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DETERMINATION OF OZONE, NITROGEN DIOXIDE, AND SULFUR
DIOXIDE POLLUTION AROUND ALIiAGA BY PASSIVE SAMPLING

ABSTRACT

In this study, the atmospheric concentrations of O3, NO,, and SO, were measured
using passive samplers at 49 different sites in the region. Sampling campaigns were
performed two times in summer and three times in winter seasons during the years of

2005-2007.

According to the results, there was a large variation in Oz, NO,, and SO; levels
among the sampling points. Measured levels for the pollutants were generally lower
than the current long term national limits for human health protection. But, when the
data set was compared with the target limits, they were exceeded those long term

limit values at some sites and periods, especially for SO, and Os.

Generally, background and rural sites had the lowest SO, and NO, levels in air
during both seasons, while in summer period the residential areas had also low SO,
levels. The SO, distribution map showed that the petroleum refinery and the
petrochemical complex are the most important SO, sources in Aliaga air. High SO,
levels were also measured at the urban and residential areas during winter, probably
as a result of residential heating emissions and uncontrolled combustion. For NO,,
[zmir-Canakkale highway, Yeni Foca road, Aliaga town, petroleum refinery and
petrochemical industry with high NO; levels are the major sources in the region. NO,

levels at the sites (n=49) were generally at the same levels in summer and winter.

Summertime O3 levels were generally higher than the wintertime ones probably
because of the increased solar radiation in summer. The sampling sites on the
highway, around the industries and town center had the lowest levels while high O;

concentrations were generally observed at the background and rural sites.

Keywords: Passive sampling; diffusion tubes; ozone; nitrogen dioxide; sulfur

dioxide.
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ALIAGA CEVRESINDEKIi OZON, AZOT DiOKSIT, VE SULFUR DiOKSIT
KIiRLILiGININ PASiF ORNEKLEME iLE TESPiTi

0z

Bu c¢alismada, O3, NO,, ve SO,’in dis havadaki seviyeleri, Aliaga genelinde 49
farkli noktada pasif drnekleyiciler kullanilarak l¢iilmiistiir. Ornekleme kampanyalari

2005-2007 yillar1 boyunca, 3 kez kis ve 2 kez de yaz sezonunda gerceklestirilmistir.

Sonuglara bakildiginda O3, NO,, ve SO, seviyelerinin 6rnekleme noktalarina gore
genis bir aralikta degistigi goriilmektedir. Tiim kirleticiler i¢in bolge genelinde
Olciilen seviyeler, halen kullanimda olan ve insan sagliginit korumak i¢in belirlenen
limitlerden diistiktiir. Fakat, elde edilen veri seti hedeflenen limitlerle
kiyaslandiginda, o6zellikle SO, ve Os seviyelerinin, bazi noktalarda ve ornekleme

periyotlarinda bunlardan daha yiiksek oldugu goriilmiistiir.

Genellikle en diisiik SO, ve NO; seviyeleri, her iki mevsim i¢in, temiz bolgelerde
ve kirsal alanlarda 6l¢iilmiistiir. Yaz mevsiminde, yerlesim alanlarinda 6l¢iilen SO,
seviyeleri de diisiiktiir. SO, dagilim haritalarina bakildiginda, petrol rafinerisi ve
petrokimya tesisinin Aliaga havasi i¢in 6nemli bir kirlilik kaynagi oldugu
goriilmiistiir. Kig mevsimi boyunca kentsel ve yerlesim alanlarinda olgiilen SO,
seviyeleri de, muhtemelen evsel 1sinmaya ve kontrolsiiz yanmaya bagli olarak
yiiksektir. NO, seviyelerinin yiiksek 6l¢iildiigii, Izmir-Canakkale anayolu, Yeni Foca
yolu, Aliaga ilgesi, petrol rafinerisi ve petrokimya tesisleri bolge icin 6nemli birer
NO; kaynaklaridir. Ornekleme noktalarinda (n=49) olciilen NO, seviyelerinin 6nemli

bir mevsimsel farklilik gostermedigi goriilmiistiir.

Yazin Olgiilen ozon seviyeleri genellikle, muhtemelen giines radyasyonunun
artmast nedeniyle, kisin Olgiilenlere oranla daha ylksektir. Anayol {izerinde,
endiistrilerin c¢evresinde, ve ilce merkezindeki noktalarda Olcililen ozon seviyeleri

diistikken, temiz ve kirsal alanlarda 6lgiilenler yiiksektir.

Anahtar Sozciikler: Pasif 6rnekleme; difiizyon tiipleri; ozon; azot dioksit; kiikiirt

dioksit.
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

Inorganic air pollutants including NOx (NO+NQO,), N,O, SO,, CO, NH3, and O;
are mainly emitted to the atmosphere from anthropogenic sources such as traffic
emissions, residential heating, and industrial facilities. Once emitted, air pollutants
are subject to mixing, dispersion, transport and complex chemical interactions and
physical transformation processes in the urban atmosphere. For example,
atmospheric reactions between emitted nitrogen oxides (NO,=NO+NO,) and volatile
organic compounds (VOCs) result in the formation of ground level ozone (Ozden,
Dogeroglu, & Kara, 2008). Besides their deleterious effects on human health, these
inorganic pollutants may cause serious negative effects on ecosystems (e.g. leading

to injury to plants and reduction in crop yields), materials and the visibility.

Because of the adverse effects of atmospheric pollutants on human beings and the
environment, they need to be monitored and controlled. Currently, most air quality
monitoring is being carried out at ‘““continuous/active” instrumental monitoring
stations. However, these are expensive and mostly limited to urban sites, with only a
few in rural locations. Therefore, the use of passive samplers for gas or vapor
monitoring has become an attractive alternative when compared to conventional
active sampling techniques, due to the advantages such as low cost, flexibility of

placement, and needing no power supply (Cox, 2003).

Passive sampling technology has been widely used in ambient monitoring to
measure trace gas species such as NO,, SO, and Os at rural, urban, industrial sites in
the world (Bhugwant & Hoareau, 2003; Campbell, Stedman, & Stevenson, 1994;
Carmichael et al., 1995; Cox, 2003; Cruz, Camposs, Silva, & Tavares, 2004;
Delgado-Saborite & Esteve-Cano, 2007; Ferm & Svanberg, 1997; Kasper-Giebl &
Puxbaum, 1999; Krzyzanowski, 2004; Miller, 1998; Nerriere et al., 2005;



Seethapathy, Gorecki, & Li, 2008; Zhou & Simith,1997) and in Turkey (Bayram et
al., 2008; Giiner, Horasan, Tipirdamaz, & Giillii, 2008; Ozden, Kogaker, &
Dégeroglu, 2008; Ozden, Yay et al., 2008; Yay et al., 2008). But, there are limited
investigations on ambient air levels of NO,, SO, and Os; and their spatial

distributions over large areas in Turkey (Bayram et al., 2008; Ozden, Yay et al.,

2008).

[zmir is one of the most industrialized cities of Turkey. Especially Aliaga town in
Izmir is an industrial district with many iron steel factories, petrochemicals and ship-
breaking facilities. In the area, air pollution is a serious problem and because of
possible health effects in the region, pollutants must be identified, monitored and
controlled. The air pollutants of major concern in the study area are particulate matter
(PM), carbon monoxide (CO), sulfur dioxide (SO,), nitrogen oxides (NOy), ozone,
trace metals, volatile organic compounds (VOC), polynuclear aromatic hydrocarbons

(PAH), polychlorinated biphenyls, dioxine-furans, and other chlorinated organics.

This thesis work was part of a project funded by Tiibitak. The aims of the main
project were to determine the organic and inorganic air pollutant levels around the

Aliaga region and find the possible sources and health effects of these air pollutants.

The aim of this thesis work was to measure SO,, NO, and O3 levels in Aliaga by
passive sampling methods. This is the first study that was carried out at multiple
points to define distributions of these pollutants in air over a wide coverage in and
around Aliaga. In this respect, these measurements were used to evaluate the
following:

¢ Finding ambient air concentrations of SO,, NO, and O3 at 49 different points

in the region,

e  Assessing their seasonal variations,

e Mapping the spatial distributions of these pollutants to find out the main

polluted sources in the region.



All results were compared with national limits aiming at the human health

protection (Air Quality Evaluation and Management Regulation [HKDY'Y], 2008).

In the scope of this study, ambient air samples were collected using passive
sampling method at five different campaigns during both summer and winter
seasons. Passive tubes for SO,, NO;, and O; sampling were obtained from Gradko

Company, England and analysed in Gradko Laboratories.

This study consists of five chapters. An overview and objectives of the study were
presented in Chapter 1. Chapter 2 reviews the concepts and previous studies related
to this work. Experimental work and data analysis procedures are summarized in
Chapter 3. Results and discussions are presented in Chapter 4. Chapter 5 includes the

conclusions drawn from this study.



CHAPTER TWO
LITERATURE REVIEW

This chapter presents background information on physical-chemical properties,
sources, and health effects of the studied inorganic pollutants of SO,, NO; and O;.
Recent studies on their ambient air concentrations measured with passive sampling

techniques are also summarized.

2.1 Air Pollutants Measured in This Study

Inorganic gaseous pollutants are the major contributors to the environmental
problems. The most common gaseous pollutants are carbon dioxide (CO,), carbon
monoxide (CO), hydrocarbons, nitrogen oxides (NOy), sulfur oxides (SOx) and ozone
(O3). Other inorganic pollutant gases include NH3, N>,O, N,Os, H,S, Cl,, HCI, and
HF. Pollutants may be primary or secondary in origin. Primary pollutants such as
CO, NO, and SO, are emitted directly into the atmosphere from a variety of sources,
whereas secondary pollutants such as Oz are formed indirectly, from the reaction of
other chemical compounds present in the atmosphere. In this study, only atmospheric

SO,, NO,, and O3 levels were measured using passive measurement technique.

2.1.1 Sulfur Dioxide (SO,)

Sulfur dioxide (SO,) belongs to the family of sulfur oxide gases (SOy). It is a
primary pollutant formed from the oxidation of sulfur contained in fuels during
combustion processes. Sulfur is prevalent in all raw materials, including crude oil,
coal, and ore that contains common metals like aluminum, copper, zinc, lead, and
iron. The majority of SO, originates from power stations and industrial sources,
although there can be local contributions in areas where coal is used for domestic
heating. It is also formed when gasoline is extracted from oil, or metals are extracted
from ore (Environmental Protection Agency [EPA], 2008). According to the types of
fuel and combustion device, about 15-98% of SOy in the waste gas is in sulfur

dioxide form (Dinger, 2001).



Sulfur dioxide is a colorless gas with a pungent odor. Its molecular weight is 67 g
mol” and cas-number is 7446-09-5. It is a liquid when under pressure, and it
dissolves in water very easily (Agency for Toxic Substances and Disease Registry
[ATDSR], 1998). SO, can be released to the air from natural sources (volcanoes,
oxidation products of sulfurous gases from plant decomposition) and also by
anthropogenic sources, such as the combustion of sulfur containing fossil fuels (coal,
oil and natural gas), the smelting of ores (mostly copper, lead and zinc), and other

industrial processes (ATSDR, 1998; Dinger, 2001).

In the air, SO, can be converted to sulfuric acid, sulfur trioxide, and sulfates. Once
dissolved in water, sulfur dioxide can form acid, and interacts with other gases and
particles in the air to form sulfates and other products that can be harmful to people
and the environment (EPA, 2008). Acid rain forms when moisture in the air interacts
with nitrogen oxide and sulfur dioxide. This interaction of gases with water vapor
forms sulphuric acid and nitric acids. Eventually these chemicals fall to earth as

precipitation, or acid rain (ATSDR, 2002; Ozden, Ddgeroglu et al., 2008).

Exposure to sulfur dioxide occurs from breathing it in the air. It affects the lungs
and at high levels may result in burning of the nose and throat, breathing difficulties,

and severe airway obstructions (ATSDR, 1998).

2.1.2 Nitrogen Dioxide (NOy)

Nitrogen oxides (NOy) are important pollutant gases in air. There are seven oxides
of nitrogen: NO, NO,, NO;, N,O, N,0;, N,O4 and N,Os. However, only two are
important in air pollution: nitric oxide (NO), which is a primary pollutant, and
nitrogen dioxide (NO,), which can be both a primary and a secondary pollutant. Both
are non-flammable and colorless to brown at room temperature. Nitric oxide is a
sharp sweet-smelling gas at room temperature, whereas nitrogen dioxide has a
strong, harsh odor and is a liquid at room temperature, becoming a reddish-brown
gas above 70°F (ATSDR, 2002). NO is produced during high temperatures

combustion processes, and oxidises to NO, once combined with oxygen in the air. In



this study, only NO, levels in ambient air was investigated. Cas-number and

molecular weight of nitrogen dioxide are 10102-44-0 and 46 g mol™, respectively.

Nitrogen oxides in the air may occur both naturally and from human activities. In
nature, they result from bacterial processes, biological growth and decay, lightning,
as well as forest and grassland fires (Dinger, 2001). Anthropogenic nitrogen oxides
are released to the air from the exhaust of motor vehicles, the burning of coal, oil, or
natural gas, and during processes such as arc welding, electroplating, engraving, and
dynamite blasting. They are also produced commercially by reacting nitric acid with
metals or cellulose (ATSDR, 2002; Dinger, 2001). Glasius, Carlsen, Hansen, &
Lohse (1999) carried out measurements from monitoring sites in the vicinity of a
motorway, and indicated that air pollution from the vehicles affects the concentration

of NO, even at more than 1000 m away downwind.

Nitrogen dioxide is the most effective and poisonous nitrogen oxide molecule
(Dinger, 2001). The reaction of nitrogen dioxide with chemicals produced by sunlight
leads to the formation of nitric acid, which is a major constituent of acid rain.
Nitrogen dioxide also reacts with sunlight, which leads to the formation of ozone and
smog conditions in the air we breathe (ATSDR, 2002; Cox, 2003). It absorbs light
and contributes to the colorful haze seen hanging over cities (Dinger, 2001). This
molecule is of particular concern, as it is a precursor to the formation of
photochemical oxidants, which directly impact human health. Nitrogen dioxide is
also an important indicator of air pollution, because the concentration of NO, is well
correlated with the concentration of carbon monoxide, particulate polycyclic

aromatic hydrocarbons and soot (Glasius et al., 1999).

From the absorbed forms in soil and water, small amounts of nitrogen oxides may
evaporate into the air, but most of it will be converted to nitric acid or other

compounds. Nitrogen oxides do not build up in the food chain (ATSDR, 2002).

Low levels of nitrogen oxides in the air can irritate the eyes, nose, throat, and

lungs, possibly causing a cough and experience shortness of breath, tiredness, and



nausea. Exposure to low levels can also result in fluid build-up in the lungs 1 or 2
days after exposure. Breathing high levels of nitrogen oxides can cause rapid
burning, spasms, and swelling of tissues in the throat and upper respiratory tract,
reduced oxygenation of body tissues, a build-up of fluid in your lungs, and death. In
case of the skin or eye contact with high concentrations of nitrogen oxide gases or

nitrogen dioxide liquid, it would likely cause serious burns (ATSDR, 2002).

2.1.3 Ozone (O3)

Ozone (03) is a gas composed of three oxygen atoms. It occurs both in the Earth's
upper atmosphere and at ground level and has the same chemical structure whether it
occurs in upper atmosphere (the stratosphere) or at ground-level (the troposphere). It
has a cas-number of 10028-15-6 and molecular weight of 48 g mol™. O3 can be "good"
or "bad," depending on its location in the atmosphere. Stratospheric ozone occurs
naturally and protects life on Earth from the sun’s harmful ultraviolet (UV) rays
while ground-level ozone is considered "bad" (EPA, 2009). In this study, only

tropospheric (ground level) ozone levels were investigated.

Ground-level ozone is a secondary pollutant that is not usually emitted directly
into the air. O3 is formed by a chemical reaction between oxides of nitrogen
(NO=NO+NO,) and volatile organic compounds (VOC) in the presence of sunlight
(EPA, 2009; Ozden, Dogeroglu et al., 2008; Delgado-Saborit & Esteve-Cano, 2007).
Ozone has an inverse relationship with NOy as it requires NO; for its formation, but
it is scavenged in the atmosphere by NO. Sunlight and hot weather cause ground-
level ozone to form in harmful concentrations in the air. As a result, it is known as a

summertime air pollutant (EPA, 2009).

Motor vehicle exhaust and industrial emissions, gasoline vapors, and chemical
solvents as well as natural sources emit NOx and VOC that help form ozone. O; is
the primary constituent of smog (EPA, 2009). The effect of O3 on vegetation is also
well known. The effects on vegetation appear in the form of visible consequences on

the leaves of, for example tobacco, beans, and various species of clover, watermelon,



and spinach. Ozone reduces yields in crops such as carrots, tomatoes, tobacco, beans,
spinach, watermelon, wheat and other cereals. Some fruit trees such as peach, orange
and lemon, almond and olive are also known to be at risk (Delgado-Saborit & Esteve-

Cano, 2007).

Symptoms from exposure to low concentrations of ozone include eye, nose,
throat, and lung irritation. At higher concentrations, coughing and breathing
problems occur. Even higher concentrations result in chest pain and pneumonia

(ATSDR, 2007).

2.2 Passive Sampler

The use of passive samplers for gas or vapor monitoring has become an attractive
alternative, due to the advantages that they present when compared to conventional
active sampling techniques. In addition to being simple and cost-effective, this
device presents the following benefits: 1) the possibility of simultaneous sampling of
numerous sites; ii) easy transportation to difficult locations (e.g. forests and
mountains) due to its small dimensions and light weight; iii) silent operation; iv)
reusability; v) a 100% time coverage is obtainable; and vi) does not need field
calibration, sampled air volume measurements, electricity nor technical personnel at
the sampling site. So, passive samplers are suitable for determining the spatial
distribution of gases over large areas, checking atmospheric transport and deposit
models, screening studies, establishing atmospheric monitoring networks, personal
monitoring, mapping concentrations in cities, and measuring concentrations in

remote sites (Cruz et al., 2004; Cox, 2003).

2.2.1 Principle of Operation

Diffusion tube samplers operate on the principle of molecular diffusion, with
molecules of a gas diffusing from a region of high concentration (open end of the
sampler) to a region of low concentration (absorbent end of the sampler). The

movement of gas molecules is described by Fick’s law (Cox, 2003; Ferm &



Svanberg, 1997; Kot-Wasik et al., 2007). The free flow of analyte molecules during
sampling from one medium to the collecting medium goes on till equilibrium is

established in the system or till the sampling session is ended by the user.

Depending on the studied pollutant and passive sampler types (e.g. badge- or tube-
type), different kinds of absorbents can be used. Absorbents currently used in O;
sampler are nitrite, indigo compounds and 1,2-di(4-pyridyl)ethylene (DPE). The most
commonly used absorbent for NO, sampling is triethanolamine (TEA). Nitrogen
dioxide is converted to nitrite ions after reaction with TEA. In addition to TEA,
potassium iodide (KI), sodium hydroxide (NaOH), sodium iodide (Nal), and sodium
carbonate (Na,COs) in passive sampler for NO,. Absorbents used for the passive
sampling of SO, are sodium tetrachloromercurate (Na,HgCly), potassium carbonate

(K»2CO:s3), TEA, and sodium hydroxide (NaOH) (Cox, 2003).

To prevent negative effects of air currents in order to control analyte mass
transfer, the diffusion sampler has to be constructed by materials that minimal
resistance to the diffusion process but high resistance to the negative air currents. The
geometry of passive sampler affects efficiency of diffusion. Rate of pollutant gas
absorption for a diffusion tube sampler is controlled by the diffusion path length and
the internal cross-sectional area of the sampler (Cox, 2003). For example, the effect
of ambient air velocity decreases and practically disappears when the length:diameter

ratio (L:A) reaches 7:1 (Gorecki & Namiesnik, 2002).

Passive samplers are generally protected from external effects such as rain, sun,
and mechanical damage during field deployment by a shelter of different designs.
They provide a point of attachment to the sampling site (pole or tree) (Cox, 2003;
Delgado-Saborit & Esteve-Cano, 2007).

When sampling from air, a sorbent is often chosen that acts like a zero sink (i.e.
analyte concentration at the sorbent surface is practically zero). Under such
conditions, the amount of the analyte collected by the sampler is proportional to its

concentration in the air and to the time for which the sampler was exposed, which
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makes time-weighted average concentration determination possible. An essential
condition for this is that the sampling rate remains practically constant throughout the

entire sampling period (Seethapathy et al., 2008).

Passive (diffusion) sampling is the collection of inorganic pollutants on absorbent
by diffusion. The value of data acquired by analyses after passive sampling is not
concentration. It is the total mass of the inorganic pollutant collected in a passive
sampling tube for a week (g tube™). In order to convert this value to concentration,

diffusion constants (diffusion coefficients or uptake rates) are needed.

2.2.2 Data Analysis

After exposure, atmospheric SO,, NO, and Os concentrations measured by
passive samplers can be calculated by applying Fick’s first law from the analyte

masses adsorbed:

Ci= (mj-my)/(U; t) (2.1)
where m; is the mass of the analyte i (ug) found on the sorbent, t (min) is the
sampling time, my is the mass of the analyte i (ug) on a non-exposed sorbent (a
blank), C; is the ambient concentration (ug m™) of the analyte i, U; is the uptake rate

of the analyte i (m’ min™).

Uptake rate is calculated from diffusion coefficient and the geometry of the tube

as follows:

U;=D; (A/L) (2.2)

where D; is the diffusion coefficient of the analyte i in air (cm®* min™), A is the cross-

sectional area of the sampler (cm?) and L is the length of the diffusion zone (cm).

For the gas monitored, the diffusion coefficient must be determined, or obtained
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from the literature. The area and length of the tube are determined by measurement. In
the case of air sampling, molecular diffusion coefficients in air increase with
temperature, which results in increased uptake rates of the analytes. The diffusion
coefficient of molecules in air is inversely proportional to pressure; hence pressure

variations must also be known accurately (Seethapathy et al., 2008).

2.3 Reported Levels of SO;, NO,, and O3 in Ambient Air

For atmospheric SO,, NO, and Os, the long and short term limit values for human
health protection are given in Air Quality Evaluation and Management Regulation in
Turkey (HKDY'Y, 2008). Present day and target limits for these pollutants are given
in Table 2.1.

Table 2.1 Present and target short and long term air quality limit values (STL and LTL,
respectively; pg m™) for human health protection ((HKDYY], 2008).

Limit value (ug m™) Date to be

Average For the reached
Pollutant time 01.01.2008 | 01.01.2009 | 01.01.2014 | target date | limit value
STL* 400 367 250 125 01.01.2019
SO, LTL® 150 20° 20° 01.01.2014
STL 300 300 200 01.01.2024
NO, LTL 100 93 60 40 01.01.2024
Ozone LTL 120 01.01.2022

* Daily average.
® Annual average.
“For protection of ecosystem.

According to an earlier emission inventory (Miiezzinoglu, Bayram, & Yildizhan,
1997) industrial activities caused hourly SO, emissions varying between 15 and 20
ton in 1996. The same study pointed out that 85% of this pollutant was produced by
the refinery and petrochemicals industries in Aliaga and these industry facilities are

responsible for 70% of total emissions in the Izmir region.

A study (Ozden, Yay et al., 2008) on weekly NO,, SO, and O; measurements
were carried out by using passive sampling method during 9-23 January of 2008 in
Eskigehir, Turkey. For the sampling studies, 64 points were selected, depending on

the parameters such as traffic density, heating system and population density. SO,
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NO,, and O3 concentrations were between 42-79, 10-66, and 12-63 pg m™ and their
average values were 54£8.4, 34+10, and 31+11 pg m?, respectively. It was reported
by Ozden, Kogaker et al., (2008) that SO, was the highest levels around the city
center, and the levels measured at the sites, where coal was used for the residential
heating, were higher than the sites where natural gas was used. They reported the
highest NO, levels at the city center with an intensive traffic. Ozone was reported at

the highest levels at the rural sites.

At 27 points around the iron-steel plants in Aliaga industrial region, Bayram et al.
(2008) measured atmospheric SO, and NO; levels on weekly passive samplers
during March-April 2007 (n=8 for each sampling point). They reported that the SO,
and NO, levels as a weekly average were between 1-65 and 2-59 pg m™ at the

sampling points, respectively.

Using passive samplers, Yay et al. (2008) measured atmospheric levels of SO,,
NO», and O3 at 60 points in the Iskenderun-Payas region in Turkey during the period
29 January-11 February 2008. The sampling period was reported as a week for each
sampling point. They found the highest levels of SO, and NO, at the city center of
Iskenderun with high population and traffic density, and Payas with iron steel
industry as the dominating industrial activity. Even though the sampling was done at
winter months, ozone levels were found to be very high at some locations. The
reported range for SO,, NO, and Oj; levels was between 35-201, 6-49, and 11-395 pg

m™, respectively.

Another study was carried out by Giiner et al., (2008) at four different points in
Nezahat Gokyigit Botanic Garden which is located at the intersection of highways in
Istanbul, Turkey. They measured SO,, NO,, O; levels between December 2007-June
2008 and in August 2008 and weekly passive samplers were taken once every month.
They reported SO,, NO,, O3 levels between 3-24, 48-79, and 15-89 pug m? ,
respectively. Low SO; levels were attributed to the lack of emissions from residential
heating around these sites. They found the highest NO, levels at the point being the
nearest distance to the traffic emissions. The reported ozone levels were higher in

summer than in winter.



CHAPTER THREE
MATERIALS AND METHODS

Sampling site and program, meteorology in the area, sampling technique, and the
experimental methods used for the measurement of atmospheric SO,, NO, and O3
levels in this study are discussed in Chapter 3. Quality control studies are also given

in this chapter.

3.1 Sampling Site

Aliaga is located approximately 60 km to the north of Izmir located by the Aegean
Sea (38° 56 N-37° S and 26° 53 W-27° 10 E). The town is surrounded by Dumanl
Mountain at south-east, Yunt Mountain at north-east. Manisa is at the east, Bergama
is at the north, Menemen is at the south and Foga is at the south-west of Aliaga.
Glizelhisar Stream is the unique creek in Aliaga borders. Land area of Aliaga is 393
square kilometers and izmir-Canakkale Highway passes through the center of the

town. The general layout of the sampling area is shown in Figure 3.1.

Aliaga was a small town with 2590 persons in 1960, but today has been converted
to a heavily industrialized area. The town grew rapidly and became one of the
popular industry centers in Aegean Region. Thus, Aliaga is subject to immigration
and this situation is still going on. According to recent report of the Turkish
Statistical Institute in 2008, the population was counted 62,258 in Aliaga (Tiirkiye
Istatistik Kurumu [TUIK], 2008). It is also known that the number of people working
but not residing in Aliaga is not negligible. Hence, the number of people during

daytime is more than these figures.

Aliaga is a heavily industrialized area. There are a lot of industrial companies in
several sectors with different capacities in Aliaga. These sectors are refinery, petro-
chemistry, liquid fuel and gas filling facilities, energy generation facilities, iron-steel
facilities (steelworks+rolling mill), blooming mills, chemical fertilizer, paper, waste

recycling facilities, and ship dismantling facilities (Fig. 3.1).

13
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Figure 3.1 General layout of the study site.

Aliaga has an important role at Turkey’s refinery capacity; 226,440 ton per day of
the 694,115 ton per day crude petroleum processing requirement of Turkey is
processed in Aliaga Petroleum Refinery. Natural gas was connected to Aliaga in
2005, and gradually the industry started consuming natural gas. For example, Enka
power plant firing natural gas was established to generate electricity with 1100 MW
capacity. In addition to Enka, investments over electricity production were made by
Petkim petrochemical industry, Tiipras petroleum refinery and Turkish Electricity
Administration to convert from residual fuel oil which is in surplus in the area

(Tiibitak Project No: 104Y276).

Aliaga has busy ports; 22% of the total export of the Aegean Region is made from
Aliaga. Moreover, harbors and ship dismantling facilities also provided high profit to
development of the town. Tourism is of less significance in comparison with

industry. After industrialization, agricultural activities have decreased in the region.

The traffic is intensive at [zmir-Canakkale highway, Aliaga-Foga and Aliaga ship

dismantling area roads. The traffic on Aliaga-Fog¢a and ship dismantling area roads
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contain transportation of steel products, scrap iron and other essential materials for

facilities and worker service vehicles.

3.2 Meteorology in the Area

Aliaga area has a typical Mediterranean climate with hot and dry summers and
mild rainy winters. The mean temperature in the region is 25 and 7°C in summer and
winter, respectively. The coldest month is January. The mean annual rainfall is 700
mm. During the sampling periods, meteorological parameters were taken from the
State Meteorological station located near the Aliaga town center. Average
temperatures in periods 1 to 5 were 2, 11, 26, 23 and 4°C, respectively. The
prevailing wind directions in most part of the year were coming from north-north
east and north. Additionally, a southerly direction in summer was noted. Wind-rose
diagrams showing annual, summer and winter wind directions are given in Figure

3.2.

Wmter Summer

Figure 3.2 Wind-rose diagrams of Aliaga showing wind directions.
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3.3 Sampling Program
A total of five sampling campaigns were conducted from December 2005 to
February 2007. They were between 19-27 December 2005, 21-28 March 2006, 19-26

June 2006, 29 August-5 September 2006, and 9-16 February 2007, respectively.

Table 3.1 Names and numbers of the sampling points.

Site Site

Number | Sampling Location Number | Sampling Location
S1 Mouth of Giizelhisar Creek S30 Transformer (Main road)
S2 Forest S32 Yeni Foca Road

S3 Opposite Asphalt Plant S33 Sheepfolds

S4 Tiipras (Security # 6) S34 Near Betonsa

S5 Aliaga Org. Ind. Dis. Road S35 Bozkdy

S6 Petkim (Restricted zone) S36 Bozkdy entrance

S7 Aliaga Beach S37 Sehit Kemal entrance
S9 Aliaga Org. Ind. Dis. S39 Kozbeyli road

S10 Aliaga Org. Ind. Dis. S42 Main Road

S11 Tiipras (Opposite to Petkim entrance) S43 Hatundere

S12 Tiiprag (Main entrance) S44 Helvaci

S13 Aliaga bus station S45 Eski Foca Road

S14 Aliaga hospital road S46 Eski Foca Road (Ilipinar)
S15 Karakoy S47 Eski Foca Road

S16 Petkim fences S48 Eski Foga Road

S17 Petkim entrance to Petkim houses S49 Hatundere Crossroads
S18 Petkim (Petrol Office’s Harbour entrance) | S50 Eski Foca Road

S19 Petrol Office S53 Buruncuk

S20 Nearby Aliaga Hospital S54 Tiirkelli

S22 Giizelhisar S55 Buruncuk

S23 Field S56 (A) Aliaga station

S24 Cakmakli S57 (AB) | ENKA road

S25 IDC Harbour entrance S58 (i-1) | Incirlik

S26 Village entrance S59 (i-2) | Candarli

S29 Horozgedigi

To represent air quality at the study area, 49 points were selected over a grid
system. These sampling points were located at the corners of a 15 x 20 km
rectangular matrix subdivided into 2000 m grids to the best that could practically be

done. Otherwise, a nearby location was chosen. Also, the junction points quite far
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away from pollutant sources were preferably moved to more important receptor
areas. Therefore, some of the sampling points were somewhat displaced from the
junction points of the grid. The selected sampling points had different site
characteristics (such as background, rural, urban, and industrial) due to distances
from the main pollutant sources. Locations of the sampling points are shown in

Figure 3.3; their numbers and names are given in Table 3.1.
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Figure 3.3 Location of the sampling points (#=49) in the study area. ( O: passive sampling
points, @: residential areas, A: refinery and petrochemical industry, ¢: power plant, =: iron-

steel industries).
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3.4 Passive Sampling Method

Passive diffusive type samplers for SO,, NO,, and O3 were obtained from Gradko
in England. After sample collection, all tubes were also sent for analysis to England
in order to assure the quality of the data as they have a reliable accredited laboratory.
Gradko is a well known and an internationally recognized company and they sell the

tubes with the cost of analysis included.

The tubes used for all of the studied inorganic compounds are 71 mm length with

an internal diameter of 11 mm and they are shown in Figure 3.4.

Figure 3.4 The diffusion tubes used in this study.
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Sulfur dioxide tubes were made of fluorinated ethylene polymers fitted with
purple and white thermoplastic rubber caps. The colored cap contains a potassium
hydroxide absorbent. Desorption efficiency of absorbent is given as 0.99. A filter
with 1 micron porosity is fitted to the white cap to prevent particulates loading
together with sulfur. The concentrations of sulfate ions chemically adsorbed are
quantitatively determined by ion chromatography with reference to a calibration
curve derived from the analysis of standard sulfate solutions. Uptake rate for sulphur

dioxide was reported by Gradko as 0.95 cm® hr™' (Gradko, 2008a).

Nitrogen dioxide tubes are made of acrylic material and fitted with grey and white
thermoplastic rubber caps. During sampling the white cap was removed and the tube
was left for exposure period. At the completion of the sampling the white cap is
replaced. The colored caps contained an absorbent made up of 20% triethanolamine
solution in deionized water. Desorption efficiency of the absorbent is given as 0.98.
The concentrations of nitrite ions and hence NO, chemically adsorbed are
quantitatively determined by UV/Visible Spectrophotometry with reference to a
calibration curve derived from the analysis of standard nitrite solutions. Uptake rate

for NO, was given by Gradko as 72.0 cm’ hr”' (Gradko, 2008b).

Ozone tubes consisted of fluorinated ethylene polymer and fitted with black and
white thermoplastic rubber caps. The colored caps contained the absorbent.
Desorption efficiency of the absorbent was given as 0.99. A filter with 1 micron
porosity was fitted to the white cap to prevent the inclusion of airborne particulate
nitrate. The concentrations of nitrate ions chemically sorbed were quantitatively
determined by ion chromatography with reference to a calibration curve derived from
the analysis of standard nitrate solutions. Uptake rate for ozone was given by Gradko

as 0.93 cm’ hr' (Gradko, 2008c).
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Figure 3.5 Shelter located at study sites.

Passive sampling tubes were kept at the sampling locations for one week. They
were placed approximately 1.5-2.0 m from the ground which is the human nose
level. Shelters were used to protect the tubes from the bad weather condition and to
keep them vertically with the colored cap facing up during exposure period in the
field. These shelters were made of aluminum and were fixed by steel wire to a post,
wall, streetlamp, or tree. These shelters together with the passive tubes are shown in

Figure 3.5.

The time and date from the beginning to the end of the sampling period were
recorded on the supplied monitor sheets for each pollutant at each sampling point. At
the end of the exposure period, collected passive samplers were stored in their
protective polyethylene caps after label records were made. Then, they were
packaged in airtight plastic bags for transportation back to the laboratory. Their
exposure times for each sampling point were calculated in hours and recorded on the

sheets.

All the tubes and monitor sheets were shipped to England to analyze in Gradko
laboratories. The average ambient air concentrations were calculated using the
indicated uptake rates for SO,, NO,, O3; amount of nitrite (NO; ), sulfate (SO427) and

nitrate determined in the extract; and the exact period of exposure (Eq. 2.1).
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3.5 Quality Control

Some tubes were used as laboratory and field blanks at each sampling period.
Laboratory blanks (n=2 for each studied compound) were unopened, unused and left
in the refrigerator in the laboratory, while field blanks (n=3 for each studied
compound) were prepared and taken to the field in their protective polyethylene caps
during the sampling period. All blanks were extracted and analyzed in the same
manner as the exposed samples to determine the possibility of contamination during

sample preparation, handling and transfer to-and- from the sampling points.

All samples were blank-corrected by subtracting the mean blank amount from the
sample amount using the blank data set of each period. Since the amounts found in
laboratory and field blanks were generally close to each other, blank correction were
made using the mean blank amount of all blanks. Average SO,, NO; and O; amounts

measured in blanks for each sampling period are presented in Table 3.2.

Table 3.2 Average SO,, NO, and O3 amounts (pg) measured
in blanks (n=5 for each compound at each sampling period)

(average+SD).

Sampling

Periods |SO, NO, O3

P1 0.02+0.01 0.09+0.12 0.03+0.01
P2 0.05+£0.02 |0.005+0.007 |0.05+0.02
P3 0.03+0.01 0.003+0.006 |0.06%0.01
P4 0.02+0.005 | nd 0.02+0.01
P5 0.01+£0.002 | nd 0.01+0.02

nd: Nor detected.

Limit of detections given by Gradko were between 0.04-0.07 pg SO04> for SO,;
0.01 pg NO, for NOy; 0.04 pg nitrate for O; over all sampling periods. The
measurement uncertainties for the same pollutants were also reported by Gradko and
they were between +6.9-11%, +3.5-4.4%, and +6.9%, respectively over all sampling

periods.
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A number of duplicate passive samplers for each studied pollutant were placed the
same sampling site during the same exposure time to see whether all tubes are
measured at the same levels for each compound. For this aim, a total of five tubes for
each studied pollutant were kept side by side at the sampling site (point 29) during a
week. Observed SO,, NO,, and O3 concentrations at the duplicate tubes (n=5 for
each compound) were approximately in the same levels and between 15-22, 18-22,

38-44 ng m3, respectively.



CHAPTER FOUR
RESULTS AND DISCUSSIONS

In this chapter, ambient air concentrations of SO,, NO,, and O3 measured at 49
different sites in the region are presented and their levels are compared with the long
term limit values in HKDY'Y (2008). A total of five sampling periods, two times in
summer (periods 3 and 4) and three times in winter (periods 1, 2, and 5) are
compared between each other in order to investigate the seasonal variation of the
pollutants. Spatial distribution of the atmospheric pollutant levels around the study
region mapped out using MapInfo with Vertical Mapper software are also given in
this chapter. Finally, the results are evaluated by separating the sampling points

depending on the site characteristics (e.g. rural, industrial, and urban).

4.1 Ambient Air Concentrations of SO,

SO; levels in air measured during five sampling periods at 49 different sites
around the study area and their seasonal averages are given in Table 4.1.
Atmospheric SO, concentrations (ug m™) were between 2 (S9) and 125 (S16) for
period 1; 3 (S10) and 121 (S16) for period 2; 3 (S9) and 152 (S11) for period 3; 5
(S9, S10, S58) and 121 (S11) for period 4; and 4 (S9, S15, S23) and 136 (S4) for
period 5. They showed a large variation between the sampling points, probably due to
their proximity to the sources of pollutants and other environmental conditions such

as air temperature and wind direction.

For all the sampling periods, measured SO, levels in the region were generally
less than the long term limit values in present Air Quality Evaluation and
Management Regulation of Turkey (150 pg m™), except obtained level at site 11 in
period 3 (HKDY'Y, 2008). Natural gas usage for industrial utilization started in 2005
in Aliaga. Thus, measured low levels can be attributed to this change. However, it
should take into account that these values were measured weekly and thus, peak
values during the passive sampling periods cannot probably be detected at the

sampling points.

23
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According to HKDYY (2008), the present long limit value (150 pg m™) for SO,
levels in ambient air were aimed to gradually be decreased until 2014 to the target
limits of 20 pg m™. When the data set from this study was compared with this new
limit, it was shown that the levels measured at lots of sampling points exceeded the
target long term limit value. In winter, SO, levels were found to be higher than 20 ug
m> at the sites of 2, 4, 6, 11, 13, 16, 29, 33, 35, 44, 56 for period 1; 3, 4, 11, 12, 14,
16, 18, 23, 24, 29, 32, 33, 36, 39, 44, 45, 47, 48, 50, 54, 55, 56, 59 for period 2; and 1,
3,4, 10, 11, 13, 16, 19, 20, 26, 30, 36, 48, 49 for period 5. In summer, they were
observed at the sites of 11, 12, 16, 17, 18, 19, 20, 24, 25, 26, 32, 39, 45, 59 for period
3;and 4,7, 11, 12, 16, 17, 18, 19, 24, 25, 29, 30, 33, 34, 39, 42, 45 for period 4.

Also, in order to compare the measured annual average pollutant levels with the
present and target long term air quality limit values given by HKDY'Y (2008) (Table
2.1), obtained levels during the sampling periods (n=5) were then averaged for each
sampling site. The overall average SO, levels were less than the present long term
limit value for all the sampling points. However, when the obtained data set was
compared with the target long term limit value for 2014, it can be said that the SO,
levels especially at the points around the refinery and petrochemical industry, at site
25 close to the iron-steel industries, at the residential areas such as Aliaga city center
and Helvaci, at site 19 on main road, and the sites of 3 (opposite the asphalt plant),

24 (Cakmakl) and 39 (Kozbeyli road) were exceeded this long term limit value.

To see the seasonal differences in pollutant levels, average atmospheric SO,
concentrations obtained in periods of 1, 2, and 5 (winter) and in periods of 3 and 4
(summer) were averaged for each sampling point. They ranged from 4+0.2 (S15) to
114+15 (S16) ng m” in winter and from 4+1 (S9) to 137422 (S11) pg m” in summer,
(average+SD).

The highest SO, levels were generally measured around petroleum refinery and
petrochemical industry during both sampling periods. This may probably be due to

emissions from the processes that are used fuel oil for the operations. The lowest SO,
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levels were generally measured background and rural sites in both periods, while in
summer period the residential areas had also the lowest ones. Observed low levels
around the residential areas during summer can be explained by the lack of emissions
from residential heating during this season. For example, SO, level in Aliaga town
center measured during winter decreased dramatically during summer, reflecting a

decrease in emissions associated with residential heating (Table 4.1).

Spatial distribution maps of atmospheric SO, levels in the region (n=49) for the
sampling periods of 1-5 are illustrated in Figure 4.1-4.5, respectively. The maps
showed that the petroleum refinery and petrochemical industry with the highest SO,
levels are the major sources in the study area. However, high SO, concentration at S3
only for period 2 (March) was also observed (Fig. 4.2). This site was opposite to the
asphalt plant. Excess asphalt production or uncontrolled production may cause peak
levels at this sampling period. In winter periods, relatively higher SO, levels were
measured around the residential areas (e.g. Aliaga town, Horozgedigi, Helvaci, and
Bozkdy), probably due to the emissions from residential heating (Fig. 4.1, 4.2, and
4.5).



Table 4.1 SO, concentrations (ng m™) measured during 5 sampling periods at 49 sites in the region.

Winter Summer Winter Summer
Site N. P1 | P2 | PS5 | Avg+SD P3 | P4 | AvgtSD Site N. P1 | P2 | PS5 | Avg+SD P3 | P4 | Avg+SD
S1 7 7 65 26434 4 7 62 S30 7 11 | 28 | 15+11 4 20 | 12+11
S2 40 | 4 18 | 21+18 6 9 8+2 S32 16 | 30 | 13 | 1949 20 | 19 | 20+0.4
S3 6 116 | 38 53+57 8 7 8+0.1 S33 20 |23 | 5 16+10 23 | 23
S4 36 | 73 136 | 82+51 13 45 29423 S34 9 15 | 12 | 1243 19 | 25 | 22+5
S5 4 5 8 62 8 6 7£1 S35 27 | 15 | 13 | 1948 12 | 10 | 11+1
S6 28 8 8 15+£12 6 8 72 S36 10 | 27 | 22 | 2049 10 | 16 | 13+4
S7 13 13 13+0.3 10 | 27 18+13 S37 7 12 | 10+4 8 7 8+1
S9 2 6 4 4+2 3 5 4+1 S39 14 | 28 | 14 | 1948 23 | 32 | 28+6
S10 7 3 47 19+£25 5 5 5+0.1 S42 5 10 | 8 8+2 8 23 | 15+11
S11 73 115 | 90 | 93+21 152 | 121 | 137422 S43 19 | 13 | 11 | 1544 13 | 10 | 11+2
S12 15 34 19 | 2310 38 | 21 29+12 S44 29 |40 | 17 | 29+12 12 | 12 | 12+1
S13 28 19 | 22 | 2345 11 10 11£0.0 S45 8 24 | 9 14+9 30 | 27 | 2942
S14 7 27 12 15+11 13 6 10+4 S46 1519 1244 10 10
S15 4 4 4 4+0.2 4 9 7+4 S47 7 24 | 11 | 1449 12 | 12 | 12+0.3
S16 125 | 121 | 96 114+15 36 74 55427 S48 11 | 35 | 30 | 25+13 9 6 T2
S17 12 12 19 14+4 50 | 62 56+8 S49 11 | 11 | 24 | 1547 16 | 19 | 17£2
S18 16 | 34 17 | 22+10 110 | 50 80142 S50 9 32 |7 16+14 9 10 | 9+0.3
S19 14 17 | 22 18+4 23 26 | 2542 S53 7 11 | 11 | 10£2 18 | 17 | 17£0.5
S20 13 16 | 20 16+3 27 14 | 21+£10 S54 12 120 | 17 | 164 8 9 8+1
S22 6 14 |7 9+4 10 | 6 8+2 S55 16 |21 | 11 | 16£5 7 10 | 8+2
S23 6 34 | 4 15+17 5 8 7£2 S56 (A) 38 | 39 38+1 13 | 12 | 13+£1
S24 16 | 25 13 18+6 44 | 25 35413 S57 (AB) 11 11
S25 15 14 15 15£0.4 30 |27 | 28+2 S58 (i-1) 5 8 12 | 843 8 5 T2
S26 17 15 | 21 17+3 30 15 22410 S59 (i-2) 7 25 | 5 12+11 27 | 17 | 2247
S29 24 | 21 5 16£10 12 | 24 18+8

9¢
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4.2 Ambient Air Concentrations of NO,
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Atmospheric NO, levels measured during five sampling periods at 49 different

sites in the region and their seasonal averages are given in Table 4.2. NO,

concentrations showed a large variation among the sampling points, and they ranged

from 4 (S2, S15, S23) to 42 (S25) for period 1; 1 (S6) to 48 (S53) for period 2; 5 (S2,
S23) to 63 (S53) for period 3; 1 (S17) to 47 (S53) for period 4; and 0.4 (S17, S50) to

48 (S25) ug m™ for period 5.
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For all sampling periods, NO; levels measured in the region (n=49) were less than
the present long term limit value of 100 in HKDYY (2008). When the data set was
compared the target (2024) long term limit value of 40 ug m™, measured levels at the
sites of 25 for period 1; 19, 25, 49, 53 for period 2; 18, 53 for period 3; 53 for period
4; and 4, 19, 25, 53 for period 5 exceeded this limit.

To compare the measured annual average NO, levels with the present and target
long term air quality limit values given by HKDYY (2008) (Table 2.1), obtained
levels during the sampling periods (n=5) were also averaged for each sampling site.
It may be said that the overall average NO, levels were low at all sites around Aliaga.
Their values were lower than the long term limits given for the years of 2008-2014.
But considering the target long term limit value for 2024, it was seen that the levels
measured at the points on Izmir-Canakkale highway and at site 25 on Yeni Foca road
with intensive transportation activity of scrap iron materials were exceeded or close

to this target value.

Atmospheric NO, concentrations obtained in periods of 1, 2, and 5 (winter) and in
periods of 3 and 4 (summer) were averaged for each sampling point. They ranged
from 5+1 (S3, S15, and S23) to 45+3 (S25) pg m™ in winter and from 4+3 (S59) to
55+11 (S53) pg m™ in summer (Table 4.2).

The highest NO; levels in winter were measured at site 25. This site was located
on the road with a very dense transportation activity of scrap iron trucks. High NO,
levels were also observed at the sites of 53, 19, 49, 56, and 11, respectively. Site 11
was around refinery. Sites 19, 49, and 53 were on Izmir-Canakkale highway and site
56 was in Aliaga town center where the traffic would be expected intensive.
Generally, high NO, levels were also observed at these points during summer. In this
period, the highest levels were measured at site 53, followed by 19, 25, 11, 49, 42,
and 18. Site 42 was also on the highway and site 18 was around petrochemical
industry. Low NO, concentrations were generally observed at background and rural

sites (e.g. S2, S58, and S59) during both seasons (Table 4.2).



Table 4.2 NO, concentrations (g m™) measured during 5 sampling periods at 49 sites in the region.

Winter Summer Winter Summer
Site N. P1 | P2 | PS5 | Avg+SD P3 | P4 | AvgtSD Site N. P1 | P2 | PS5 | AvgtSD P3 | P4 | Avg+SD
S1 6 10 | 12 | 1043 7 |7 | 703 S30 16 | 35 | 36 | 29411 21 | 25 | 23£2
S2 4 16 |7 6+2 5 5+1 S32 15 |19 | 11 | 1544 13 | 14 | 14«1
S3 5 5 6 5+1 9 |6 |82 S33 17 |19 | 12 | 164 15 | 15
S4 17 | 22 | 43 | 2714 8 15 | 11£5 S34 24 | 21 | 17 | 2143 20 | 22 | 21+1
S5 6 |6 10 | 742 7 18 | 1248 S35 12 | 21 | 12 | 15+6 18 | 15 | 17£2
S6 11 |1 16 | 9+7 6 |7 | 705 S36 16 | 21 | 15 | 17+4 16 | 17 | 16x0.5
S7 28 | 30 | 29+2 24 | 27 | 2542 S37 11 | 16 | 14 | 1443 8 11 | 102
S9 5 17 |8 72 6 |6 | 6+0.0 S39 16 | 18 | 13 | 1543 17 | 14 | 16£2
S10 6 |6 |8 7+1 6 |7 |6x0.5 S42 26 | 32 | 25 | 2744 35129 | 32+4
S11 26 | 29 | 37 | 31+6 36 | 36 | 36+0.3 S43 14 | 19 | 12 | 1543 14 | 14 | 14+0.1
S12 13 | 18 | 31 | 2149 15 | 13 | 14£2 S44 20 | 20 | 17 | 1942 12 | 13 | 12«1
S13 21 | 30 | 33 | 2847 17 | 19 | 18£2 S45 16 | 18 | 13 | 1542 18 | 15 | 162
S14 6 10 | 8 8+2 7 543 S46 20 | 15 | 18+4 14 14
S15 4 |6 5+1 6 |5 5+0.5 S47 15 | 15 | 12 | 14+2 13 | 14 | 13«1
S16 31 | 31 | 18 | 2747 15 | 17 | 16£1 S48 13 | 17 | 17 | 163 12 | 10 | 11#1
S17 15118 | 0.4 | 1110 17 | 1 9+11 S49 27 |43 | 39 | 3648 34 | 37 | 3582
S18 18 | 20 | 21 | 1942 42 | 17 | 30£18 S50 18 | 23 | 0.4 | 14+12 21 | 13 | 1745
S19 31 | 47 | 40 | 3948 35 |39 | 3743 S53 37 | 48 | 45 | 43+6 63 | 47 | 55«11
S20 9 10 | 11 | 10+l 11 | 8 10+2 S54 15 19 | 16 | 17+2 16 | 13 | 15+2
S22 5 8 |6 6+1 8 7+1 S55 13 | 17 | 12 | 1443 14 |9 1244
S23 4 |6 |4.7]|5+1 5 5 5+0.2 S56 (A) 26 | 38 3248 27 | 27
S24 21 |20 | 17 | 1943 22 120 | 212 S57 (AB) 25 25
S25 42 | 45 | 48 | 4543 33 |39 | 364 S58 (i-1) 12 | 18 | 13 | 1543 8 |9 |9+l
S26 9 11 |7 9+2 11 |8 | 9+2 S59 (i-2) 7 13 | 8 943 6 |2 |443
S29 22 123 |15 | 20+4 17 | 16 | 171

%3



O Color Scale (NO,
& conc. in air in ug
m’ for set 1)

0.0

5.0
10.0
15.0
20.0
30.0
2.1

[]
. ]
AEGEAN [
SEA e [
=
® |
[
L
® &
“ iaga Town o
- L ]
@
wer Plant ® @

\&

\

N
2kn 4

Figure 4.6 Spatial distribution map of atmospheric NO, levels (ug m™) for set 1 (n=49). ( ®:
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Spatial distribution maps of atmospheric NO, levels in the region (n=49) for the

sampling periods of 1-5 are illustrated in Figure 4.6-4.10, respectively. The maps

showed that Izmir-Canakkale highway, Yeni Foga road, Aliaga town, the petroleum

refinery and petrochemical industry with high NO, levels are the major sources in

the study area.
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sampling points, O: residential areas).

4.3 Ambient Air Concentrations of O;

Atmospheric O3 levels measured during five sampling periods at 49 different sites
in the region and their seasonal averages are presented in Table 4.3. O3 levels in air
(ng m>) showed a large variation between the sampling points and they ranged from
10 (S53) to 62 (S1, S20) for period 1; 21 (S19, S25) to 90 (S37) for period 2; 2 (S24)
to 147 (S44, S45, S54) for period 3; 59 (S49) to 136 (S12) for period 4; and 24 (S25)
to 82 (S26) for period 5. It should be considered that these ozone levels were
obtained using weekly measurements. So, it can be said that hourly O; concentrations

(especially at midday hours) would probably be higher than the observed levels.
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For all sampling periods, measured Os levels in the region were generally less than
the target (2022) long term limit values of 120 pg m™ in HKDYY (2008), except
obtained levels in summer at sites of 1, 2, 4, 10, 12, 14, 16, 22, 23, 26, 29, 30, 35, 36,
39, 43, 44, 45, 47, 48, 50, 54, 55, 56, 58 and 59 in period 3, and at sites of 4, 12, 15,
54 in Period 4. All measured ozone levels in winter were lower than this limit value

(Table 4.3).

To compare the measured annual average ozone levels with the target long term
air quality limit value of 120 pg m™ in HKDYY (2008) (Table 2.1), obtained levels
during the sampling periods (n=5) were also averaged for each sampling site. It may
be said that the overall average ozone values around the study area were under this

limit value.

To see the seasonal differences in pollutant levels, atmospheric O3 concentrations
obtained in periods of 1, 2, and 5 (winter) and in periods of 3 and 4 (summer) were
averaged for each sampling point. They ranged from 243 (S25) to 87 (S57) pg m™ in
winter and from 46+62 (S24) to 134+18 (S54) ug m™ in summer. Observed low
ozone levels in winter season may probably because of the solar radiation decline.
Much higher ozone levels measured during summer season may be attributed to its
formation in the presence of precursors and sunlight. In winter, the highest O;
concentrations measured at site 57 (around the power plant), followed by 56, 59, 45,
and 35, respectively. S13 and S19 had the lowest levels. In summer, the highest
ozone levels were measured site 54 (rural), followed by sites of 44, 45, 12, 4, 43, 47,
58, 56, 55, 15, and 10, respectively. Sites of 24, 25, 32, 37, 49 and 53 had the lowest

levels in this season (Table 4.3).



Table 4.3 O; concentrations (g m™) measured during 5 sampling periods at 49 sites in the region.

Winter Summer Winter Summer
Site N. P1 | P2 | P5 | AvgtSD | P3 | P4 | Avg+SD Site N. P1 | P2 | P5| AvgsSD | P3 | P4 | Avg+tSD
S1 62 | 55 | 75 | 64£10 137 | 101 | 119426 S30 52 62 | 37 | 50+12 120 | 90 | 105+21
S2 59 | 52 | 62 | 5745 127 | 104 | 11516 S32 45 80 | 55 | 60+18 61 105 | 83+31
S3 52 | 45 | 69 | 55+12 114 | 102 | 108+£9 S33 52 80 | 65 | 66+14 119 | 119
S4 59 | 52 | 62 | 58+5 130 | 126 | 12843 S34 38 83 | 62 | 61423 117 198 | 107+14
S5 52 145 | 73 | 57+14 107 | 94 | 101£9 S35 58 73 | 75 | 69£9 120 | 101 | 11113
S6 45 | 38 | 58 | 47£10 111 | 115 | 11343 S36 48 69 | 58 | 59+11 120 | 98 | 10916
S7 38 | 55 | 4612 89 | 118 | 10321 S37 51 90 | 58 | 66+21 44 | 104 | 74443
S9 52 | 45 | 59 | 5247 107 | 98 | 102+6 S39 48 76 | 72 | 66+15 120 | 98 109+16
S10 35 |1 28 | 59 | 40£16 121 | 119 | 120£1 S42 27 52 | 48 | 42+13 113 | 101 | 107£9
S11 41 | 35 | 55 | 44«10 96 | 84 | 90£8 S43 21 76 | 75 | 57+32 140 | 115 | 127+18
S12 48 | 42 | 58 | 4948 120 | 136 | 128+12 S44 31 79 | 58 | 56+24 147 | 118 | 133421
S13 35 | 28 | 44 | 3648 99 | 80 | 90+14 S45 48 84 | 79 | 70+19 147 | 114 | 131423
S14 45 | 38 | 79 | 54£22 127 | 112 | 119+11 S46 80 | 72 | 76+6 106 106
S15 55 148 | 79 | 61£16 116 | 126 | 121£7 S47 48 77 | 69 | 65+15 137 | 111 | 124+18
S16 55 149 | 69 | 58+10 131 | 84 | 108+34 S48 35 66 | 34 | 45+18 133 | 80 | 106+38
S17 38 | 31 | 59 | 43+14 111 | 91 10114 S49 51 38 |34 | 4189 102 | 59 | 81+£31
S18 52 145 | 62 | 5349 107 | 109 | 108+1 S50 48 70 | 65 | 6111 137 | 101 | 119£26
S19 27 | 21 | 38 | 2949 111 | 81 | 96+21 S53 10 38 | 41 | 30+17 57 | 80 | 69«16
S20 62 | 55 | 69 | 6247 103 | 101 | 102+1 S54 38 38 | 62 | 46+14 147 | 121 | 134£18
S22 48 |42 | 69 | 53£14 137 | 108 | 123+£20 S55 44 73 | 72 | 63£16 140 | 104 | 122425
S23 52 | 45 | 62 | 5348 123 | 91 107+23 S56 (A) 80 80 137 | 109 | 123£20
S24 41 | 35 | 69 | 48+18 2 91 | 4662 S57 (AB) 87 87
S25 27 | 21 | 24 | 2443 100 | 70 | 85+21 S58 (i-1) 70 | 65 | 68+4 144 |1 104 | 124428
S26 45 | 38 | 82 | 55+24 130 | 101 | 11620 S59 (i-2) 84 | 68 | 76£11 130 | 104 | 117£19
S29 34 | 76 | 68 | 60+22 130 | 102 | 11620

ov
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Figure 4.11 Spatial distribution map of O; concentrations (ug m™) in air for set 1 (n=49). ( @ :

sampling points, @ : residential areas).

Spatial distribution maps of atmospheric Os levels in the region (n=49) for the
sampling periods of 1-5 are illustrated in Figure 4.11-4.15, respectively. The maps
showed that the sampling sites on the highway and around the iron-steel industries,
petroleum refinery, petrochemical industry and town center with high NO;
concentrations had the lowest ozone levels. However, high O; concentrations were
generally observed at the background and rural sites. Measured low ozone levels at
the roadsides or urban sites are probably due to the reaction between ozone (O3) and
nitric oxide (NO) which goes on producing NO; especially at roadsides where nitric
oxide concentrations are relatively high and sufficient ozone is present (Helaleh,

Ngudiwaluyo, Korenaga, & Tanaka, 2002).
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4.4 Pollutant Concentrations Depending on the Site Classification

In this study, all the sampling sites (n=49) were classified as industrial, roadside,
urban, and rural depending on the site characteristics. This classification is based on
the proximity to major industrial sources of petroleum refinery/petrochemicals, iron-
steel plants, main roads, and no close by industries which are named rural. Also
industrial sites were separated into two main groups i) iron-steel plants and ii)
refinery and petrochemical industry. Since the northerly winds were prevailing in the

region, rural sites were also classified as downwind and upwind of the main pollutant
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sources (i.e. iron-steel plants, refinery, and petrochemical industry).

According to this classification, list of the sampling sites at each category are
given in Table 4.4 and average atmospheric concentrations determined for SO,, NO,,
and O3 during all the sampling periods (»=5) are given in Table 4.5. Locations of the

sampling points are illustrated in Figure 3.3.

Table 4.4 List of the sampling points at each category.

Site Classification Site No
. . | Refinery-Petrochemical Industry |4, 6,11, 12,16, 17, 18
Industrial 1 Steel 25,29, 32,33, 34
Roadside 19, 30, 36, 37, 42, 48, 49, 53, 57, 58
Urban 7,13, 20, 56
Rural Downwind 22,24,26,35,39,43,44, 45,46, 47, 50, 54, 55
Upwind 1,2,3,5,9,10, 14, 15, 23, 59

Table 4.5 Depending on the different site characteristics, average atmospheric concentrations
(ug m”, average+SD) of SO,, NO,, and O; measured at all the sampling periods (n=5).

Industrial Rural
Studied Refinery-Petrochemical
Pollutants | Industry Iron-Steel | Roadside | Urban | Downwind | Upwind
SO, 53436 18+2 14+4 19+4 16+5 149
NO, 19+£8 22413 2612 2349 14+3 7+1
05 T4+8 72+14 70+15 77£32 | 82+11 80+8
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Figure 4.16 Average SO, concentrations depending on the different site characteristics in the region.

The average atmospheric concentrations of NO; and SO, (Table 4.5) were found
to be higher around the industrial and urban sites than those measured at the rural
sites in the region. The average atmospheric NO, levels at roadsides was also

observed at higher levels.

Figure 4.16 shows that SO, levels measured around the refinery and
petrochemical industry were significantly higher than those measured at the other
sites. They were followed by the urban, iron-steel industries, roadsides, and rural
sites, respectively. This indicated that main SO, sources in the region were the
refinery and petrochemical industry, probably as a result of fuel oil usages at some
processes. Relatively low SO, levels measured around the iron-steel plants can be
attributed to the electrical power and natural gas usage for most of the operations in
these plants, although some coal and fuel oil is also used in insignificant amounts.
This is also true for refinery and petrochemicals industries, too. Measured levels
around these plants can also be affected to the residential heating emissions released

from nearby residential areas such as Horozgedigi and Bozkdy. SO, levels measured
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at the roadsides were similar to those measured the rural sites (Fig. 4.16). This
indicated that traffic emissions had no significance in terms of SO, pollution.
However, SO, levels around the urban were slightly higher than the rural sites,
probably because of the residential heating emissions in these areas. SO,
concentrations at up-wind and down-wind rural sites were similar to each other (Fig.
4.16). Natural gas usage for the industrial facilities located in the region was started
in 2005. Therefore, it may be said that there was no serious effect of industrial

facilities to these sites.
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Figure 4.17 Average NO, concentrations depending on the different site characteristics in the region.

According to Figure 4.17, the highest NO, levels were found at the roadsides,
followed by the urban sites, iron-steel industries, refinery and petrochemical industry,
and rural sites respectively. This indicates that roadsides with traffic emissions were
the main NO, sources in the region. Average NO, levels at the sites near the
industrial and urban areas were found to be close to each other. This may be because
of the emissions from the industrial processes and heavy traffic around the industrial
areas. Average NO, concentrations at the rural sites were measured approximately

two times higher at the down-wind sites than those measured at the up-wind sites.
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This may be as a result of the higher traffic intensity at down-wind sites and

prevailing northerly winds in the region.
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Figure 4.18 Average O; concentrations depending on the different site characteristics in the region.

Average ozone levels measured at the different sites in the region are illustrated in
Figure 4.18. Roadsides with the highest NO, pollution had the lowest ozone levels.
Lower ozone concentrations are noted in areas where the concentrations of traffic
exhaust gases are high, possibly the result of O; being trapped by NO from exhaust
emission (Bernard, Gerber, Astre, & Saintot 1999; Pehnec, Vadjic, & Hrsak, 2005).
The highest ozone concentrations were measured in the rural areas where local
sources of ozone precursors were insignificant. In addition, ozone levels measured at
down-wind rural areas were slightly higher than those measured at up-wind ones.
The long-range transport of ozone and its precursors from polluted areas may be

responsible for the higher ozone concentrations found in down-wind areas.
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4.5 The Relationship between the Atmospheric O; and NO, Levels
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Figure 4.19 The correlations between the atmospheric O; and NO, concentrations measured five
sampling periods.

The relationship between the atmospheric O3 and NO; concentrations measured at
all the sampling sites were investigated for each sampling period and statistically
significant negative correlations (p<0.01, n=43-49 for each period) were found (Fig.

4.19). This is probably because ozone was formed as a result of the reactions
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involving NOy in the ambient air. Relatively weak correlation was observed only for
period 2 (+=0.006, p<0.01, n=49). Figure 4.19 clearly showed that there is a reverse
relationship between atmospheric NO, and ozone concentrations. Ozone

concentration increased with decreasing NO, concentration in the air.



CHAPTER FIVE
CONCLUSIONS

In this study, passive samplers were used to measure the ambient air concentrations
of SO,, NO,, and O3 at 49 different sites in the Aliaga region. Sampling campaigns
were performed two times in summer and three times in winter seasons during the
years of 2005-2007. Spatial distributions of SO,, NO,, and O; levels in the region

were also mapped using MapInfo with Vertical Mapper software.

The result showed there was a large variation in pollutant levels among the
sampling points. This indicated that different sampling points were under influence
of different pollution sources and had different pollutant compositions. Generally,
low SO, and NO; levels were measured around the study area, probably due to the
natural gas usage for the industrial facilities. But, relatively higher levels were

observed especially around the refinery and petrochemical complex for SO,.

For all the sampling periods (n=5), measured SO, and NO, levels in the region
were generally less than the present long term limit values in national regulation
(HKDYY, 2008). However, when the data set from this study was compared with the
target limits, it was shown that the levels measured at lots of sampling points
exceeded the long term limit value for SO,. For NO,, measured levels on [zmir-
Canakkale highway, around the refinery and petrochemical complex and at site 25
exceeded the target (2024) long term limit. Measured O; levels in the region were
generally less than the target (2022) long term limit value in HKDY'Y (2008), except
obtained levels in summer, especially at the rural sites. In addition, all measured

ozone levels in winter were lower than this limit value.

The SO, distribution maps showed that the petroleum refinery and petrochemical
complex with the highest SO, levels are the most important sources of pollutant in
the region. The SO, pollution around these industries can be related to the emissions
from the processes that are used fuel oil for the operations. High SO, levels were also

measured at the urban and residential areas during winter periods, probably as a

52
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result of residential heating emissions and/or uncontrolled combustion. Background
and rural sites had the lowest SO, levels, while in summer period the residential areas

had also the lowest ones.

SO, levels at the sites around the iron-steel plants were relatively lower than those
around the refinery and petrochemical industry. This can be attributed to the usages
of electricity and natural gas at lots of productions in these factories. Horozgedigi
village, Yeni Foga road and Izmir-Canakkale highway are located close to these sites.
So, the measured pollutant levels around the iron-steel plants may also be influenced
by the intensive traffic emissions on the roads, residential heating in the village and
by transportation of pollutants by advection especially from the refinery and

petrochemical industry.

The NO, distribution maps showed that izmir-Canakkale highway, Yeni Foga
road, Aliaga town, the petroleum refinery and petrochemical industry with high NO,
levels are the major sources in the study area. However, rural and background sites
had the lowest NO; levels. Generally, there was not a big difference between the

observed NO, levels in summer and winter.

According to the maps, the sampling sites on the highway and around the iron-
steel industries, petroleum refinery, petrochemical industry and town center with
high NO, concentrations had the lowest ozone levels. This may probably be due to
the reaction between O3 and NO producing NO,. However, high O; concentrations
were generally observed at the background and rural sites. Summertime ozone levels
were generally higher than the wintertime ones, probably because of the elevated

solar radiation during hot summer months.

Results from this study also demonstrated that diffusive samplers are suitable for
measurements of inorganic pollutants at large areas with more sampling points and

for mapping pollutant level in a region.



54

REFERENCES

ATSDR. (1998). Toxicological profile for sulfur dioxide. Agency for Toxic
Substances and Disease Registry. Retrieved December 1998, from

http://www.atsdr.cdc.gov/toxprofiles/tp116.pdf.

ATSDR. (2002). Nitrogen Oxides, Agency for Toxic Substances and Disease
Registry. Retrieved April 2002, from http://www.atsdr.cdc.gov/tfacts175.pdf.

ATSDR. (2007). A Toxicology Curriculum for Communities Trainer's Manual.
Agency for Toxic Substances and Disease Registry. Retrieved 10/01/2007, from

http://www.atsdr.cdc.gov/training/toxmanual/modules/4/lecturenotes.html.

Bayram, A., Odabasi, M., Elbir, T., Seyfioglu, R., Dumanoglu, Y., Demircioglu, H.,
Altiok, H., & Yatkin, S. (2008). Elektrikli ark ocakli demir-¢elik endiistrilerinden
kaynaklanan hava kirliligi i: inorganik gaz kirleticiler ve partikiill maddeler. Hava
kirliligi ve kontrolii ulusal sempozyumu, Bildiriler Kitabi, 121-132. 22-25 Ekim
2008, Hatay.

Bernard, N.L., Gerber, M.J., Astre, C.M., & Saintot, M.J. (1999). Ozone
measurement with passive samplers: Validation and use for ozone pollution

assessment in Montpellier, France. Environmental Science and Technology, 33,

217-222

Bhugwant, C., & Hoareau, J.L. (2003). Variability of NO; in different environments
at a moderately polluted island over the southwestern Indian Ocean. Atmospheric

Research 66, 241-259.

Campbell, GW., Stedman, J.R., & Stevenson, K. (1994). A survey of nitrogen
dioxide concentration in the United Kingdom using diffusion tubes july-december

1991. Atmospheric Environment 28, 477-486.



55

Carmichael, GR, Ferm, M., Adikary, S., Ahmad, J., Mohan, M., Hong, M.S., et al.
(1995). Observed regional of sulfur dioxide in Asia. Water, Air and Soil Pollution
85, 2289-2294.

Cruz, L.P.S., Camposs, V.P., Silva, AM.C., & Tavares, T.M. (2004). A field
evaluation of a SO, passive sampler in tropical industrial and urban air.

Atmospheric Environment 38, 6425-6429.

Cox, R.M. (2003). The use of passive sampling to monitor forest exposure to Os,
NO; and SO;: A review and some case studies. Environmental Pollution, 126,

301-311.

Delgado-Saborit J.M & Esteve-Cano V.J. (2007). Assessment of tropospheric ozone
effects on citrus crops using passive samplers in a western Mediterranean area.

Agriculture, Ecosystems and Environment, AGEE - 3106; No of pages 7.

Dincer, F. (July 2001).: Assessment of acidic air pollutants and their possible impacts

on forests around Izmir. Master thesis, Dokuz Eyliil University.

EPA, (2008). Environmental Protection Agency, Sulfur Dioxide. Retrieved May 9th,
2008, from http://www.epa.gov/air/urbanair/SO2/

EPA, 2009. Environmental Protection Agency. Retrieved January 16th, 2009, from

http://www.epa.gov/air/ozonepollution/

Ferm, M., & Svanberg, P-A. (1997). Cost-efficient techniques for urban and
background measurements of SO, and NO,. Atmospheric Environment 32 (8),

1377 -1381.

Glasius, M., Carlsen, M.F., Hansen, T.S., & Lohse, C. (1999). Measurements of
nitrogen dioxide on Funen using diffusion tubes. Atmospheric Environment 33,

1177-1185.



56

Gorecki, T., & Namiesnik, J. (2002). Passive Sampling. Trends in Analytical
Chemistry 21(4), 276-291.

Gradko, (2008a). Sulphur  Dioxide. Retrieved ~ 24/09/2008, from

htttp://www.gradko.co.uk/outdoor ambient air.shtml.

Gradko,  (2008b).  Nitrogen  Dioxide.  Retrieved  24/09/2008,  from

htttp://www.gradko.co.uk/outdoor ambient air.shtml.

Gradko, (2008c). Ozone. Retrieved 24/09/2008, from

htttp://www.gradko.co.uk/outdoor ambient air.shtml.

Giiner, E.D., Horasan, O., Tipirdamaz, R., & Giillii, G. (2008). Kentsel hava
kirliligi: Nezahat Gokyigit botanik bahgesi. Hava Kirliligi ve Kontrolii Ulusal
Sempozyumu, Bildiriler Kitabi, 345-354. 22-25 Ekim 2008, Hatay.

Helaleh, M.I.H., Ngudiwaluyo, S., Korenaga, T., & Tanaka, K. (2002). Development
of passive sampler technique for ozone monitoring. Estimation of indoor and

outdoor ozone concentration. Talanta 58, 649-659.

HKDYY. (2008). Air Quality Evaluation and Management Regulation. Retrieved 6
June 2008, from http://www.cevreorman.gov.tr/yasa/y/26898.doc.

Kasper-Giebl, A., & Puxbaum, H. (1999). Deposition of particulate matter in
diffusion tube samplers for the determination of NO, and SO,. Atmospheric

Environment, 33, 1323-326.

Kot-Wasik, A., Zabiegata, B., Urbanowicz, M., Dominiak, E., Wasik, A., &
Namiesnik, J. (2007). Advances in passive sampling in environmental studies.

Analytica Chimica Acta, 602, 141-163.



57

Krzyzanowski, J. (2004). Ozone variaiton with height in a forest canopy- results
from a passive sampling field campaign. Atmospheric Environment 38, 5957-

5962.

Miller, D.P. (1998). Low-level determination of nitrogen dioxide in ambient air by

using the Palmes tube. Atmospheric Environment 22, 945-947.

Miiezzinoglu, A., Bayram, A., Yildizhan, A. (1997). Emission Inventory of Izmir and
surroundings for use in air quality modeling studies, 10™ Regional TUAPPA

Conference, Istanbul-Turkey.

Nerriere, E., Zmirou-Navier, N., Blanchard, O., Momas, 1., Ladnerd, J., Moullec, Y.,
et al. (2005). Can we use fixed ambient air monitors to estimate population long-
term exposure to air pollutants? The case of spatial variability in the Genotox ER

study. Environmental Research 97, 32—42.

Ozden, O., Dogeroglu, T., & Kara, S. (2008). Assessment of ambient air quality in
Eskisehir, Turkey. Environment International 34, 678-687.

Ozden, O., Kogaker, S., & Dogeroglu, T. (2008). Eskisehir’de azot dioksit (NO,) ve
kiikiirt dioksitin (SO;) kis dénemi i¢ ve dig ortam seviyelerinin pasif érnekleme
yontemiyle Ol¢iimi. Hava Kirliligi ve Kontrolii Ulusal Sempozyumu, Bildiriler

Kitabi, 618-630. 22-25 Ekim 2008, Hatay.

Ozden, O., Yay, O.D., Altug, H., Gaga, E., Demirel, G., Dégeroglu, T., Ornektekin,
S., Meliefste, K., & Van Doorn, W. (2008). Eskisehir’de hava kirliligi 6n
degerlendirme c¢alismalarinin pasif Ornekleme yontemi ile gerceklestirilmesi.
Hava Kirliligi ve Kontrolii Ulusal Sempozyumu, Bildiriler Kitabi, 631-642. 22-25
Ekim 2008, Hatay.

Pehnec, G, Vadjic, V., & Hrsak, J. (2005). Measurements of ozone concentrations in

Zagreb. Environmental Monitoring and Assessment, 105, 165-174.



58

Seethapathy S., Gorecki T., & Li X. (2008). Passive sampling in environmental
analysis. Journal of Chromatography A, 1184, 234-253.

TUIK, 2008. Turkish Statistical Institute. Retrieved December 31, 2008, from
www.tuikapp.tuik.gov.tr/adnksdagitapp/adnks.zul.

Tuncel G., Miiezzinoglu A., Tuncel S., Bayram A., Odabas1 M., Elbir T., Sofuoglu S.,
Pekey B., Pekey H., Seyfioglu R., Zararsiz A., Dumanoglu Y., Kirmaz R.,
Abdulkarim S., Dogan G, Yilmaz M. (April 2008). Tubitak research project
scientific development report. Izmir Aliaga Endiistri Bolgesinde hava kirliligine
neden olan organic ve inorganic kirleticilerin diizeylerinin, kaynaklarimin ve

saglik etkilerinin belirlenmesi. Project No : 104Y276.

Yay, O.D., Ozden, O., Altug, H. , Gaga, E., Erdemir, G., Ornektekin, S., Dogeroglu,
T., Meliefste, K., & Van Doorn, W. (2008). Iskenderun-Payas bolgesinde pasif
ornekleme ile hava kalitesinn 6n degerlendirmesi. Hava Kirliligi ve Kontrolii

Ulusal Sempozyumu, Bildiriler Kitabt, 866-874. 22-25 Ekim 2008, Hatay.

Zhou, J., & Smith, S. (1997). Measurements of ozone concentrations in ambient air
using a badge-type passive monitor. Journal of Air & Waste Management

Association 47, 697-703.



