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ABSTRACT

CHEMICAL COMPOSITION OF PRECIPITATION AT DIFFERENT
PARTS OF TURKEY

Ayakl &, Gg¢l
M.Sc., Department of Environmental Engineering

Supervisor: Prof . Dr. Ge¢rdal T

February 2014, 47 pages

In this study major ioncomposition of rain water samples collected at General
Directorate of Meteorolog@d nt al y a, Bal éeékesir and Trabz
were analyzed. The major ior80:>, NOs, NH,", CI, C&*, K" and N& were
analyzedby ion chromatographyData gener&d in these stationgre compared to
evaluate how chemical composition of rainwater changes as air masst®irahe
Anatolian plateau.Data also demonstrate how rainwater composition varies
seasonally at different parts of Turkey. Reasons behind thagations are
invesigated using statistical tooldMultivariate statistical tool &sitive Matrix
Factorization was used to understand types of sources affecting precipitation
composition at different locations in Turkeds a result, four types of fac®were
resolved as long range transport, crustal emissions, sea salt and fertilizer usage.

Similarly, trajectory statisticeare used to understand locations of sources. Data

\Y



evaluation heavily base on back trajectory information. Back trajectari@gang the
stations at the mid day of every sampieere collected using HYSPLIT trajectory
model. HYSPLT is 3D isentropic trajectory model developed by the US National
Oceanic and Atmospheric Administration (NOAA). The model will be run at NOAA

computers andesultsaretransferred to our computers.

Keywords: Wet deposition, rain water composition, IC, acid rain, back trajectory.
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T! RKKYEONKN ¢EKKTLK BYLGELERKNDEKK YAJI kK
BKRL Ek KMK

Ayakl &, Gg¢l
Yé¢ksek Lisang,sldéigvir eBoMghmesnd

Tez Y%°neticisi: Prof . Dr . G¢rda

kubat ,h6 472a9fd 4 , 1

Bu -al ekmada Meteoroloji B@é¢ m&«leBabmprd yrel ¢ ]
il 1l erindeki yaj] mur °rnekl eme istasyonl ar
iyonbi r |l ekiimd ee o.iSamidbs, iNH,", CI, C&", K ve N& gibi

i yonl ar én arncarhatzd gerraf iisyio iulke® |y-aspnél | enmédketné re
sonu- |lhaarvai ket 1l el erinin Anadol usumwhuat osun
ki myasal birl eki mkar rR é hBamiEyEar n€Eld jeéeksteenru - | ar
Ter Kniiyne dej i ki k b°l gel erindeki yajsmdr suyt
deji ktijini deBwy°deprrmmemit edim ar kaeksénda
hesapl amal ar.ITg iyddnicre | feamarmk Ik&@ i rokasyonl ar én ¢
etkileyen kaynakl|l a-déj iakk atkdelbir y snetae s olnan
Poztif Matris Faktorizasyonuk u |l | a meédl®°métk kaynak. Banfar e kKt ér

uzun mesafeli kirleticilertoprak emiy onl ar é, deniz tuzu ve
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g¢br el eme Afyaket °kreckdi¢glrde kaynakl|l ary@m s¢hgkasyonl
i statisti kleriKstkadyamled ma K théermr W% m¢ nagret as énd.
bilgileri, National Oceanic and Atmospheric Adminisat i on ( NOAA) tarafe

gel i ktirilinmiak pi BD, bek ¢HYBRLA y& r pmoded | i ol an
kull anél ar ak. Bu ompdelaNOmAa kit lagliesayar | aveenda -al e
sonu-I|lar bigembkbbl aagaijBEmra aktarél éer

Anahtar Kelimeleryak - °kel me, Yajmur suyu kompozisyon

Asit Yaj myPlramge Geri
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CHAPTER 1

INTRODUCTION

1.1. Introduction

Acid rain is one of the important environmental pollution problems due to itsssdver
effects on the health of the ecosystem. It can damage natural resources such as lakes,
streams, forests and plants; unbalance atmospheric stability and consequently
adversely affect human health. Because of this concern, it has been a significant
subjec¢ of environmental studies conducted worldwiddagha and Tuncel, 2003;
Al-Momani, 1995; Avila and Alarcon, 1999; Losno et al., 1991; Khashman,

2005; Zhang et al., 2006)

Chemical composition of precipitation plays an important role in scavenginblsol
components from the atmosphere and helps to identify the relative contribution of
possible natural and anthropogeniemission sources of atmospheric pollutants.

Therefore, it is an important research area of environmental pollution field.

In order toinvestigatethe effects of acid rain omatural and artificiaenvironments,

it is necessary to monitor the components of rain continuously. In this study,
precipitation samples were collected at three stations of General Directorate of
Meteorology whichar e | ocated at Ant al ya, Bal ekes
2010 and 2012. Major ion concentrations; which consist of the cationsiiH”,

Na', K*, Mg?*, and C&", and the anions N§ CI', and SG* were measured by using
1



lon Chromatography device inghaboratory ofGDM which will be explained in
chapter three. Incorporation of those ions and acidic levels of the precipitation
samples of the sampling stations were determined.

The composition of rain water varies from site to site due to meteorological
conditions of the receptor area such as temperature, humidity, wind direction and
intensity; location of the station and closeness of pollution sources.

In order to estimate the source regions of pollutants, measured ion composition
results at the recept sites were combined with the geographical information method
which is known as back trajectory analysis. In addition to that, positive matrix
factorization of the measured ions was conducted. As a result of these source
apportionment methods, the respitate pollution sources are determined as: (1)
anthropogenic sources (Western Europe, Western part of Turkey and local sources),
(2) crustal sources (Northern Africa, Saharan desert and local soil), (3) agricultural
sources (Local cultivated areas) andr(@yine sources (Surrounding Seas).

1.1.1. Objectives of the Study

In this study, the chemical composition of precipitation samples, which were
collected at three different regions of Turkey, was investigated. The main purposes

of the study are:

e To investigatethe chemical composition of precipitation in terms of major ion
concentrations in Mediterranean, Black Sea and Marmara regions of Turkey.

e To determine the background concentrations in Mediterranean, Black Sea and
Marmara regions.

e To study the leVeof acidity of rainwater, analyze the factors affecting the
acidity and explain the neutralization processes.

e To understand the short and long term variations of the concentrations of

measured ions.



To identify the potential source regions contributing ttee observed
concentrations by using back trajectory statistics.

To quantify the relative contribution of identified pollution sources.

To determine the general flow climatology of Mediterranean, Black Sea and
Marmara regions respectively by analyzing theck trajectories between
years 2012013.

To evaluatdghe relation betweemeasureadoncentrations of ions and general

flow patterns of back trajectories






CHAPTER 2

BACKGROUND

2.1. Atmospheric Removal Mechanisms

Precipitation is the most effédve scavenging factor for removingmiculate and
dissolved gaseous pollutants from the atmosphere. This scavenging mechanism
occurs either by wet or dry deposition (OKhashman, 2005).Wet and dry
depositions are two pathways by which the pollutamid articulate matters
removing from the atmosphere to oceanic and terrestrial ecosy§banset al.,
2005).

The term wet deposition occurs when the weather is wet andtthespheric
pollutants are trasported the ground in the form of rain, snow, fay mist. Wet
deposition includes two processesirainout and Zwashout. Rairout means
incorporation of pollutants to water droplets and subsequent deposition when
droplets form a raindrop. Wasiut means, on the other hand, washing the

atmospheric paidles by rain or snow that are formed below the cloud.

In areas where the weather is dry, the particles may become incorporated im0 dust
smoke and settl® the ground througtry deposibn (URL 1). The velocity of dry
deposition depends upon particle size, meteorological conditions (temperature, wind,
etc.) and the receiving medium (MOMANI, 1995).


http://epa.gov/acidrain/glossary.html#GlossD

2.2. Acid Deposition

Acid deposition, which is an important environmental problemysed by the
emisson or atmospheric formation alulfuric acid, nitric acid, or hydrochloric acid
and occurs when these acids deposits to soils, lakes, farmland, forests, or buildings.

(Mark Z. Jacobson, page 254)

Deposition of acid gases is indicated dry acid deposition, and deposition of acid
liquids is indicated by wet acid deposition. Wet acid deposition can be through rain
(acid rain), fog (acid fog), or aerosol particles (acid haze), whereas dry acid
deposition occurs when dust settles out of dtraosphere during dry periods. The
term acid deposition defined as tt@mbination of acid rain plus dry deposited acid.
(O. EL-AGHA, 2000)

2.2.1. Chemical Composition of Acid Precipitation

Precipitation chemistry is an important subject of atmospharid precipitation
research (Fujita et al., 2000).The relative acidity or alkalinity of precipitation is
affected by the presence atidproducing and alkatie-producingspecies These
species mayresent in either the gaseous or particulate formscande derived

from naturalandanthropogenic sources (Coop#875).

In the absence of major anthropogenic pollutants, the pH of the rainwater is expected
to be around 5.8ueto carbonate buffer observed with disso&@, in rain droplets
(Charlson and Rdte, 1982).

In atmosphere Creacts with water and fortACO; which is a weak acid with an
acidity constant of pKa=6.8. Carbonic acid then dissociates to give ‘thentand
theHCOs (bicarbonatgion:



CO;(gas) +HOZz HGO

H.CO3Z H+HCOs

HCO*z + COZF

If CO, concentration is assumed to be equal to 8p® in the atmosphere, pH is
found to beg(as Granat, 19:

p[HCO3]=-In([HCO3)]=11.24 pH

However, CQ is not the only atmospheric specie thafluences the pH of rain

water. The processes controlling the composition of rain water are complex and
influenced by both natural and anthropogesourceg G¢ | s oy, 1988). Thi
rainwater differs from one regiao other in accordance withe preence of acidic

precursors (Cg H,SOy, HNOs, and HCOOH) or neutralizing species (5IiLaCQ)

(Al-Momani, 1995).

2.2.1.1. Principal Precursors of Acidification

The principal precursors of acid rain are; anthropogenic sources, mainly emissions of
sulfur dioxide (SQ) and nitrogen oxides (N resulting from combustion, and

natural sources such as volcanoes and decaggetationfURL 1).

Sulfur is the main constituent of the anthropogenic sources. The sutfonverted
to sulfur dioxide during combustion, and then it becomes sulfuric acid as it joins with
hydrogen atoms in the air. The sulfuric acid formed either by hydrolysis of sulfur

trioxide or oxidation of sulfurous acid.


http://epa.gov/acidrain/what/

The stochiometric equationsrfthe sulfuric acid formation are:

S+0Y SO
SO+ H,0 Y ,S&

H.SOs + 12 Y 480,
2SO+ 0, Y2 SO
SO; + H,O Y >SE,

Nitrogen oxides are other precursaf acid rain, which are emittésbm combustion
processes. Nitric oxide is formed at eledatemperatures by reaction of nitrogen and
oxygen After that it canbe oxidized to form nitrogen dioxide in either the
combustion zone or the atmosphere. The nitrogen dioxide can be hydrolyzed in the
presence of water to form both nitrous and nitric aclde stochiometric equations

for the nitric acid formation are:

N,+O,Y 2NO
2NO+QY 2NO

2NO; + H,O Y HNKENO;
(Cooper, 1975)

The pH of rain water isxpected to be lower than 5.6 at the areaseaposed to

strong influence of SQand NQ gases.
2.2.1.2. Principal Agents of Neutralization

Sulfuric acid (HSO,) andnitric acid (HNQ) are subjected to neutralization before
being depositedrFfom t he ai r Thefelone, -the acidity 20peelipitation

depends on the neutralization capacity of the alkaline components sNeh,a8&*
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(CaCQ or Ca (OH}), Mg** ard Na (Tsitouridou et al., 2006). In regions where the
atmosphere has high alkaline capacity, majority of the rain water acidity can be
neutralized. Therefore, high pH values will be observed.

The alkaline particles in the air are originated from bothrapthgenic and natural
sources. Natural sources of alkaline particles are associated with wind erosion of arid
soils, volcanic eruptions, natural fordses and biological mobilization (e.g. pollen,
weatheredeaf cuticle, leaf hairs). Especially soils oalcareous bedrock may emit
large amounts of Gaions to the air (Draaijers et al., 1997). Therefore climate
conditions, topography of the area and the elevation above sea level are the factors
affect composition of the natural sources. Anthropogeniccesyon the other hand,
include industrial and agricultural activities. The ammonium, for example, comes
from agricultural practices, livestock breeding and biomass bufMigjiavacca et
al.,2005)

2.2.2 Studies of Acid Precipitation

Acid precipitation problems have existed since coal wasdombusted, but with the
Industrial Revolution in eighteenth century, it was intensified. The problem has
become an important issue of international interest in all over the world with the
growth of industrial processes. Since then, numerous studiasicmain have been
carried out. As a result of these studies, control methods were specified (Mark Z.

Jacobson, page 257).
2.22.1. Studies of Chemical Composition

Rainwater has been an important subject of environmental studies, and many studies
have been conducted on the chemical composition and long term trends in many
urban and rural areas (Leeuwen et al., 1996; Avila and Alarcon, 199@pwiani,
1995; Losno et al ., 1991; Gell ¢ et al
al., 2002). Most ofthe current acid deposition research rely on wet deposition maps

based on the results of both lerange transport models and actual measurements.
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These measurements showed that in the certain parts of Central Europe the levels of
acid precursors are higtvhich were attributed to industrial activity. Very high 80
levels and fluxes were found in the Black Triangle region, which is the border area

between Germany, Checz Republic and Poland (Leeuwen, et &), 199

The Europe is the strongest potent@lise region of ions and elements-fbmani

et al., 1995). Therefore, lorrgnge transport of gaseous air pollutants has been
studied extensively in Europe during the last decades. The European Monitoring and
Evaluation Program (EMEP), which is an acronfgmthe Ceoperative Program for
Monitoring and Evaluation of the Lormgnge Transmission of air Pollutants in
Europe, is the responsible organization for the conducted studies

Main objectives of the EMEP program are to provide quantitative informatidhe

transport of air pollutants across national boundaries and the deposition
concentration | evels caused by this transpo
related to acid precipitation and photochemical oxidant formation, and lately heavy

metals angbersistent organic compounds have been incl{idezhridis et al., 2002)

Wet deposition of alkaline particles was studied in relation t® #sue of
acidification through their neutralization ability. In large parts of southern Europe,
more than 50% of the potential acid deposition wasutralized by deposition of
alkaline speciesHowever, in central andorthwestern Europe, alkaline enisss
usually amounted to less than @bof the acid input (Draaijers, et al., 1995). In this
respect, transport of Saharan dust isiraportant source of neutralizing agers
precipitation of Southern Eope (Draaijers et al.,, 1997)Another study was
conducted in Spain, which is in the Southern part of Eul@sdvo et al., 2010)
According to this study, baekajectory data were divided into nine groups as
Mediterranean (M),Tropical Maritime (Tm), Polar Maritime (Pm), Local (L),
Continental (C), Arctic (Aand Saharan (S) at three different altitudes (500 m, 1500
m and 3000 m a.g.l.). Results show that the Saharan 1500 m and 3000 m back

trajectory groups seem to have an important influence on chemical rain composition.
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In Northern Central Europe, on theéhet hand, NHis the dominating neutralizing
agent (Glavas, 1988; Mamane and Gottlieb 1995). While Mediterranean data show
clear distinction between Saharan and -Samaran cases, the separation in
Hungarian data groups is weak, sometimes even disappeasirayconsequence of
poorer regional air quality (BorberKiss et al., 1999)According to the 1989 EMEP
database, Ngifluxes were largest irCentral Europe and large €afluxes were
observed in the Black Triangle and Ukraine, which could be attribtdethe

intensive industrial activity (Leeuwen, et al., 99

Extersive studies were conducted dtediterranean region to explain chemical
composition of wet and dry deposition, acidifying compounds and neutralizing
agents (Avila and Alarcon, 2003; Momani,et al., 1995; AMomani,et al., 1998;
Gel I ¢ et al ., 1998; Guer zoni et al sa 1995
result of those studies it is obtained th&editerranean atmosphere is under the
influence of three general source types:githropogenic sources, which are located

to the north and northwest of the basin; (2) a strong crustal source located in North
Africa; and (3) a marine source, which i
1998).

The most important characteristi€ the precipitatiorof the eastern Mediterranean
region is the extensive neutralizatieapacity of acidity by the airborne CaGO
particles from soil. Althoughconcentrations of N© and SQ* were high, not
significantly differences are observed of thgh pH of samples That is why
neutralization of acidity determines the pH of the rain water in the Bteditean
region. Results represetttat more than 706 of the acidity were neutralized by
CaCQ which originate both from airborne local soil and dushsported from North
Africa (Al-Momani et al., 1995).

In western Mediterranean region, den results have been observ@asno et al.,
1991; Camarero and Catalan, 1993; Sotirios et al., 2002; Avila and Alarcon,.1999)
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They all find that Saharandusasagr eat | npuence on neutralizi
the western Mediterranean precipitation.

Acidic and alkalie rains have also been studied Israel and the large €a
concentrationsvere observed in rain watéMlamane and Gottlieb, 1995). While the
marire originated ion concentratisnwere approximate values witlvorldwide
coastal areapH, Ca and S@concentrations were found to be relatively higher than
them. The chemical composition of rain water in northern Israel is dominated by
Ccd*, Na, Cl and SQ*, central Israelis dominated by N3 C&*, CI, SO and
HCO;, and in the south, 4 and HCQ. The regional pH variations of
contemporaneous rain evemtsmonstrate a similar trend witther Mediterranean
studies, andis a result it was obtaineldat the main parameter that afféloe pH is

not local anthropogenic source, but the regional neutralizing capacity for each rain
event. The overall regional effect on chemical composition of rain was related to the

transitional zone from large desertdMediterranean climate.

In Turkey, several studies have been carried out on major ion compositions of wet

and dry deposition subject. Chemical composition, acidifying and neutralizing
compounds and source types of these compounds were analyzed in diffete mif

Turkey (AFMo ma n i et al ., 1995; Kaya and Tuncel,
1998; Top-u, 22meEnelight & khase studids) aximum S&nd

NO3z concentrations, which are acidifying ions, appeared in winter or autumn

seasons, duto heating demand, whereas minimum concentrations in spring or

summer seasons when heating demand lessens. Results indicated ffat SO
concentrations in precipitation were quite high; however, significant neutralization of

acidity was observed.

The naitralizing agents are primarily Ca@G@nd NH. One of the main reasons of
not having high acidity in the precipitation is the alkaline reufrthe soil which is
rich in alcium. Another reason is the fertilizers containing high amounts af NH
and NH;".
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Long term trend analysis is the other important subject of wet deposition and
acidification studies, since the relation between time and ion concentrations helps us

making future predictions about environmental issues.

2.3. Receptor Oriented Models

Receptor modeling approaches such as positive matrix factorization (PMF), flow
climatology and wind sector analysis are effective tools in source identification of
urban and regional scale pollution. In this work, these models were applied to

identify categaes and locations of sources of compounds in precipitation samples.

2.3.1. Trajectory Statistics

Trajectory is defined as the path of an air parcel followed in the atmosphere until it
reaches the receptor sitBtmospheric trajectory analysis is freauly used to

identify the source areaand the direction of detected pollutaatsa receptor site
(Jos® et al ., 2005; Rousseau et al ., 20
measurements and movement of air mass (Castillo et al., 1983; Kelly £9&4,

DeFelice and Saxena, 1990; Lin and Saxena, 1991; Kim and Aneja, 1992).

In most of the trajectory modelsyhile observed or analyzed winds are used to
compute horizontal advection componemnertical components are computed

assuming that they aredbaric, isentropic or kinematicDoj an, 2005)

In isobaric trajectory modedrajectory is assumed to follow a constant pressure
surface Isobaric modelsvere used extensively in the gablbwever it has been
found that the significant vertical motions ngeignored in isobaric assumption
(Harris and Kahl, 1994).skentropic trajectory models are widely used in trajectory
calculationsin recent yearsIn isentropic models trajectory is assumed to follow a

constant potential temperaturésentropic modelsare advantageous due to not
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requiring vertical motiordata. The verticahir motions occur implicitly as air parcel

move alongsloping isentropic surfaces (Fuelberg et al., 1996).

Five-day back trajectories computed using the HYSPLIT model (Draxler and Rolph
2003; Rolph, 2003). The HYSPLIT adel is a system that calculates air mass back

trajectories at the National Oceanic Atmospheric Administration, Air Resources
Laboratory (NOAA/ARL) of the United State§IRL 2).

Longrange transport of pollutants thrdughe troposphere ia significant interest
due toits potential impact on regional climate. Back trajectory analyses provide an
explanation on how, when, and where potentially harmful materials are

atmospherically transported, dispersed, and deposited.

There are various statistical methods that have been developed to compute the
trajectories. In this study; flow climatology and wind sector analyses were used to
identify the source regions affecting chemical compositions of precipitation.

2.3.1.1. Flow Cimatology

Statistical analysis of air mass back trajectories combined withtésngambient air
pollution measurements are useafutthodsfor source identification. Bck trajectory
analysis is frequently used to point out the direction and sourcespadliaition at a

receptor site (Jos® et al., 2005; Rousseau

Flow climatology is a backward trajectemgingtechnique that helps to understand

air flow patterns during sampling years. It counts the trajectory which passed through
a given cdland plots a distribution map. Higher density means more trajectories
passed through that grid square.

14

e



2.3.1.2. Wind Sector Analyses

Wind sector analysis is a kind of receptor modeling approach in which
meteorological measurements such as wind doeat accounted for in the analysis
of the data. This technique can be helpful for identifying possible air emission

sources.

Air mass back trajectories were calculated for all analyzed samples and classified
into categories depending on the path folldwey the air massedn this study
domains were divided into eigtirectional sectors as NortNorth EastEast, South

East, South, South West, West and North West

Residence times of air masgesssing through each wind sector are calculéded
different trajectory stamig altitudes separately and theiombirations ( Ge n -

T o k g20%3).Therefore, origin of the air masses was understood by wind sector
analysis. In other words, the wind sector analysis gives an idea about the direction of

potential sarces of pollutants.

In recent literature studies, flow climatology and wind sector analysis were

conducted together to identify the pollution source regions.

2.3.2. PMF

PMF is a commomnl used receptor model in which sample datade@mpose into

two submatrices aghe factor profiles and factor contributions. It solves the factor
analysis problem by using least square analysis with data weighting. In the data
matrix, the weights are determined depending on the experimental uncertainty (error)
estimaes of each individual data value (Paatero and Tapper, 1994; Paatero, 1997).
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Analysis of the precipitation samples using PMF resulted in a successful partitioning
of variance into sources related to pollution factors (Paatero and Tapper, 1994;
Paatero, 197).

The model used in this study was EPA PMF 3.0, developed by U.S. EPA based on
the ME2 algorithm. According to PMF 3.0, the problem under study is treated as a
2-dimensional factor analytic model. The method of PMF is shown in equatign (
Xij= X[, gik fki+ eij i =1, , m j =1, é,(@1)

where X is the concentration dt gpecies on thd'iday at a receptor, i is the number

of the sample and | is the number of the measured species; p is the number of
independent sources; fkj is the concentrationthef{" species emitted from theé"k
source; gik is the contribution of thd'lsource to the'i sample. eij is the residual,
defined as the sum of differences between observed and modeled concentrations. The

modelis solved by minimizing the object futien Q, the sum of the squared, scaled

residuals, shown in equation 2p

F_og
£il—a E1
R=i=

_kfk] (22)

Q=352

uij

where i = 1,..., m elements; j = 1,..., n samples; k=1,. . ., p sourgas;the
uncertainty of x. (Gu et al., 2011)

Positive Matrix Factorization has been successfully usedifferent studies with

different data types such as; major ions and trace elements in PM2.5 (particulate

matter O 2.5 em in aerodyn&metal.®00&8met er) at
traceel ements in PM10 (particulate matter O 1
atmospheric particles in the highly industrialized harbor of Dunkirk, France

(Alleman et al., 2010); major ions in watssluble atmospheric particulate matter at

v

Cor uneéa c ienhdegs etab d209),nsecodnBary inorganic ions, trace elements,
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carbonaceous species and light absorption data to investigate sources of PM2.5 in
Rochester, New York (Wang et al., 2012); PM2.5, elemental carbon (EC), organic
carbon (OC), organic and inorgarsource markers are reported from residential
indoor, residential outdoor, and ambient microenvironments from a nine home pilot
study conducted in Tampa, Florida (Olson et al., 2007);and major and trace elements
of respirable suspended particulates (RBPHong Kong(Lee, Chan, & Paatero,
1999)

Moreover, the PMF model results in sealefactors. The various factor types refers
different pollutant sources, such as marine source, industrial activities, motor vehicle,
vegetative burning, a soil dust, wood combustion, biogenic emissions and coal power

plant/secondary aerosols.

2.4. Geagraphy and Climatology of Study Area

The first station of the study is at Antalya which is in the Mediterranean region of
Turkey. The Mediterranean region is surroundedh®Central Anatolia Regiom

the north,the Aegean Regionn the west, theEastern Anatolia Regiom the
northeast, th&outheastern Anatolia Regiam the eastSyriato the southeast, and

the Mediterranean Sda the south.

It has two different climates: Coastart hadMediterranean climatehich is hot and
dry in summers and mild and wet in winters. The interior parts, on the other hand,
has semtarid continental climatewhich is hot, dry summers and cold, snowy in

winters.

Second station is at Bal ékesir, which i s
region is bordered by the Aegean Region in the South, Black Sea Region in the east

and Central Anatolian Region in the South West. The Marmara region has three
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different dimates. The Aegean Sea coast and the south Marmara Sea coast have a
hybrid Mediterranean climatbumid subtropical climatghe Black Sea coast has an
oceanic climatand the interior parts havehamid continental climatéSummers are

warm to hot, humid and moderately dry whereas winters are cold and wet and

sometimes snowy.

The third sampling station is at Trabzon, which is in Easternop&tack Sea region

of Turkey. Black Sea region is surrounded by Mermara Regionn the west, the
Central Anatolia Regiom the south, thé&astern Anatolia Regioim the southeast,

the Republic of Georgian the northeast, and thiglack Sean the north. Black Sea
region has anoceanic climatewhich means the region has high and evenly
distributed rainfall the year round. At the coastal part, summers are warm and humid,
and winters are cool and damp. The easpmrt of Black Sea coast is the highest

precipitation receiving part of Turkey.

All sampling regions are under the influence of three general sources as

anthropogeit sources, crustal sources, and marine sourcesi@mani , 1995; G¢l |,
et al , 1998; |l sékdemir, 2006) ., Tableslilng det ai l
was prepared for years 198012 average temperature values.
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Tablel.1Monthly averageemperatures (1962012)

Months Average Temperatures
Antalya Bal €k esi | Trabzon
January 9.8 4.7 7.4
February 10.3 5.7 7.3
March 12.7 8.3 8.5
April 16.1 13.1 11.8
May 20.5 17.8 15.9
June 25.4 22.6 204
July 28.4 24.8 23.2
August 28.2 24.5 23.3
September 24.7 20.6 20.3
October 20.0 15.8 16.5
November 14.9 10.4 12.7
December 11.4 6.7 9.6
According to the table 1.1 for Antalya a
average temperatures 28.4 AC andthidd4.8 A
January with temperatures 9.8 AC and 4.
hottest month is August with average term
February with ave@RBLg3e temperature 7.3AC
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CHAPTER 3

MATERIAL AND METHODS

3.1. Sampling Site

Data used in this study is generated by the Generakctbregde of Meteorology

(MGM). General Directorate of meteorology has approximately 10 rainwater
sampling stations operating at di@t locations of the countrypata generatech

three of these stations, nameohsyweréudsed Bal é
in this study.Locations of sampling stations are given in Figure 3.1. Data were
generated from samples colledtbetween years 2010 to 20¥83though sampling
procedires were identical in all MGM stations, sampling durations were not exactly

the same.
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MGM rainwater network was initiated with bulk samplipgint established in the
central Anatb i a ( ¢amkor u, Thenkaaseand station, ve0 dnly .
sampling station was establesh in Amasra in 1995The procedures and the
sampling strategy used in Amasra station forrbadis for all later stationg:irst
several stations in the network were located at the premises of General Directory of
Forestry units, as most of the meteorological stations, where they can be installed are
now surrounded by settlement areas and are not suitable to colleahatbgi
representative sampleBoth Antalya and Trabzon stations used in thiggtare

these typs of stations.Operating manual stations with the help of a défe
organization is not easyAlthough this type of operation strategy proved to be
successful in soe of the stations, like Antalya station, MGM suffered from
substantial difficulties in collecting systematic samples in some of these stations,

including Trabzon station which is one of the stations we used in this work.

MGM is now reorganizing their gians. They understood the difficulty of running a
large network with ta help of other organizationStations that are controlled by the
General Directorate of Forestry are gradually being moved to meteorological radar
sites, which are operated by th&sM them. There are several advantages oiostsit

being at the radar sitegl) they are controlled and operated by the MGM, thus they
have complete control on technicians who change samples, (2) mostaddhsites

are excellent locations to collecegionally representative sampleRadars are
located at high altitudes and far from settlement areas, which are also the
requirements for regional aerosol or rain water monitoring stations, (3) There are
highly trained people at radars, which is essetdi@bollect rain samples reliably. In

most of the stations operated by our group, local people who change samples are
guards of the Generd@irectorate of Forestry (OGM)These people are at nios
elementary school graduatesll sampling procedures are dgsed to be very
simple, so that they collect samples withanaking mistakes all the timeBut
Guards at Meteorological Radar sites are at least high school graduates and there are

also university graduates among them, because their only function is paitéct
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the equipment, they also are expected to solve simple problems of very sophisticated
instruments and (4) thereuninterrupted and valge regulated power available.

This last item may look de facto from Ankara, but is serious luxumpost ofthe

rural locations.

The first sampling station is established in Antalya, in the Mediterranean region of
Turkey. The coordinates ar e 39A44062500 I
27A37061006061 ongitude east of the Giseenwi ch.
460 m above sea leveAntalya station is located at an experimental forest area

operated by the Western Mediterranean Forest Research branch of the Ministry of

the Forestry and Waitworks.Pictures of the statioaregiven in Figure3.2.

‘p.
- %h

Figure 3.2 Antalya Sampling Station

The second station is in Balikesir, in the Marmara region of Turkey. The coordinates

of the station are 40A41622.930 |l atitude nor
east of the Greenwich. The heigf the sampling location is 642 m above sea level.

Sampler was placed at the Meteorological Radar located at approximately 25 km to

the norh we s t of t he The station ésffar fBom lalé lkcal semission
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sources and thus an excellent sitectdlect rainwater and aerosol sampl&ome
pictures of the radar is given in FigiBs3.

Balikesir Mete‘_oro\op Radari

f_BJaerswr
v!

Googleearth

Figure33Bal ekesir Sampling Station

The third station is in Trabzon, in the Black Sea region of Turkey. The coordinates of
thestabn are 40A41622.930 |l atitude north of
east of the Greenwich. The height of the sampling location is 578 m above sea level.
Rain sampler was | ocated at the premises
of the city d Trabzon. Some pictures of the statamegiven in Figure3.4. We were
not as lucky in Trabzon station as we were in the other diations used in this
study.Samplirg at Trabzon statiomvas initiated in December 2018ampling went
smoothly in the begning, after few months, General Directory of Forestry
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appointed the techniciamvho were changing samples to another locatidrich was
30 km f r oSmceShg one dlsa was appointed instead, that technician had to
travel 30 km to change the sampleery day (and also had toved another 30 km to

go back)It was obvious that this strategyould not work and it did not.

Figure 3.4 Trabzon Sampling Station

Only 30 samples were collected since December 2011, wheatioped the station
was terminatedConsidering that most of the data evaluation performed at Antalya

and Bal ekesir stat i oddsamples Bshmpkesicollageg ato x i mat el
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Trabzon station was too little to reach statety significant coolusions.This was
particularly true for statistical treatments where data is divided into several sections,
such as for calculating monthly average concentrations to understandcateaso
variations in data seln such cases data from Trabzon station isimduded in the

statistical treatment.

All three stations are also on the top of 20 m height platform which contains
sampling equipments and field laboratory. The stations consist not only of the wet
only precipitation sampler. There are also a wetdmgdleposition sampler, a fNol
sampler and a HVol impector. The platform also has a field laboratory with

dimensions of 3m x 2m x 2m.

3.2. Sampling Procedures

3.2.1. Preparation of Sampling Bottles

Polyethylene bottles were used to collect wet ddjmm samples. Before using,
bottles were rinsed off with 30% HNO3 solution and steeped in the solution for 24
hours. Then thewerewashed with double distilled deionized water 5 times and kept
in the clean room for 1 day to dry. After drying, bottlesaveent to the sampling

stations in polyethylene bags and a new storage bottle was set up.

3.2.2. Collection of Wet Deposition Samples at the Station

Rainwater samples in this studyd in MGM monitoring network in general, are
colleded using wédtanddry samplers.One interesting point about this sampler is
thatthey are constructed at Ankaidince MGM was planning to establish a large
number of monitoring stations and since automated wet and dry samplers in
international market are very expensive tligcided to encourage compantes
construct it in the countryrhe model constructed were identical to ANDERSEN wet

and dry sampler, ich were reliably used in amy networks around the world@he
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manufacturing of that particular rain samples is stopptt Aihdersen Co. krged
to Thermo internationalMany small manufacturers around the world copied this
popular sampler, and because of that, different versions are now in use in different

countries.

The constructing this sampler in Turkey was also vecgassful as MGM is using
them, without a seriougproblem in last fifteen yearsVery strong mechanical

background available in the MGM is essential in this success story.

The sampler contains two 30 cm diameter of budkaténg an activated rain sensor.

One of the buckets is used to collect wet deposition samples and the other one is used
to collect dry deposition sampleg/hen start of thean is sensed y the sensor, it
moves to lidonto the dry deposition buckét this wayno rain enters the dry buek

When the rain ends sensor moves the fitbdhe wet deposition buckdthus no dry
deposition particles enter themaébucket when it does not raMlith this system both

rain and dry deposon samples can be collectafe used data from wet depositi

samples only.

Different versions of this sampler are mgiused in different countrietn the US

acid deposition networks, two buckets on the sampler were replaced with fresh ones
at the end of the sampling period®oth buckets were shipped to the twah
laboratory.In our group the sampler was modified such that rain was first passed
through a funnel and then directly collected in 1 L capacitly bensity polyethylene
bottles.However, MGM developed theiown systemThey placed a 10 L capacity
polyethylene bag (like a trash bags used in our houses exagggdrant one) to both
buckets At the end of the sampling period these bags are replaced with new ones and
bags that contain rain water was shipped tocen@ral laboratory at Ankardhis

was an easy and effective system, which was also relatively contamination free.

Wet depodion samples were event basdebly ethylenebags were left on the
samper and investigated every day.there is rain in it, it issemoved and sent to

laboratory If it did not rain that day, the bag was left on the sampler.

28



Dry deposition samples wecollected on a weekly basRoly ethylenevere placed
on the dry deposition bucket and replaced veithew at the end of the weeks

pointed previously, data from dry deption samples were not used in this study.

The funnel, filtration unit and sampling bottle are connected by -dhégisity
polyethylene tubing. Filtration units and polyethylene tubing were replaced with
clean fresh ones after thellection of each rairsample.The used tubing was
discarded, and filtration units were sent to cleaning; and the sample bottle is removed

from the container and brought to the laboratory.

dry sampler (b) used in MGM network
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3.3. Sample Handling

There was minimum handling of polybags used to collect both wet and dry
deposition samples. The bags were not reused and thrown away after sampling.
However, they were rinsed firsvith 5% solution of HNO3 and then several times
with distilled deionized water to ensure that any impurities in the bag that comes
from manufacturing process are not transferred to samples.

In the field, at the end of the sampling period, bags in tlo&dis that contain wet

and dry deposition samples are removed from the sampler using polyethylene bottles
and carefully sealed, placed in another polyethylene bag and shipped to the
laboratory.

In the laboratory, rain samples in the polyethylene bag waresferred to high
density polyethylene bottles using a high density polyethylene funnel. An aliquot of
that sample was filtered and analyzed for iofisMH,", Na', Mg®*, K*, C&*, SQ7,

NOs, NH;" and Clions.

3.3.1. Determination of Volume ancpH

Volumes and H of the samples were measured at the laboratory. To measure
volume, calibrated sampling bottles were used. Heights of sampling bottles were
compared by the calibrated bottle. To measuite g Radiometer PHM 80 portable
pH meter equipped with @eombination glass electrodet meter is calibrated before
measurements using standard buffer solutionstat4@® and 7.0. The pH was

determined immediatelyhen thesamples came to the laboratory.

3.3.2. Preparation of Samples for lon Chromatography

Collected precipitation sampling bottles were then sent to the General Directorate of

Meteorology laboratory for analysi§here were not extensive sample treatments for

ion measurementsiowever precipitation samples may include some fine particulate
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matte. Therefore,s ampl es wer e fir st filtluosed t hr

acetate membrane filtemdthe IC columnis avoid cloggingproblem.lons, SQ?,

NOs, NH;", Na+, CI are almost 100% soluble in all rainwater samples.
Consequently, these ions were not affécgegnificantly from filtration process.
However,ions like C&", K*, Mg** largely, but notL00% soluble ion rain samples.
Their solubility may change from one sample to another depending on the acidity of
rainwater and soil content in raifcarlier studis in our group demonstrated that
solubility of these ias were higher than 50% in all pH valuékevertheless only

water soluble fractions of these ions were measured in this study.

3.4. Analysis of Samples

Analytical techniques and devices used in deteation of chemical composition of
precipitation samples are shown in Table 3.1. Analysis of major species was
conducted by lon Chromatography technique. lon chromatography is a technique that
applied to identify the chemical composition of liquid samplesrganic anions,
cations, transition metals, and low molecthaight organic acids and bases of a
sample can be determined by IC. Working principles of IC is based on the injection
of a filtered aliquot of sample, an analyte, into an eluent streampiRgraystem of

the device transports the mixture of sample and eluent to the separator doltimen.
column, adyte species are separatédsed on their affinities relative to the
functional group. If the affinity of a species is high, it will take miimee to sepeate

it from the columnijf the affinity of a species is lgwhen is separation will be easy

and it takesshorter time to leave the column. Thedative amouns of species are
measured by detector as they leave $keparatorcolumn. Electrocemical and
spectroscopic detection methods have been applied in ICdgbarger and
Creatchman, 1999).
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Table 31 Analytical technigques and devices used in determination of chemical
composition of precipitation samples

Measured Species Analysis Technique

SO,”, NO3,CI Dionex 120 lon Chromatograph
NH4", Mg?*, Na',Ca?* K* Dionex 120 lon Chromatograph

pH Radiometer PHM 80 Portable pH met

In this studywater soluble fractions of ions in our samples were analyzed, at the
MGM laboratories, using a Dionex 120 lon Chromatogrépiions and cations were
measured with different aamns. Anion column used was @iex model ASHC

and cation column was CS12/k addition to these separation columns, Suppressor
columns ASRSJLTRA and GSRSULTRA were used for anion arghtion analysis,
respectively.10 mM Na2CO3 and 18 mM MSA solutions were used as eluent in
anion andcation analysis, respectivelin both cases eluent flow rate was 1.0 mL
min-1. Sample injection volumes for anion aradiens analysis weré5 >L and 10

>L, respectively.Usually, batchof 100 samples were selectgkhions SQ%, NOs

and Cl were measured in all 100 of therihen column was changed and cations
Na', Mg?*, K*, C&" and NH, in the same samples, were meaduwith the cation

column(Jackson, 2000)
3.5. Quality Assurance and Quality Control
3.5.1. Field Operations

Contamination is a very important and possible problem in precipitation sampling
processes as sampling, transportation and analysis becaugkee ofow ion
concentrations of precipitation. In order dontrol any potential contaminatiand
guarantee the cleanness of the sampling material field and laboratory blanks were

analyzed along with the collected samples.
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Field blanks were collected Ippuring distilled deionized water in pelhylenebags

after hey are placed in the sampl&hen these poBthylenebags and water poured

in them werdreated exactly like samplelsab blanks on the other hand included in
the analysis of water and acidsed in washings, and filterigéstion etc.Blank
concentrations of species is very important in the analysis of trace elements in rain
water samples, because their concentratioasvary low (ow >g L-1) levels.lon

blanks were below the detection limit of the instrument for all ions measured in this
study.

3.5.2. Calculation of Detection Limits

Detection limit is a theoretical concept to express the precisidheoinstrumental
method usedAlthough there are different definitions of limit of detection (LOD), the
most commonly used definition, namely, the concentration that corresponds to three
times the standard deviatida) of ten replicate mesurements at the blank levéb
determine deteain limit values of major ions measured in this study, one of the
blank samples were injected to IC ten times, concentration which correspongs to 3
of these 10 replicate measurements were found from the calibration curve and
reported as the detection linof the instrument for that anion or catiometection

limits of major ions found with this approach is given in Table(BRL 4).

Table32Det ecti on Limits of 1lons
lon Detection Limit
SO~ 0.021454
NOs 0.022668
CI 0.076439
NH," 0.081163
Mg** 0.007738
Na* 0.018494
ca’ 0.044752
K* 0.020703
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3.5.3. Quality Assurance

Proper calibration of the instrument is an integral part of the analytical system, but

calibration check is part of the QA/QC protocol.

Dionex120 ion chromatograph used in this study is calibrated by using commercial
Dionex Seven Anion Standattland Dionex Six Catioll Standard for anions and
cations, respectively. Accuracy of the calibration was occasionally tested by
prepearing and analyzirdghown concentrations of ions from Merck high purity salts
(NaCl, KzSOy, NaNG;, KCI, CaC}h and NH,CI) in nanopure water. Results of this
test are given in Table 3(3G eThoe k gZ018) Reasonable agreement was obtained
between the calculated and measuraacentrations for ions ensures that calibration
of the instrument with commercial solutions is reliable.

Usually this type of calibration checks are performed using certified reference

materials, but Rainwater SRM is not commercially available.

Table 3 3 Calculated and IC measured concentrations of Merck high purity salts

on Unit Calculated | Measured
conc. conc.
cl mg/L 6.0 N |[6.26 N
NO3 mg/L 6.0 N |6.36 K
SO~ mg/L 6.0 N [6. 25N
Na’ mg/L 3.01 Nf2.96 N
NH.," mg/L 2.94 N3.1 N
K* mg/L 3.05 N[2.93 N
Ca™* mg/L 3.1 N [3.04 K
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3.6. Computation of Backtrajectories

Back trajectory caldation is a model that haseen used in combination with air
quality measuremesitto identify potentiasource areas of pollutargpecies in
atmosphereand to determine the transport pathways of the chemical constituents
before they arrive the receptor site. Therefore the model helps us to evaluate the
origin of the air pollutants (8hl, 1995).

In this study back trajectories weoalculatedusing HYSPLIT, which is a three
dimensional, isentropic trajectory mod@/RL 5 available at May 2013 Since
computation of backrajectories require huge quantities of input data, it was not
practical to runthe model in our own computefsstead HYSPLIT is run at NOAA
computers and outputs of the model, which consisted of hourly trajectory
coordinates, were transfed to our own computer systen® Geographical
Information System (GIS) basesbftware known as TrajStat was also used to
compute trajectories in batches (Wang et al., 2009).

Trajectories were calculated for every sampling day in each station. Calculations
were performed for fivelay backward time. For each sample three trajestovere
calculated with different starting altitudes. These starting altitudes were 100 m, 500
m and 1500 m above the ground level. Latitude and longitude coordinates of each
station were converted from degrees, minutes, and seconds to decimal degrees befor
running the model (URL 6, available at June 2013). The starting time was chosen as
12:00 UTC (Coordinate Universal Time), run time was chosen as 5 days, which
corresponds to 120 hours, and model was run for each day in the years 2010, 2011
and 2012. Realysis meteorological data archive (horizontal resolution of 2.5
degree latitude) of the NOAA was used as input data to TrajStat software. The model
is chosen to be isentropic trajectory type which assumes air parcels to move along

constant potential tempsture and then hourly position of air masses with latitude,

| ongi tude and pressure coordinates al onc

sampling years by TrajStat.
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After calculations, information about every hourly trajectory segments is entered to
GIS software, Map Info. All questioning and counting were performed in the GIS

program.A screenshot of TrajStabftware is shown in Figure 3.6.

Trajectory Monthly Calculation [
Year_Month (YY MM): 12 12 [¥] Multi_Locations
Starting Location (Lat Lon Height{m agl)): Locations
Run Time (hrs): -120 Top of Mcdel (m agl): 10000

Starting Hours (HH HH ...): 12

Vertical
(") 0: data @) 1:isob @ 2:isen () 3:dens () 4 sigma
Duration
Add Meteorological Files ] [ Clear ]
Start Day:
C:\Users\leyla\Desktop'trajstat_'\2012\RFP201211.gbl
C:\Users\leyla\Desktop'trajstat_'\2012\RP201212.gbl 1
End Day:
21

Execute File:  C:\Users\leyla\Desktop\gul_tez\TrajStat\Working\hyts_std.exe |

Output Path:  C:\Usersileyla\Desktop\gul_tez\2012_Antslys\12-12

[ Load Config H Save Config ’ ‘ Cslculste

Figure 3.6 Trajectory monthly calculation window of Trajstat software

3.6.1 Flow Climatology

Flow climatology refers to the calculation of the fraction of the time air masses spend

time in each wind sector. Such a calculation provides information on pollution input
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from distant sources to the sampling station and also alloderstanding of airflow

patterns in the study area.

Since we are interested in regional transport of pollutants, we are more concerned
with upper atmospheric transport of air masses, which are represented by back
trajectories. Back trajectories, computesing HYSPLIT model, were entered to the
Maplinfo GIS software Version 10.0). Mapinfo is a comprehensive computer
mapping tool that enables you to perform complex geographic analysis and create
thematic maps that emphasize patterns in the data. In thys Mtaginfo was used to
determine the frequency of air mass trajectories that reach sampling stations through
identified domain.

Flow climatology calculations were performed in two different ways. In the first
approach, the study domain was divided intbxt1 U gi rds and trajec
each grid was counted. Results were converted to a segment distribution map by
interpolation. These counting was performed for different starting altitudes
separately and combined. Since each trajectory segment représe part of the

trajectory, number of segments in each grid is the number of hours air masses spend

in that grid in the years 2010, 2011 and 2012.

In the second approach, calculated back trajectories were assigned to one of the into
eight sectors ablorth (N), North East (NE), East (E), South East (SE), South (S),
South West (SW), West (W) and North West (NW). In the second step, and number

of trajectories in each wind sector were counted.

Unfortunately it was not that simple to assign trajectonesnie of the wind sectors,
because each back trajectory generally it travelled through more than one sector
before it reaches to station point. An example of this situation is depicted in Figure
3.7. As can be seen from the figure, the trajectory in @isqollar day spent time in

SW, W and NW sectors. Assigning it to one of these factors is not straightforward. In

such cases trajectories were assigned to the wind sector in which it spent more time
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than the other sectors. In another approach that alsocobasind sectors, trajectories

were not assigned to a sector. Instead, trajectory segments in each sector were
counted and thus residence times of air masses in each sector were computed. The
last approach was adopted in this study as it was straightfbawa avoids us from

assigning trajectories to wind sectors.
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Figure 3.7 An example plot of a single trajectory on assigned sectors for wind sector
analysis

Flow climatology is a source apportionment technique that usektteymine the

pollution input from distant sources to the sampling station and also allows
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understanding of airflow patterns. While performing flow climatology whole three

yearso trajectory dataset were used.

Forflow climatology analysis, Maplinfo Profsi®nal software version 10Was used.
Maplnfo is a comprehensive computer mapping tool that enables you to perform
complex geographic analysis and create thematic maps that emphasize patterns in the
data (User Guide). In this study, MapInfo was used terdene the frequency of air

mass trajectories that reach sampling stations through identified domain.

The movement of an air parogbs described as series of segment end points defined

by their latitude and longitude. In this study, flow climatologglgses were applied

for the years between 2010 and 2012 by using 100 m, 500 m and 1500 m starting
altitudesd trajectories separately and 1
masseavere calculated for all of them and a distribution graph was achieSdd.

cell size used in the anal ysiweredisgagedl A |
in the form of maps in a color scd4ldRL 7).

3.7. PMF

Positive Matrix Factorization (PMF) is the other model that was performed to
identify categories and lations of sources by using lotgrm air pollution
measurements, developed by Paatero and Tapper (1993, 1994) and Paatero (1997).
PMF was used as a receptor model to seglgrahow the pollution factors.

In this study EPA PMF version 3.0.2.2 was appliedcharacterize the pollutant
source in a set of precipitation samptaken from sampling stationEach station
dataset consists of eight major ionsS&*, NO;, CI, NH,", Cc&*, Mg®*, K*, Na'
concentrations but different numbers of sampling days. ube the model,
concentrations in each sample and their corresponding uncertainties of alleiens
inserted and an output filevas prepared Before inserting the concentration and

uncertainty files, some calculatiomgredone by the below equations:
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[fCi=DLi — Use(iasconcentration value and UNCi=DLi+ 0,1 x i (3.1

If Ci = DLi — Replace Ci with % and UNCi = DLi xé (32

If Ciismissing — Use Geo.mean as Ci and UNCi = 4 X Geo.mean (3.3)

Where Ci is concentration and DLi is the detection limit of the ion and UNCi is the

uncertainty of the ion.

The model was developed by U.S. EPA based on th&MBorithm. According to
PMF 3.0, the problem under study is treated asdar2nsional factor analytic

model. The method of PMF is shown in equation (3.x),
Xij = Ep_, gik fkj+ eij i =1, ..., m j =1, é,n (3.4)

where X is the concentration df gpecis on the'l' day at a receptor, i is the number

of the sample and j is the number of the measured species; p is the number of
independent sources;; fs the concentration of th& jspecies emitted from the"k
source; g is the contribution of the'ksource to the" sample; g is the residual,
defined as the sum of differences between observed and modeled concentrations. The
modelis solved by minimizinghe object function Q, the sum of the squared, scaled
residuals, shown in equation (2):

xij—Ef, mik ﬂ-{j]: (3.5)

uij

Q= E?:l Ejn;‘l [

where i = 1,..., m elements; j = 1,..., n samples; k=1,. . ., p sourgas;the

uncertainty of x (Gu et al., 2011)
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After inserting the concentration and uncertainty files, according td&tNeratio

val ues, each i on assigned as fAstrongo,
than 2.0, are assigned as strong; between 2.0 and 0.2 are assigned as weak; less than
0.2, are assigned as bad (Paatero and Hopke, 2003). By making categorization,
overweighting to weak and bad species is prevented and the strong species gain the

importance.

Number of factors was determined by trial and error. Each factor number gives Q
robust and Q true values. Q robust refers tovaQue calculated when data points
having lage outliers are excluded; Q true, on the other hagidrs to Q value when

all data points aréncluded to the calculatioriThose Q values calculated by PMF
should beequal or close to the theoretical Q value. Q theoretical is the number of
data points in the input concentration file. Thus, factor number and corresponding

ion groups are determined.
As a result of PMF, ions emitted from similar sources were shown asimil

distributions among the different factors. Therefore one can make a judgment about

which factor refers which kind of source.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1. General Characteristics of the Data

In this study, rain water samples werdlected between years 2010 and 20d8n

three different parts of Turkey and characteristics of rain wdtem those regions

were determined. While at Antalya station 90 rain water samples were collected, at

Bal ékesir station 79 rain water samples were
rain water samples were collected. The reason of the Trabzonesaargl few in

number is the problems occurred during sampling period that was mentioned in
methodology part. The deficiency of number of samples in Trabzon station causes

lack of confidence in statistical evaluations, thus it affects the results.

All collected samples were analyzed and nine major doncentrations were
determined KI*, NH,", Na', Mg*, C&*, K*, SO, NOg, CI). General statistical
characteristics of measured major ion samples are given in tables 4.1, 4.2 and 4.3 for
three stations resgtively. By using concentration values and precipitation volumes,
volume weighted arithmetic average, geometric mean, median, standard deviation,
and minimum and maximum values were calculated. There is a relation between
concentration of an ion and prpttation amount. Whether there are same amount of
ion exists in the atmosphere, the more precipitation event results in less concentration

value because of the dilution. In order to eliminate the contribution of precipitation
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volume into concentration vay volume weighted arithmetic average of each
concentration value was calculated.

Formula of precipitation weighted arithmetic average:

1
=

LyPx

Cp= X N.ACx x px) 4.1

Where Cp igrecipitation weighted concentration, px is the precipitation volume of

day x aml Cx is the concentration of an ion in that sampling day.

Table 4.1 Summary statistics of ionic composition of AntalyRainwater

(concetrations areg L)

Nu(r)r;ber Volume Weighted | Geometric Median Range
Samples aver age Mean
pH 140 5. 9263 N 5.93 6.14 4.15-7.26
H* 140 3.48 N 1.09 0.73 0.05- 70.24
SO~ 140 15. 28 N 13.66 13.7 0.95- 135.87
NOs 139 8.80 N 8.39 7.8 0.82-70.11
NH," 135 20. 36 N  14.39 17.50 0.47-135.32
Na 140 16.23N 2 1. 13.53 13.99 1.51-113.86
Mg 133 8. 75 N 3.42 3.36 0.45- 48.60
ca’ 134 63.22 N 32.46 32.77 1.26- 846.62
Cr 133 15.72 N 11.00 10.15 1.11-128.82
K* 137 7.40 N 7.39 5.66 0.69- 259.75

Table 4.2 Summar y statistics o f ir ®Ranwater c o mp o

(concetrations armg L)

Nucr:(ber Volume Weighted | Geometric Median Range

Samples aver age Mean
pH 134 5. 4®.84 N 5.37 5.35 3.831 6.99
H 134 11. 91 N 3.65 4.43 0.107 146.75
sSQ” 131 36.22 N 46.44 42.85 5.981 400.73
NOs 130 16. 38 N 20.82 20.82 1.627 212.36
NH," 129 19. 95 N 20.56 19.27 0.601 187.59
Na’ 134 19. 08 N 18.78 21.44 1.947 111.74
Mg 133 7.92 N 7.89 8.21 0.71i 111.91
ca’ 134 51. 98 N 42.72 40.19 3.681 700.77
Cl 133 23.66 N 23.69 22.61 3.711 663.03
K* 133 1.71 N 2.00 1.91 0.271 13.54
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Table 4. 3 Summary statistics of

(concetrations areg L™)

ionic composition of

Trabzdrainwater

Number

Volume Weighted | Geometric .
of Median Range
Samples aver age Mean

pH 30 6. 7 D47 N 6.92 7.03 5.551 7.62
H* 30 0.75 N 0.11 0.09 0.02i 2.78
% 30 196.60 61.69 57.37 5.631 1367.73
NOs 28 4411N 4 8. 33.93 38.07 2.201 171.85
NH," 15 6. 48 N 6.28 6.37 0.1771 76.46
Na" 30 60. 99 N 18.93 19.32 0.1771 223.43
Mg 30 53.82 N 27.49 34.55 0.451 287.08
ca” 30 655. 06 241.02 296.74 3.801 2525.58
Cr 30 50.60 N 28.59 35.16 3.901 169.28
K* 30 16. 638 N 5.31 5.10 0.08150.61

According to the tables above, the highest concentrations for all stations were

observed in Cd and SQ” ions, the lowest concentrations weré &hd K ions.

There are consistentffirences between stations ion concentrations but it will be

discussed in following parts.

4.1.1. Distribution Characteristics of the Data

Distribution of data is identified in terms of frequency distributions of measured ions

in the datasetAccording b the frequency distribution graphs of ions in three

stationswh er eas

stati

onsbo

Ant al

di stri

ya and

buti ons

numbers of samples collectedrftolrabzon station.
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It is clearly seen from th&igure 4.1 that all frequency graphs haight-skewed

di stribution. However I t -mbonalsdmstddutionrme an t hat
Therefore, in order to assign the distributions as log normal or nesqolre test

was applied. Although all distributions are not log normal, rgk®wed distbution

is a better representation way for geometric mean and median of a dataset.

Apart from Trabzon station, the similarity &
because of the similarity of mechanisms that cause increases and decreases in ion
concentrations. Hconcentration distribution is different than others; it is more fight

skewed. It is because’Hon concentration does not only depend on air movement

and meteorological events. ibn concentration also depend on other concentrations;

such as acidic S® and NQ ions and basic NiHand CaCQ ions concentrations

and their réative relationships. Therefore its frequency distribution may be different

from other ions.

4.1.2. Comparison of Precipitation Data with the Literature and the EMEP

Network

Comparing data with literature is important in scientific studies in ordessesa the
pollution level of the study and understand the importance of results observed
through the study. For a rational comparison, studies should be selected carefully.
Sampling site characteristics, applied procedures and analyzed species should be

known and results should be definitely reliable.

The EMEP (European Monitoring and Evaluation Programme) is thapemtive
programme based on monitoring and evaluation of the long range transmission of air
pollutants in Europ€dURL 8). The EMEP network da were used for comparison
because; (1) all stations in the network have the same site selection, sampling and
analytical protocols which are fairly similar to the stations used in this study, (2) the

network of stations covers the Europe fairly well dmehce the ranges used in
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comparison are representative for both polluted and unpolluted regions in the

continent and (3) the data are easy to access through internet.

General characteristics of the EMEP statioBtations are located in rural areas.
Urban and industrial areas are not allowdinimum distances to large pollution
sources (such as towns, power plants, major motorways) is 50 km, to small scale
domestic heating with coal, fuel oil or wood is 100 m, to minor roads is 100 m, to
main roads is 50 m, to manure application and stabling of animals is 2 km and to

grazing by domestic animals on fertilized pasture is 500 m.

Valleys or other locations which are subject to formation of stagnant air under
inversion conditionsshould be avoided, also mamaintops and passes (cols).

The collector should not be exposed to strong winds, but should also not be sheltered
by tall trees or buildings. Distance between stations isZ0ROkm in central Europe

and about 300 km in areas which are influenced by e@nissnore than 500 km
away(URL 9).

Table 4.4 The location and classification of the EMEP Stations used for the

comparison
Séag(ljc;n Country Location Latitude Longitude | Altitude
AMO1 Armenia Amberd 4023 4 N| 441538 H 2080
BYO04 Belarus Vysokoe 5220 ON| 2326 OE 163
CHO2 Switzerland | Payerne 46 4847 N 65641 E 489
CHO4 Switzerland | Chaumont 47 259N 65846 E 1137
CHO5 Switzerland | Rigi 47 4 3N 82750E 1031
czo1 Czech | syratouch 4944 ON| 16 30E 737
Republic
CcZ03 Czech | kosetice 4935 ON| 155 0E 534
Republic
DEO2 Germany | Waldhof 5248 8N| 104534 E 74
DEO3 Germany | Schauinsland | 475453 N 754 31E 1205
DEO4 Germany Deuselbach 49 4553 N 73 7E 480
DEO5 Germany Brotjacklriegel | 4849 10N | 1313 9FE 1016
DEO7 Germany Neuglobsow 5310 ON| 13 2 0OE 62
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Table 4.4 (Continued)

Séagac;n Country Location Latitude Longitude | Altitude
DEOS8 Germany |[Schm¢gck 5039 ON| 1046 OE 937
DE44 Germany | Melpitz 513148 N| 125548 E 86
DKO05 Denmark Kendsnor 5444 ON| 1044 0OE 10
DKO08 Denmark | Anholt 5643 ON| 1131 OFE 40
DK12 Denmark | Risoe 554136 N 12 5 8E 3
DK22 Denmark | SCPStrup 55 50N 936 0E 60

Sande
DK31 Denmark | Ulborg 5617 ON 826 OE 10
EEQ9 Estonia Lahemaa 59300N 2554 O E 32
EE11 Estonia Vilsandi 5823 ON| 2149 OE 6
ES01 Spain lsa“ Pablode | 393550 N 42055W 917

0s Montes
ES06 Spain Mah - n 3952 ON 419 OE 78
ESO7 Spain V2znar 3714 ON] 332 0OW 1265
ES08 Spain Niembro 4326 32N 451 1W 134
ES09 Spain Campisabalos| 411652 N 3 834W 1360
ES11 Spain Barcarrola 382833N| 65522W 393
ES12 Spain Zarra 39510N 167W 885
ES13 Spain Penausende 41 170N 5520W 985
ES14 Spain Els Torms 41 240N 0430E 470
ES16 Spain O Savfl a o 431352N] 74159W 506
ES17 Spain Dofana 37149 N| 61954 W 5
FI17 Finland Virolahti Il 603136 N 274110FE 4
FI22 Finland Oulanka 66 1913 N 2924 6K 310
FI36 Finland | hallas 68 0 ON| 241423E 340

(Matorova)
FI37 Finland htari 6235 ON| 2411 OH 180
FRO8 France Donon 4830 ON 780E 775
FRO9 France Revin 4954 ON 438 OE 390
FR10 France Morvan 4716 ON 450E 620
FR13 France \F;i‘:'gi’lrlgsse 4337 ON| 011 OE 200
FR14 France Montandon 4718 ON 6 50 OE 836
FR15 France La Tard 4639 ON 045 OW 133
FR16 France Le Casset 45 0 ON 628 OE 1750
FR17 France Montfranc 4548 ON 240E 810
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Table 4.4 (Continued)

S(t:%taoen Country Location Latitude | Longitude | Altitude

FR18 France La Codonche 4838 ON| 027 OW 309
United .

GBO02 Kingdom Eskdalemuir 551847 N| 31215W 243
United

GBO06 Kingdom Lough Navar 5426 35N| 75212W 126
United

GB13 Kingdom Yarner Wood 503547 N| 34247 W 119
United .

GB14 Kingdom High Muffles 5420 4N| 04827 W 267
United Strath Vaich

GB15 Kingdom Dam 5744 4N| 44628 W 270
United Auchencorth

GB48 Kingdom MOSS 554736 N| 31441W 260

HRO2 Crotia Puntijarka 4554 ON| 1558 OE 088

HRO4 Crotia Zavizan 4449 ON| 1459 0O E 1594

HUO2 Hungary K-puszta 4658 ON| 1935 O E 125

Valentia 10 14 40

IEO1 Ireland Observatory 5156 23 N W 11

IEO5 Ireland Oak Park 5252 7N| 65529 W 59

IEO6 Ireland Malin Head 552230 N| 72034 W 20

IEQ7 Ireland Glenveagh 55 3 7N| 75624 W 44

IEQ9 Ireland Johnstown Castl¢ 52 17 56 N| 6 30 39 W 62

1S02 Iceland Irafoss 64 50N 21 1 0W 66

ITO1 ltaly Montelibretti 42 6 ON| 1238 OE 48

ITO4 ltaly Ispra 4548 ON| 838 OE 209

LT15 Lithuania Preila 5521 ON| 21 4 OF 5

LV10 Lativa Rucava 56 943 N| 2110 23 H 18

MD13 Republicof 1, 4630 ON| 2816 OE 156
Moldova

NLO9 Netherlands | Kollumerwaard | 5320 2N| 616 38E 1

NL10 Netherlands | Vredepeel 513228N 55113E 28

NOO1 Norway Birkenes 5823 ON] 815 OE 190

NOO02 Norway Birkenesl| 582318N| 815 7E 219

NO15 Norway Tustervatn 6550 ON| 1355 0 F 439

NO39 Norway K-rvatn 6247 ON| 853 OE 210

NO42 Norway Spitsbergen, | Ja 54 oN 1153 0E 474

Zeppelinfjell
NO55 Norway Karasjok 6928 ON| 2513 0 H 333
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Table 4.4 (Cotinued)

StationCode | Country Location Latitude Longitude Alt'(tEUd

NO56 Norway Hurdal 602220N| 11 441E 300
PLO2 Poland Jarczew 5149 ON| 2159 OE 180
PLO3 Poland Sniezka 5044 ON| 1544 OE 1603
PLO4 Poland Leba 5445 ON| 1732 OE 2
PLO5 Poland Diabla Gora 54 9 ON| 22 40E 157
RS05 ,\Sﬂirr?t':naegfo Kamenickivis| 4324 ON| 2157 0E 813
RUO1 Russia Janiskoski 6856 ON| 2851 OE 118
RU13 Russia Pinega 6442 ON| 4324 OE 28
RU18 Russia Danki 5454 ON| 3748 OE 150
RU20 Russia Lesnoy 56 3148 N| 3256 24 H 340
SE11 Sweden Vavihill 56 1 ON| 139 0E 175
SE12 Sweden Aspvreten 5848 ON| 1723 OE 20
SE14 Sweden R-©° 572338 N| 115450H 5
SI08 Slovenia Iskrba 4534 ON| 1452 OE 520
SK02 Slovakia Chapok 4856 ON| 1935 OE 2008
SK04 Slovakia Star 8 I 49 9O0N|] 2017 OE 808
SKO06 Slovakia Starina 49 3 ON| 2216 0OFE 345
SKO7 Slovakia Topolniky 475736 N 175138 E 113

In this study, mean concentrations of ions measured at Antalya KBals i r and
Trabzon stations were compared with the 91 EMEP stationg&rr2011 (see Table
4.4) and the locations are represented in Figure Ph2 results are given iRigure

4.3.
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In this comparison figure, all 91 EMEP stais concentration values are represented

with blue dot
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consequence of close concentration values observ&MiEP stationssome dots

overlapped and all dots cannot be notidddwever median S value for EMEP

stat.i

ons is O.

96,

wher eas
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13.7

57.37 for Trabzon station. Similarly median NQ&lue for EMEP stations is 1.28,
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y a
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t

S
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station. By taking into account th&0,> and NQ concentrationsmeasured at
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It was referred in chapter 3 thatrfaerosols measured in Eastern Mediterranean
region, SG” concentration is the highest values over the world (Luria et al., 1996;
Gel Il ¢ et al ., 1998; 2005) . The rainwater

and Trabzon stations concentrations are especially high.

Cd" ion is also high in Eastern Mediterranean region because the soil is calcareous,

rich in C&". Crustal ions, except from &athe trend is different.

This study is important for anthropogerbased ions. Therefore it is important to
observe that the S& and NQ concentration measured in this area are higher than
European concentrations. It is already discussed in several studies thaarg&D

NO3z concentration measured in Eastern Madiieean aerosol samples are higher
than concentration measured in Europe. However it is the first time that same results
are observed by analyzing rainwater samples. In this study, it is obviously seen that
SO and NQ concentrations are higher than ERIBtations concentration values.

4.1.3. Flow Climatology

Flow climatology is an important method to identify the detection frequency of an
ion at the sampling station. In this study, flow climatology was applied on the basis
of two parameters; grid andind sectors. On the grid basis analysis, all trajectories
were counted in each grid for 3 year data. Each segment is 1 hour part of a trajectory;
therefore, number of segments of one grid represents the residence time of air mass

during three year in tersnof hour.

In wind sector analysis, segment numbers were separately grouped in different
sectors. Flow climatology studies were performed in terms of wind sector analysis.
According to their residence times, each trajectory was assigned to a sector. This

method, unfortunately, is not very reliable method. Because trajectories spent their
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time on different sectors during its 5 days travel, not only one sector. As a result, it is

hard to assign a trajectory into one sector.

Residence times of armassangment s f or Antal ya, Bal ékesir
are presented ifigure 44. Study domain extends from West of UK to middle of

AsiainEast West diree@0AdAm) (20AW rom Siberia to Mi
NorthSout h diret4ANnr eégunibdd is divided into 1Ax
the Mapinfo software. Both source apportionment studies and flow climatology

analysis were conducted by usithgt grid system.

For all three stations regioas whichresidence time of air mass is high, areetdht
from each other. In flow climatology mapgids on which air mass spent its 5000
and more hours were represented with cleedt Those grits consist of the djthat
sampling station located in and a second grear it. Each trajectory that was
measured at the station has to pass through the agri which station located.
Therefore monitoring high residence time of a trajectory on that igrinot

important.
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Figure 44Threey e ar f |l ow c | i mat o lirang Jrabkoo staticghet al y a

During three years between 202012, grits that air mass spent its 250 to 5000 hours

were represented with different tones of brown. Those grits are important because air
mass spent it majority of time on them andythee many imumber and cover wide

area. Those grits are different for each station. For Antalya station, Western part of
Turkey, Greece, Bulgaria and some parts of Romania and Ukraine consists of that
color group. For Bal ekesir hagnpartof Roland t hi s
and contains only Western part of Turkey, Greece and Ukraine. For Trabzon station,

this region mostly contains Turkey, because air masses coming franhaiee to

pass through Turkey.

Air masses measuring in our stations spend itetessie on Middle and Western
Europe regions and Russikhe residence time analysis also gives an idea about the
regions which stands a change to transport polluted species. In the light of the
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residence time distribution, it is possible that the ionealetl at Trabzon station
originate from Turkey itself. On the other hand, ions detected at Antalya and
Bal ekesir stations may come from the Bal kan:

Turkey.

Studies conducted up until now some source regions were iddntifhose are
Balkan countries Greece in particular, Eastern part of Ukraine, Georgia and part of
Russia, which is at lsder with Northern Georgia. With this residence time analysis,

it is realized that those are source regions that affect whole pdarntshay.

As the starting altitude of a trajectory increases, trajectories lengthen. Therefore,
trajectories which comefrom more distant regions, have higher residence times.
Distributions of residence times of 100 m, 500 m and 1500 m trajectoriesctor ea

station are calculated. The distribution graphs are showigimes 4.5, 46 and 47.
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Figure 4.5 Distributions of residence times of 100 m, 500 m and 1500 m trajectories
for Antalya Station
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Figure 4.6 Distributions of residence times of 100 m, 500 m and 1500 m trajectories
forBal ekesir Station

Changes on distributions of residence times with respect to altitude are similar with
each other for all stations. Moreover, trajectories with starting altitudes 100m and
500m are exactly the same. Distribution of residence times jectaies with 1500

m starting altitude are little different than others.

I f we |l ook at Baléekesir distribution graphs
can be seen that residence times of trajectories calculated at 1500 m starting altitude

are higher than those at 100 m and 500 m altitudes at regions far away from sampling

stations such as United Kingdom and Scandinavia. However at regions near the

sampling stations, residence time of trajectory for 1500 m starting altitude is not so

different from 100 m and 500 m values.
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Trabzon-500m | s

Figure 4.7 Distributions of residence times of 100 m, 500 m and 1500 m trajectories
for Trabzon Station

With thesegraphs, it is supported that higher starting point trajectories are longer.
However, the more important part of this study is that the flow climatology gives an

idea about where the pollutants come from to sampling stations. Therefore, it can be
understood that the difference on starting altitude does not play an importan role o
poll utant transportation pathways. That 0:
than 100m, 500m and 1500m separated trajectories, the combined altitude

trajectories were used.

In literature studies, it was seen that flow pattern differs seasoaallly this
difference causes important results of air mass transportation. For this reason, flow

patterns of all stations were analyzed for both summer and winter seasons separately.
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And the results were compared with each other. Difference graphics Viaraiea

by (summeiwinter) divided by (summer+winter) trajectory désae Figure 8).

Figure 4.8 Distribution of Difference of Sumnmndo Winter Trajectories at Antalya,
Bal ekesir and Trabzon Stations

In figure 49 combined trajectory distributionf®r three stations are given. These

graphs werg@reparedoy counting segments at each wind sector; they are not based

on grids. According @ the figure themost frequent | ows at Antalya and
stations are observed in N, NE, SW, W and NW sectors. At Trabzon station, on the

other hand, flows from N and NE sectors are not as dominant as others. The most

frequentwind sector for Traban station comes from sector W.
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The more sparse air flows are, as clearly seen from previous studies, the ones coming
from sectors ESE, S and SW. This pattern means a lot of important information for
pollutant transportation to Turkey. It is not possible that pollutants come to Turkey
from southern sector because of two reasons; there is no pollution source in the south
part of Turkeyand air motion is limited from south wind sector. On the other hand,

W and N sectors both pollutant emissions are high and air movement is frequently
coming through them. Therefore it can be dedubat these sectors are important

with regards to the paltion transport.

Another important point is that, as a consequence of the stations location, each sector
refersto different regions for different stations. For example, while for Trabzon
station W sector refers to Black Sea region of Turkey, for Antsighon it refers

Greece and ltaly.

Most of the wind sectors there is a difference between summer and winter retention
times of air mass. In N, NE and E sectors summer retention timésgéer than

winter; other sectors are the opposite. Therefore, ewliil summer season
transportation is denser on N, NE and E sectors, in winter season transportation gets

denser on SW, W and NW sectors.

4.2. lonic Composition of Wet Deposition

4.2.1. lon Balance

lon balance represents the ratio of total anions td totat at i ons ( xani ons/ xc
This ratio can be used as a criterion of evaluating the accuracy of chemical analysis.

If the ratio is not equal to unity, it means in measurement some ions are excluded.

The plots of the sum of the anions (SONOs, CI) against the sum of cations
(NH.', Mg?*, H', Na', C&*, K*) of rainwater samples for theestations are given in
Figure4.10.
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According tothe figureabove there is an anion deficiency observed for all stations.
In theory, the regression én o f Xxanion Vvs. xcation plot sho
point with a slope 1.0.

For this study, there is a statistical significance between total anion mass and total
cation mass. Unfortunately slopes are not equal to 1. The anion to cation ratios are
lower than 1 for all stations. The largest deficiency is observed at Antalya station and
the smallest deficiency is observed at Bal ék
of Bal ékesir and Trabzon stations are 15 % e
in a reasonable level that can be seen in literature. However, the average anion

deficiency value of Antalya station is 58%, which is quite high.

The reason for the anion deficiency is generally due to the non measured anions in
the study. One of the canon non measured anion is the anions produced from
organic acids. However, organic acids originated from biogenic sources and mostly
faced in studies carried out around the equator region. Turkey is in mid latitude
region and does not have too much forgdéad. Therefore it can be wrong to say

t hat organic acids donét have an i mportant r

The main reason for the anion deficiency observed in this study H@a@® ion.

HCGQO; ion is a part of carbonate buffer system anaduced from the dissolution of
atmospheric C@in rain droplets. It does not have an anthropogenic source and
measured by ion chromatography device and an additional analysis. Therefore in
such studies it cannot be measured. However concentration of @O a rain
droplet depends on the rainwater pH. If the pH is less than 5.0, the bicarbonate

concentration is considerably smaller than other ion concentrations.

pH = 5. @=0891egIl0
pH = 5. 5=X8uéCo©
PH = 6. @=%0uegCcd©
pH = 6.5 =¥8ueCHO
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pH = 7. @=8uadC'O

Total anion level at Antalya station isi@t; L', at Bal ékessigqrl’ stati
and at Trabzon station is 17@q L. The pH of rainwater should be higher than 6.0

if it is assumed thatHCGO; ion affects the aniowation balance. The average pH
values of Antalya, Bal 2% ®4and 7.0aresgectivielly.a b z o n

This values show th&iCO;s" ion may affect the anienation balance.
ExpectedHCO;s concentrations we calculated by using following equation
(HCOy) = 10PHT %) (Tiwari et al., 2000) (4.2)

Variations ofaniondeficiency with respect to Hon concentration for three stations

are given in figure 40. If the anion deficiency is associatedHCOs ion, with the

increase of Hion concentration or decrease of pH, anion deficiency is supposed to
decrease. None of the stations show a notable alteration on anion deficiency
depending Hi on . I n Bal ékesir stationi,ionani on

concentration increases but this decresset statistically significant.
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In Figure 411 variation of catiorto anion ratio with respect to time is given. In order

to show how much the ratio depends on HCiOn, figure was prepared twice;

HCO;s ion counts in and out. According to the figuirCOs™ ion pulls the ratio to 1.0

only at Trabzon statiotAt Ant al ya a n g whBrelegthe eatioiisrcloset at i ¢
to 1.0, the difference can be explainedHiyO; ion. Otherwise, it is hard taxplain

the difference byHCOs'.
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Anion deficiency isl5% at Bal ekesir st at gooncentrdtidn t he

Is added, the deficiency decreases3t#o. Therefore it can be supported that the
anoneéefi ciency at Bal ékesir $HEC&tiondutingi s be
measurement. Similarly at Trabzon station, the average anion deficiency is around 18

%, and decreases 20 whenHCO;s ion is included to the calculation. Therefore the

anion deficiacy can be linked to the ignoritgCOs ion during measuremenét

Antalya, the situation is different, average anion deficiency %58
4.2.2. Contributions of lons to Total lon Mass

Contributions of ions to t otrabkzon stations ma s s
are given in Table 8. There is a general similarity between the stations® SO
and C&" are the ions having biggest portion among total ion mass. Contributions of

these ions are varying between%4and 77%, mostly higher than 6%.

Table4d5Contri butions of i ons to total i on m

Stations

Cations (>g/l) Anions (>g/l)

H* | (NH)" | Na" | Mg*" | Cc&" | K" | (SQ)* | (NOg) | CI

ANTALYA

% Total 0.076 | 8.525 | 7.646| 2.153| 27.072| 5.805| 20.702 | 16.534| 11.489

BALIKES K R

% Total 0.152| 6.309 | 6.808| 1.493| 15.313| 1.170| 33.630 | 19.334| 15.792

TRABZON

% Total 0.001| 0.550 | 3.538| 2.606 | 39.687| 1.642 | 30.872 | 14.190| 6.914

Ccd" is a naturally originated ion and comes from soil. Contributio€af ion is

high in samples because the soil is calcareous, which means rich in;GaCO
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Turkey. HighC&" content represents the rain water has & figid neutralization
capacity.

SO and NQ are anthropogenic originated ions and represent the acidity of rain.
Summationof these two ions contribution varies betweer®4@nd 55%, which is

quite high. In the light of these percentages, rain water should be very acidic.
However S@ and NQ’ are not the only indicative ions for the acidity of rainwater.
Other neutralizingparameters are discussed in the following chapters.

Another anthropogenic ion is NHand its contribution is around %10. Other
measured ions, Mg K*, Na and H, have totally between % to 18 %
contributions to total ion mass. The least contribubetongs to Hion with 0.001
%t00.1%.

One surprising point is that contribution of°Cto total ion mass at Trabzon station

is highertharastAnt al ya and BGHlig&kseilsiigmates toratherefore s .
its concentration should be higher at the Antalya station where lower rain events are
observed. HoweveEa" ion percentage at Antalya station is not as high as Trabzon
station. This esult may occur due to the minority of rainwater samples collected at

Trabzon station.

General form of the atmospheric Na and Cl ions is NaCl salt. Especially the regions
under the sea effect, Cl/Na ratio is egfed to be 1.0 (1.8 in masbkjowever, it vas
observed from several studies conduaeédifferent regions that the Cl/Na ratio in
aerosol samples is under 1.8 due to the reaction below.

NaCl (s) + HSOs (| ) 2SONs) + HCI (g)
The CI deficiency in aerosols results in a lower value than 1.8 of Cl/Na ratio on

rainwater sampledNa vs. Cl concentration plots for three stations and Cl to Na ratio

for each sample are given in Figuré2}.
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Na and CI relationships at Bal ékesir and
supports that ions are coming from Negalt. For each station, Na and ClI ions are

correlated with ach other with99 %statistical significance. Moreover, for both
stations ClI to Na ratio varies around 1.0.
than 1.0, which indicates that Cl ievas removed as gaseous form of HCI as stated

at the previous reaction.

At Antalya station, on the other hand, no relationship was observed between Na and
Cl ions. Antalya station is the nearest station to the sea coast; therefore, it is expected

to be afect from the sea salt much more than other stations.

Variation of Cl to Na ratio with respect to time explains reason of the bad
correlation. Cl to N a rati o of Bal ekesir
fluctuation. Although the ratio is around 1.0 at Antalya station, due to the big

fluctuations, ions doat correlate with each other.

In order to identify the variation, it was realized that there is a relationship between
Cl to Na ratio and Hion. In figure 4.13 for Antalya station both variation of Cl to
Na ratio and Hion concentration were represent&he relationship was showed
with arrow marksit can be seen that samples at whichidth concentration is high,

Cl to Na ratio is low.

In order to expand the relationship, the variations of Cl to Na ratio with respett to H
concentration were checkefbr all stations. Therefore Cl to Na ratio vs.’ H
concentration plot was sketched. The results are given in figide As a result of

the figure, neitheatBa | € k e s i r at Brabzoh station thar® is a systematic

variation of Cl to Na ratio with Hconcentration. The ratio is always around 1.0.
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On the other hand, Antalya station has a different pattern. Cl to Na ratio is obviously
decreases with Hion concentration. The relationship between these two parameter

has a statistically significancé 95 %.

4.2.3. Concentration of lons in Different Wind Sectors

Wind sector analysis is an important method to identify the source regions of
measured ions. For local studies, this approach that pollutant concentration identified
with surface windiscald @A pol | uti on roseo. However
therefore pollutant level is not related with surface wind$ie indicative
transportation occur®n the upper atmosphere; therefoom concentrations are
related with upper atmosphere air motiém Figure 4.15 upper atmospheric wind

roses for summer and winter seasons are represented for sampling stations.

N Antalya

Balikesir

‘Summel O Winter

Figure 416 Upper At mospheric wind roses for

Stations
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Back trajectories corsponding to each sample were calcula#&fierwards, each

trajectory was assigned to a wind sector on which it spent its majority of time by

counting segments. As a result each sample was associated with one sector, and
concentrations of each ion on eaeleter were determined. Concentrations of ions in

di fferent wind sectors at Antalya station
4.16.

By the reason of having few numbers of samples at Trabzon station, some sectors

were left only one or two samplesjem some sectors have any samplégerefore

Trabzon station isot includel in wind sector analysis.
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(b)

Figure 4.17 Average concentratons of ions in each wind sector at Antalya stajion

andat Bal ek@sir station
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Distib ut i ons of ions on wind sectors of Antaly
C&”* represents soil originated elements and at Antalya station it is high in S, SE and

SW sectors. It is an expected result because those sectors are exposed to dust
transportéion. In other words, dust transport originated from Africa and Arabian

Peninsula, is indicator for the concentration of soil originated idD&"
concentration distribution is |little differe
inS,SEand SWset or s, high in E, NE, N, NW and W se
much far away Nolt Africa than Antalya statiorLocal emissions are important and

Saharan dust is dominant through episodes but it is not stable all the year round.

Theref or e 8narépeegents the regmralasbili minerals rather than dust

transportation from North Africa. Higea"* concentrations in E, N and W sectors

indicate the regions where soil is calcareous, not about transportation.

Na' is a marine element coming from sea.sAb expected, its concentration is high

in S, SW and W sectors. Na concentration is higher in NE sector than others at

aO)

Bal ekesir station. Bal ekesir station is |l oc
Sea which is long enough distance for the coarsealeparticles to scavenge out by

dry deposition. Therefore this observation cannot link to sea salt. A considerable part

of the measuredila’ ion concentration can be stated as soil originated. Still, higher

Na" ion concentration in W, N and NE sectorartother sectors proves that even if

the distance is too much, sea salt is transported to the station.

Anthropogenic ions S§, NOs” and NH" are the most important ones over the
measured anions and cations for environment. Distributions of the argkeropo

ions over wind sectors are similar for both stations. They are high in NW, N and NE
sectors and low in Southern sectors. Aerosol studies conducted in literature for a long

time and those studies shows that locations sources are different for éach sec

In this study it can also be seen that pollutants measured in Mediterranean region are
mostly coming from Europe and Russia. These regions represent N and NW sectors

for the study stations. The Soviet Union, which is on the NE sector, also has source
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regions because of the uncontrolled pollutant emissions. Moreover Ukraine and
Georgia have such kind of source regions (Stevens et al., 1984). Therefore high
concentrations of S, NO; and NH;" ions are not surprisingdn the other hand,

sectors E, SSE and SW do not have important pollutant sources. For this reason

SO,%, NOs and NH;* concentrations are low ihdse sectors at both stations.
4.3. Acidity of Wet Deposition

4.3.1. Rainwater Ph

The pH is the term that represents the acidity leveé pH value of rainwater is
determined dynamically by the result of the agabe reactions occur between
alkaline and acidic compounds in cloud droplets and in rain droplets (Losno et al.,
1991).

Natural, unpolluted rainwater has a pH of about 5.6, wikdchue to the global
atmospheric concentration of GQ 330 pp m) (G¢l soy et al .,
with a pH of less than 5.6 is considered as acid rain and compounds as sulfur and
nitrogen oxides emitted from both anthropogenic sources and/or orgdcécaae in

abundance (Tang et al., 2005).

However, acidic species are not the only decision making mechanism for rainwater
pH. Chemical form of the measured acidic species and absence of the alkaline

species as NHand CaCQ@also plays an important roten pH of the rainwater.

If hundred percent of the measured,8$@nd NQ ions are in HSO, and HNQ
form, average pH of rain water have to he® at Antal ya station
station and 3.7 at Trabzon station. And if the majority of the rainwater composed of

alkaline ions the pH will be higher than 5.6.
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H,SO, Y 2'H SO
HNOsY H+NOs

Both the frequency distributions and annaskrage pH values show that the rain

water in different parts of Turkey is not acidic (see figurE7¥.For example at

Antalya station, most frequent pH value is around 6.0, at Trabzon station between 7.0

to 7.5 and Bal é&kes.i ctha otleets bud still highter trah5.00 s f ai r |l vy
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In each station, some portion of the rain events are included in acid rain category

which represnts the rainwater has pH lower than 5.0. This ratio for Antalya station

is25%and Bal ékes%r Balagdkesi ri sst3a’7ti on faces wit
than Antalya station. Position of the Bal el
b e c a u s eir isBchde @oklgambul. Istanbul contains lots of industrial facilities

that emits SgFi on to the at mo s ibrecoreentrafiohia alsbs why SO
hi gher at Bal ékesir station than Antalya sta

Back trajectories corresponding pH values lowant5.0 are plotted for Antalya and
Bal ekesir Stati on %8 Asitean e seennfrom the figuregur e 4.
trajectories with pH less than 5.0 mainly are coming from North and North West

directions.
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Antalya

Figure 4.19 Trajedory plots of pH lowerthan5farAnt al ya a StaionBal é k e s

This is an expected result. For the sampling stations in this study, anthropogenic
emission sources are in North and North West sector for both inside and outside of
Turkey. These trajectty pathways represent that when air mass is coming from

North and North West directions, its pH is lower than 5.0.
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4.3.2. Neutralization of Acidity

In addition to the acidic products, alkaline products also present in the atmosphere.
There are mainly aesol of calcite (CaCg¢) and gaseous ammonia (B)HAt the pH
found in rains, they react as stramgutralization speciesith the hydronium ions to

give, respectively, HCQandNH,".

SO,% and NQ' are the main ions that increase H+ ion concentratidrdacrease the
pH in rainwater, whereas NH C&*, Mg?* K* ions are the common neutralizing
species. The relative amounts of these ions determine the fihalf ghe rain.
Although an areas exposed to high,5@nd NQ emissions, by alkaline species the

rain water can be neutralized andhpH values can be obtained.

Before identifying the neutralization process and neutralizing ions, the dominating
specie that causes rainwater acidity should be clarified. The rainwater acidity is
originated from HSO, and HNQ with respect to the emission sources. The ratio of
SO%/NO5 indicates the relative contributions of,$0, and HNQ to rainwater

acidity.

Studies conducted on Europe and North America on 1980s represented that % 70 of

rainwater acidity is origated from HSO, and % 30 is originated from HNO

However S@ emission controls are easier than ;NCrherefore, S@ and SQ*

levels in Europe and North America are decreased beforge @ NQ' levels

(Tuncel, 2004) . As a r &fulstt,at aooer dnemmg Ut @ m¢
SO,% to NO; ratio, contribution of HSQ, and HNQ are equal to % 50 and % 50.

Monthly average S§3 to NO; concentration ratios are given in figur@@.
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In Figure 419 it was represented that the ratio does not show an important seasonal

variation. Studies conducted in our departmental air pollution group in 1990s show

that SQ?/ NOs ratio is high in winter andow in summer season (Tuncer at,

2001).While SG emission control was applied commonly in Western Europe before

2000s, in Eastern Europe countries that exist after destruction of Union of Soviet

Socialist Republics, due to economic reasons. Therefbes air masses are coming

from Eastern Europe, its SONOs ratio is around 2.5, when air masses coming

from Western Europe, the ratio is less than 2.0.

At Antalya station the ratio is around 2.0 during whple a r .

At

Bal ékesi

situation is different. During winter season S® NOs ratio is fairly high, while

summer season the ratio is less than 2.0. This result is observed probably due to the

cl ose

| ocat i lstanbub f
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In recentyears, S@emission control also becomes widespread over Eastern Europe,

therefore SGF to NOsratio of rain wateris less than 2.0 no matter from which

direction the air masses coming from.

In this study, average pH values are high for all stations rEsult was handled out

in terms of t wo questions; ADoes neutrali z:

year ?20 and AWhaenwas$ hahenwmaitmnaeliees acidity?

In order to evaluate the variation of neutralization rate with timé) {H{SO*) +
(NO3)] equivalent ratio versus months graphs were plotted for three stations. If all of
the SQ* and NQ' ions are in the k50, and HNQ forms, this ratio should be equal

to 1.0. As the neutralization increases, so ratio decreases less than 1.0.
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Figure 4.21Monthly variations for lhe equivalent ratio of H/ nsSO4 + NO3 in rain
waterforAnt al ya and Bal ékesir stations.

Monthly average () to [(SQ?) + (NO3) ] ratios for Antalya and
are given in figure £0. As it can be seen from the figure, neutralization is changing
seasonally. It is high during summer months ama during winter months. At
Antalya station for example, on January%3o 40% of the acidity of rainwater is
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neutralized. This ratio is increased to%®%n February and 9% on March. During
summer, approximately whole acidity is neutralized. Freeityoiehs increased t6
% on October, 28 on November and it reaches &Jon December.

Seasonal variation on (H/ [(SOZ) + (NO3) ] at Bal ékesir st
approximately similar with Antalya. Free acidity level dramatically decreases during
spring and summer mont hs. However, neut

water is little less than Antalya.

The second important pd is the determination of the dominating ion of
neutralization process. Acidity of the atmosphere can be neutralized by two
important alkaline speciesCaCQ released from soiland NH3 released from

agricultural, industrial and natural activities.

The CaCQ is particularly important for this study, because soil along Turkey is
calcareous and contains high concentrationSaQ. Therefore, it is possible that

the rainwater acidity is neutralized by aerosols poed from soilEr d o] ahn, 1999

The second base that can neutralize the rain water acidity s RNeitilizer
applications and livestock farming are the dominant sources of theimNkhe
precipitation. Studies conducted on Antalya and Black sea region, seasonalrvariatio
of NH4" ion was linked with fertilizer applications (Alagha et al., 2003Mdmani

et al., 199).

In order to compare the contribution ofand NH; ions to neutralization process,
for each station Hversus C& and H versus NH' plots are scattece(see Figure
421 and 422). According to the figures, it can be clearly seen that the acidity of
rainwater is mainly neutralized by CagQMoreover, for three stations €ais
strongly correlated with H For all stations samples, asCaon concentratin

increases, Hion concentration decreases.
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In addition to that, seasonal variation of the neutralization of acidity, which was
mentionedat previoussections, also shawthat CaCQ is the dominating ion of
acidity neutralization. Durigg summer, when neutralization increases, the soil is dry.
Therefore soil particles can be easily resuspended and then scavenged by rain
droplets. During winter, on the other hand, soil is in sludge form or covered by snow
or ice, soil particles that contaCaCQ cannot easily resuspended to the atmosphere

andthe neutralization decreases.

4.4. Seasonal Variability of Wet Deposition

In order to investigate the seasonal variations of ion concentrations, the rain water
data were separated into two group®t season samples and dry season samples.
Wet season was assumed as the period between the beginning of October and the end
of March; dry season was between the beginning of April and the end of September.
Seasonal variations in the contributions of eamhto total ion mass for Antalya,

Bal ékesir taiondwelemgigelkigures 423

90



+
Antalya Na' 52 H Antalya

0,0% H
;U winter
SUMME s 8,29 50,2 Na* 11.8% 0.2%

24,1%

17.6% SO2

MgZ{ 1,8% K* 3,9%

Mg2* 24%
NO,
¥ o
Ca2' 24,6% e 14,3%
NO,- Ca?* 21.4%
18,1%
16,5% CI-
NH,* 8,2% 9,7% NH,* 12,1%
cr
Balikesir ;‘;; Balikesir Na+
] o _
Summer  K¥14% 01% H+ winter K20 2% 0,3% H+
Mg22.7% S042- Mg2¢,5%
S5042-

28,6%

Ca2+13 4% 33,1%

Ca2s3 3%
NH4+ 7,0%

NO3-

)
19,0% 19,4% NO3-
CI1-13,2%

Trabzon

NH4'1 ,9% 10,2% CI-

Figure 4.24 Seasonal variations in the contributions of ions to total ion mass for
Ant alya, Baleékesir and Trabzon stations

Atmospherigpollutants generally show seasonally variations. Meteorological factors,
for example variation of mixing height systematically between summer and winter,
result in variations ofon concentrations seasonallyloreover, in winter season
frequent and intems precipitation events restrict the long range transport of
pollutants and reach the sampling statichisother reason of seasonal variations of

ion concentrations is the seasonal variations of emission sources.
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In this section seasonal variations of myncentrations are discussed. In figures, on
behalf of crustal ions Gaand sea salt ions Navas chosen. Other crustal ions, K
and Md" and other sea salt ion ‘Cire not represented in figures because their

variations are similar with Gaand N4 repectively.

Concentrations of ions changes on timescales. Monthly median concentrations of
SO% , NO;s, NH,, Na"and C&"at Antalya, Balé&kesir and
given inFigures4.24, 4.5, 4.6, 4.27 and 4.38.

Antalya station is closer to the sea coast than other stations. Therefore, sea salt affect
found to be denser in ion concentrations than other stationsrdhogdo theFigure

4.24 Na' ion concentration is higher during wet season at all stations. These ions are
mainly released during a mechanism called bubble bursting. Bubble bursting process
is the wave motion over sea traps air into water. Later it fdsoisbles at the
interiors of the sea. Next, bubbles burst over sea surface. After evaporation of
surrounding water, sea salt ions remain in the air. Since winds are stronger in winter,

during wet season the bubble bursting is enhanced by strong winds.
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Cd" is chosen as the representative soil originated ion. According Fghie 4.25

C&" ion concentrations are higher duringy dseason. This trend has two reasons.
The dust episodes which originate from the North Africa occur in May and April and

to a lesser extent in September and October (Ganor et al., 1991). These periods
belong to the dry season; therefore Saharan dusptdrntributes to the observed
crustal element concentrations in dry season. Moreover, another source of crustal
elements is local soil. Soil particles that are suspended from sampling region by wind
blows also reached the receptor. Therefore even duilieg wet season its

concentration may not be very low.
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SO%, NO; and NH;* concentrations are higher during dry season andrloweng

wet season. It has two reasons. First reason is the photochemical reactions. These
ions are secondary pollutants and are not directly emitted to the atmosphere. They
were produced with photochemical reactions of primary pollutants. The
photochemial reactions are effected directly from sunshine intensity and
temperature. Since hours of sunshine are longer and temperature is higher, the
photochemical reactions are dominant in summer. Therefore concentrations of those

ions are higher during dry seasthan wet seasqiuRL 10).

NH," ion concentration generally shows an increase during dry season and decrease
during wet season. This alteration can be explained by the agricultural activities. NH

is included in fertilizers in agriculture. During summmaonths both agricultural
activities and with the high temperatures, volatility of Nidre increased. During
winter season, on the other hand, soil is in sludge form, which obstructs particle

emission to the atmosphere.

Furthermore, these anthropogenidgorated ions also come from long range
transport such as Europe, Ukraine, Russia and western parts of Turkey where the
industry is more developed. During wet season rain events are more frequent.
Therefore, transportation of these ions from long distaacesot possible, thegre
scavenged immediatelyy the rainnear the emission regions. Concentration of these
ions measured at wet season is mainly due to regional sources, such as industrial

facilities, traffic emissions or residential heating processes
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According to the figure variations of anthropogenic ions $QONO; and NH;" at
Bal ékesir st at i onsemadatAstalyastation.rAll tiwreetions ateh os e ob

high in summer due to similar reasamsh Antalya station.

Moreover, seasonal variation of T don is similar with Antalya station. Gaion

concentration is high in summer due to similar reasons with Ansahtion.

The only different variation is observed on*Nan. At Antalya station, Naion
concentration i s hi gh in winter"iomeason. Ho

concentration is high in summer season. The reason for the difference is, while Na

i on emi ssion source iIs sea salt at Antalya
s ation because Baleéekesir is far away from t
soil originatedions;Nai on concentration is high in summe

Monthly distributions of ion concentrations of Trabzon station are statistically
insignificant because collected sample numimefew and while they are grouped

into months, numbers are getting fewer. Therefore, Trabzon station is omitted from
seasonal variation analysis. Summer and winter median concentrations and summer

to winter ratios argiven inTable 46.
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Table 4.6 Summer and winter concentrations of major ions at Antalga) B kesir and Trabzon stations.

concentrations are in mg').

TOT

Antalya Bal ekesir Trabzon
Winter Summer Sum/Wint Winter Summer Sum/Wint Winter Summer Sum/Wint

Slo 0.63 1.64 2.6 1.77 3.2 1.8 3.37 24 0.7
NOs 0.42 1.3 3.2 1.08 17 15 2.11 2.7 1.2
CI 0.42 0.42 1.0 0.91 0.53 0.6 1.49 0.77 0.5
NH4" 0.23 0.4 2.0 0.28 0.9 3.2 0.00 0.3

ce? 0.45 1.5 3.3 0.72 2.3 3.2 6.63 5.2 0.7
Mg?* 0.06 0.08 1.3 0.09 0.17 1.8 0.40 0.5 1.2
K* 0.08 0.3 3.8 0.06 0.12 2.0 0.23 0.18 0.8
Na 0.32 0.25 0.8 0.49 0.47 0.9 0.50 0.39 0.8




Table4.6 makes the qualitative representation of figures into quantitative form with

the numeric values.

Summer to winter ratios of anthropogenic ions,,SONO;” and NH', ranges
between 2.0 and 3.2 at Antalyadt i o n . The ratio for Bal éekesir

Antalya,andranges between 1.5 and 3.2.

Both summer and winter concentrations of;SQNO; and NH," a t Bal ékesir ar e

higher than Antalya. This result is caused by the close distance from Istanbul.

Another pointisthat Nai on summer to winter ratio at Bal
a lesser extent than Antalya, is lower than crustal and anthropogenic ions. This result

represents that some amount of Im are coming fronsea salt.

Summertowiher ratio of Trabzon station is diffe
stations.At Trabzon station, concentratioms all ions are higher in winter than
summer. It is not possible to make judgment whether it is caused by the few number

of samples or it is eegional property.
4.5. Wet DepositionFluxes of ions inThe Stations

One of rationales of measuring pollutant concentrations in different forms of
precipitation is to determine wet deposition fluxes of pollutants from atmosphere to
ear t h 6 sSud scavéngirg ®f.particles and gases is generally considered to be
as cleansingnechanism for the atmosphekowever, the same mechanism may be
dangerous for living species on the surface, because pollutants are transferred from
cloud level to the gtace. Since wet deposition enhances solubility of otherwise
insoluble species, it increases the bioavailability of pollutants to living organisms,

particularly in the marine environment.
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For example solubility of trace elements in the atmosphere increasdéxaigly if
particles bearing these elements are processed in cloud droplets where pH is fairly
low (pH 3.0 can be considered ypical for cloud droplets)Vhen they deposit with

in rain dioplets they are > 50% solubldowever if they deposit to sea teaor lake

water with particles, without cloud processing their solubility is much lower due to

higher pH of sea or lake water.

Wet deposition fluxes of pollutants at a particular airshed stroregigrl on rainfall

at that arealn the regions where mafiall >1000 mm (as in most of the Northern
Europe), wet deposition of major ions dominates over their dry deposition (Matejko
et al., D09; Pan et al.,, 2012; 2013)lowever in the Mediterranean area where
rainfall is <1000 mm, dry deposition fluxes of elemts and ions are comparable to
their wet fluxes (AMomani et al., 1998; Im et al., 2013)

Data generated in this study should be @dwvith these consideration&nnual,

Seasonal and Monthly rainfall at three stations are given in Tabhl&dinfall and

all other meteorological data are obtained from AutothMeteorological stations

that are closest to our sampling station
stations are collocated with rain samplers, but at Trabzon station is at the city of
Trabzon, which is located approximate8® km from the saniimg point. Values

shown in the table are 5@arslong averages, between 1960 and 2012.
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Table 4.7 Monthly, seasonal and annual rainfiflixes at three station®&JRL 3)

Trabzon Antalya Bal ekesi

kg/n? kg/n? kg/n?
JAN 743 2144 775
FEB 60.3 1558 67.4
MAR 58.8 98 581
APR 60.3 54.1 523
MAY 515 305 419
JUN 514 7.3 222
JUL 355 2.7 7.7
AUG 445 18 6.1
SEP 75 125 238
OCT 1171 70.8 435
NOV 94.2 1441 74.7
DEC 824 2512 1008
Annual 8053 1043,2 576
Winter 487,1 934,3 422
Summer 318,2 108,9 154

The highest annual average rainfall is recorded at Antalya station (1043 mm), then at
Trabzon (805 mm)and¢h | east at B &ihoe thess averagdssoveda mm) .
50 year period, uncertainfieare expected to be minimulVe expected to see the

highest rainfall at Trabzon station, but it turns out that Antalya receives more rain

thatcities on the Black Seazpst.

Annual rainfall on the Black Sea coast varies between 706 katnSamsun and
2236 kg nT at Rize.Trabzon with 805 kg i annual rainfall is ninth in linemong

fifteen Black Sea citiesOn the Mediterranean cost there are five coastal cities,
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nanely Hatay, Ada a , Mer si n, A WithaHe gxaepteomafl Addha and a .
Mersin, which have 663 and 595 mm annual rainfall, respectively, the three
remaining cities have rainfall thas higher than1000 mm The annual rainfall

recorded at Bal &&ferdhie mteriorofAil@ coominy. i s t ypi

Effect of these differences in rainfall amount on average concentrations of lons
measured in this study is overcome by using volume weighted averages in our
discussionsHowever, same differences have fairly stronduiefice on calculated

fluxes.

In most of the country winteilo-summer ratio in rainfall depicts fairly large
variations. This cabe clearly seen in the tabM/inter-to-summer rainfall ratios are

1.5 at Trabzon, 2.7 &al ékesi r an dbvidusly surmamer afvch wirdel y a .
rainfall is comparable at Trabzon and dramatically different on the Mediterranean

coast.

These differences in annual and seasonal rainfall at three stations are expected to

have significant contbution on wet deposition fluxes ahajor ions in these

locations.Annu a | wet deposition fluxes of i on

stations are given in Figure29.
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Figure 4.30 Comparison of wet deposition fluxesAfnt al y a, Bal ékesir and
stations

Wet deposition fluxes of ions and other parameters should be calculated by
multiplying measured concentration with rainfall for each event and then summing
the calculated evetitased fluxes over the desired timeemal (month, season, year
etc.). This is the ideal approach if most of all rain events in & yease consistently
collected.However, in this studynumber of missed rain events (rain events which
were not sampled) wasddigh to adopt this approach. different approach was
adopted to avoid underestimation of deposition fluxes due to missed rain events.
Wet deposition fluxes of ions were calculated by multiplying average concentrations
of ions in each month with loAgrm average monthly rainfall obteid from the
nearest meteorological statioMonthly fluxes were then summed up to obtain

seasonal and annual fluxes.

Wet deposition flux of Hi on is the highest at Bal ekesir
Antalya. The lowest free acidity in rain water is measust the Trabzon station.

This contradicts with deposition fluxes of $Cand NQ', because the highest $O

flux is measured at the Tratnz station.Observed pattern indicates more extensive

neutralization of adity on the Eastern Black Selligher C&" ion concentrations

measured at Trabzon &t supports this hypothesiddigh rain water C&

concentrations on the Black Sea coast compared to Mediterranean is observed not
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only in this study, but also in rain water samples collected at Amasra in laar ear

study in our groupHl-Agha et al., 2003&l-Agha and Tuncel, 2003)Vet deposition

fluxes of ions with anthropogenic origin, namely S$@nd NQ are the highest at
Trabzonand lowest at Antalya stationsligher concentrations of these ions at

B a lesir knay reflect the influence of emissions at Istanbul and Kocaeli industrial
zone to the chemical compasib n o f r ai n w&nilarly high tvet flRiees é k e s |
of SO% and NQ at Trabzon may indicate transport of ptitm from North and
northeastContribution of N and NE wind sectors to the regional air quality at the
Eastern Black Sea coast of Turkey is also reported in previous studies, both by
measurement8(a | c é | ar amtbymodeling.2 01 3)

Wet deposition flux of N ion is conparable athe three stationsMain source of
NH," in Turkey is the use of synthetic fertilizers, which is comparablenarthree
stations.Calcium flux, which is a typical crustal elemei#t the highest at Trabzon

station, which explains extensive neutralizatiba@dity on the Black Sea region.

Seasonal variations in wet deposition fluxes of major ions are given in T8kdad!.
Figures 430 and 431, where monthly deposition fluxes are plotted Aortalya and
Bal &k e s i Smallswamdber of caim svents were collected at Trabzon statsn
not suitable to calculate monthly fluxes in this station
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Table 4.8 Annual and seasonal fluxes of ions at three stafimggnt)

Antalya Balikesir Trabzon

Annual Winter Summer W/S Annual  Winter Summer W/S Annual  Winter Summer W/S
H* 4.20 4.07 0.13 31 7.68 7.20 0.48 15 0.29 0.20 0.08 2.5
NH4" 408 350 58 6.0 362 213 149 14 228 129 99 1.3
Na 420 387 33 11 390 303 87 3.5 750 535 215 2.4
l\/lg2+ 99 80 19 4.2 89 59 30 1.9 555 373 182 2.0
o a 1062 747 315 2.3 916 500 416 1.2 9028 6273 2755 2.3
K* 189 126 63 2.0 71 44 28 1.6 383 271 112 2.4
sSQ” 791 607 184 3.2 2014 1293 721 1.7 6100 3849 2251 1.7
NOs 671 530 141 3.7 1172 757 415 1.8 2978 1674 1305 1.3
Cr 589 524 65 8.1 933 815 118 6.9 1318 853 465 1.8
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Wet depositiorfluxes of ions in summer season are higher t@mnesponding fluxes

in winter. Although this statement is true for all three stations, the magnitude of
difference changefrom one station to anoth&kinter-to-summer flux ratio changes

bet ween 2 and 11 at Antal ya, ewveentl®anen 1. 2
2.4 at TrabzonLarger seasonal variations in wet deposition fluxes of ions at Antalya
station is probably due to larger difference between wiatel summer rainfall at

this station (winter to summer rainfal.l

1.5 at Trdzon, as discussed previously.

Stronger polarity of deposition fluxes of ions can also be seen by comparing Figure

4.30 where month} average fluxes are plotted for Antalya station with Figugd 4.

where monthly fluxes are glot ed f or t h e AltBoagh évét depasition st at |
fluxes of ions are lower during summer months, magnitfddecrease is not the

same.At Antalya, fluxes @crease consistently between from January and June.
They then increaseebnveen September and Decemb¢no we v e r at Bal ek
deposition fluxes of ions do not decrease systematically starting from January. Flux
values remain firstly high between Januand May, and then they sharply decrease

in Juneand remain low until OctobeFhese different patterns in deposition fluxes of
lons at Antalya and Balékesir stations i
concentrations of ions and rainfalltimese two stations.

Seasonal variation in'Hlux is significantly higher than seasonal variations in fluxes

of other ions. A tto-vBngel flaxeseosions vary beaween .27 s u m
and 6.9 with most of the vadg centering around 1i52.0. Summerto-winter flux
ratoforHat Bal ékesir station is 15. Similar|

at Antalya station vary between 2 and 11, but corresponding raticd fer3d.

Larger seasonal variation in wet Heposition fluxes at Antaly and Bal ékesir
to higher seasonal variation in concentration ofieh, which in turn is due to
dependence of Hion concentration on concentrations of NHENnd particularly

CaCQ in the atmosphere.
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Another interesting feature observed in wet fenaf all ions in all stations is the
epiodic nature of wet depositiofrractions of rain events, which accounted for 80
and90% of annual wet deposition fslatomses of
are given in Table 8. At Antalya station, 186 - 42 % of the rain events accounted

for the 80% of the annual wet depositidluxes of ions.At the same station 31%

57 % of rain events accounted for 90 of annual depositionfaons. Fractions are

very similarinh e Bal € kesi rThese¢ fgures dearly desnonstraté that
wet deposition fluxes of ions measured in this study occurs with few intense rain
events and wet fluxes of ions are strongly related with intensity and duration of rain

event.

Table 4.9 Percentageof rain events that account for 8 and 90% of wet

deposition of major ions at Antalya and
Antalya Bal ékesir
% events % events % events % events
accounting accaunting accaunting accaunting
80% of annual | 90% of annual | 80% of annula | 90% of annual
deposition deposition deposition deposition

Rainfall | 42 58 76 87

H* 16 27 19 30

NH," 30 44 39 54

Na" 30 46 41 56

Mg~ 27 40 38 52

ca’ 19 31 33 48

K* 18 33 44 59

SO~ 40 54 43 58

nssSO;” | 38 52 43 57

NOs 42 57 43 58

Cr 31 48 38 53
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4.6.Sources of Measured Species

46.1. Component s of precipitation at Bal é

apportionment using PMF

One of the key objectives in most of the environmental pollution studies is to
identify, both types and locations of soes that are contributing to deprivation of
environment.This very same objective also applies to studies related with air quality

management, bbtin local and regional scale.

Attempt to identify sources contributing to measured concentrations of pddiga
an airshed i s k n cowirm e @sutcei appottionment canpleo r t i
performed either using sourceiented approach, namely numerical modeling, or by

using receptor oriented approaches.

In source oriented approach, data about emissions andmpters affecting
dispersion and transport of pollutants are main inputs. Models, using this
information, simulate dispersion and transport of pollutants and calculate ground

level pollutant concentrations at a given receptor.

Models provide numerous aahtages for source apportionmeftey are relatively
cheap, they do not require highly trained people and thaybearun for future
scenarios.The only disadvantage of numerical models in source apportionment is

relatively high uncertainty in results.

Receptor oriented approach on the other hand uses concentrations of a pollutant or
pollutants measured at the receptor and resolve these tatioms into their
componentsThese techniques are colleetiv vy cal | ed i rReceptopt or n
models are re expensive anequire fairly trained peoplélowever, since thegre

basel on measurement results and do not involve assumptions, uncertainties of

results are significantly lower than uncertainties in results of numerical models.
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There is a variety odtatistical tools that are used in receptor modelim this study
i oni c composition of precipitation coll ect e
resolved into their components using a relatively new statistical tool, namely

positive fAmaotnroi.x factori zat

Positive Matrix Factorization is the method which results give an idea about the
possible pollution sources through separately gedigpecies at where they show

similar increase and decrease rates at the same time.

Uncertainty values of each iomere inserted to the model with the concentration
values because it is an important parameter of factor determination. The
mathematical expression of the model was explained in Section 3.7.3, therefore it

will not be repeated here.

Composition of factors n Ant al ya and Bal ékesir PMF exerc
410and 411, respectivelyThes e s ol ceadil mgo ivFal ues and ot he|

parameters for Antalya and B&l ékesir station

Table 4.10 lonic compositions calculated for Antalya data selo@ings are inmg
L™

Factor 1 Factor 2 Factor 3 Factor 4
SO~ 0.03 0.09 0.98 0.17
NOs 0.01 0.12 0.76 0.09
NH," 0.00 0.41 0.00 0.04
ca”* 1.19 0.21 0.13 0.00
Na" 0.06 0.02 0.01 0.30
Ccr 0.005 0.009 0.12 0.39
Mg** 0.07 0.005 0.01 0.03
K* 0.05 0.04 0.01 0.02
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Table4.11l oni ¢ compositions cal-madingsareidmdg or Be
LY

Factor 1 Factor 2 Factor 3 Factor 4
SO~ 0.70 0.28 0.25 2.71
NOs 0.27 0.22 0.01 1.78
NH," 0.00 0.66 0.05 0.00
ca” 0.19 0.00 1.97 0.12
Na" 0.61 0.05 0.15 0.01
Ccr 0.93 0.00 0.00 0.17
Mg** 0.07 0,01 0.09 0.00
K* 0.02 0.05 0.06 0.01
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Parameters plotted in these figures includmdelings, fractional contributions of
factors to each ion andnonthly averages of -Gcores. F-loadings are the
concentations of ions in each factolts unit is mg [*. Fractonal contributions
indicate percent contribution of each facbn ions.This parameter corresponds to
iexplwdrmieanceo i ninduaapinienrfrac@onabdontributian .plots
are more informative than-lbading values in identifying types eburces making up

each of the factors.

G-scoreis an output of the PMF cod#.indicates the weighdf each factor in each
samplelt is a unitless parameter and when it is multiplied \autl-loading valueit

gives concentration of the correspondinq@ede in that fadr in that particular
sample.Since seasonal variations of particles emitted from different sources are not
the same, as discussed previously in manuscript, monthly avesgeegvalues can

be informative on the type source types affegtrain ioniccomposition at Antalya

or Bal ekesir.

Positive matrix factorization exercise resulted in very similar four factorstalya

and Bal ek edswever, athoagh composition of factors was similar, their
ordeing was differentFactorl in Antalya PMF hasigh loading (Floading) of Ca.
However, it accounted for 8 of the total concentration of Ca, amre thar60 %

of the total concentration of Mg and approximately ®@0and 15% of the total
concentrations of K anNa, respectivelySince these are all crustal elements, Factor

1 in Antalya PMF was identified as ACRUS
atmosphere that are captured either by falling rain droplets or by cloud droplets
through incloud processes. Earlier rain segl in our group reveled that crustal
particles are scavenged mostly by beldoud processes during rain events
(Almomani et al.,1998; Kaya and Tuncel, 1997actor 1 has higher-gcores in
summer season due to more extensive soil resuspension in soronts when the

soil is dry.
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Crustal factor in Antalya, in terms of composition, is identical with Factor 3
produced by B aAlt®kge gsercent cBnkviBution of factor 3 on ions
measured at Bal ekesir st at iuwions fauncein sl i ghtl vy
Antalya PMF, elements contributed by this factor are identical. Consequently, Factor

3 in Balékesir PMF study is also a crustal f

Factor 2 in Antalya PMF study has high loadings of,;N&hd Ca, and to a lesser
extent S and NQ. However, investigation of % of these ions accounted by
Factor 2, shows that Factor 2 accounts for almost all of the measurgd NH
concentration. Concentrations of other ions, which also have kighdihg values

in Factor 2, are accounted for by otlactors, but noty factor 2.Consequently
factor 2 in Antalya PMF study is identified as NHactor. A factor consisted of
NH," only was encountered in almost all factor analysis and PMF studies in Turkey
and attributed to fBrtbDbjaaretsal (G2DLQ; e0Aa
al., 2003. Synthetic fertilizers containing NNIO; and (NH,),SO, are generally
applied in late spring after spring rains ended to avoid washing outtizées
applied to the fieldSome of these fertilizers arerelctly resuspended with soil and
become NHNO; and (NH,).SO, particles, which can be captured by clouds and rain
droplets. Most of the fertilizer reduces and evaporate asINlkhe atmosphere NH
gradually converts to NJNO; and (NH,),SO, through reactins with BSO, and
HNOs;. These particles are again captured by cloud dopéetd/or falling
hydrometeorsThis scenario explains highersgores found in summer months as

shown in Figure 82.

This fertilizer factor found in Antalya PMF study corresporidsFacbr 2 in
Bal ékesir EbMBPpezxetcbaeof Factor 2 at Bal eéke
compgsition of Factor 2 at Antalydde n c e, Factor 2 found at Bal

was also identified as AFertilizero factor.

Factor 3 at Antalya data seigh Floadings of S& and NQ’ ions. Approximately
90% of the measured concentrations of these two ions soeaatounted for by
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factor 3.G-scores of factor 3 are higher in summer months. This seasonal pattern is
similar to the monthly average concetions of S@” and NQ’ ions. Factor 3 at
Antalya PMF study represent anthropogenic component in rain and it is named as
ALo-ngnge tr anSnplarlorigeange aandpartifactor was also identified

in previous rain water studies in this growgjere only ions were measured (as in
this study) (Tuncer et al., 2001When trace elements are also measured and
included in the PMF study, anthropogenic factor is generally separated into more
than one anthropogenic factor (Almomani et al., 1998; Alaglzh, 2003).

Long range transport factor in Antalya PMF study correspondsatiofF 4 at

Bal &k e s i €ompositiora of thee factor (foading values), fractions of ions
accounted by the factor and monthly averages-s€ages are very similar. Thus
Factor 4 in Bal ékesir P-Mige tsahspodt gactar or al s o

anthropogenic factor).

Factor 4 in Antalya PMHs a typical sea salt factoifhis factor accounts for
approximately 80% 90% of thke concentrations of Na and @@oncentratiaos of

SO ion is also relatively high in Factor 4, as sea salt accounts for-130% of

SQO4® concentration in the eastern Mediterrameaerosol (Uzun et al., 1999).
Monthly averages of -gcores of Factor 4 are high innigér months and low in
summer.This seasonal pattern is due to more frequent storm activity which generates
sea salt particles in winter. Factor 1 i

4 in Antalya and named al so as fisea salt

Although factors found in Antalya and Bak e s i r PMF studies are
other, there may still be s differences between the twiéactors found in both

studies are compared in Figur82.to see if their copositions are truly identical.

It is clear from the figure that fractions ahis explained by factors are very similar
in both Antalya and Bal ékesir PMF resul 't
factor compositions (Foadings).Calcium concentration in Antalya crustal factor is a
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factor of 2 smaller than the Ca concentration Bal ekesir crust al fact
percentage of CGA accounted for crustal factor isomparable in both locations.
Percentages are approximately 80% in Antaly
pattern is also observed in fertilizer and, leagge trasport and sea salt factors. In

all of these cases, concentrations of major contributors to factors are higher at

Bal ekesir PMF result s, but fractions accoun
PMF studies.

Accuracy of PMF results were tested by compgugalculated concentrations of ions
with their measured concentrationScatter plots of measured ersus calculated
concentrations of ions prepared for total ionic mass,~SMO; and NH'
concentrations are depicted in Figure334and 434 for Antalyaa n d BiaRME&E Kk e s

studies, respectively.
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Concentrations of ions predicted by PMF model were calculated by multiplying
factor loading of ions in each factor with correspondirgrgre of thafactor for a
particular dayln this way, calculated concentrations in each sample amgnasisin

individual factors by summing concentrations of that ion.

The agreements between observed and predicted concentrations of ions are
remarkable, not only for anthropogenic ions shown in the figure, but also for
remaining ionsas well. R* values forall ions in both stations are > 0.9thich
corresponds to p < 0.008uch high correlations between observed and predicted
concentrations of ions indicate that PMF identified sources affecting composition of
rain water fairly relably in this studyHoweve, it should also be noted that, one
important reason for very good agreement between observed and calculated
concentrations is the lack of trace elements that would increase resolution of the
PMF study in the expense of degradextertainty.If other tra@ elements which are
good markers for different sources were included in PMF exercise, then
anthropogenic factor (LRT factor), which now includes all anthropogenic sources
would split into several anthropogenic factors, increasing uncertainty in source
esimates.

Table 4.12 Contributions of factors to measured ion concentrations at Antalya

Station
Factor 1 Factor 2 Factor 3 Factor 4
SQO? 2.56 6.88 77.32 13.24
NO3 0.60 12.08 7813 9.19
NH,4" 0.00 89.99 0.96 9.05
ce” 77.68 13.72 8.59 0.00
Na" 1451 4.14 2.12 79.23
cr 0.89 1.65 2311 74.35
Mg** 6391 4.70 5.67 2573
K* 37.80 36.78 12.13 13.28
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Table 4.13Cont r i

butions of factors to
Station
Factor 1 Factor 2 Factor 3 Factor 4

SO 15.7 7.2 6.4 70.6
NO3 116 9.6 0.6 782
NH," 9361 6.39

o 8 87 5
Na" 74 6,3 19.0 0.7
CrI 84.3 15.7
Mg** 40 7.8 50 2.0
K* 17.3 35 44 4.1

measur ed

Contributions of factors to ions are presentet@ables4.12 and 413 for Antalya and

Balé k e s i

st at i Thesstablesare prgparedtby rearhnging dated

used to generate figures38.and 436.

Approximately 80% of measured concentrations of,°S@nd NQ ions are

accounted for Longange transport factgwhich is factor 3 in Antalya and Factor 4

in Bal ékesir

PMF

studi es)

sea salt in both station&pproximately 10% of N@ concentration comes from

fertilizer factor, which is not surprising, becawg®proximately 30% (by mass) of the

fertilizer is NHNO3;, some of which can directly resuspend to atmosphere.

Approximately 90% of the measured NHoncentration originates from fertilizer
factor. 87% and 78% of Ca, 50% and 64% of Mg, 40% and 38% oh&eatration

ar e

accounted

for

by

crust al

factor i n

respectively. Sea salt factor contributed to 756%85% of measured Na and CI

concentrations in both stations. Most of the remaining Na and CI are accounted for

by crugal and longrange transport factors, respectively.
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