios were less than two for As, Be, K, Se,
Ge, Ag and S, indicating that the blanks have a significant contribution on observed

levels of these elements in the coarse fraction. However, As, Ag, and S have their
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majority of mas in the fine fractions. Therefore, contribution of high blank lewels
not high for fine fraction As, Ag, and S.

Sample to blank ratios in the fine fraction ranged fregnhfar Be, Co, Zr, Er, Se, Tm,
Mg, Sr, K, Hf, Lu, Al, Ca, and Ge,-20 YD, Eu, Ti,Ag, Pb, Y, As, Sn, Na, Dy, Tb,
Rb, Zn, Li, Gd, Cr, La, S, Ta, Sb, Sm, Pr, Bi, Nd, Fe, V, Ni, Tl, and Cd fro/2310
Cu, Cs, Te, and MrHowever, ampleto-blank ratios were less than two for Be, Co,
Zr, Er, Se, Tm, Mg, Sr, K, Hf, Lu, Al, Ca, and Ge, indiog that the blanks have a

significant contribution on observed levels of these elements in the fine fraction.
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As stated in Sectio8.2.3.2.11SO grade HN@wasfurther purified with a sulboiling
distillation system to avoid high cost of HNGn order to compare the trace elements
levels in the purified HN@with the commerciajl available suprapur grade HNQO0
blanks were preparefiftom each acid and analyzed with K65 under the same
conditions with the samples. Ratios of trace elements in the acids depi€igdna
3.10.

The ratios of trace elements varied between 0.17 and 2.63 for Be and Sr, respectively.
Majority of the elements had a ratio less than one. Mg, Zn, Fe, and Co were slightly

higher than one (1.00 to 1.37). Ratios of Rb and Sr were higher than two, 2.18 and
2.63, respectively. This comparison of the element lewel®th acids indicated that

the subboiling system have a good performarfaemajority ofelements, except for

Sr and Rb.
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3.3.3 SRM Analysis

In order totestthe accuracy of the anags Standard Reference Materials (SRMs)
were analyzed and measured trace element levels of thes 3Rk compared with

the certified levels of the SRMs. Please note thiat approach makes it possible to
evaluate the errors caused by the calibration of the instrument rather than the total error

in study

3.3.3.1ED-XRF SRM Analysis

NIST SRM 2783 particulate matter reference filter was used to determine the accuracy
of theED-XRF analysis This reference filter ianalyzedalong with thesample filters

under same EEXRF conditions The certified concentration®f the elements in the
SRM, measurecconcentration of the corresponding elemetd the percent error

calculated for each element are giveT able3.8.

Calculatecerror forSi, Al, Mn, Na, Pbwerelower than 5%The erros calculated for
K, As, Ca, Fe, Mn, Na, Ni, Ti, Zn and @rere between 5% and 10%.he error
percentages for,31g, and Vwerebetween 10 and %6, %, which are reasonable and

indicate that there 80 gross calibration errors in the course of XRF measurements.

Table3.8 NIST SRM 2783Xertified and measured concentrations of elements and

percent error

Cer_tified Mea_sured %ErTor
(ng filter-1) (ng filter-1)

S 1050 915 12
Si 58600 59186 1
Al 23210 24138 4
As 11.8 12.4 5.6
Ca 13200 12400 6
Cr 135 147 9
Cu 404 355 12
Fe 26500 28100 6

63



Certified Measured

(ng filter)  (ng filtery)  7OEMTOr
K 5280 4900 7
Mg 8620 9800 14
Mn 320 330 4
Na 1860 1760 5
Ni 68 73 8
Pb 317 325 3
Ti 1490 1400 6
v 48.5 53.8 11
Zn 1790 1660 7

3.3.3.2ICP-MS SRM Analysis

The accuracy of the IGRIS analysiswas verified using thBIIST SRM 1648a (urban
particulate matterNIST SRM 1648avas digested by the same procedure applied to
samples and then analyzed by {08 under the same conditionSRM 2783
particulage matter reference filter was too expensive to digeasured and certified

concentrations of elements are giveT able3.9.

Table3.9. NIST SRM1648a certified and measured concentrations of elements and

percent error

Unit Certified Measured % Error

Cd mgkg? 72 70.88 1.56
Mn mgkg! 822 782.25 4.84
Sb  mgkg? 44 39.17 10.99
Sr mgkg? 207 196.35 5.14
Al % 3.43 3.18 7.24
Ca % 5.84 5.47 6.33
Fe % 3.92 3.80 3.04
S % 551 4.62 8.53
K % 1.056 0.96 9.52
Mg % 0.813 0.75 8.30
Zn mgkg! 4800  4677.75 2.55
Rb mgkg? 51 45.15 11.47
Co mgkg! 17.93  17.12 455

64



Calculated error percentages for Cd, Mn, Fe, Zn, anav€le lower than 5%The

erross calculated foiSr, Al, Ca, S, KandMg werebetween 5% and 10%he error
percentages for Sb and Riere betweerd0 and 12%The comparison demonstrated
that as in XRF analysis calibration errors were not significant for ICP analysis as well.
However, please note that although > 40 elemamtsneasuredith ICP, comparison

is limited to elements that had certifiedlues in the SRM

3.3.4 Replicate and Repeated Analysis of test Samples by IS

ICP-MS analysis of samples was tested by two approaches:

1. Repeated analysis: Collected PM samples were digested favi&&nalysis
in two batches. After the samples were digdsh the first batch, the resulting
50 ml volume was divided into two and one portion was send for the analysis,
when the second batch was digested, saved sample from the first batch was
send with the second batch of samples. Eight samples were saveddrst
batch and were send with the second batch. This repeated analysis was done to
test batcko-batch variations of ICIMS analysis.

2. Replicate analysis: Nine random samples were selected among the digested
samples and these samples were dividemtinb. Each portion was assigned
with different bottle numbers and analyzed with IS in the same batch

This approach was done to ensure the repeatability of th&IRBnalysis.

Elemental ratios of the test samples from repeated and replicate aasdydepicted

in Figure3.11 andFigure3.12, respectively.

In repeated analysis ratios of repeated Li, Na, Al, K, Ti, V and Cr measurenegts
consistently smaller than unity. However, although variabiiag high, ratios were
around unity for rest of the elements. For replicate analysis which is a measure of
variability in the same batch, ratios for Li, Mg, Al, K and Ca were around unity, but
concentrations of Ti, V, Cr and Mn were consistently higher unity, indicating problems

with measurement of these elements in the same batch.
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These seven elements are tmes that were analyzed by KGHES due to their high
concentrations in samples. For the remaining elements that were measured by ICP
MS, even though spreads are large, for some elements in both repeated and replicate
analysis of the test samples, they @hter around unity, indicating there was no

substantial error in IGIMS measurement.

3.3.5 Comparison of ED-XRF and ICP-MS Data Sets

As stated previously, ElXRF and ICPMS were the main analytical techniques
employed todeterminethe chemical composition &M samples collecteth this

study. Na, Mg, Al, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Pb were the common
elements measured both by IRF and ICPMS. In this section of this studthese
common elements are compared in terms of their number of observance in each

technique and given ihable3.10.

Table3.10 Comparison of EEXRF and ICPMS for the measured common elements

ED-XRF ICP-MS
Elements N Elements N
Na 195 Na 168
Mg 176 Mg 162
Al 196 Al 148
S 267 S 343
K 241 K 201
Ca 216 Ca 328
Ti 154 Ti 284
V 17 \/ 327
Cr 184 Cr 324
Mn 184 Mn 284
Fe 86 Fe 340
Ni 134 Ni 271
Cu 72 Cu 236
Zn 103 Zn 307
As 162 As 62
Pb 118 Pb 212
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Comparison of results demonstrated that agreement between the two techniques were
acceptable for most of the elements including Fe and S, but not so goocfat v

other elements. These elements were also detected in smaller number of samples in
ICP-MS measurements. Because of these reasons, XRF data were used for this small

group of elements including Na, Mg, Al, Ca, Mn, Ni, As, and Pb.

3.4 Source Apportionment

In this study, different techniques, including Enrichment Factor calculations (EF),
Positive Matrix Factorization (PMF), and Potential Source Contribution Function
(PSCF) were used for the source apportionment of the PM collected at the Eastern

Black Seaegion of Turkey.

3.4.1 Positive Matrix Factorization (PMF)

The Positive Matrix Factorization (PMF) model, one of tmeiltivariate receptor
models,wasused toidentify the sources contributing and the contributions of these
sources tahe aerosol populatioat the Eastern Black Sea atmosph&®F was
developed in early 90s by Paatero and Tapper (1993, 1994) and Paatero, (1997).
Following the release of the PMF by WERA, it has become the most widely used

source apportionment method (Hopke, 2016).

The PMF s based on the solution of thezeptor modelingroblem shown ifEquation
3.4.

@ 000 Equation3.4

In the equation, X represents the data mafixepresents the sourgeofiles, G
representshe source contributionsand Erepresents the unmodeled portion. Factor
analysis models aim to identify G and F matriéaguation3.4 can be written for each

data point as follows:
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W nQ Q Equation3.5

In Equation 3.5 x; is the concentration of"jspecies on theé"isample gk is the
contribution of the R factor to the ' sampefi; is the fraction of the 'k factor that is

species j, gis the residual for thd"jspeciesatthe i" sample

The main purpose of the Positive MatFiactorization model is tminimize the ratio

of the unmodeled portion to thencertainty defined for each dag utilizing an
explicit leastsquares formulatianThis process can be defined with an objective
function (Q) as follows:

. Q .
T Equation3.6

In the Equation3.6, sj represents the uncertaindfj" species on thd'isample. Iran
ideal model, th@bjectivefunction Q is expected to be zeHowever, the Q value can
be high, especiallin aerosol samples whetiee environmental background noise is
high.

In this study, the EPA PM5.0 model developed by thénited Stateg&nvironmental
Protection AgencyUS. EPA) (Norris, 2014vas usedin this model, two different Q
values are reported@he first one is Q(true). The(@ue) value is alculated including
all data points in the data s@&he second reported Q value i§r@ust).Q(robust)is
calculated excluding the data points that the uncertaicdied residuals greater than
+4 and lesshan-4. In a successful run, it isxpected that the Q(true) andr@bust)
values are close to each otharpther wordghe ratio of ¢/s; calculated for all data

pointsshould bebetween4 and +4
In PMF mode] the specieshat cannobe well modetd or whose the sigh&o noise

ratio less than one are assigned\asak" and the uncertaintiesssociated to these

speciesn the nodel are multiplied by threélowever, if thesspeciesre still notwell
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modeled, they are removed from the mod&k theoretical Q valués calculated using

nonweak data points bquation3.7.

0 NOQQ Mo Equation3.7

In this equation, K is the number nbnweakdata pointgsample number x specie
number) N is the number dfactors i is the number of samples, and specienumber
in the data sefThe theoretically calculated Q wal is expected to be closeQ@true)

value.

The QQ(theoretical) value is calculated for eaecieand for each data day / point,
as described above, in tiMF nodel to show how efficiently eackpeciesare
modeled or not modeled’he QQ(theoretical)ratio expected to be at mosto
(Norris, 2014.

In order to get the most feasible solution in the PMF model, firstly the distributions of
the eij/sij ratios obtained for each specie should show a normal distribution in the range
o f HNithe3 data points that do not show this ilsttion should be removed from

the model or the number €Hctorsshould be increased.

Another model performanceriterionis thecomparison of measured concentrations
and predicted (modeled) concentrations scatter plots. This plot is used to dheck if
model fits the individual species well. In this plibtis expected that the passcatter
around the 1 line.If a specie do not have a strong correlation between measured and
predicted concentrations, then the specie should be-deaighted by asgning its

category as fAweako or should be removed |

The third model performanceriteria is time series analysis of the measured and
predictedconcentrationsThis analysis is important @ssesshe model performance
in certain periodsThelow-performancealatapoints of thespecieshould be removed

from the model or thepecieshould be removed completely from the model.
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If the almve mentioned criteria arsuccessfully completedthe next step is to
examining the @ (theoretical) values for eadpecie and sampléf there is no
problem, the factorshould be identified by examinirigctor profiles F-loadings) and

factor contributiors (G-Score) of each sourcdf the factors cannot be defined
correctly, the numbeof factorsshould be increaseHowever, it should be avoided to
divide afactorinto two while increasing the numberfattor. For this, the correlation
between the &Gcores of the factors should be examir@akrelation between factors
should not be observed. Contrary to expectations, in some cases correlation between
some factorare observedSuch situations need to be scrutinized clearly. In this case,
the correlation between-&cores of the factors is piatly eliminated by applying the

F-Peak. Similarly, FPeak is also eliminate correlation between factor profiles.

3.4.2 Back Trajectory Modeling

The transport of pollutants from one place to anotiéné atmosphere is called leng
rangetransportAir pollution in a coutry is not only affected by its own sourcésit
can also baffectedby sources of air pollution in another countiyvestigating the
long-range transportof airborne pollutants is important understanchg the air

pollution in a regioranddeveloping effective control strategies it.

Ambient air qualityat a locationis determined by th@amount of emissionand
meteorological conditionddowever, the relationship between these two factors is
quite complex. As a pollutanésidein theatmosphere, it idispersed, diluted, settled
andunder goes$o chemical and / or photochemical reactions (Mayer, 1¥989)this
reason, establishing relationship between the emission and concentration of a
pollutant in the atmosphere is quite diffic(fRenger, 1999)While surface winds are

used to determine the effect of local pollutants, synoptic scale air movements (upper
atmospheric air movements) are used to determine the effect of the pollution sources
at a remote locatiorit is known thatsynogic scale air movements affect loingnge
transportof pollutants. Backtrajectory analysis is a common technique used to
determinesynoptic scale air movemen8rankov et al., 1998Dorling et al., 1992;
Katsoulis, 1999; Stohl et al., 2002A back trajectoryis a set of vectors that
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demonstrates the latitude, longitude, and altitude of an air mass in the atmosphere.
There are different models that calculates the back trajectory movements of air masses.
The most common ones are FLEXTRA (Stohl eti95), ECMWF (Molteni et al.,

1996) and HYSPLIT (Draxier and Hess, 1998).

In this study, the HYbrid SinglParticle Lagrangian Integrated Trajectory (HYSPLIT)
Version 4 (Stein et al.,, 2015) model developed by US. National Oceanic and
Atmospheric Adminigtation (NOAA) was used for the calculation of back trajectories.
The model calculation method is a hybrid between the Lagrangian approach, using a
moving frame of reference for the advection and diffusion calculations as the
trajectories or air parcels mevfrom their initial location, and the Eulerian
methodology, which uses a fixed thh@nensional grid as a frame of reference to

compute pollutant air concentrations (Stein et al., 2015).

Back trajectory calculations with HYSPLIT is done on daily bésisugh its web
interface However, in such studies whtbe sample numbers are highge time
required to calculate back trajectories on daily basis could be very long. Therefore,
some Geographical Information Systems (GIS) based softwares that caateddack
trajectories weekly and / or monthdye availableln this study, back trajectories was
calculated with TrajStat Version 1.2.2.6, a GIS based software, developed by Wang et
al. (2009). TrajStat also has capabilitiesiefv, query, and clusteréttrajectories and

when combined with measurement data it can compute the potential source
contribution function (PSCF) and concentration weighted trajectory (CWT) analyses
(Wang et al., 2009).

Selection of back trajectory length is an important critenotrajectory modeling.

Back trajectories length should be long enough to cover the regions in interest and
meanwhile should be not be too long to minimize trajectory errors. As the length of
the trajectory increases, spatial and temporal errors in ttemrgical also increases
(Fast and Berkowitz, 1997). Previous studies in our research group showekthat

day long back trajectoriesre long enough to cover the major source regions that
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thought to be affecting Eastern Black Sea atmosphere andréeyt long enough to
cause unreasonably high uncertainties.

Five-day back trajectories starting from the sampling station at 19:00 UTC at three

different altitudes, namely 100, 500 and 1500 meter were calculateshrigsling

period Reanalysis meteommgical data archive of the NOAA was used as input data

for back trajectory calculations. Isentropic vertical motion method type was selected

in the model calculation. For each arrival heigh®$,7 back trajectories were

calculated.

3.4.3 Potential Source Contibution Function (PSCF)

Receptor modeldeterminecontribution of a source by identifying the nature of the

source, rather thandetermining thegeographical location of a source that is

contributing the pollution at a regiom order to reveal such infmation, measured

concentratios and geographical information shout@ combined in some way.

Geographical information igsually obtained from back trajectorid$e method for

determination of thécation of sources affecting the aerosol population at a receptor

by combining back trajectories and measurement data is called trajectory stétistics.

this study, Potential Source Contribution Functions (PS®@Hich is atype of

trajectory statisticswas used.The concept of PSCF was introduced to determine

geographical regions that may have a higher probability of being source areas.

The Potential Sarce Contribution Function (PSECEnalysis begins by dividing the

study domairinto the Px1° grids The study domain used in PSCF analysis extends

from west of UK (200W) to Center of
Siberia (B UN) t o middl e of ARigure3cda To@lhGrber pf
cells (grids) in the study domaivas4800.Backtrajectories calculateid the TrajStat
softwareweredivided into hourly segments. Eaplositionsof the segmentsf a back

trajectory wasassigned to one dhe grids, depending on their coordinatésce 5

day backtrajectorieswere used in this study, thereere 121 segments for each

trajectory Calculated segments feach arrival heightvere43197.
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Figure3.13 The study domain used in PSCF analysis

PSCF value of grid celj for a specie or a factor, obtained from PMF analysis, is
calculated withEquation3.8. In order to calculate the PSCF value of a grid cell,
MAPINFO, a GIS based software, was used. First, the coordinates of segments of all
trajectories calculated in TrajStat were assigneditbaglls, and then the number of
segment in each grid was counted. This counting calculates tadue inEquation

3.8. A second counting was required to caloellag value. m represents the number

of segments in grid cel] that belong to back trajectories assigned to highest 40%
concentration of a specie or a factor. Trajectories correspond to highest 40%
concentration of a specie or a factor was selectedapigd to another file. Second
counting was done only with this group trajectd?®CF value of grid ranges between

0 and 1. If a grid has a PSCF value of 1, then this means that every segment in that cell

corresponds to high concentration of a specie.

[TEEELY a
0 YO Oé— Equation3.8
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A high PSCF value, approachesfgrid indicates that the grid is the potential source
region and a low PSCF value, approaches 0, indicates the grid is urdikelyatsource

region.

As in all models, there are uncertainties in the P$GRe number of pin thegridis

small, then thealculated PSEvalue for this grid will only depend on a few segments
and PSCF value of this grid can be hi§uch high vales may not be statistically
significant and this may not mean that the area covered by the grid cells is a strong
potential source region. Thus, uncertainbétshe PSCFvaluedue to few segments

will be high. The uncertainties of PSCF is dealt with tmethods. The first method
(Plaisance et al., 1997; Zeng and Hopke, 1989) is the weighting of PSCF value of a
grid cell depending on the number of segment it contain. The second method is the
nonparametric bootstrapping approach proposed by Hopke e98b)Y&nd Lupu and
Maenhaut (2002). This approach test the statistical significance of each PSCF value of

grid cells of the study domain.

In this study, the uncertainties of PSCF is dealt with the weighting method given in
Equation3.9 (Zhao and Hopke, 2006)

(% T@ v € C
? € . .
. 'y T® C € € £ or3.9
w £ — 5 5 ¢ & guation3.
Uy
tr P8T 3 c¢ ¢

where;
W(nj) is the weighting function

NavglS the average number of segments in the whole studyidoma
In this methodPSCFvalue of a grid cell is multiplied with a Wi(hvalue depending

on the number of segment it contains. Thus, the weight of a grid cells with small

number ofnj is minimized.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 General Characteristic of the Data Set

4.1.1 Data Set

The concentration of elementsPM samples cliectedon Eastern Black Sea region
of Turkey( Tor ul , G¢ nMakln 20h1etd DedemiE®l3 are presented in
this studyDifferent analytical techniques, IGRS, ED-XRF, and Aethalometer, were
usedto determine the elemental compasitof aerosobamplesin both coarséPM: s

10) and fine(PMz ) fraction samplesconcentrations 010 elements (Na, Mg, AlSi,
Ca, K, Mn, Ni, As, Pb) were determined using-EBF, concentrations B9 elements
(Li, Be, SO%, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ge, Se, RDb, Sr, Y, Zr, Ag, Cd, SnT8p,
Cs, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Er, Tm, Yb, Lu, Hf, Ta, Tl v&)ye determined
using ICRMS, black carbor{B.C.) contentwasdetermined using Aethalometer and

pariculate masg$PM) concentratiorwas determined gravimetrically.

Arithmetic means wittassociated standard deviationgdian values, maximum and
minimum values for all measured species in fine and coarse fraatighesare given
in Table4.1 andTable4.2, respectively.Number of samples are also providedhe

tables.

Standard deviations listed Trable4.1 andTable4.2 are higlerthan the corresponding

mean valuesVariations in meteorolagal events, changes in the air mass transport
patterns and the variations in the source strengths are the main factors for the large
variability of the atmospheric concentrations of measspstief G¢ | | ¢ et al
Such high standard deviations am unusual for atmospheric trace element data sets

Almost all of thetraceelements in the tables hareanconcentrationgslmosttwice
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the median valuandthisindicatedog-normalandother skewed distributions of trace
elements( Ko - a k e t. Distribution char@ctdsiics of the measured trace

elementsn this study areliscussed inletailsat Section4.1.2

Data completeess is challenging in atmospheric trace element data sets, especially
whenthe sampling is performed with low volume sampléesection frequency of
trace elements is an imgant problemWith a Stack Filter Unit, a type of low volume
samplerapproximately 24 rhair is drawn and passed through the filidusing a 24

hours sampling hencesmall amount of particulate mass is collected onfilkers.
Another factor that causekis problem is the partitioning of elements between fine
and coarse size fractiorBoarse fraction is dominated by elements arise from soil and
crustal materials, whereas fine fraction is dominated by anthropogenic species
(National Research Council, 89). Therefore blanks subtraction of crustal elements
will be high in the fine fractiofbecause most of their mass occurs in coarse fraction)
while blank subtraction of anthropogenic elements will be high in the coarse fraction
(becaise most of their n&& occurdine fraction) Even though all the necessary
precautionssuch as using lowlank filters and reagentsvere taken due to these
reasons itesulted in fairly large blank subtraction and small frequency of detection

for some of the elements.

Meanconcentrations fatrace elements in thiene fractionvaried between 0.0QIng

m~ for Tm and 1382.42 ngn for SQ:?. Eighteen species, including Co, Pb, Be, Zr,
Ni, Sn, Eu, Hf, Er, AsMn, Mg, Na, Lu, Al, Sr, Tm, Rlwere detected in less than
60% of the sample23 species, including Ca, Yb, B.C., Si, K, Ge, Cu, Sm, Y, Ag, Tb,
Dy, Gd, La, Pr, Ta, Ti, Li, Nd, Te, Se, Sb, &mrre detected in between%Cnd90%

of the samples an8 species, namely Bi, TI, Cr, Cd, V, Cs, B&? were found at
leastin 90% of the sampleslhe species with high missing dataintswere handled
more carefully tha other elements in statistical tests and source apportionment

models, since the uncertainties associated to these species were high.
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Table4.1 Statistical summary of concentration (ng)nof traceelementsblack
carbon and PM mass bhe fraction aerosols

Arithmetic Mean Median Maximum Minimum N
PM2s* 10.39N21.14 7.30 303.83 0.25 344
B.C. 269.04N702.34 194.80 10313.20 0.90 217
Li 0.595N3.65 0.218 60.85 0.001 289
Be 0.0282N0.0408 0.0181 0.40 0.001 123
Na 31.07N39.29 25.76 473.83 1.17 192
Mg 69.36N 145.49 38.88 1771.18 0.87 173
Al 179.45N357.68 111.51  4457.38 0.51 193
Si 436.51N850.87 299.38 11522.96 2.97 226
SO 1382.43N2948.53  954.03  46410.45 32.98 343
K 90.62N148.84 68.88 2137.56 0.92 235
Ca 274.55N530.77 155.21  5601.03 0.52 212
Ti 8.79N11.78 4.70 84.69 0.02 284
\Y 0.619N1.8 0.32 24.28 0.002 327
Cr 11.37N12.48 7.06 94.31 0.18 324
Mn 11.96N16.16 8.28 171.42 0.21 179
Fe 172.96N290.45 83.38 2603.61 0.28 340
Co 2.76N2.87 1.58 11.96 0.002 110
Ni 3.7N15.93 1.99 185.87 0.04 134
Cu 4.25N8.38 1.75 95.35 0.01 236
Zn 30.66N23.37 27.22 115.95 0.13 307
Ge 0.025N0.088 0.015 1.34 0.0001 235
As 0.226N0.348 0.1%4 4.79 0.005 162
Se 0.514 N0.383 0.473 2.33 0.01 294
Rb 0.63N1.332 0.138 8.73 0.0003 210
Sr 3.49N7.7 1.17 69.07 0.01 197
Y 0.0604 N 0.0862 0.0257 0.71 0.0002 242
Zr 2.13N2.49 1.61 12.58 0.001 127
Ag 0.565 N 0.304 11.85 0.002 242
Cd 058N 15 0¢ 0.144 8.66 0.001 325
Sn 062N 12 3¢ 0.233 11.59 0.01 141
Sh 0.131N0.218 0.093 2.84 0.0005 301
Te 0.023N 044 0 ¢ 0.0429 0.69 0.0001 292
Cs 0.029N0.0368 0.0140 0.50 0.0001 335
La 0.1 N0.229 0.073 2.68 0.0002 273
Pr 0.022N 0370 ¢ 0.0100 0.32 0.00002 274
Nd 0.0790N0.1180 0.0371 1.12 0.0001 291
Sm 0.0511N0.1059 0.0173 0.98 0.0005 236
Eu 0.0265N0.0491 0.0111 0.37 0.0001 144
Gd 0.0177N0.0254 0.0090 0.24 0.00004 265
Th 0.002N 010 ( 0.0013 0.03 0.00001 244
Dy 0.029N 002 0 : 0.0069 0.21 0.00002 245
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Arithmetic Mean Median Maximum Minimum N

Er 0.0079N 0110 I 0.0043 0.10 0.0002 161
Tm 0.00uN 0 30 ( 0.0007 0.01 0.00003 209
Yb 0.0063N0.0088 0.0034 0.08 0.0001 214
Lu 0.00BN 060 ( 0.0007 0.01 0.00003 192
Hf 0.0908 N0.0580 0.0297 0.29 0.0006 145
Ta 0.0129N0.0390 0.0077 0.51 0.0001 278
T 0.0104N0.0179 0.0071 0.23 0.0002 319
Pb 4.1 N 5 2.80 43.12 0.15 115
Bi 0.021N 0020 : 0.0164 0.32 0.000004 318

* Og m3, N: Number of samples

The chemical composition of fine and coarse fraction are generally quite different
(National Research Council, 1980). The composition and sources of coarse fraction
are well known and do not vary greatly one sampling point to another. The coarse
fraction is dominated by elements that mainly arise from soils and other crustal
materials, whereas fine fraction is dominated by anthropogenic species, since their size
is generally less thah50m ( T o k g ° Therefa2eQ 54 &ui of 352 coarse fraction
sampls were analyzed for their elemental composition to check whether there was a
modification to this general pattern asgmmary statistics of the trace elements in the

analyzedcoarse fractiosamples argiven inTable4.2.

Meanconcentratios of trace elementa the coarse fractionaried between 0.0 ng
m for Tm and 1445 ng m® for Si. Thirteen species, including Ni, Pb, Co, As, Ag,
Mn, Be, Sn, Sr, Zr, Al, Ge, Mg were detected in less ®@% of the samples27
species, including Eu, Na, Si, K, Hf, B.C., Rb, Ca, Zn, Cd, Er, Tm, Si,,9@, Lu,
Cu, Li, Se, Tl, Cr, Y, Te, Sm, Yb, Bl,b were detected in between%0and90% of
the samples anfl species, namely La, Pr, Dy, V, Nd, Gd, Ti, Csweze found at
least in 906 of the samples.
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Table4.2 Statistical summary of concentration (ng)nof elementsblack carbon
and PM mass dafoarse fraction aerosols

Arithmetic Mean Median Maximum Minimum N
PM2s510* 9.7N18.31 5.98 193.66 0.04 147
B.C. 109.52N122.93  86.00 999.10 3.90 104
Li 0.66N1.2 0.257 8.58 0.0003 127
Be 0.0263N0.0214  0.009 0.09 0.001 76
Na 68.85N100.75  40.21 794.57 1.02 97
Mg 167.42N457.19 62.54  3295.08 10.45 91
Al 458.06N1156.67 197.23 8706.09 16.17 88
Si 1441.5N4428.91 493.81 33038.73  36.01 97
SO? 556.68N555.26 359.99  3000.14 31.22 121
K 132.46N208.53 80.32  1918.87 12.63 08
Ca 802.14N1622.22 442.80 15325.40  46.32 110
Ti 17.17N17.67 10.78 78.26 0.16 145
Vv 0.889N1.316 0.47 9.07 0.002 141
Cr 10.61N12.56 5.85 86.13 0.40 132
Mn 26.28N105 8.76 909.20 0.49 74
Fe 349.82N496.33 156.56 2279.36 10.95 153
Co 5.79N9.75 2.05 41.12 0.004 48
Ni 3.44N5.19 1.63 19.79 0.02 29
Cu 7.24N14.91 1.98 96.68 0.01 125
Zn 45.23N32.45 42.06 118.25 0.32 111
Ge 0.0169N0.0164 0.0118 0.09 0.0003 89
As 0.198N0.224 0.147 1.31 0.005 54
Se 0.53LN0.573 0.413 5.66 0.0016 128
Rb 0.3 N0.395 0.248 3.26 0.001 106
Sr 3.43N6.66 2.00 56.40 0.03 83
Y 0.0957N0.1312  0.0584 1.14 0.0002 132
Zr 5.74N6.74 3.09 31.61 0.01 84
Ag 0.644N1.736 0.133 10.12 0.01 71
Cd 0.5 N1.22 0.125 8.39 0.001 111
Sn 1.83N3.39 0.60 18.91 0.002 81
Sh 0.162 N0.259 0.065 1.48 0.001 114
Te 0.0414N0.0277 0.0389 0.20 0.001 132
Cs 0.0378N0.1314  0.0182 1.53 0.0001 149
La 0.213N0.268 0.144 1.83 0.003 139
Pr 0.0389N0.0491 0.0182 0.40 0.0002 139
Nd 0.125N0.18 0.069 1.56 0.0003 141
Sm 0.0389N0.0452 0.0185 0.33 0.00001 133
Eu 0.0285N0.0008  0.0103 0.16 0.000004 94
Gd 0.0278N0.04389 0.0164 0.35 0.0003 141
Tb 0.0036N0.0047 0.0024 0.04 0.00005 137
Dy 0.0199N0.0282 0.0120 0.25 0.00003 140
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Arithmetic Mean Median Maximum Minimum N

Er 0.0110N0.044  0.0072 0.12 0.0002 111
Tm 0.0017N0.002  0.0012 0.02 0.00003 113
Yb 0.0091N0.025  0.0052 0.11 0.0001 133
Lu 0.0018N0.0019  0.0014 0.02 0.0001 124
Hf 0.125N0.157 0.064 0.74 0.0006 99

Ta 0.0191N0.0316  0.0079 0.17 0.0002 122
T 0.0076N0.0079  0.0045 0.03 0.0003 130
Pb 4.96N8.01 2.62 45.18 0.25 37

Bi 0.0353N0.0862  0.0207 0.15 0.00 136

* Og m3, N: Number of samples

4.1.2 Distribution Characteristic of Data Set

Fluctuations in the meteorological conditions and emission strength variations
determines the distribution characteristics of aerosol composition over a time period.
Frequency distributions of airborne pollutants are useful to undergia@oesses
influence the ambient levels of pollutants and to estimate the numberceédance of

a critical concentration level while developing control strateiesand Fang2002).

During the transport of pollutants from sourceegionsto receptorsite, due to
succesise mixing and dilution pollutants results inl@y-normal distribution of the
ambient concentrationsven hough the emission strengthsafurcesareconstantAs
presented imMable4.1 and Table4.2, arithmetic mean values of speca® greater
than corresponding median valu#ss sugesting lognormal distributiorof species
(log-normal distribution®f pollutantsverealsoobservedn numerouserosobktudies
in our researh group some examples afd-Momaniet al.(1998; G ¢, | et al, 1998
¥zt gtalk(2012)T o k g(2013; Yatin et al.,(2000). Since the concentrations of
species right skeweas a result of veryigh concentations arithmetic meawf species

concentrationgare no longer representative for data population

In this study,STATGAPHICS Centurior(version 16.1) software was used ttst
goodnesf-fit of the data to loghormal distribution by applying thi€olmogorov-
Smirnov (K-S DN) test.The Kolmogoro+Smirnov goodnesef-fit testmeasures the

maximum distance between the cumulative distribution of the data and that of the fitted
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distribution (STATGRAPHICS Centurion XVI User Manual 2010)
STATGRAPHICStest the null hypothesis that theelectedspeciecomes from a
lognormal distribution witha predefinedconfidencenterval anddisplays gp-value.
If the p-value is greatethan thepre-defined confidence intervdhull hypothesis is
accepted)then the dat@an be assned to have a legormal distribution. In this
study, a95% confidence interval was chosen for the test argpeltiehave pvalue

greater than 0.05 were assumed to releg-normal distribution.

The KolmogorovSmirnov test wasapplied toelements in both finend coarse
fractions and calculatedvyalue and distribution typ® each size fractiors givenin
Table4.3. As can be seen fro Table4.3, thatmajority of elements followed adr
normal distribution with 95% confidenckevel. Frequency histograms of some
selected elements, Fe, Pb, Mn, with-legrmal distribution are given iRigure4.1.
The elements that did not follolwg-normal distributionvere againtestedfor other
types of right skewed distributiors with the KolmogorovSmirnov test. The
Kolmogorov+Smirnov test showed that theséements followed Weibullpr log-
logisticdistributiors with 95% confidencéevel. Someexamples to other types oght
skewed distributions are givenkigure4.2. As can be sednom Figure4.2, frequency

histogram=f K, Al and Nawerealsoskewal right.
Since nedian valueswhich is insensitive toextremevalues(Jones et al., 2008)

representright skeweddistributed data sets b&dr than arithmetic mean values,

throughout the manuscript median values of elements are used.
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Table4.3 Distribution typesf elementsn the fine and coarse fraction

Coarse Fraction
p-value Distribution Type

Fine Fraction
p-value Distribution Type

B.C. 0.004 log-logistic 0.040 log-logistic
Li 0.037 log-logistic 0.014 log-logistic
Be 0.548 log-normal 0.353 log-normal
Na 0.050 log-logistic 0.566 log-normal
Mg 0.711 log-normal 0.351 log-normal
Al 0.001 Weibull 0.540 log-normal
Si 0.021 log-logistic 0.483 log-normal

SO  0.029 log-logistic 0.832 log-normal
K 0.091 log-normal 0.838 log-normal
Ca 0.001 log-logistic 0.555 log-normal
Ti 0.036 Weibull 0.348 log-normal
V 0.010 log-logistic 0.526 log-normal
Cr 0.754 log-normal 0.379 log-normal
Mn 0.171 log-normal 0.665 log-normal
Fe 0.061 log-normal 0.700 log-normal
Co 0.004 Weibull 0.174 log-normal
Ni 0.082 log-normal 0.748 log-normal
Cu 0.417 log-normal 0.430 log-normal
Zn 0.000 Weibull 0.000 Weibull
Ge 0.058 log-normal 0.786 log-normal
As 0.003 log-logistic 0.088 log-normal
Se 0.006 Weibull 0.010 Weibull
Rb 0.452 log-normal 0.055 log-normal
Sr 0.453 log-normal 0.328 log-normal
Y 0.166 log-normal 0.046 Weibull
Zr 0.007 Weibull 0.188 log-normal
Ag 0.036 Weibull 0.561 log-normal
Cd 0.121 log-normal 0.670 log-normal
Sn 0.544 log-normal 0.546 log-normal
Sb 0.017 log-logistic 0.721 log-normal
Te 0.000 log-logistic 0.030 Weibull
Cs 0.004 log-logistic 0.016 log-logistic
La 0.163 log-normal 0.095 log-normal
Pr 0.226 log-normal 0.569 log-normal
Nd 0.174 log-normal 0.297 log-normal
Sm 0.560 log-normal 0.205 log-normal
Eu 0.105 log-normal 0.124 log-normal
Gd 0.436 log-normal 0.593 log-normal
Tb 0.284 log-normal 0.256 log-normal
Dy 0.135 log-normal 0.144 log-normal
Er 0.182 log-normal 0.427 log-normal

m 0.168 log-normal 0.074 log-normal
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Fine Fraction

p-value Distribution Type

Coarse Fraction

p-value Distribution Type

Yb 0.160 log-normal 0.917 log-normal
Lu 0.093 log-normal 0.296 log-normal
Hf 0.032 Weibull 0.382 log-normal
Ta 0.029 log-logistic 0.760 log-normal
TI 0.013 log-logistic 0.921 log-normal
Pb 0.410 log-normal 0.908 log-normal
Bi 0.00 log-logistic 0.279 log-normal
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4.1.3 Coarse to fineconcentration ratios of elements

The mass of trace elements occurs in different size fractions depending their source
types.Elementghatarises from sib, such as Al, Fe, and %ind sea salt tracers Na and

Mg have large aerodynamic diameters, whereas elements released from anthropogenic
activities such as S, As, Pb, and Qdve relatively smaller aerodynamic diameters
(<2.50 M Therefore, evaluating ¢hcoarseo-fine concentration ratios (C/F) of trace

elements gives preliminary information about their sources.

Coarseto-fine ratios of trace elements at thasternBlack Searegion is depicted in
Figure4.3. C/F ratios of elements were varied betw8e38 for S@* and2.85 for Ca.

As stated previously, 154 out of 352 coarse samples were analyzed for their elemental
compositionTherefore C/F ratics of elementsverecalculated with the corresponding

fine fraction samplef the coarsdraction sampleausingthe median conentrations.
Please note th#ltefine fractiondataset for which th€/F ratio is discussed is smaller
thanthedataseprovidedin Sectiord.1.1

Crustal elements, Al, Fe, Si, and Ca, were mainly distributed in the coarse fraction of
the aerosol. Their C/F ratios were gredtean 1.This is an expected behavitor
crustal eéments since they are arisemfrsoil and other crustal materials (Almedia et

al., 2005).C/F ratio ofNa, a marine element, was greater than 1, which is similar to
that observed in lithophilic elements. Please note that this does ewt Ma is
originating from soil.The C/F ratio of the Na would be >&ven thoughhere is no

crustal contributionBecaus, sea salt particles are also coarse.

In a large part of the anthropogeriementsC/F ratiowas less thafi, which was an
expected behavior @inthropogenielementsas reported in previowstudies Barbaro,
2016;¢ el 2 k1 4 ; Kul o] | u ;NMunzdr, 2008)T e exceptio@t®tiiiss
pattern wereCu, Zn and Sntheir C/F ratios werel.10 1.55 and 2.58, respectively.
Even though th€/F ratio ofcopperwasclose tounity, C/F ratiosof Sn andZn were
high, andthis indicatal the masses of Sn and &erepresenin the coarséraction at

a certain levelSuch highC/F ratios of anthropogenic specieave been observed
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previousstudies ¢ e | i k, Ku2 0014 ;u and; Munzarc 2008, Thi2 0 0 5
situationis thought to besubstantiallydue tocoagulation of fine particles containing

these elements onto coarse particles.

Cr, Ni, Mn, K, V, Ti have mixed sources and their measured concentrations are
accounted for both crustal and anthropogenic sourCés.ratio of mixed origin
elementds a good indicator of which source type is more likelycontributing.In
case of anthropogenic sources are ndorainant than crustal origithe C/Fratio will

<1, in contrary case the ratio will be >1.

C/F ratios ofthese elementsan bedividedinto two groups based on C/F ratios. First
group is consisted of Ni and Cr, C/F ratios of these elements were 0.82 and 0.83,
respectively.This indicateghat the contribution of anthropogenic sources to Ni and
Cr concentrationss more dominanin the Eastern Black Sea atighere.

Second group is consisted of Mn,\,and Ti. C/F ratios of these elemeatg>1. In

fact, this is a much more expected behawabelements thahave both crustand
anthropogenic source€oarseto-fine ratios >1.0or these elements indicate thihée
contribution of coarse crustal particles on their measured concentrations are more
dominant than contributions of anthropogenic sourcies Eastern Black Sea

atmosphere
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4.2 Comparison with Literature

Comparisorof observed concentration$ elementsvith earlier observations of trace
elementgeportedirom comparable siteis important in terms oéssessing the extend

of the pollution ina study areaSince thesampling station was located at a rural area,
theliterature data waalso selectettom rural sits. Comparison was done with studies
conducted in the MediterraneanaSkeasin and also other parts of the TurkBye
selected |iterature studies f oetal,2002Ze c 0o mp ¢
Ker kl arel i, T u rEkaesyt e(r Tho kBgl °azc,k 20ela3,) ,Tur key
1992 , Mersin, Ta20&aAmé KonaakTetkey (Kar akakck
(Bari et al., 2009)Northern Greece (Samara et al., 20@shdod, Israel (Mamane et

al., 2008) Northwest Italy (Padoan et al., 201&nhdSoutheast Spain (Galindo et al.,

2017).

Shortdescription ofiteraturestudiesused for comparison is given below:

1- Antalya, Tetrak20y ( ¥zt ¢r k

Concentrations of trace elements and major ions were measured in aerosol samples
collected using a high volume Rbdsampler at a rural site on the Mediterraneasto

of Turkey, 20 km to the west of Antaly@3 0 A3 4830 3BAA 7E3 @.NS4 0N
between 1993 and 200Trace element composition of the collected were determined

with ED-XRF and ICPMS; major ions were determined by using lon Chromatography

(1C).

2- Kér HKHligreTurkey (Tokg©°z, 2013)

Daily total suspendegarticulate matter samples were collected with a high volume
sampler betweerpril 2006 and March 200&t a rural station, which is 5 km to
Turkish-Bulgarian bordef41°5 7 . 9 9 6 RP N3 .ahtH&Keé Ek| arel i pro
Collected samples were analyzed for 50+ trace element composition wH3ICP

ions by IC and black carbon byefhalometer.
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3- Eastern Black SedurkeyHacéesal i ho))l u et al .,

Daily particulatesamples were collectagsing a high glume sampleon a ship that
traveled from the \WstBlack Sea to the &tBlack Sea in 1988Thetotal number of
samples collected ithe Black Seawas 19. Only five particulate samples were
collected on Eastern Black Saad the data generated from theamples are used in
comparison Particulate samples were analyzied 36 element and ion by using
Instrumental Neutron Activation Analysis (INAA), Atomic AbsorptionX8) and ion

chromatographyechniques.

4- Mersin, Turkeya(Ko-ak et al, 2007

PM2sandPM:.s10samples were collectagsing aGenttype PMy stacked filter unit
at a rural siteon the coast of thedstern Mediterranean, Erdemli {3® 353'N and
34° 1 5IB'E), Turkey 562 aerosol samples were collecthding April 2001 and
April 2002 with a 24 hr temporal resolutionatersoluble ions were meased with
IC and concentrations of trace elements measuredgvatbrrinduced Xray emission
(PIXE).

5- Amasra, Turéda 00 Kar ak ak

Sampling station waimplementedt a rural siteon the Western Black Sea deof
Turkey. Station was at 20 km east of Amasra city and 3.5 km to Blacki@£&.5 to
Black Sea (414 7 N6 °2 9 @BEa)B/.PMiosampling was done with a Rihigh
volume sampler betweekpril 1995 and July 199TCollected samples were analyzed
with atomic adsorption spectrometry, instrumental neutronaan analysis, IC and
UV/VIS spectrometry for about 46 elements and major ions.

6- Cyprus (Bari et al., 2009)

In the study, ampling wa performedat three different charateristic sites {raffic,

residential and rurglto identify the comibution of different sources to the R
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concentrationsFor a valid comparison the rural siéhich is also within the network

of the Ceoperative Pogramme for Monitoring anévaluation ofthe Longrange
Transmission ofAir Pollutants(EMEP), near the gia Marina village was selected.
Daily PMiosanmples were collected using a gravimetric reference low volume sampler,
LVS3, during November 2002 and gust 2003Twelve race elements were analyzed
by XRF, major ions by 1Gand two elements (Pb and Niy graphite furnace atomic

absorption spectrometry.

7- NorthernGreece (Samara et al., 2005)

A limited number of dily TSP samples3 samples per month, in totdb samples

were collectedvith a high volume samplet a rural Petrana statigd0®1 7 N6 and
21°5 2 60B theNorthern Greecbetween November 2000 and November 2001. TSP
samples were analyzed for 27 trace element8RF. S concentration was converted

to SQ? for a valid comparison

8- Ashdod, Israel (Mamane et al., 2008)

The studywas focused on the characterization of fine and coarse particlesaover
midsize industrial cityAshdodon the East Mediterranean cadsbr thispurpose, 2
sampling stationsan urban and a ruralereoperated 3veeks in November 20Ghd
July 2005.Coarse and finéraction PM samples were collected with a dichotomous
samplerCollected samples were analyzeith XRF for 25 trace elements. For alid
comparison, observed concentrations of trace elen@nBMo dataat the rural
sampling station was used. S concentration was converted o 80a valid

comparison
9- Northwest Italy Padoan et al., 2016)
Daily PMio samples were collected in 2011fae different siteson the Northwest

Italy. Among these stations the ruralli8eto station was selected for the comparison.

Twenty-eightPMiosamplegone week in February, May, August and Novembene
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collected usinga size selectivédow volume sampleiat Saliceto statiorand were
analyzed with a high resolution 1G®S for 25 trace elements.

10- Southeast SpairG@lindo et al., 2017)

PM: and PMo samples were collecteat Mt. Aitana 8 8 A3 8 Nj56. 8njN 0A15Nj55.
1558 m above sea levalh the southeast coast of Spin18 monthdetween March

2014 and September 2015. TR®10 samples were collectagsinga high volume

sampler with a 24 hr duration and thesanples peweek. Samples were analyzed for

ions by IC for trace elementsy ED-XRF. Observed concentrations of trace elements

of PMiodatawas used for theomparison

Measured concentrations of trace elementhis study and selected studies are given
in Table4.4 andare alscshownin Figure4.4 for visual comparisorf-or comparison

of observed concentrations of elememts this with those reported for other
comparable sites, arithmetic mean values of elemeate usedin Table 4.4 and
Figure4.4, since most of the previous results were reported as arithmetic rBeéms.
PM: sdataandPMio dataare usedor comparisonsincePMiowas usuallyeportedn
previousstudies.But, it should be kept in minthat PMio datawasnot as large as

PMzsdatg since a portion of coarse fraction samples were analyzed.

It should be noted that the concentrations are highly dependent on the distance between
source and the sampling station. Another important factoctaffethe comparability

of different data setsis the year that the sampling performedParticularly, the
concentration of anthra@genic elements decreases over time duaken measures.

For this reason, it is necessary to consider the reduction inrdostoensof pollutants

over time, when comparing the results obtained studyconducted 2013 witthe

results obtained in a study conducted in the beginni2g@dsor in a study conducted

in the 1990s.

94



G6

Table4.4 Comparison of current study with the other studies in the liter&oreentrations in ng /)

This This Antalya Keér k| Eastern Mersin  Amasra Northern Ashdod Northwest Southeast
Study  Study Turkey Turkey Black Sea  Turkey Turkey Cyprus Greece Israel Italy Spain
(PMz2s) (PMig)
Na 311 110 2241 550 3900 3430 380 1357 250
Mg 69.4 2751 538 650 490 150 189 150 173 52
Al 1795 724.3 661 920 330 320 471 340 270 123
SO 13824 1848.6 7927 5800 4300 4950 4900 4554 1710 2850 1504
K 90.6 2243 536 460 101 360 180 353 280 240 459 65
Ca 274.6 1340.2 1422 1600 1890 410 1784 5370 1330 735 413
Ti 8.8 27.4 32 67 27 32 108 44 34 19 20
Vv 0.6 14 3.17 3.8 1.8 8.7 2.7 3.3 55 3.2 4
Cr 11.4 22.2 6.77 33 8.3 5.7 1.3 6 8.2 1.7 3.2
Mn 12 40.4 8.93 26 17 7.6 11 36 18 8.3 7.1 6
Fe 173 505.8 400 710 290 350 280 470 690 360 259 173
Ni 3.7 7.4 2.52 8.6 3 3.7 1.6 6 6.4 3.1 3.3 3
Cu 4.2 11.7 9.8 170 6 22 2.6 1.7 1
Zn 30.7 78.9 17 58 26 9.7 16 12 40.8 38 26.1 6
As 0.2 0.3 0.82 1 0.33 1.6 4.7 0.4
Pb 4.1 12 52 32 37 17 26 9.7 18.5 6.2 1
¥etzalt., Y Tok g°Haceéesal I;toal-., @ Ke?arl.’a B:‘"et Samara et M:tn;?':'e Padoan et G:J:EO
2012 2013 etal., 1992 20078 2004 2009 al., 2005 2008 al., 2016 2017
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The concentrations @& great majority oklements in the PMsize fractionin this
study, as expectedyerelower compared to corresponding concentratimorted in
other sampling site§ his is obviously due to partitioning of masses of trace elements
into different size fractions. Since the massesleiments partitioned, their observed
levels in the PM s size fraction will be lowcompared the ones in RMor TSP

fractions

Concentrations ofal-related elementdylg, Al, K, Ca, and Fejn this studyare
comparable withthe ones reported in otheamplingsites.It has been well document
that the stations in th®lediterranean Sea basin are under the strong dust transport
from North Africa (Gerasopolous et al., 2006;0 - a k e tb; Mitséakou eta,0 0 7
2008; Querol et al., 20097 hus elevatedevels of sodrelated elements are expected

in the Mediterranean Sea bagdimn Black Sea basiBut, the Al concentration
measured in this study is among the higleescentrations reported athersamplirg
sites.It is also interesting that the highest@dlo ncent r at i onrklarai me as u
station another Black Sea statioklowever, this is due to the fact that T8Rs
collectedi n rklgréli station.Transport form othearid regionghat resultedr such

high Al concentration in theampling site idurther investigatedin the following
sections of the manuscripgDtherlithophilic elements are not significanttlifferent

thanthereported concentratiora other sites.

Sodium,a sea salt markeis fairly low compared to theeportedlevels in other
sampling sitesConcentration of Na ikeavily dependent on the distanoetween
sampling site and coastlinthe distance between tlerul samplingstationand Black

Sea coastline wapproximately 7%m. Seasaltparticlesgenerated on the sea surface

by bubble bursting. The particles generated by bubble bursting are coarse and they
scavenged from atmosphere within few kms fronsttioe. Some of the sampling site
selected for comparisomas very closto the coastliner the samples were collected
during a cruisef a ship.Therefore, lhe contributbn of sea salt to the reported levels

of Na was highat these sampling sitelsighest at Eastern Black Sea study conducted
by Hacésal i haqiheraas tha condributioof (seb $a@inag lowin this

study Thisdifference isthe main reasofor such low levels of Na.
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Concentrations of polluticderived elements differ from one element to another.
Concentrations of S§3, V, As andPb are lower than the concentrations measured in
the Mediterraneahasin.Concentrations odnthropogenic speci€x, Mn, Ni and Zn
measured in this study are higher than those measonegntrationat Mediterranean
stationsThe reason for the differeas in concentratiored anthropogenic elemesis

that the concentration of these elements depends on whether there is a nearby source
region at thesamplingsite or not Sincethe onlysource ofall lithophilic elements is
dust, if onehese elements kEgh, usually others are also highifoone is low usually
others are also low. But, this is not valid forthropogenic elemensincethey are
released from different source&n interesting point is that the concentrations of
elements such as Cr, MNi, Zn, which are among the highest when compared to other
stationsin Mediterranean basjnare all elements thadriginate from the metal

industries The most important iron and steel plants in Europslaog/n inFigure4.5.

Worl ddés | argest me bthd northiofdhe Black Seat Bonetsk e | ocat ed
region on the east of Ukraine, andar Moscow, andt Ural Mountains. Also, other

| arge iron and steel pl ants are | ocated at E
Turkey and at Rustavi in Georgia. Obvioushg Donetsk region is the most important

source region fo€r, Mn, Ni, and Zrbecause of its proximjtto thesampling point

and the size of the facilitied this regionA global emissioinventorystudy by Pacyna

and Pacyng2001) was pointed that these regions are important resource regions for

elements such as Cr, Mn. It was also concluthed theseregions affect aerosol

composition in the Blackkea ( Hac é s g 19921 ®fubay et alt 1984).

Therefore, the concentration efements such as Cr, Mn, Ni and Zn in the Eastern

Black Sea region may be higher than the other regions in the Meditarrdne to

proximity of the source regions discussed above.

The comparison of two data sets generated at Eastern Black Sea in 2013 (this study)
andin 1988 a c € s a |l i.,A399 hasiimpottantariplications in terms of change
concentrationof pollutants over time. But, it should be noted that tega set
generated bjHa c € s a | i.1{1892 lisasexd ton amdlysis of only five particulate

samples.
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The measured concentrationsS®> andPbin 2013 are lower than thosevelsin

1988.The most obvious reason for the different level$G§* andPbin this study

and the study conducted by Haceésalihojlu
data sets were generated. The actions takerS@remissions at source regions
decreasethe regionaBQ:* concentrationsSwitching to unleaded fuel and installing

catalytic converter® cars decreased the Pb concentratiGoacentrations of Cr, Mn,

Ni and Zn which are associated with iron and steel plamisasured in this study are

higher than thosdevels reported bHa c € s al i h o] | lmporant saurce. (19°¢
regionsaround the Black Sea basfor theseelements are discussed abaued
Hacésalihojlu et al . of gsolr®e8 at thess tegiadrtsvath t h e
thoughboth datasets were generated on Eastern Black Betlie current study the

samples were collected 75 km inland from tHacR Sea andHac és al i hoj | u
(1992) collected samg$ on a ship during itsruise hundreds of krawayfrom the
coastline.Therefore, thesources regions affecting the observed levelSrpiMn, Ni

and Znmay not be same fdroth data setsThis is investigatedin the following

sections of the manuscript.
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Figure4.5 Distribution of iron and steel plants in Eurof#RL1)
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4.3 Flow Climatology

Flow climatology, a type of trajectory stgtics method has beerwidely used to
characterize theourceareas of pollutant§or example Eneroth et al., 20034arris
and Kahl,1990;Moody et al., 2014)There are two important factors that determine
the concentrations of pollutants at a receptor site. Taedire is the origiof the air
masses that arrive at the sampling point, and the second ondrexjiiiency offlow

of ar masses fronthat location Flow climatology provides information on these two
factors. In other words flow climatology provides an improved understanding of
typical airflow patterns and when combined with theasured concentrations of
pollutants, itprovidespreliminary information on the podsie locations of source

regions of pollutantthat contribute to the observed levels

In this part of the manuscripthree different approachesere usedfor a better
understanding of aiflow patterns in thézasterrBlack Sea reign. These approaches

are residence time analysisyind sector contributions, and cluster analy8iack
trajectories are used to calculate flow climatology of a redsack trajectories are
calculated for 3 different arrivdieight, 100m, 500m and 1500m, at the sampling
station for whole sampling periosflarch 2011to December 2013Since all the
trajectories below the boundary layer will contribute to the observed levels of trace
elements, a new group of trajectory called comad) back trajectiesis definedand it

is defined as the combination of 100m, 500m and 1500m trajectories. The number of
back trajectories calculated for the whole sampling period for each arrival height and

combined back trajectories were 976 and 282§yectively.

4.3.1 Residence Time Analysis

Residence time analysis is an appraheltshows the spatial distribution bbw much
air masses spent timgear a region as they travel to tfegion Ashbaugh et al., 1985)

The probability of pollution transportfrom a particularregion increasesas the

residence time of air masses increases over a particular régicause aimasses
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spend enough time to piakp pollution This does not apply to all cases, air masses
will bring pollution in case of sourcese pesent at that particular region.

In this approachiViapinfosoftware was used to calculate residence timas ofasses

First, the study domain divided int8x1° grids. The study domain used nesidence
timeanalysisshown inFigure4.6,e xt ends from west of UK ( 2
(60UE) in North East 5dUiN)ecttoi onmi dadnlde forfo mA
Then thesegments of the back trajectoriesre assigned to gridsccording tatheir
coordinateglongitude and latitude}Please note thaegment is the hourly positiaf
trajectoryaslongitude latitude and heigh The number segments in each grid cell
werecounted at MapInfand eaclsegment \&s color coded depending number of

segments assigned to it. This counting process was repeated fareaahheights

(100m, 500m and 1500m) and combined back trajectoriesmEpsgeneratedor

each arrival height and combintdjectories shown ifigure4.7.

The residence time of air masses increasandthe sampling point, since trajectories
are interceptedt the stationtHHowever, the spatial distributiaf residence time is not
symmetrich around the stationThe residence time values in the nentesterly

direction are higher than those in the south at the same distance.

The patterns of residence times of air magdagtical in all arrival height; they do not
show much difference®f course, as tharrivalheight increases, moremoteregions
stars to contribution to the residence timéair massedn the calculationslonewith

100 and 500n arrivalheight trajectoriesair masses do not spend much time on France
and SpainThe calalationdonewith 1500 marrival heighttrajectories indicatéhat
theair masses spend a little time on France and Spaiiihab meansf the pollutans

are transported frofrance and Spain to tls&ation, thigransport isoccurredwith the

1500 m arrival heightrajectories
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T e e

Figure4.6 The study domain used in residence time analysis

Seasonal variations of residence times of air masses also investigatedh order

do thisfirst the yeamwas dividednto twoseasonas summeand winter.The division

is based on the rainfall amouApproximately 70% of the rainfall is recorded in winter
season. Summer is the period between May and October, and winter is the rest of the
year.Thenthe trajectories are assigned to seasons according to their arrival time at the
station.The ounting of segments was dof@ each season for eaahrival height.

For example, for a particular grid cell® ounting was done fosegments of
trajectoriesassigned tosummer season"®counting was done this timfer segments

of trajectories assigned to winter seas@fter the countingthe difference between

the valueof each seasowascalculated and therigl was color coded accordinglly.

the value ofthe grid cell is positive, this means that the air masses reside n
summer season than winter seasbtie valueis negative, this means that trajectories

spent more time in winter season in that gird.

The thematic maps created for summer and winter differences of residence time of
each arrival height and combined trajectoaes in depictedh Figure4.8. There are
not very bigvariances among different arrival heights, pateme identical. But, the

maps depicted interesting summer and winter variatidiere are systematic
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differences in the summer and winter distributions of air massesummer, air
masses spend more time in the north, east, and-easthof the station, while air
masses spend more time in the south during the winter séasonecessary to pay
attention to one point heréhe fact that air masses spend more timeearsthutiernin
the winter does not mean thae air masses come more frequigatm south sector
other sectors~or exampleair masses spend less timehe soutkbrnsectos than in
the northern sectors. This is the caweboth winter and summeseasonsBut, theair

massespend much higher tima the southern sector than in summer.

The observed difference between summer and winter means that the probability of
pollutant transport from the north is higher in summsékewise, transport from
countrieslike Georgia, Iramat the easshould not be ignoredspecially during the

summer months
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4.3.2 Contribution of W ind Sectorsto the Residence Time of fajectories

In the previous sectionthespatial distributions ofesidence time of air massewas
shown At this section of the manuscrjphe contribution of wind sectors to the
residence time ofrajectories which is a more conventional in thieerature were

calculatedcand shown

In ordercalculate percent contriban of each wind sectoiMlapinfo softwarewas
used, but the study domain used in the residenceatialgsisvasdivided into 8 wind
sector akast(E), NE (Northeast), N (North), NVWNorthwest) W (West), Southwest
(SW), S (South), and SE (Southeast). The sdmyainused in the calculation of
contribution ofwind sector to the residence tineshown inFigure 4.9. Then,the
segments in each wind sectwerecounted and divided by the total numsegmenrg

for each arrival heights. This calculathe percent contribution of each wind sector to

f

%
. s v‘
s o v ﬁv“
22N

the residence timef trajectories.

!

Wl
3
DW

MTXAL ™

Figure4.9 Study domain used in the calculation of contribution of wind sectors
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Percent contribution of each wind sector to thgidence time of back trajectories is

given inTable4.5 and as visual shown figure4.10.

Table4.5 Percentontributionof each wind sector for 100, 500, 1500 m arrival

height back trajectoriesnd combined back trajectories

Wind
Sector
N 12.20 10.70 8.0% 10.26
NE 10.20 9.7 5.9% 8.7
E 1420 14.20 10.00 12.9%
SE 9.9% 8.8% 4. %% 7.%%
S 5.% 5.6% 4. 7% 5.4%
SW 8% 10.06 14.0% 11.1%
W 14.90 18.1% 32.2% 21. %0
NW 23.%% 22.9% 20.3% 22.%

100m 500m 1500m Combined

The distribution of trajectory segmeimsthe different wind sectors f&00 m and 500

m arrivalheighs of arenot different. However, when the distributions of the segments
in the 1500m arrival height are examinedifferences wereobservedThe percentage
contibution of the segments to the W sector at 1500 m arrival heiggvery high
compared tmnes attO0m and 500 narrival height1500 m 32%, 100 m 15% and
500 m 18%). In contrasat 1500marrival height the contribution of segments to the
N, NE E, and SE sectomsas less than those at otharrival heights.Air masses
travelingfrom the W sector are thought to bring pollutants from Eurttygefore the
role of trajectories with 1500m arrival height in this transport of pollutants will be
higher than other arrival heightBhe movement of air massgenerallyfrom the W

and NW gctors points out that the sources in Ukraine and RuUssking into account
the presence of large industrial facilities and -effective emission controlén
Ukraine, t is expected that the Eastern Black Sea regiverethe stationlocatedwill

be siquificantly affected by source areas in UkraineHigh oontribution of
anthropogenic content from these sestwas documented by Herut et §001J),
Lelieveld et al(2002), and Sciare et a(2003 in theMediterranean basin
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Seasonal variations of the mimibution of wind sectors to the residence times of back
trajectorieswere also investigatedn order to calculate seasonal variations, the
procedure used in the residence time analysis was used, but this time the counting was
done for wind sectoiFigure4.11 shows the summer and winter percent contribution

of wind sector at different arrival heights.

Significant differences were observed on summer and winter contributions of wind
sectors. The contribution of N, NE and E sectors were obviously high in the summer.
On the other hand, SE, S, SW and W sectors of air masses were higher in the winter
seasonThispattern is same with the opeeviously observed at the seasonal variations

of residence time analysis. This difference is an important feature of the region in terms
of flow climatology and provides important information on possible pollutant
transpat. The pattern did not change much with ithereasingarrival heights; it was

same in 100m, 500m, and 1500m arrival heights.

Flow climatologycalculated for the Eastern Black Sea regias comparedith those

calculated for other regions of the BlackaSand the Mediterranean regidimne first

oneisthisst udy@s i on at Torul. Second one Derek?®y
Western Black Sea. Third one was Amastation (Tuncer, unpublished data)

approximately athemid-p oi nt o f T o rstation oa Blatk S2a& coastkLasy

one was the Marmaris station (Tuncer, unpublished dathich represents the

Mediterranean region. The comparison is showrigure4.12.

Flow patterns in different regions of Turkey in general is not very different. At all
stations residence times in W, NW, N and NE sectors are higher than other sectors.
Again boththe N and NE sectors are highersummer, whereas S, SE, SW and W
sectors are higher in winter. In other wortthe flow pattern calculated for East Black

Sea regionapplies to all parts of Turkey.
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One point to note is that comparisesasmade orsectorby-sector basis takingnly
into accounthedirections relative to stationk.is not clear how the residence time

trajectorieschange atheymove awayrom the station.

By taking into account transport of pollutants from the regions that the air spend more

time is likely to occurflow pattern simarities in different parts ofurkey do not

meanthat the samsource regionaffect thestationsFor example, the air masses from

the NW sector in the Torul station are very important because they will pick up

emissions from the major industrial areas in Ukraine to the station. In contrast, the NW

sector in Derek®y repr es emdns. Hencettheflavs ses fr omn
pattern similarities in different parts of Turkey does not mean the source regions are

same for different parts of Turkey.
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4.3.3 Cluster Analysis

In air pollution studies trajectories aramined with various techniquesunderstand
the atmospheric transport patterns. Throughout the manudiéigoent techniques are
used to examine trajectories. In this ptrgefforts is to combine the air flow patterns
and observed levels of speciesth the so-called tehnique Cluster Analysis to
establish soureceeceptor relationWang et al.(2009) definedCluster Analysisas a
multivariate techniquehat combines the flow climatology and pollutant transport

pathways with particle or gaseasurements at a sampling station

The first step of Cluster Analysis is to form cluster of trajectories which have similar
length(transport speed) and curvatudiré¢ction) (Abdalmogith and Harrison, 2005)

The generated clusters should be homogeanddlistinctly different from each other.
Different algorithms have been developed to form clusters; some examples are
Brankov et al. (1998); Dorling et g11992); Harris and Kahl, (1990); and Sirois and
Bottenheim, (1995).

In this study, TrajStat softwa was used to form clusgein Cluster Analysis. The
software use¥va r dhiérarchical method (Ward, 1963) to form clusteycombning
the nearest trajectorieJrajStat uses Euclidean distance algorithm to define the

distancebetween trajectories usimgtitude and longitude of the trajectories.

Determining the optimum number clusters that best descritsegthiicantly different
air-flow patterns in the study periad subjective. h order to overcome thia two

step methodvas usedin the first step, a method develogagBrankov et al(1998)
wasused to determine the optimum number of clusters. According to this method
different number of clusteralculated an@ercentage change in total reneansquare
deviation (TRMSD)s examined when decreasing number of clusters, for example 20
clusters to 19 clustersThe authors concluded that 5% changeTRMSD was

significantly large to have a manageable number of clusters.
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Since all the 100m, 500m, and 1500m arrival heighk agectories will contribute
to the observed levels of trace elemedifferent number of clustef®r combined
back trajectoriesvere calculatedStarting from 20 clusters the number of clustezse
decreaselly merging the two clusters accordingheit coordinates. This process was
continued until 3 clusters. In each decrepsecentage change intéb rootmean
square deviation was calculat&grcentage change TRMSD against the number of
clustersplot is show inFigure4.13. Five percenthange in TMRSDvasalsousedas

a threshold valua this study

1.1

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Cluster Number

% Change i
S N A Oy ® ;

Combined % TRMSD

Figure4.13 Selection of optimum number of clustéos combined trajectories

Percentthange in TMRSD exceeds 5% threshold valt@ and 7 cluster. Therefore,
merging clustershould be stoppeat 10 or 8. Since two different number of clusters
suggested by the methodolodgveloped by Brankov et L998), a seconanethod,

which was the visual inspection of clustefas usedin this method, starting from a
number, the number of clusters are increased. The criteria used in visual inspection
method isvhen the number of clusters increasedhiuld not plit an existing cluster

into two that has same speed and curvature. Starting from 3 clusters, the number of
clusterswvas increasetb 20 and each of them visually inspectédvas seen thatfter

8 cluster every new cluster split an existing into twodiddhot add much information

to the existing onesTherefore, the optimum number of clusteras determineds 8

that best describesignificantly different akflow patterns in théeastern Black Sea

region.
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Clustercentroids calculated by TrajStat feach cluster in given ihigure4.14. Cluster
centroid is the center of mass of all of the trajectories of each cluster. The centroid can
beconsidereds the average of the elements (coordinates and speed) of trajectories in
that particular clusterThe number of trajectories assigned to cluster and there are

given inTable4.6.
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Figure4.14 Cluster centroidsf clusterscalculated for combined trajecies

Thereweretwo local trajectory groups (6 and 1). Therasa trajectory cluster from
the sou (5). Therewerefour trajectoryclustersdrom West Northwest, andNorth (2,

3, 7 and 8). Therwasalso atrgectorycluster from the Est (4).

The directional distributions and length (speed) of cluster have very interesting
implications.1 and 6 the shorest length clusters, are expected to transport airborne
pollutantsto the station from thical sources in the regiolowever, since there are

not too many local sources in the region, itificult to predict how muchhese two

115



shot-length dusters wouldcarry theairbornepollutans to the stationBut, the next
sectionwhich discusses theariation ofelemenal concentrationemong theclusters

will show that the air movementsspeciallyin the cluster arrythe anthropgenic

origin of the particles tahe station.Cluster 1 and 6 accounts for the majority of
trajectories. In total 1071 trajectories were calculated at different arrival heights. These
southerly Clusters accounted for 522 trajectories (approximately 49% of all
trajectorie$. Therefore, Cluster 1 and 6 playvery significant rolan the aerosol
composition in theegion, because air massgend half of their time over the regions

that the Cluster 1 andd®ver

Table4.6 Number and ercentage of trajectories allocated in each cluster

Cluster Traj ectory Ratio
Number
1 263 24.60%
2 44 4.10%
3 74 6.90%
4 176 16.40%
5 136 12.70%
6 259 24.20%
7 104 9.70%
8 15 1.40%

Cluster 1 has another point to nddeeviously when the dust transport to the Turkey

was mentionedpnlythet r ansport of we U sfronkNodhwAfricaih Sa har an
came to mindHowever, the importance of the dusanspors from the Aral|an

Peninsila and from the Middle East havmeen inceasingin recent yearsThis

transporthave beermprobably important in the past, biltere were not angampling

statiorsin Eastern and@itheastern Anatolia. Ngwve can identify thelusttransport

from the Arabian Peninsula and the Middle East nmaohe easily and certainiyith

the help of samplings all around the AnatoG#uster 1contains trajectories that bring

the dusfrom these areas to Torul

Cluster 5 contains another trajectory group from the sdttis. cluster accounts for

136 trajeadries thisis approximately 13% of all trajectorieSince theclustercentroid
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is close to Africa, a considerable part of thegectory in this group will spend time
overAfrica. In case of a transport from Sahara, the trajectories in Cluster 5 wdl bri

the dusto Torul.

Another clusterthat isconsideed as interesting is ldster 4.This cluster contains
trajectories from the easthe movement of air masses from the east usually haot
case in the regionTherefore, our knowledge guarticlestransported from easind
their compositionis very limited. The trajectories in Cluster 4 are important because
they may provideinformationwhich will improve our limited knowledge. Cluster 4
accounts fod 76 trajectories. This i56% of the total trajetories.

The remaining four clusters (2, 3, 7, and 8) contain trajectari@egng tothe station
from the West and Norttest. The total numbr of trajectoriesn these four clusters
are 237, whichis 22% of the total trajectoriehe trajectoriesassociated to these
clustersare expected toarrypollutansto the region as they cross over industrial zones
in Eastern and Western Europe ardve tothe station.However, the fact that the
mentioned industrizzones are far from the sampling statposes question marks on
at what portionthe pollutants transported from these zone will be effedivehe
levels of pollutants in the Eastern Black Sea regikmong these clusters, Cluster 8
has the fastest amovementhencefetch from Canada and Ashtic. Transport of
organic and inorganic forest fire emisssofrom Canada to Europe has been
investigated in recengears(Forster et al.2001;M¢ | | er et al ., 2005
20195. Even though Cluster 8 containa few trajectories (15), their chdoal

composition should be examined carefully.

Cluster centroids along with the associated trajectories are givegure4.15. It can
be concluded thatajectories in Cluster Inaybring crustalparticles from arid regions
at SuthernTurkey, trajectories in Cluster 5 may bring Sahedlast to the stationhe
8" cluster is the only group thataybring transoceanipollutants, even wh a small
number of trajectorieCluster 4 could provide information about sourcesited east
of Turkeywhichwe have limited knowledge so far.
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Another point worth mentioning is thide trajectories in Clusterlas the potential to
bring pollutants tothe east of Ulaine, an important industriaglource zone in the

region.

The second step of the cluster analysis is the relation of measured concentrations of
species with clusters. Variation of concentrations of species among the clusters can be
very informative as it provides clues about potential sources arba®M: sfraction

median concentrations of the elements in each clustgraveled inTable4.7. The

median concentrations of elements was tested with Kruskal WalM/)Kest using
STATGRAPHICS Centurion (version 16.1) software to check whether there was a
significant differences on median concentrations of element in different clusters.
Kruskal Wallis tet tests the null hypothesis that the medians are all &djineh 95%
confidence interval and displays avalue. If the pvalue isless than0.05 (null
hypothesis isrejected, there is a statistically significant difference amongst the
medians at th85.0% confidence levelhe pvalue of each element is also provided

in Table4.7. At least one of the median concentrations of all elemenislte4.7

were significantly different than other with few exceptions. Only median
concentrations of Co, Cu, Ge, Sr, Sm, Eu, Hf did not shigwificant differences

between clusters.
The nedian concentrations of some element groups in the clusters are also shown in

Figure4.16 for crustalelements, irFigure4.17 for pollution derivedelements anth

Figure4.18 for mixed originelements.
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Table4.7 Median concentrations of measured species (AgandK-W testp-values

Cluster1  Cluster2  Cluster3  Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 p-value
PMzs 7.4445 5.3889 7.5800 9.1633 7.5500 6.6984 6.8007 5.1300 7.76E08
BC 169.8000 163.9518 150.2115 251.9000 251.2000 166.0500 172.0626  437.0000 0.008
Li 0.1752 0.2474 0.1924 0.2893 0.2043 0.2603 0.1745 0.0387 0.01715
Be 0.0179 0.0180 0.0112 0.0174 0.0113 0.0192 0.0264 0.0331 0.02701
Na 22.3225 23.5135 33.7501 26.6292 27.7419 19.0064 27.3532 50.4877 0.01006
Mg 50.3991 24.6184 15.6113 35.6897 63.6276 41.9036 21.7434 14.1245 1.02E12
Al 139.7008 67.8693 110.3405 114.1887 167.1729  100.1431 66.7678 31.2172 9.2E05
Si 345.6034 2459574 176.5171 308.1116  398.0848  268.6144  159.0478 96.4283 0.00033
S04 1004.4021 777.5022 1288.7244 1499.3595 782.6406  762.6111 951.5094 724.4733 2.86E1l1l
K 81.7552 48.2749 68.6491 81.7852 74.0047 61.2545 46.4375 91.3001 0.00105
Ca 156.5334 122.2541 103.0701 146.8015 231.9480 159.4938 130.0395 60.8844 0.00063
Ti 6.3551 2.4235 2.7689 4.5798 5.7151 4.6227 2.9746 2.9746 0.0004
\Y 0.4062 0.2369 0.2711 0.4555 0.3263 0.2549 0.2204 0.2294 1.39E09
Cr 9.4139 8.7130 7.6607 5.3101 9.5246 6.4462 7.1753 8.6031 0.00039
Mn 8.5487 5.0825 9.3328 8.8859 7.2641 6.6170 10.6650 4.1911 0.01604
Fe 98.2023 74.0372 85.1627 81.9343 89.4804 77.5887 70.2805 93.9179 0.0352
Co 1.1783 1.1402 3.2406 2.0843 0.3146 4.3791 0.7569 4.6630 0.07229
Ni 1.7913 1.4007 2.7903 1.6784 2.4927 1.9773 2.6886 0.04788
Cu 1.3557 1.5148 1.1232 1.4658 2.2340 1.9973 2.0704 4.2998 0.06691
Zn 27.8399 26.0332 28.6592 24.7705 27.7938 23.7359 28.9309 36.4584 0.0027
Ge 0.0173 0.0171 0.0142 0.0175 0.0120 0.0123 0.0108 0.0127 0.47471
As 0.2127 0.1309 0.1820 0.2181 0.1573 0.1606 0.2043 0.1973 0.0023
Se 0.3957 0.5055 0.5316 0.5204 0.4155 0.5022 0.4311 0.5972 0.00118
Rb 0.1746 0.2230 0.1157 0.1158 0.2551 0.0897 0.1556 0.0538 0.02249




1T

Cluster1  Cluster2  Cluster3  Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 p-value
Sr 1.1236 1.3274 2.4336 0.7031 1.4212 1.1522 1.4212 1.1069 0.07622
Y 0.0380 0.0157 0.0195 0.0193 0.0572 0.0232 0.0169 0.0012 8.26E07
Zr 0.7652 3.1348 2.2993 1.7715 0.7167 1.8504 2.1669 1.7288 0.01821
Ag 0.3139 0.2048 0.2582 0.3807 0.3640 0.3040 0.2208 0.3484 0.02536
Cd 0.1213 0.1179 0.2145 0.2611 0.1276 0.1618 0.1266 0.0483 1.1E05
Sn 0.3556 0.2634 0.2239 0.2044 0.1785 0.2330 0.1862 1.6404 0.0027
Sh 0.0924 0.0962 0.0899 0.1221 0.0752 0.0777 0.0970 0.0548 0.00144
Te 0.0474 0.0440 0.0605 0.0429 0.0400 0.0387 0.0481 0.0228 0.0017
Cs 0.0156 0.0125 0.0208 0.0167 0.0138 0.0119 0.0152 0.0161 0.00075
La 0.1139 0.1084 0.0399 0.0471 0.1501 0.0632 0.0474 0.2592 1.2E06
Pr 0.0138 0.0094 0.0052 0.0069 0.0154 0.0098 0.0051 0.0045 6.91E07
Nd 0.0504 0.0219 0.0196 0.0374 0.0594 0.0360 0.0226 0.0047 2.3E05
Sm 0.0176 0.0166 0.0171 0.0127 0.0206 0.0174 0.0177 0.0129 0.73967
Eu 0.0077 0.0178 0.0099 0.0106 0.0092 0.0172 0.0107 0.0130 0.22448
Gd 0.0110 0.0094 0.0083 0.0068 0.0130 0.0076 0.0087 0.0087 0.00072
Th 0.0015 0.0016 0.0010 0.0008 0.0024 0.0012 0.0016 0.0022 0.0001
Dy 0.0088 0.0100 0.0041 0.0051 0.0078 0.0053 0.0064 0.0078 0.00031
Er 0.0067 0.0027 0.0021 0.0027 0.0071 0.0028 0.0067 0.0022 0.00024
Tm 0.0009 0.0005 0.0005 0.0006 0.0010 0.0006 0.0004 0.0010 0.003
Yb 0.0035 0.0034 0.0034 0.0021 0.0050 0.0033 0.0044 0.0017 0.00607
Lu 0.0005 0.0008 0.0009 0.0006 0.0011 0.0007 0.0003 0.0008 0.00625
Hf 0.0201 0.0885 0.0518 0.0180 0.0274 0.0415 0.0384 0.0593 0.05512
Ta 0.0090 0.0061 0.0093 0.0076 0.0080 0.0058 0.0071 0.0136 0.00016
T 0.0087 0.0059 0.0096 0.0091 0.0071 0.0055 0.0079 0.0065 4.4E05
Pb 2.4354 1.6647 5.6857 3.3653 2.1602 2.1748 4.4554 0.00011
Bi 0.0175 0.0152 0.0177 0.0220 0.0112 0.0142 0.0172 0.0293 1.88E08
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Figure4.16 Clustermedian concentrations of selected crustal elements
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Figure4.18 Cluster median concentrations of elements with mixed origin

The median concentrations of some selected crustal elements in the clusters are shown
in Figure4.16. Only 4 elementss selectedor the figure, but the remainingyustal
elements also followed similar trendSluster 5 and Cluster 1 arket clusters that
contribute the modb the observed concentrations of crustal elements, which is not
surprisingAs can be seen froffigure4.15, Cluster 1 contains a southArd-extending
trajectory group. Gch air movementareexpected tdring the dusbriginating from

Middle East and the ArabiareRinsulato the Black Sea regio\s can alsde seen

from Figure4.15, the vast majority of th€luster5 trajectoriespent their time over

North Africa. Therefore, the trajectories iHuSter5 includes air meementswhich

may bringSahara dust from Africato the Black Sea regiom order to check whether
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there was a difference betwe®aharan and Middle East and/or the ArabianiRsula
dust Boxand Whisker plots of thesoil-relatedelements were preparetid shown in
Figure 4.19. The Box and Whisker plot was prepared with ldgansformed data
because of the large differences between the concentrations of the elé&weatsbe
seen, the concentrations of crustal elements are generally higher in Clubker 5.
difference is very consistent in rare earth elements. For all rare eartmtdentbout
an exception, the ClustBrconcatrations are higher than the Clustezoncentrations.
For some rare earth elements such as &, Tb, Yb and Lu, the ratio of Cluster
5/Custer Iconcentrationsanges from 1.4 to 2.1, while for otherre earth elements
the ratio of Cluster 5/Custercbncentrationsanges from 1.1 to 1.2.uUg for all rare
earth elements without excepti@iuster 5/Custer 1 concentratioatios are greater
thanl.

The cluster median values of the anthrggaic elements are shown kilgure 4.17.

Since different anthropogenic elements have different sources, different elements can
be high in different clutters. Buthere are someharacteristicshat are common to

most of the elements. Most of the elements are higHust&® 4. The most obvious
examples areB.C., SQ?, Ge, As, Se, Ag, Cd, Skand Tl. Cluster 4 represents
movement of air masses frogast.These air msses are expected to bripgjlutants
emittedin the sourceegionsof Azerbaijan, Geajia and Iran tahe stationLikewise,

the median concentrations of a large part of the anthropogenic elements are also high
in Cluster 3B.C., SQ2, As, Se, Cd and Tl concentratidnsCluster 3are higher than
thosein other clustersCluster 3 represents trajectorigem the northwest to the
Eastern Black Sea regioft.is not surprising that the concentrations of pollution
derived elements are high in Cluster 3, because these air massagepdgsaineand
arrivethe sampling stationindustrialzones in the east &kraine has emerged as an
important sourceegion affecting every part of Turkey at most of studies done in our
group.Therefore, tiis not surprising that the median concentrations of anthropogenic
elements are high in Cluster dnce the region is verclose b the station and the

trajectoriesof Cluster 3arrive tothe station through this region
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Thethird trajectory group with a high median concentraiohB.C., Cu, Zn, Ag, Se
and Sn.s Cluster 8 This cluster is also a trajectory group in which anthropogenic
element concentrations are expected to be high. As can be sedfidtoev.17, the
trajectories in Qlister 8 has the fastest movement of air masdesse trajectories
arrive from North America, even from the Pacific coaghefUS to the Eastern Black
Sea vithin five days As stated beforehere is considerable evidence that pollutants
emittedinto theatmosphere from large forest firdgiown as boreal forest firem
Canada argansportedo Europe Thus, the trajectories Cluster 8&an simiarly bring
such pollutants to the Eastern BlackaSegion where th&ation is locatedl'his does
not mearthat the elements with high median concentration in this clasteefrom
North AmericanAll the trajectories in this grougrriveto Black Sea regiothrough
Europe.For this reason, the sources of the pollution dergledchentsat the cluster
may ako be in EuropeAn obvious point is that Cluster 8 is a trajectory group that
brings pollutants to the Eastern Black Sea regidre particles and the elements
associatedo these particleare measured in this study is no surprise thahe air
massedring pollutantderived elements tthe Eastern Black Sea regiaiso bring

other pollutants thavas notmeasurd.

The median concentrations of the elements with both anthropogenic and natural (soil)
sources, such ag, V, Mn, K, are shown irrFigure4.18. The median concentrations

of the elements in this gup are highn both Clusters 1 and 5, which bringrustal
elementdo the regiorand high in Qusters3, 4, and 8 whichbring the anthropogenic

elements to the region.

It should be noted that the median valuethefanthropogenic elements and the mixed
origin elements are not expectedlte high in tle same clusters, since they have
different sourcesBut, this is not the case for the sodlated elements, since they are

released from same source.
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4.4 Relation betweenElemental Concentrations and Local Meteorology

The main focus of this study is monitor lerenge transported pollat emissions
thereforemost of the discussions given are based on the upper atmospheric air
movements, rather than surface meteoroldggwever, surface meteorology can
provide information on contribution of local sources if theresatgces around the
vicinity of the stationIn such cases, the meteorological data obtained from the local
meteorological statisbecomamportant In this section of the manuscript, teort

IS to investigatéherelation oflocal meteorological parameters with pollution.

The meteorological station in Torul has been operated since. Zlietefore,
meteorological datevas obtained r om t he G¢m¢gkhane station, w h
station to sampling site The 55year meteorologicalparametersobtained from
Gémegkhane met eor ol o Jablesl station are given i

Torul is located at a mountain regidtiganaTr abzon Mountains to the r
Mountains to the south, Giresun Mountains to
to the eastTorul has a humid continental climateith cold and snowy winters and

warm summerslanuary is the coldest month with7°C mean temperature and mean

temperature in winter i0.6°C. On the other hand, August is the warmest month with

20.3°C mean temperaturend mean summer temperature is summer is A®.July

and August are the only months that the mean temperatures are atf@varDrest

of the monthsn Torul have temperatures below 20. The amount of mean rainfall

ranges from 12.4 mm (for July) to @Qqfor April) and the total rainfall amount is 464.2

mm, which is smaller than the Black Sea mean (2200 frime) highest rainfall is

observed at spring season with a 172.2 mm medaich is the 37 % of the mean

annual rainfallJuly and August are the omyonths mean wind spe@2.0 m '. Rest

of the months wind speed is below 2.0 fn Bhe mean relative humidity is around 60

%during the year at G¢gm¢gkhane station.
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The annualsummeyand wintemwind roses along with percent local wind frequencies
andaverage wind speed during the sampling period (2011 to 201)@nain Figure
4.20.

Table4.8 Long term (19642016 years) average temperature, relative humidity, total

rainfa | | and wi nd smeteeraogieatstatd; m¢ K hane

Temperature HRuerlnailg?{[s Rainfall g\ggg d

(AC) (%) (mm) (ms?)
January -1.7 66.2 36.6 11
February -0.5 65.8 32.8 1.2
March 3.8 58.3 43.8 1.6
April 9.4 58.2 60.4 15
May 13.7 60.9 68 1.2
June 17.2 58.4 46.8 1.7
July 20.2 54.9 12.4 2.0
August 20.3 56.5 12.9 2.1
September 16.7 55.3 22.2 1.6
October 114 57.7 45.2 1.1
November 5.1 66.8 42.3 0.8
December 0.4 65.0 40.8 0.9

The figure shows that most of the local winds blew betweest and south of the
sampling stationWSW and SW are the dominant wind sectors at Eastern Black Sea
region regardless of the season. At summer season frequencies from WSW and SW
are 13.5%9.4%, respectively. During winter moths frequencies of these sentbr
decreasedo 8.70% and 8.5%But, the contribution of ESE sector (7.2%) more
apparent in winter sector. Thieequency of Northerly winds are less than 5%

regardless of the seasons.
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4.4.1 Relation Between Wind $eedand Concentrations of $ecies

The relation between wind speed and daily concentrations of speéibb s fraction

were investigated at STATGRAPHICS using simple regression testteBhigsts the
correlation between daily concentrations of species and wind speed at a 95%
confidence level and displays asplue. The results of the test tabulated aile4.9.

As can be seen froable4.9, all the pvalues are greater than 0.05 and there is no
statistically gynificant relation between wind speed and daily concentrations of
species at a 95% confidence le\&datter plotsome selected elements from different
originsare depictedh Figure4.21. The scatter plots of the speciedigure4.21 also

confirm the lack of relation of the wind speed and daily concentrations of species.

Table4.9 Elemental concentratiors wind speed regressionvalues

p-value p-value
PMa2.s 0.8287  no relation Y 0.415 no relation
B.C. 0.0891 no relation Zr 0.828 no relation
Li 0.114 no relation Ag 0.1347 no relation
Be 0.8648  no relation Cd 0.9114 no relation
Na 0.8527  no relation Sn 0.0717 no relation
Mg 0.0769  no relation Sb 0.0624 no relation
Al 0.3836  no relation Te 0.6515 no relation
Si 0.1559 no relation Cs 0.9229 no relation
SO 0.7818  no relation La 0.568 no relation
K 0.3555  no relation Pr 0.1166 no relation
Ca 0.6141  no relation Nd 0.3007 no relation
Ti 0.9453  no relation Sm 0.3191 no relation
\% 0.3127 no relation Eu 0.1464 no relation
Cr 0.1882  no relation Gd 0.1539 no relation
Mn 0.7866  no relation Tb 0.3748 no relation
Fe 0.0974  no relation Dy 0.1307 no relation
Co 0.0708 no relation Er 0.4779 no relation
Ni 0.264 no relation Tm 0.9936 no relation
Cu 0.2 no relation Yb 0.8334 no relation
Zn 0.1036  norelation Lu 0.0726 no relation
Ge 0.0676  no relation Hf 0.9008 no relation
As 0.4217 no relation Ta 0.1429 no relation
Se 0.6078  no relation TI 0.3157 no relation
Rb 0.6221  no relation Pb 0.386  no relation
Sr 0.5298 no relation Bi 0.8443 norelation
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Figure4.21 Log-log scatter plots oflementsagainst wind speed
4.4.2 Relation Between Temperature and Concentrations of $ecies
Temperature is another local surface meteorological parameters that affect the
measured concentration of specidsie relation betweenemperatureand daily

concentrations of speciaés PM: s fraction were investigated at STATGRAPHICS
using simple regressn test.The results of the test are tabulated able4.10. As can
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be seen fromrlable 4.10, all the pvalues are greater than 0.05 and there is no
statistically significant relation between temperature and daily concentrations of
species at a 95% confidence levé&catter plots of temperature and daily
concentrations of some seted species from different origins are depicteBigure

4.22.

Table4.10 Elemental concentration vs temperature regressiaiyes

p-value p-value
PMa2.s 0.338 no relation Y 0.0829 no relation
B.C. 0.8803 no relation Zr 0.1335 no relation
Li 0.7269 no relation Ag 0.6944 no relation
Be 0.2214 no relation Cd 0.0978 no relation
Na 0.4341 no relation Sn 0.1939 no relation
Mg 0.5917 no relation Sb 0.2492 no relation
Al 0.8346 no relation Te 0.3095 no relation
Si 0.5644 no relation Cs 0.1202 no relation
SO 0.3208 no relation La 0.6563 no relation
K 0.4305 no relation Pr 0.0753 no relation
Ca 0.9725 no relation Nd 0.08®7 no relation
Ti 0.8438  no relation Sm 0.0668 no relation
V 0.8567 no relation Eu 0.1998 no relation
Cr 05142 no relation Gd 0.0221 no relation
Mn 0.3001 no relation Tb 0.0759 no relation
Fe 0.8139 no relation Dy 0.0887 no relation
Co 0.6657  no relation Er 0.3864 no relation
Ni 0.4708 no relation Tm 0.0571 no relation
Cu 0.1123 no relation Yb 0.055 no relation
Zn 0.8321 no relation Lu 0.1711 no relation
Ge 0.8684 no relation Hf 0.7877 no relation
As 0.7701 no relation Ta 0.8008 no relation
Se 0.2662 no relation TI 0.1252 no relation
Rb 0.1486 no relation Pb 0.9101 no relation
Sr 0.081 no relation Bi 0.1091 no relation
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Figure4.22 Binary correlations between concentrations of selected elements and

temperature

In Figure 4.22, it seems if there were a relation between temperature and daily

concentrations of Al, Si, and $Ospecies. However, the relation between temperature
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anddaily concentrations of these species are not direct. Please note that there were no

statistically relation between temperature and daily concentrations of species at 95%



confidence level. Precipitation is the main reason for the indirect relation between
temperature and concentrations of crustal species Al and Si. Torul has a continental
climate,hence wet and cold winter months, dry and warm summer months. During
cold and wet winter season the soil is damnjice coverednd resuspension of local

soil isless likely. However, during dry and warm summer months resuspension of soil
is much easieThe indirect relation of temperature and concentrations ot 8Qlue

to higher solar flux during temperatufithe gasphase oxidation of S{Oncreases with

thehigher solar flux dring warm summer months

4.4.3 Relation BetweenL ocal Rain and Concentrations of ecies

Rain is the main determining factor for observed variability of the elemental
concentrationsParticlescan be scavenged from atmosphere either at the vicinity of
the station by local rain events or they can be removed during their long range transport
to the station site by rain events on the path of air masst#ssAart of the manuscript

the efforts s determine the effect of local rain events on observed concentrations of
elementsin PMys fraction by diving the samples into two sets as samples
corresponding to rainy and noainy days. Key statistics of concentrations of species
and theimmedian conentrationgatio onnonrainy and rainy days are givenTiable

4.11. The median concentration ratios gjfecies on nemainy and rainy daysire

depictedn Figure4.23.

The median concentration ratios of elements on-magry and rainy daywvaried
between 0.74 (for Ag) and 1.86 (for EEven though the nerainy dayto-rainy day
median ratios of elements varied between 0.74 and 1.86, majority of the elements have
ratios around one. This indicatdst thelocal rain events were not effectiom the

majority of the elements.
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Table4.11 Mean and median concentrations of elements in rainy andanoy days(ng ni°)

9€T

Rainy Non-rainy
AVG N S° Median Count AVG N S° Median Count Non-rainy/Rainy Ratio

( Pg';;’;) 10.185N27.28 6.547 122 10.512N16.828 7.75 222 1.18
B.C. 387.495N1265.909 171.831 64 219.491N144.746  196.9 153 1.15
Li 0.905N6.098 0.191 98 0.397N0.998 0.242 191 1.27
Be 0.025N0.022 0.018 45 0.03N0.048 0.018 78 1.02
Na 31.646N66.05 16.356 49 30.874N24.033  29.095 143 1.78
Mg 101.087N258.198 45.338 45 58.208N68.509  37.841 128 0.83
Al 226.642N600.518 110.766 55 160.64N184.271 113.254 138 1.02
Si 550.725N1427.715 278.832 66 389.391N417.363 300.099 160 1.08
SO 1307.11N4205.97 766.89 119 1422. 44 | 107253 224 1.40
K 105.051N255.997  60.818 69 84.616N63.24 73.216 166 1.20
Ca 379.395N845.507 157.809 60 233.162N323.532 153.015 152 0.97
Ti 7.992N10.7 4.585 88 9.145N12.223 4.762 196 1.04
Vi 0.529N1.689 0.24 112 0.667N1.855 0.378 215 1.58
Cr 12.969N15.671 7.52 117 10.471N10.128 6.898 207 0.92
Mn 14.145N24.562 8.389 57 10.932N9.895 8.251 122 0.98
Fe 141.106N216.531 75.148 121 190.554N322.8 87.855 219 1.17
Co 2.692N2.72 1.585 42 2.804N2.952 1.576 68 0.99
Ni 7.297N29.072 2.148 39 2.228N1.838 1.977 95 0.92
Cu 3.987N6.653 1.433 87 4.402N9.242 1.875 149 1.31
Zn 31.988N22.229 29.948 111 29.905N23.957 24.551 196 0.82
Ge 0.034N0.148 0.016 80 0.02N0.019 0.014 155 0.89
As 0.28N0.696 0.157 45 0.205N0.126 0.197 117 1.25
Se 0.466N0.297 0.428 106 0.541N0.363 0.503 188 1.18

Rb 0.56N1.049 0.136 59 0.717N1.451 0.132 151 0.97




Rainy Non-rainy

LET

AVG N S° Median Count AVG N S° Median Count Non-rainy/Rainy Ratio
Sr 3.181N5.941 1.152 63 3.634N8.395 1.189 134 1.03
Y 0.052N0.07 0.024 74 0.064N0.092 0.027 168 1.12
zr 1.792N1.724 1.406 43 2.298N2.78 1.655 84 1.18
Ag 0.665N1.362 0.382 82 0.514N0.679 0.283 160 0.74
cd 0.515N1.176 0.131 112 0.527N1.05 0.15 213 1.14
Sn 0.331N0.483 0.189 55 0.891N1.664 0.261 86 1.39
Sh 0.11N0.202 0.076 96 0.14N0.225 0.101 205 1.32
Te 0.051N0.061 0.04 109 0.053N0.067 0.045 183 1.11
Cs 0.02N0.03 0.012 114 0.024N0.04 0.016 221 1.28
La 0.147N0.171 0.071 93 0.154N0.253 0.076 180 1.06
Pr 0.019N0.026 0.01 92 0.024N0.037 0.01 182 0.94
Nd 0.068N0.091 0.039 97 0.085N0.129 0.037 194 0.94
Sm 0.05N0.093 0.017 78 0.052N0.112 0.017 158 1.03
Eu 0.024N0.043 0.011 49 0.028N0.052 0.013 95 1.21
Gd 0.016N0.022 0.009 89 0.018N0.027 0.009 176 1.03
Tb 0.002N0.002 0.001 83 0.002N0.003 0.001 161 1.61
Dy 0.01N0.014 0.006 79 0.014N0.022 0.007 166 1.13
Er 0.006N0.008 0.003 51 0.009N0.012 0.005 110 1.87
m 0.001N0.001 0.001 64 0.001N0.001 0.001 145 1.40
Yb 0.005N0.007 0.003 66 0.007N0.009 0.003 148 0.98
Lu 0.001N0.002 0.001 72 0.001N0.001 0.001 120 1.46
Hf 0.045N0.044 0.029 49 0.054N0.064 0.03 96 1.04
Ta 0.014N0.041 0.009 94 0.013N0.038 0.007 184 0.81
Tl 0.008N0.019 0.005 112 0.011N0.017 0.009 207 1.76
Pb 4.218N5.576 3.413 37 4.046N5.184 2.765 78 0.81

Bi 0.021N0.03 0.017 110 0.023N0.03 0.016 208 0.99
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In order to check which elements effecsgghificantlyfrom local rain evergt median
concentrations of speciéis PM. s fraction on nonrainy and rainy was tested with
MannWhitney testusing STATGRAPHICS softwardlannWhitney test tests the
null hypothesis that the median$ two samples arequalwith a 95% confidence
interval and displays a-yalue. If the pvalue isless than0.05 (null hypothesis is
rejected, there is a statistically significant differenbetweenthe medians at the
95.0% confidence levelhe results of MamWhitney test tabulated ihable4.12.

Table4.12 Comparison of median concentrations of specresonrrainy and rainy
dayswith MannWhitney testandp-values

p-value p-value

PM2s 0.0673 Y 0.4700
B.C. 0.7044 Zr 0.6930
Li 0.1620 Ag 0.2890
Be 0.8790 Cd 0.3298
Na 0.0192 Sn 0.0077
Mg 0.1318 Sb 0.0262
Al 0.5651 Te 0.7073
Si 0.5660 Cs 0.0517
SO, 0.0016 La 0.9852
K 0.1301 Pr 0.5535
Ca 0.9376 Nd 0.5609
Ti 0.4585 Sm 0.5642
\Y 0.0011 Eu 0.6040
Cr 0.5692 Gd 0.3868
Mn 0.4093 Tb 0.0516
Fe 0.0739 Dy 0.1092
Co 0.9143 Er 0.0857
Ni 0.6105 Tm 0.1823
Cu 0.7563 Yb 0.5727
Zn 0.2190 Lu 0.0474
Ge 0.6803 Hf 0.8985
As 0.0882 Ta 0.5506
Se 0.1352 T 0.0000
Rb 0.8537 Pb 0.8551
Sr 0.9051 Bi 0.5244
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The particleshat ardorought to the receptor site from distant sources can be scavenged
from atmospherbothat the vicinity of thestation by local rain events addring their

long range transport to the station site by rain events on the path of air.rDasses
several daydong travel of air massethey passes through several rain event. At each
rain event particles they carry is washed out, and then thieyipinew particles from
other source areas. These newly acquired particles may also be washed up in the next
rain event. This process continues and whatever left iaithreass when it reaches to
stationis sampledOn the other hand, particles that amiteed frommore nearby
sources will not be wet scavenged as effectively, because they will artineegtation

at a shorter timeRProximity of the sources to the station determines how the particles
effected from local rain evet3his is the case for ajority of the element iFable

4.12. Their nonrainy and rainy days median concentrations are not statistically

different.

Na, SQ%, V, Sn, SblLu, and Tl arefte exceptioa tothe mechanism abovAccording

the ManAWhitney test median concentrations of Nas30/, Sn, Sb, Lu, and Tl on
nonrainy and rainy days werggnificanty differentat the 95.0% confidence level.
Concentrations of thespecies decreased significantly during local rain events. This
indicates that these species have nearby sources compared to sources of other species.
Among these species sodium is a marine elementhendistance betweesampling

station and Black Sea 75 km The potential locations of the remaining elements will

be discussed in the source apportionment section of the manuscript. Another reason
for the significant differences ahe nonrainy and rainy day median concentrations

of someelements is the viar solubility property. Some species for example, Na and
SO, are highly soluble in water. During the local rain events the compounds of Na
and SQ?dissolve in therain droplets and scavengdtbm the atmosphere more
efficiently.

4.5 Temporal Variations of Pollutants

Temporal variations of concentrationsspiecieslepend on several factors including;

the existing sources, transport pattern, and meteorological factors. Since most of these
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parameters change in time, chemical composition ofsAbv temporalariations.
Temporal variations of species are generally studied for two different time asates
is in this study Short term variations are the episodic charnigesoncentrations,
whereas long term variations are the average changes in time scaeasohs
(Karakak et al, 2004) .

4.5.1 Short Term Variations

Trace element data is very episodic in nature due to frequent changes in air mass
movements that brings pollutants andunak constituents to receptdfVhen upper
atmospheric transport occurs frompalluted sector, concentrations of pollutants
measureat the receptor will be highiHowever, when air mass movements is shifted

to a clean sector, pollutant concentrations drop rapidly generating an episode. These
episodes are frequent and that is whgcér element data shows rigikewed

distributions (such as legormal).

In this section, episodic nature of trace element data generafgald station is
discussedConcentrations of elements and other pollutants measured at a receptor has
two componets in their measured concentratior@ne of these components is the
baseline levels of species which are the concentrations that occurs in whole region and
do not change very much in time and space. Superimposed on these baseline
concentrations there arpisodes, which are transient, because pollutants associated
with these episodes, are brought to receptor by air maskies$ passes over source
areas.When air mass movement to receptor rge direction, they disappear.
Depending on frequency of air massoovement from source areas and distance
between the receptor and sources, episodes can account for a large fraction of

measured concentrations.

Please note that, episodes can be reduced in magnitude and frequency or even can be
eliminated entirely by takg regulatory actions to reduce emissions at source areas,
but baseline concentrations will no¢ affected at the same pa€ansequently, one

has to know baseline concentrations of elements and other pollutants to understand
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how much average concentmtiof a pollutant can be decreased by proper regulatory

actions at sources.

There are different ways to estiradtaseline levels of elemenlis.one approach time

series plots of elements can be prepared and episode days are visually excluded from
baselire dataln the second approach the peak concentration aditiedtfrequency
distribution is adopted asbeline level of that elementhis approach is illustrated in
Figure 4.24. When there is sufficiently large data set, baseline concentrations of
elements estimated by both histogram and 4sewes aproach produce similar
resultsThishistogram approackas adoptetbecause it is more quantitative anoren

robug than the other on&his approacls not invented in this worlt is first used by
Husainet al. (1982), than by Olmez (1997The histogram approach to calculate
baseline concentrations were also frequently used in our group to calculate baseline
levels of elements at Eastern Mede r r anean ( Ge¢z2tl grletetalal . ,192@1
and at Central Black Séma s i n ( Karakak et al ., 2004) .
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Figure4.24 Frequency histogram for calculationmabst frequently occurring value
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Baseline concentrations of elements measure@M: s fraction are given inTable
4.13, together with percentage of element conagiuns that are accounted for by
episodes. Baseline concentrations are significantly smaller than average

concentrations of elements, indicating ktiigh contribution of episodes.

Table4.13 Baseline concerdtion of elements and percent concentrations accounted

by episodes

Baseline ncentration % Concentrations Accounted by Episodes

Elements (ng m?) Annual Summer Winter
Ni 2.4565 30.4 30.9 28.9
Li 0.7524 36.1 35.3 40.8
Ta 0.0075 41.2 42.7 36.4
As 0.1191 42.5 45.8 36.9
Ge 0.0150 43.5 43.2 44.0
V 0.2821 48.1 47.8 48.7
Se 0.2759 49.9 49.1 50.9
Te 0.0242 49.9 50.4 49.1

B.C. 112.8530 50.4 50.4 50.5
Sm 0.1411 52.2 50.9 72.4
SOs* 564.2630 53.1 554 49.1
Cs 0.0084 55.6 60.7 45.0
Ca 81.8833 56.0 55.0 58.3
Mn 3.8894 56.1 60.7 48.5
Tl 0.0038 56.7 57.0 56.2
Na 11.6684 56.8 58.1 52.5
Mg 20.4708 58.4 57.5 61.2
Sn 0.1411 59.0 56.7 63.4
Si 153.5310 59.3 59.4 58.8
Cu 1.1285 61.7 55.5 70.8
Sr 0.7524 61.7 67.3 52.6
Cd 0.0940 62.1 64.5 58.2
Sb 0.0376 62.5 63.6 60.7
Al 51.1771 63.5 62.9 65.4
K 25.5885 63.7 65.7 59.5
Pb 0.9724 64.9 69.3 57.1
Gd 0.0037 65.3 67.1 61.8
Cr 2.3825 65.5 60.1 73.7
Ag 0.1411 65.9 66.9 63.9
Zn 8.7774 66.4 67.6 64.7
Fe 28.2132 66.7 66.8 66.6
La 0.0376 67.6 67.3 68.2
Nd 0.0150 67.6 67.6 67.6
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Baseline @Wncentration % Concentrations Accounted by EBpisodes
Elements

(ng m3) Annual Summer Winter
Tb 0.0004 68.3 68.0 68.9
Dy 0.0024 68.9 69.3 68.1
Eu 0.0047 69.1 69.1 69.1
Pr 0.0036 69.5 70.4 67.9
Rb 0.0940 69.7 71.1 65.6
Er 0.0011 70.8 69.3 74.3
Yb 0.0009 72.0 73.3 69.5
Y 0.0075 72.2 72.7 71.0
Bi 0.0038 72.9 77.2 65.3
Be 0.0047 73.2 75.5 69.7
Ti 0.9404 76.3 77.0 74.9
Lu 0.0002 78.6 79.5 76.7
Hf 0.0038 80.4 81.1 78.7
Tm 0.0001 81.0 81.2 80.7
Co 0.1411 81.4 84.6 76.2
Zr 0.1411 83.1 83.3 82.6

Percent contributions of episodes on annual averaigeentrations of elemenis also
shown inFigure4.25. Contribution of episodes vary between 30% (Ni) and 80% (Hf,
Tm, Co and Zr). On the average 62% of measured concentrations of elements are due
to episodes. This largisodecontribution to elements suggest that with appropriate
actions taken at sourcereas at a regional basis, current average element
concentrations at Eastern Black Sea basin caacteed by approximately 60%he

Table 4.13 also demonstrates thatrustal elements are more epispdihan
anthropogenic elementLontribution of episodes to crustahda anthropogenic

el ement s % and5 76 8 rE8pettielyHigher episodic contribution to
crustl elements is not surprisingpisodes in concentians of all elements are due

to variations in air mass motions, ascdissed in previous paragrapf$is includes

both anthropogenic and crustal ekmts. However, variabilitgf crustal elements also
depends on variations in local wind speed and eweratiability in wind speed at
source areas (deserts in the Middle Eastbic Peninsula and Africagince there are
more factors affecting episodes in crustal particles, higher episodic contribution to
concentrations of litophilic elements, which arsasated with those particles, should

be expected.

144



Baseline concentrations were also cal cul

2012) and Cental Black Sea (Karakat a., 2009, using the same methodology.
Baseline concentrations estimated hes stations are compared withaseline
concentration# this studyin Figure4.26. It canbe seen from thiégure that for most

of the elements difference betwebaseline concentrations of elements are not as
variable & their average concentratiortowever, there are significant tifences for

some of the elements. For example; concentrations of Na and Mg at Torul is an order
of magnitude smaller than baselic@ncentrations of these elementsAmasra and
Antalya stationsStation at Amasra and Antalya are on the coastline (the one in
Antalya is 0 m from the sea and station at Amasfakm from the coast), bstation

at Torul is approximately 75 km from Black Sea coast and there are mountains between
Torul and the coast, whicare 2200 m high (altitude of the Torstation is
appoximately 1100 m)Because of all thse distances and altitudes, #iation at

Torul is not affected from sea salt as muchtaians at Antalya and Amasr@ince

Na and Mg are major components of sea salt aerosol, which obviously make up the
baseline levels of these elements at Antalya and Amasra, their lower concentrations at

Torul station should be expected.

Major crustal elements like Al, Fe, except for Ca, are rftdgréint in all three stations.
Baseline line concentration of Ca is high at Mediterranean station due to highly

alkaline nature of the soil in the Eastern Med@egan region (Lizarazo et al., 2005;

Uz and Taval e, 2014) . Baseline concent

elements, such as changes from one station to another, because although major element

composition of soil do not change much, trace elemamiposition is variable.
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Baseline concentrations of anthropogenic elements do not show similarity between
stations that is observed in crustal elements. Baseline concentrations of anthropogenic
elements are vable. Some of the anthropogenaements, like Sb, Pb, Ti, V and

SOs? have lower baseline ogentrations at Torul statio@oncentrations of Zn, Ni

and Cr are higher at Torul; and concentrations of Mn, Se and Cd have similar
concentrations at all three stations. Lower concentratior2badind S@ at Torul

relative to baseline concentrations of these elements at Amasra and Antalya is due to
different times inwvhich data sets are generat8dmples at Antalya and Amasra were
collected between 1990 and 2000, before catalytic converteesingtalled to cars in

this part of the world, but Torul data were gener&téd years ago, when most of the

cars were equipped with catalytic converters awede using unleaded gasolirléhis

can explain lower Pb bdage concentrationBaseline conceration of SQ? is lower

at Torul due to regional scale decrease in’S&@ncentrations which was stemmed
from reductionan SG, emissions by the actions taken at source regions (Berglen et
al., 2007. Variability in baseline concentrations of other anffogenic elements can

be due to different sources, or source regions affecting Eastern Mediterranean and

different parts of the Black sea region.

4.5.2 Long Term Variations

Long term variations in concentrations of elements, at rural areas, are due tolseasona
variations in transport patterns in solar activity wet scavenging efficiencyince

most of the elements measured in this work arereantive, seasonal variation in wet
scavenging efliiency is probably the mostportant parameter affecting seaabn
variations in concentrains of elementslf an element is transported from distant
sources its concentration is expected to be lower in winter due to more effective wet

scavenging of particles with whi¢hat elemenis associated with.

Please note #t, when more effective wet scavengisgnentioned it doesndét meal
scavengingwith rain atthe station site. Air masses during their transport picks up
anthropogenic particles from particé®urce areas, which they crogauring their

travel, they passdbrough several rain event. At each rain event particles they carry

148



is washed out, and then they pick up newtiplas from other source areakhese

newly acquired particles may also be tad up in the next rain everithis process
continues and whatewréeft in the air mass when it reahto thestation is sampled.

This mechanism is more effective in winter, because air masssdgthrough more

rain eventsWet scavenging of particles is not effective in summer, because rain is
scarce. Since particles transported from distant sources will be scavenged more
effectively by rain events, their concentrations are expected to be smatiater and

higher in summeiOn the other hand, particles that are emitted from local sources will
not ke wet scavenged as effectively, because they willeata Torul at a shorter time.
Seasonal variations in their concentrations will not be determined by seasonal variation

in wet scavenging efficiency.

The yearis divided into two seasons as summer amater. Division of the yer into
two seasons isased on rainfall amount. In tB@stern Black Sea region approximately
60-70% of anmial rainfall is recorded iwinter period. Since wet scavenging accounts
for a significant fraction of variations in comteations of elements, division of the
year as wet and dry periods was reason&uemer is the period between May and

October and winter is the rest of the year.

Summer and winter average and median concentrations of elements are Gifele in

4.14 and Table 4.15 for fine and oarse fractions, respectivelgummerto-winter
corcentration ratios of elements in fine and coarse fractions of elements are given in
Figure 4.27. For most of the elements the ratio is > 1.0 indicating that, with few
exceptions concentrations of element groups are higher in summer seasons, not

necessarily for the same reason.
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Table4.14 Summer and winter concentrations of elements in fine fraction

(concentratiosarein ngm>)

Fine Summer
AV G sNMedian)

Fine Winter
AV G sNMedian)

Ma s s
B.C.

Li

Be

Na

Mg

Al

Si

SOZ

Ca
Ti

Cr

Mn
Fe
Co
Ni

Cu
Zn
Ge
As
Se
Rb
Sr

Zr

Ag
Cd
Sn
Sb
Te
Cs

©0¢

12.54
300. 4
0.841
0.033
32.49
69. 76
181. 3
448 . 2
1755. 7
93.78
246. 8
8.3
0.657
9. 27
12.25
168. 5
2.96
3.89
3.95
29. 26
0.0299
0.2231
0.5613
0.8356
4. 31

N 28
N 82:
4 . "
.018). (
42 .
158
38¢
9 2 (
27326)
169
48
N 8. 4"
N 1.°!
N 10.
N 16
N 28
N 2.7
N 18.
N 6.5
(¥3.5B)5 .
N
N
N

B =z

= & B 22 2 =,

pral
[y

20 Z2v 2 2 =
© o oo - o © o o
- . T TP onw . o

2

7.98 N 7.°:
190.7 N 16¢
0.192 N oO.
0.024 N 0. (
26.8 N 27

83. 6
340.2 N 62¢
9.52 N 15.
0.574 N 2.
13. 8272{10.82)
11.32 N 15

178 N 295.
2.56 N 2.9
3.1 N 3.5¢
4.54 N 8

1.58 N 1.8
0.512 N 0.
0.405 N 0. ¢
0.762 N 1.7
0.115 N 0. :
0.046 N O.
0.015 N 0.
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Fine Summer Fine Winter

AV G sNMedian) AV G sNMedian)
La 0.148 N 0. : 0.156 N 0. :
Pr 0.023 N 0. ( 0. 0 DP34{0.008)
Nd 0.083 N 0. 0.073 N 0. :
Sm 0.062 N 0. 0.038 N 0.
Eu 0.03 N 0.0 0.02 N 0.0
Gd 0.0184 N O. 0.0167 N 0.
Th 0.0022 N O. 0. 0022 (0NDO1Q).
Dy 0.0131 N 0. 0.0126 N 0.
Er 0.0074 N O. 0.0087 N O
Tm 0.0011 N oO. 0.0011 N O
Yb 0.0061 N O. 0.0065 N O.
Lu 0.0013 (§.0007 0.0012 N oO.
Hf 0.0539 N 0. 0.0451 N O
Ta 0.0148 N 0. 0.0102 RN o.
Tl 0.0118 N oO. 0.0088 N oO.
Pb 3.46 N 2. 6.09 N 9.5
Bi 0. 025 N0.0083)0 0.0187 N oO.

Table4.15 Summer and winter concentrations of elements in coarse fraction.

(concentratiosare inngm)

Coarse Summer

Coarse Winter

AVG N STD ( AV G N (1gemian)
Mas s 10.09 N 22 9.33 N 13.
B.C. 94.6 N 57. 141.6 N 19
Li 0.497 N 0. 0.805 N 1. 4
Be 0.024 N O 0.029 N 0.0
Na 61.1 N 44. 91. 17 N2131
Mg 93.06 N 89 431.4 N 912
Al 262.1 N 21 1220.3 N 23
Si 664 N 544. 3942.9 N 85
SO 574.4 N 51 538.1 N 591
K 107.01 N 6 199. 39 (M1.33)7.
Ca 599.2 N 45 1202.6 N 26
Ti 19.55 N 17 14.82 N 17.
V 0.953 N 1 0.824 N 1.3
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Coarse Summer
AVG N STD (

Coarse Winter
AV G N (1gedian)

Cr
Mn
Fe
Co
Ni
Cu
Zn
Ge
As
Se
Rb
Sr

Zr
Ag
Cd
Sn
Sh
Te
Cs
La
Pr
Nd
Sm
Eu
Gd
Th
Dy
Er
Tm
Yb
Lu
Hf
Ta
Tl
Pb
Bi

12.8 N 12.
12.04 N 9.
4 19 .530.4{03)

5.14 N 10.

o O O O

o
o .
™
©
SN

© O o o O o O OO
.. . o, T, .. oooooooo
© o
© N
~ ©
w
> 2 > >, =, 2 T T2 2 22222, 222z 25 o o 2

8.06 N 12.

46. 03 N 1509
282.5 N 462
6.39 N 8.7
6.57 N 6. 4

4.48 N 5.7
44.51 N 31.

0. 010071KD.0121)
0.3794 N 0. ¢
0.5444 N 0. 7
0.4008 N o0.¢

4.34 N 9.2
0.1025 N 0. 1

5.72 N 6.9
0.68 N 1. 7¢
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0.042 N 0. ¢
0.051 N 0.1
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0.039 N 0.0
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0.041 N 0.C¢C
0.033 N 0.0
0.0305 N 0. ¢
0.0038 N 0. ¢
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0.0019 N 0.
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0.0019 N 0.
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Monthly median concentrations of selected crustal elemientsne and coarse
fractions are depictedn Figure 4.28. Concentrations of these elements and other
crustal elements that are not showririgure4.28 arealsohigher in summer season.
Higher concentrations of crustal elements in summer season is not unique for this
work, but observed in most studies in the Eastern Mediterrakean(a k et al ., 2007
Mamane et al., 2008: Samara et al., J00Budal particles can reach tbesampling

point either after a long range transport from deaeeas in Middle East, Arabic
Peninsula and Sahara, or they can be resuspendemdidcal soil by wind action.

Both of these mechanism favors higher concentratiam summer. Higher
concentrations of particles transported from distant sources are expected in summer
season due to more effective wet scavenging of particles durimgrwas discussed
previously.Concentrations of particles resuspended from localsswibces are also
expected to be higher in summer, because in summer soil is dry and resuspension
occurs at relatively low wind speeds. However, in winter, soil is mud or ice covered,

which makes resuspension more difficult.

Anthropogenic elements defedtwo different seasonal variation patterns, which are
shown inFigure 4.29 and Figure4.30. Species likeMn, K, V, Ti, Sb Cd, S@ and

B.C. show welli defined monthly variation patterns with higher concentrations in
summer monthsHowever, elements, such &8, Ag, Se, Zn, Ge, Cdo not show a

very clear monthly variation. As pointed earlier in this section, these different monthly
patterns for different element can be explained different distances between their
sourcesand receptor. Elements that hdugh concentrations in sumer season are
probably transported from distant source areas and they are scavenged more
effectively during winter, with more frequent encounter with rain during several
dayslong transportThe second group elements on the other hand are praraltgd

at a closer distance to Torul and thus are not scavenged as effectively during their
shorter traveto station in winter seasoB8hort distance to station refers to sources in
Ukraine, Georgia and Eastern Turkdyong distance, on the other handfers to

sources in Balkan countries and further away.

154



©ag Yoe|g uiaise] e SJUSW|D [eISNIO PaldaIas JO SUOITRIIUSIUO0D Ul uoieueA A|Yuo 8z vainbi4

Jdd AON ID0 d3S DAV TAC NAr AVIN ddV dVIN 934 NVl

Jdd AON IDO ddS 90V TAr NAr AVIN 3dV dVIN 9394 NVI

0

0

-u\& % m § <000 2 m @ E S0 =
N L :
LA 100 £ 7 T £
1N = m\\\ . E
“ ST00 < | ST o
% wo g m (2
§T0°0 = €T =
AsIe0D SOH@AMY SO E Mm%o ASIROD ISE AU ISEH M.m
2dd AON ID0 d4dS DAV TAr NAr AVIAL 3dV 9VIN 999 NV Ddd AON 1D0 ddS 90V TAr NAr AVIN 4dV dVIA 934 NVl
0
Z . \ Y
PERFPREERE ;. PRE -3
0sT = % m To 2
00z qm % “ €0 qm
057 = Z . g
IsIe0D) 3@ UL 34E 00€ ISIe0) I'T@ U I'TE
0sg €0

155



Figure4.29 Anthropogenic elements with higher concentrations in summer
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