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ABSTRACT

SPATIAL AND TEMPORAL DI STRIBUTION OF INORGA NIC AND
ORGANIC POLLUTANT CO NCENTRATIONS AT NORT HWESTERN
ANATOLIA

Sar é s@fukt e k
Master of Science, Environmental Engineering

Supervisor: Prof . Dr. S¢l eyman Gy
CoSupervisor: Prof . Dr. Cokkun Y
December 201,908 pages

Concentrations of inorganic pollutants including NG5G, Oz and organic

pollutants including benzene, toleenethylbenzene, -gylene and m&-xylene,

which are known as BTEX compounds were measured on a seasonal basis in 13
citieslocakd in the Central and Northern parts of Anatolian Plateau. Cities included

I n measurements were Ankar a, Bartén, Bol
Kastamonu, Ker ekkal e,, and onguleldk.i Samplink wdsa hy a ,
performed in four seasoh@ampaigns in each city between July 2014 and June 2015

by using passive VO@nd inorganicsamplers prepared in METU. Sampling and
analysis of collected samples were completed. In this wdata generated ithe

above mentioned campaigns westatisticaly evaluated to understand how BTEX

and conventional inorganic pollutants concentrations are retateiémographic

conditions at central Anatolian Plateau. Since each pollutastmeasured in more

than one location in each city, urban averagerseestaliished as the first step. How

pollutant concentrationsary between residential, trafficnpacted and industrial

parts of the citieswere evaluated. Variation in concentrations of organic and
inorganic pollutants between citiesiere evaluated related to dwgraphic

differences, such as differences in population, traffic inten$ibymeasure the air



pollution in these cities, newtagion locations and numbevgere determinedand
suggestedaccording to regulation on Air Quality Assessment and Management to
protect human health bghe ArcGIS software program by using Inverse Distance

Weighted (IDW) interpolation method.

Keywords:Organicpollutants, inorganic @llutant, spatial and temporal distribution
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CHAPTER 1
INTRODUCTION

Using motor vehicles and increased industrial acéisitn urban environment cause
many problems. Air quality is increasingly concerned because of having relation
with human health, environment and climate. Sulphur dioxide, nitratjexide,
tropospheric ozone and volatile organic compounds are among thempastant
atmospheric pollutants (WHO, 2005).

Air pollution defined by World Health Organization (WHO) is a mixture of man
made and natural substances in the air that we lerdattan be considered as indoor
and outdoor air pollution. Indoor air pollution includes exposures to carbon oxides,
particulates and other pollutants which is carried by indoor dust or air. Sources of
indoor air pollution are gases, building materigte lasbestos, formaldehyde, lead,
household products and chemicals, tobacco smoke, pollen and mold. Outdoor air
pollution includes exposures which take place outside of the built environment.
Outdoor air pollution sources are noxious gases like nitrogelesxsulfur dioxides,
carbon monoxide, fine particles resulting from combustion of fossil fuels, for
example petroleum and coal used in energy production, manufacturing factories, oil
refineries, agricultural and municipal waste sites and incineratiehgaound level
ozone (WHO, 2019).

United States Environmental Protection Agency (U.S. EPA) defines volatile organic
compounds as any compound of carbon, excluding carbon dioxide, carbon
monoxide, metallic carbonates, carbonic acid and ammonium carbonatéd W
Health Organization (WHO) categorized the volatile organic compounds (VOC) as
very volatile, volatile and senrviolatile organic compounds. As organic compound
becomes more volatile, it will be more emitted from a product into the air.
Measuring the ug volatile organic compounds is difficult because they are found
almost all as gases in the air. There are many volatile organic comgmunasthis
study, only benzene, toluenethglene and xylene are measured because these

compounds have significahealth problems for human.

1



Sulphur dioxide (S€), nitrogen dioxide (N@ and ozone (&) are inorganic air
poll utants. Organi c and i norganic air
anthropogenic. They can affect both human health and environ@@mmentrations

of air pollutants in sampling sites that amelicative of public exposures should be
calculatedand necessary precautions should be taikgrauthorized institutions
(WHO, 2005)

1.1. Aim of the Study

The aims of this study are;

1 to compare with seasal variations ofmeasurd sulphur dioxide, nitrogen
dioxide, ozone, benzene, toluene, ethylbenzene and xglemeentrationdy
passive sampAhkaraBoli m, BGanlear &, D¢ zce,
Kar ab¢ k, K a s K& dnto a Bopguldak and Yozgat

1 to observe variations in these air pollutants between cities
1 to compare the results with regulatory requirements

1 to determineand suggessite, number and type of the monitagi stations and

compare the existing air pollution measurement stations
1.2.Layout of the Study

In Chapter 2, typical features of fud dioxide, nitrogen dioxide, ozone, benzene,
toluene, ethylberene and xylene are briefly explained. Also, information about
different sources of emissions, effects on human health and environment of these air
pollutants are given. Moreover, national and international regulations on the

emission and management ofgbegollutants are provided.

In Chapter 3, sampling locations argroduced,and sampling time information is

given. Then, sampling and analytical methodologies are provided.

Es ki
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In Chapter 4, meteorological parameters that influence the results are given.
De<riptive statistics of data which was taken in this study are given. Furthermore,
data is compared with previous studies in various cities in Turkey and the world.
Temporal variations in air pollutants concentration are provided. Finally, number
and locaton of the stations that will be establisheddiseussd.

In Chapter 5, whole study is elucidatexefly, and suggestions are offered for future

studies.






CHAPTER 2

LITERATURE

2.1.Inorganic and Organic Pollutants

One of the most important environmental problemnaiispollution. According to
United States Environmental Protection Agency, most especially, industrial
activities, increasing population and using motor vehicles in urban environment
cause to increase in the amount of atmospheric pollutants. In termsiafnenent

and human health, atmospheric pollutant concentration is important. Sulphur dioxide
(SO, nitrogen dioxide (N@ and ozone (&) are the most common and significant
inorganic air pollutants. SGnd NQ among these inorganic pollutariie primay
pollutants since the main sources of them in the atmosphere are industrial emissions,
domestic heating and road traffic. Gaseous sulphur oxide concentrations in the
atmosphere is much lower than the.STherefore, S@indicates the main group of
gaseos sulphur oxides. Using sulfur containing fuels like coal for domestic aim in
urban areas increases Sgncentration in atmosphere. Vehicles and combustion of
fossil fuels like coal, fuel oil and natural gas cause increasing concentratiorpof NO
(Bozkurtet al., 2018).

On the other hand, since the ozone forms in the atmosphere and is not emitted
directly from a source, ozone is a secondary pollutant. Volatile organic compounds
react with nitrogen oxides and they form ozone when power plants, cars, esfineri
chemical plants, industrial boilers and other chemical soweessionsreact with
sunlight. Ozone that is at the ground level is detrimental air pollutant because ozone
is the large ingredient in smog. On hot sunny days, ozone reaches the unhealthies
levels. Wind is also important factor for ozone transportation long distances.
Stratospheric ozone forms in the upper atmosphere naturally. It protects the Earth

from the harmful ultraviolet rays of the sun.



U.S. EPA states that volatile organic compaace emitted as gases from liquids or
solids. Volatile organic compounds (VOCSs) involve chemicals that may have long
and shortterm health effects. When fuels, paints, pesticides, organic solvents,
varnishes, aerosol sprays, cosmetic products, hobby agdeasing products,
cleaning and disinfecting products and wood preservatives are used, organic
compounds are released. In this study, only benzene, toluene, ethylene and xylene
which are called as BTEX are measured and examined. Benzene, toluene, ethylene
and xylene are the most important VOCs becaug®sdibilitytheir high abundance

in ambient air and carcinogenic effects. Benzene, toluene, ethylbenzene and xylenes
are specified to evaluate air pollution caused by traffic. The traffic emissions are
indicated by toluene and benzene ratio. These are part of liquid fuels that are
released by vehicles and these are emitted from industrial areas (Bozkurt et al.,
2018).

2.2.Emissions of Organic and Inorganic Pollutants

There are different sources for releasingogfanic and inorganic pollutants to the
atmosphere. These sources can be categorized as biofeatieral) and

anthropogenic sources.

Table 2.1 shows that air pollutants and their sources in terms of natural and

anthropogenic sources.



Table 2.1 Air Pollutants and Their Sources

Pollutants Major Sources

Sulphur dioxide (S Fossil fuel combustion, natural emission (volcanos
atmospheric oxidation of sulphur compounds emitte

from microbial activity}
Nitrogen dioxide (NQ) Fossil fuel combustionrpcesse's

Ozone (Q) Generated from NOx, VOCs, and CO, as well as nat

processes (e.g. stratosphére)

Benzene, Toluene, Vehicular exhaust, gas stations, industrial activity al
Ethylbenzene, Xylene combustion for domestic heatfg
(BTEX)

1WHO, 2016>Denghani et al., 2018.
2.2.1.Emissions from Natural Sources

VOCs are emitted range from about 1200 to 1600 TgC/yr from both anthropogenic
and biogenic sources. Most of the released amount of VOCs is from biogenic
sources (Kumar et al., 2018). Natural souroe®rganic pollutants are freshwater
bodies, decomposition of organic material, oceans, sediments and soil and vegetation

that is the most important emitter (Zemankova and Brechler, 2010).

According to International Agency for Research on Cancer (IARC6)20tatural
sources of S®include microbial activities in the ocean, decomposition of organic
material and volcanoes. Microbial activity in soils is natural source of &@

stratospheric oxidation is natural sources ohE@I ozone.



2.2.2.Emissions from Anthropogenic Sources

Derwent (1995) categorized anthropogenic air pollution sources as industrial
processes, motor vehicle exhaust, solvent usages, food manufacture, landfilled
wastes, agriculture, oil refining, petrol storage and distribution, petrol ¥dpmn

motor cars. Industrial processes and motor vehicle exhaust are the two major sources
of air pollutants. Motor vehicle exhaust is the dominant source of air pollution
especially in areas that include high traffic densities and industrial activities
(Odhiambo et al., 2010). As a result of the incomplete combustion of fuels, air
pollution grows up. Air pollutant emission increases when the reaction is more
incomplete. Vehicle speed, fuel type, motor load and air temperature are the factors
that affect he exhaust gas emission (Friedrich and Obermeier, 1999). While
emissions from cars which are using gasoline fuel without catalysts are assessed
18.92 g HC/kg fuel and with catalysts 0.68 g HC /kg fuel, emission amount is 1.32 g
HC/kg of fuel for diesel enges (Williams and Koppmann, 2007).

Another major contributor for the anthropogenic air pollution source is industrial
processes. Globally, organic air pollutant amount produced by industrial processes
such as using consumer goods, adhesives, paints isg&ear (Williams and
Koppmann, 2007).

2.3. Effect of Organic and Inorganic Pollutants
2.3.1.Effects of Organic and Inorganic Pollutants on Human Health

Hazardous pollutants contaminated environment is very important issue around the
world because this would affe¢tet human health directly or indirectly. Air pollution

that is a major public health concern because human can be easily exposed them by
breathing and skin. According to World Health Organization (WHO), there are six
major air pollutants include particle lpdgion, carbon monoxide, nitrogen oxides,
sulfur oxides, grourdevel ozone and lead. Short or long term exposure to air
suspended toxicants has different toxicological impact on human including

cardiovascular and respiratory diseases, skin diseasesyehkeirritation and long

8



term chronic diseases. Also, air pollution is considered as the major environmental
risk factor for S ome di seases such as
Parkinsondés diseases, autism, téandsomé gr ow

psychological complications (WHO, 2016).

Gaseous pollutants mainly affect the respiratory system but benzene that is a
chemical species of VOCs causes cancer and hematological problems (Kampa and
Castanas, 2008). According to IARC, benzene,etody ethylbenzene and xylenes

are classified as group 1 which is carcinogenic to humans (IARC, 2014).
2.3.2.Effects of Organic and Inorganic Pollutants on Environment

Air pollution not only effects the human health but also effects the environment.
Ground levelozone and toxic air pollutants can harm wildlife, crops, trees, lakes.
Also, aquatic life isaffectedby those pollutants (U.S. EPA, 2007). Massachusetts
Department of Environmental Protection states that acid rain which includes
sulphuric and nitric acidseutrophication because of emission of nitrogen oxides
from vehicles, power plants and other sources, haze because of emlifiedr su
dioxide and nitrogen oxides are the other environmental effects of organic and
inorganic pollutantsMlassachusetts Deparént of Environmental Protectipn.d.).
According to Bourguignon (2018), ground level ozooentributesto global

warming directly.
2.4.Regulations on Organic and Inorganic Pollutants Emission

In previous sections, effects and sources of,, SRO;, Oz and BTEX were
summarized. Since these air pollutants are emitted from different sources with
increasing amounts and their effect on environment and human health is a known
reality, there are several regulations to control the emissions §fNE®, Oz and
BTEX. In this section, current regulations managing these air pollutants, which are

viewed as important for this study, will be summarized.



2.4.1.Turkish Regulations on Organic and Inorganic Pollutants

SO, NO;, Oz and VOCs are regulated in accordance with the Air Qual
Assessment and Management Regulation (AQAMR) (Official Gazette No: 26898,
dated 06.06.2008) which entered into force in 2008. This regulation was prepared in
parallel with the directives of the European Union. (MoEU, 2008). In Appendix Il of
the AQAMR, there is a list for advocated VOCs to be determined under ozone
precursor measurements. This list involves the thirty VOCs such as toluene,
benzene, xylene, ethylbenzene and hydrocarbons not containing total methane. Only
benzene has a concentration lithigg i s °for anngal aserage amount among
these thirty VOCs.

Regulation on Control of Air Pollution Originating from Industry (Official Gazette

No: 27277, dated 03.07.2009) which entered into force in 2009 situates air quality
limits around petroleum fimeries, fuel and petroleum storage facilities and
petrochemical industries as short term and long term values. Sulphur dioxide,
nitrogen dioxide, benzene, toluene, ethyl benzene and xylene are used for assessment
of air quality (MoEU, 2009).

Regulation @ Control of Air Pollution Caused by Heatir{@fficial Gazette No:
25699, dated 13.01.200Sjtuate maximum concentration of sulphur dioxide. This
regulation covers properties of combustion plants to be used in heating, the quality
criteria of the solid,ijuid and gas fuels to be used in the combustion plants and the
emission limits (MoEU, 2005).

2.4.2.European Union Regulations on Organic and Inorganic Pollutants

There are many directives related witho2SRO;, Oz and BTEX in European Union.
Implementation thenost effective pollution reduction measurement at national, and
local level, protect the human health and environment are main purpose of these
directives. As a result, European Union directives obtain importance to reach
appropriate aims for ambient aimuaity. Therefore, Turkish legislation gained

further significance in terms of the environment chapter of acquis because of

10



European Union membership process (Cokk

directives to the content of this study are listed devid:

1 oMirective 2003/35/EC of European Parliament and Council on the Reduction
of National Emissions of Certain Atmospheric Pollutant€European

Commission, 2003).

1 o6M@rective 2008/50/EC of European Parliament and Council on Ambient Air

Quality and Cleaer Air for Europé @European Commission, 2008).

1 O6M@rective 2004/42/CE of the European Parliament and of the Council on the
Limitation of Emissions of Volatile Organic Compounds due to the Use of
Organic Solvents in Certain Paints and Varnishes and MelRefinishing
Product$ @European Commission, 2004).

1 6Mrective 2003/17/EC of the European Parliament and of the Council Relating

to the Quality of Petrol and Diesel Ful@uropean Commission, 2003).

1 OMirective 2016/802/EC of the European Parliamand of the Council
Relating to a Reduction in the Sul phu

(European Commission, 2016).
2.4.3.U.S. EPA Regulations on Organic and Inorganic Pollutants

U.S. EPA puts the limits on certain air pollutants under the Clean Air Asb, fe
Clean Air Act authorizes the U.S. EPA to limit the emissions of air pollutants which
come from steel mills, chemical utilities and plants. States may have their more rigid

air pollution laws, but they are not allowed to apply limits lower thartise EPA.

Clean Air Act necessitates U.S. Environmental Protection Agency to set National
Ambient Air Quality Standards (NAAQS) for six air pollutants which are carbon
monoxide, sulphur dioxide, nitrogen dioxide, ozone, particulate matter and lead.
Benzer, toluene, ethylbenzene and xylene are regulated under the air quality
standards for ozone (U.S. EPA).

11



2.5.0verview of Air Sampling

Particle sample collection often requires attention and is difficult. According to
Lodge (1988), particles are sampled for maegsons such as to determine the
emissions levels from a source, to determine the effectiveness of control programs in
decreasing ambient concentration of pollutant, to determine the sources furnishing to
pollution, to recognize pollutant in the atmosmgheio determine conceation of

hazardous pollutants.

Sulphur dioxide, nitrogen dioxide and ozone have significance criteria for air
pollutants. There are several studies that claim link between long and short term
exposure to S NO, and Q and increasg® mortality, morbidity and hospital
admissions for pulmonary and cardiovascular diseases. Also, these pollutants cause
photochemical smog and acid deposition. Therefore, monitoring of these pollutants
is useful for finding out spatial and temporal chanigebealth impact assessment

and air quality (Bari et al., 2015).

Type of pollutants,expected pollutant level, availability of trained personnel,
averaging time of specified by air standards, available sources and presence of
interfering media in the airra factors effects the choice of method for air

monitoring (Schnelle and Brown, 2002).

Analysis and sampling are the key roles of the success of air monitoring. Continuous
monitoring which makes both analysis and sampling can perform continuously and
resuted in less loss of sample and less contamination is the most reliable air
monitoring. However, this monitoring method is verypensiveand it is limited

with urban areas (Wongniramaikul, 2012). This method is expensive since it requires
more complicatednaintenance and calibration. And maintenance personnel and
operatoramustbe more technically trained. Continuous monitoring involves taking
the sample and analyzing sample at the same time. iAlsequires less laboratory
support. Output of the measorents can be sent to central point electronically.

Therefore, common way of the air monitoring is sampling the air and then carrying
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to the laboratory. There are two methods to sample the air which are active or

continuous monitoring and passive samplifghnelle and Brown, 2002).
2.5.1.Active Sampling

Active sampling is a conventional method. It is done by pumping the air samples.

Since flow meter to measure the volume rate of air and flow rate, active pump and
sampling media are required, active sampling nektisocostly. Power supply and

the instrument maintenance are required for active pump. Therefore, active sampling
cannot be used in remote area (Wongniramaikul, 2012; He and Balasubramanian
2010.

2.5.2.Passive Sampling

Passive sampling can be definedhasnitaring techniquethat based on diffusioof
analyte molecules easily flow from sampled media to collecting media due to their

concentration differences (Gorecki and Namiesnik, 2002).

Passive sampling is a favored environmental method because of some eeffectiv
advantages. One of them is that this method is cheap and portable. Therefore, it
allows to use in variety area easily. The second one, the passive sampling method
does not need any human power and supervision to work and also does not need any
electricalpower . That 6s why, it is a thrifty
voice pollution. Taking into consideration all advantages of using passive sampling,
it can be seen that it is a useful method for environment (Wongniramaikul, 2012).
Also, it is gperated without risk of clogging, power loss and leaks that may affect the
pumped tube or canister and it ensures exact results for a large range of sampling
time (Grosse and McKernan, 2015). Although, there are advantages of passive
sampling, there are s disadvantages of this monitoring. The main disadvantage is
its low diffusive transport rate. Therefore, it cannot provide diurnal fluctuations or
short term information, it can only provide on average concentrations based on the
long exposure period. Arher disadvantage is passive sampling does not provide

real time values. (Varshney, Singh, 2003).
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In addition to these disadvantages, there are two more problem related with passive

sampling using. Interference effect that is one of them. Other chemimglonents

in the atmosphere can interfere with adsorbent in the tube. The second one is

sampling rate of the passive sampling can be effectecelbgive humidity,wind
direction, wind speed, temperatur e, coll ect |
et d.,1999).

Passive sampling method can monitor wide variety of inorganic and organic gases.
According to Wongniramaikul (2012), limitation of passive sampling for different

sample types can be exampled on sulphur dioxide and nitrogen dioxide. Chemical
adsobent is used for nitrogen oxide may react with sulphur dioxide which cause the
reduction of adsorption of nitrogen oxide. Likewise, the used reagent for ozone can

be interfered with other atmospheric air pollutants.
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CHAPTER 3

MATERIALS AND METHODS

3.1. Sampling Locations

Concentrations of inorganic pollutants including NG5G, Oz and organic

pollutants including ethylbenzent|uene benzene angylene, which are known as

BTEX compounds in the Central and Northern parts of Anatolian Plateawvilata
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Figure 3.1 Samjig Locations
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Table3.1. Locations and Surface Areas of Cities

Surface  Arei
Cities Latitude (N)  Longitude (E) (km2)
Ankara 39.57 32.53 25632
Bart én 41.37 32.22 2143
Bolu 40.57 31.57 8313
tankeér é 40.60 33.61 7542
D¢zce 40.84 31.15 2492
Eskikehir 39.77 30.52 13960
Kar abg¢k 41.20 32.62 4142
Kastamonu 41.38 33.78 13064
Keérkehir 39.14 34.17 6584
Keréekkal e 39.84 33.51 4791
K¢tahya 39.41 29.98 11634
Yozgat 39.81 34.81 13690
Zonguldak 41.45 31.79 3342

(Ministry of Environment and Urbanization, 2015)
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3.2.Sampling Period

Sampling of stations at these thirteen cities startethabiary2014 and continued
until May, 2015. During this sampling period, data werdectéd from total 341
stations.Thesel3 provines are in the Ankara Clean Air Center which is affiliated to

Ministry of Environment and Urbanization.
3.3. Sampling Methodology

Within the scope of the project, 3ONO,, Oz and BTEX concentrations were
measuredwith TS EN 135281.2.3 methods.For SQ and NQ parameters,
samplings were collected every two weeks and two times in a month in autumn and
winter. In spring and summer seasons, samplings were collected every four weeks
and one time in a month. Fors@nd BTEX, samplings were collected every two
weeksand two times in a month in spring and summer and samplings were collected

every four weeks and one time in a month in autumn and winter.

Sampling and analysis procedures for all parameters to be measured by passive
sampling method were performed in ac@rde with TS EN 13528, TS EN
135282 and TS EN 13528 standards. In thBlO2, SQ, Oz and BTEX analyzes
performed by the Middle East Technical University Environmental Engineering
Department, air pollution laboratory, clean room and ion chromatograbbsatary

were used. Air Pollution Laboratory is a place where all operations that do not
require to be overly clean with its large areas. Since gas chromatography (GC)
devices are also present in this laboratory, the air pollution laboratory is also a site
for GC analysis.

The clean zone is an area where there is a risk of contamination. This area, which
was previously only clean for trace elements, was also cleaned of organic pollutants
by the measures taken and it was started to be used as a sampkgiprepega for

organic analyzes. The clean room consists of two interconnected rooms in the
basement connected by a door. Both rooms do not have windows. The outer

chamber is treated as a storage zone, where processes are carried out which do not

17



involve ahigh risk of contamination. The interior clean room is the place where all
operations involving the risk of contamination is performed. Here, the walls, and all
surfaces that produce dust, are covered with wooden planks, making thefneelust
One of thes modules passes the air drawn from outside the room through the HEPA
filter into the clean room. Once filtered room air is taken up by other modules in the
room and passed through HEPA filter for the second time, it is returned to the room.
Therefore, thair under the modules is the air passed through the HEPA filter twice.

Sample preparation studies are carried out under these modules.

Since the system described above holds particulate matter with a diameter> 1.0
atmosphere in the atmospie with an efftiency of 99.9, the PM and the

associated trace element concentrations in the room go down to very low levels. In

2013 measurements, it was observed that the number of particles under the

cleanroom modules 0.3em i n di ameter Swihenugbérofparticl es
particles at the points inside the clean room which is not below the clean room

modules was 3700 particle®. During these measurements, the number of particles

outside the clean room (in the region whaneis drawn into the clean room)aw

found to be 27x190 particles/mi. Although the clean zone is very effective in

reducing dust and trace element concentrations, since the HEPA filters do not retain

organic gases, the concentration of organic polluiarttse gas phase such as BTEX

in the clean room is not very different from the concentration outside the clean room.

To correct this, one of the modules in the clean room was fitted with a carbon filter

in addition to the HEPA filter. In an effort to undtand the effectiveness of the

application, benzene was measured using online GC outside the clean room and

under the carbon filter. Outside the chamber, thelem e concentrati on was

m 3, while no benzene was observedtba carbon filter.

In this study, in the passive sampling of both organic and inorganic gases, coating
and drying of the steel wire coated with the holding medium is carried out under a

carbon filter.
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lon chromatography (IC) used in the measurensér8C, and Q is available in a
different laboratory. In this study, samples were prepared in the air laboratory and

brought to the IC laboratory where IC analyzes were performed.
3.3.1.Information on Passive Samplers

Passive samplers used in this study were obtained by modification of GRADKO

sanplers.

In the figure 3.2passive sampling tube was shown.

T

Figure 3 Passive sampling tube scheme (Civan, 2010)
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The SQ passive sampler consists of an acrylibe with an inner diameter of 11 mm
and a length of 71 mm. The outer surface of the tube is wrapped with Al tape. At one
end of the tube, there are two small porous steel cage wires. The lower wire is
absorbed with Triethanolamine (TEA) solution. Hove fREA is absorbed will be
discussed in the following sections. The retaining of the wires is ensured by a plastic

cover placed on them.

The risk of contamination is minimized by closing the end of the passive sampler

with a plastic cap until the samplingiaes to the place. When the sampler arrives,
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this cover is removed and replaced with a different cover with a hole in the middle
and a Aglass fibero filter insid&02 The
sampler is to prevent SO containing particles from entering the sampler and

interfering with the S@measurement.

The NG sampler used in theuwsty is no different from the S@ampler in geometry.

The NG sampler consists of an acrylic tube with an inner diameter of 11 mm and a
length & 71 mm. At one end of the acrylic tube, there are two steel cage wires, one
of which is coated with TEA. A plastic cover attached on the wire layekesrthe

wire cages in place. N(passive sampler wa®nwrapped with aluminum tape. The
lower end of tie sampler, which is open during sampling, is sealed with a plastic cap
to minimize the risk of contamination until the tube is moved to the area and

sampling begins.

Like the NQ and SQ samplers, the ozone passive sampler consists of an acrylic
tube withan inner diameter of 11 mm and a length of 71 mm. At one end of the tube
are two steel cage wires, one of which is coated with adsorbent. The cage wires are
fixed at the end of the tube by means of a plastic cap attached to them. The ozone
sampler is alsowvrapped with aluminum tape to slow down the photochemical
degradation of ozone. The end of the tube to be left open for sampling is closed with
a plastic cap until it is taken to the area, and instead of the cap, a fiber glass filter
with a central hole i§ixed by means of a plastic cap. As with the,S@mpler, the
purpose of the filter in ozone sampling is to prevent the interference of particulate

matter by measurements.

The passive sampling tubes of BTEX passive sampler made of stainless steel with a
surface area 00.18 cmz2, a diffusion depth of 1.5 cm, an inner diameter of 4.8 mm
and a length of 100 mm were obtained from Gradko. There is a TENAX adsorbent
starting at 150 mm from the sampling end of the pipe. The pouring of the adsorbent

was preventa by the steel cage fixed at the top and bottom of the adsorbent.

One end of the steel tube is sealed with a brass blank plug. The other end of the tube

is also closed with a similar blank plug to prevent air from entering and causing
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contamination whilehte sampler is being taken to the area. When the sampler is
placed in the station at the station, the blank plug at the sampling end is removed and

replaced by a diffuser to laminate the airflow.
3.3.2.Preparation of Passive Samplers

The preparation of passiversplers includes the steps of cleaning and preparing
tubes, impregnating Whatman GF/A Fiber glass filter filters with adsorbent
solutions, drying and placing them in tubes, assigning identifier numbers to the tubes
and packing them to the field. Althoughetprocesses applied are similar for passive
samplers other than BTEX samplers, the retention solutions to be coated may be
different from each other. The coating methods for each tube are briefly described
below.

In passive samplers to be used forN@easirement, triethanolamine is used as the

trapping agent. In this study, Whatman GF/A glass fiber filters were impregnated

with 20% triethanolamine (TEA) aqueous solution. For the impregnation process,

filters cut across the tubes were left in a 20% TEAtswiufor 5 minutes. The 20%

TEA solution was prepared by deionizing & wf TEA (Merc) and diluted to 25 mL
withultrapur e water (R>17 Mq) . The filters we
and dried in a clean zone and under an activated carbon filter for 20 minutes. The

dried filters were preleaned, placed in acrylic tubead fixed by closing a gray

cap.

Glassfiber filters used as holding medium in ozone passive samplers were
impregnated with 1% NaND2% NaCOs and 2% glycerol aqueous solution. For

the preparation of a mixture of NalNaCOs and glycerol, which allowszone to

be retained on the Glasiber filter, 1 g of NaNQ (Merck), 2 g of NaCOs (Merck)

and 2 g of glycerol were weighed and each of them made up to 100 ml with

dei onized purified water (R> 17 Mq) . The
impregnation, the cenff filters were left in a mixture of 1% NaNO2% NaCOs

and 2% glycerbfor 5 minutes. The filters were then removed from the solution and
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dried in a clean zone and under an activated carbon filter for 20 minutes. The dried

filters were precleaned, placed in acrylic tubes and fixed with a black cap on them.

The other end ofhe samplewas also covered with a gray plastic cap to reduce the
risk of contamination. The prepared samplers were placed in polyethylene bags in
bags of 50 and the bags were stored in boxes containing activated carbon. Unlike
NO. samplers, glass fibéiilters placed in the middle of thhole covers were
prepared and packaged together with the samplers. When thevdletached, the

caps at the sampling end of the samplers are removed and the caps containing the
filter are placed. The purpose of thétefi used in ozone samplers is to prevent

particulate matter from entering the sampler and interfering with ozone.

In passive samplers to be used in.®@asurement, triethanolamine is used as the
retention agent as in NGamplers. In this study, Whatm&#+/A glass fiber filters
were impregnated with 20% triethanolamine (TEA) aqueous solution and used to

capture S@in the samplers.

For the impregnation process, filters cut across the tubes were left in a 20% TEA

solution for 5 minutes. The 20% TEA solutivas prepared by deionizing 5 mL of

TEA (Merck) and diluting it to 25 mL withultrpur e water (R>17 Mq) . TF&
were then removed from the solution and dried in a clean zone and under an

activated carbon filter for 20 minutes. The dried filters waneecleaned, placed in

acrylic tubes and fixed by closing a white cap.

The other end of the sampleasalso covered with a white plastic cap to reduce the
risk of contamination. The prepared samplers were placed in polyethylene bags in
bags of 50 and theags were stored in boxes containing activated carbon. Glass fiber
filters placed in the middle holes were prepared fos S8nplers as well as ozone
samplers and packaged together with the samplers. When the field is reached, the
caps at the sampling emmd the samplers are removed and the caps containing the
filter are placed. The purpose of the filter is to prevent the?S&ntaining

particulate matter from entering the sampler.
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BTEX samplers are different from the passive sampler used to samplanitorg
gases, the inorganic passive samplers discussed in the previous sections. The
sampler consists of a steel tube having an inner diameter of 4.8 mm and a length of
100 mm.

The tube was filled with Tenax TA (60/80
mg Tenax TA is placed in each tube. Both sides of the adsorbent were closed with a
steel cage wire and pouring was taken to the sampler area to prevent pouring. The
filled tubes were cleaned by passing high purity nitrogen gas at a flow ra@o of

ml/min for 2 hours at 326C according to the manufacturer's recommendation. The

risk of contamination is minimized by closing the brass caps at both ends of the
tubes, except for sampling times. All tubes were stored in glass tubes with active
carbon and silicg e | , refrigerated at + 4 A C, exc
were prepared for sampling and EN13528tandard method was followed during
sampling. Each passive tube was sent to the area by sending a diffuser. The diffuser

is required to laminariaflow entering the sampler. During sampling, the brass cap

on the sampling end is removed and replaced with a diffuser. At the end of the

sampling, the diffuser ilmovedand the brass cap is closed again.
3.3.3.Placement and Collection of Passive Samplens Btations

During passive sampling, shelves of 5 cm*&& dimensions were made according

to EN 135283 standard in order to prevent the tubes from being affected by adverse
environmental and climatic conditions (rain, etc.). Before and after the insiallati

the relevant personnel carried out the relevant controls and the control data were
recorded in the Diffusion Tube Field Sampling Checklist. Warning labels were
affixed to the poles to which the tubes were installed. At the highest level,
occupational balth and safety measures were taken and Occupational Health and
Safety Practices Training on Height was given to the field team before each period.
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3.3.4.Preparation and Analysis of Passive Samplers for Laboratory Analysis

Preparation of passive samplers foralysis involves the process of passing the
analytic trapped on the glafiber filters in the samplers to the solution for

contaminants other than BTEX.

Since the BTEX samplers are directly connected to the thermal desorption unit, no

preparation is péormed for benzene, toluene, ethylene, amtylene and exylene.

The procedures for preparing, analyzing and calibrating the collected samples for
analysis conform to EN1352ZBand EN13528 standards.

Since the collected NfOsamples are determined spenistically, the collected
samples need to be colored as well as solubilized. Coloring process is provided with
GriessSaltzman solution. To prepare the solution, first, 0.1 g of INNapthyl)
ethylene diamine dihydrochloride is dissolved in 100 ml of tptree water (0.1%).

In a separate beaker; 5 g of sulfanilic acid are dissolved in water (heating and
stirring) containing 140 ml of glacial acetic acid (Merck). To this solution, 20 ml of
0.1% N (1-Napthyl) ethylenediamine dihydrochloride solution andvil®f acetone

are added and the solution is completed to 1 L with-plare water. The gladgber

filters removed from the samplers are solubilized by stirring in an ultrasonic bath
with 5 ml of absorber solution prepared as described above for 40 minute
Absorbance valuesof the solubilized samples are measured on UV/VIS
Spectrophotometer (Shimadzu 2450) and 550 nm wavelength. The calibration of the
spectrophotometer was carried out with NaNO2 solution at 0.1, 0.2, 0.4 and 0.8 ppb
concentrations. Cadration R values> 0.99. The absorbance valobtained from

the samples are converted to concentration valsies) the calibration curve.

In ozone passive samplers, ozone in the atmosphere is kept as nitrate on the filters.
Thus, after solubilizatignit is measured as nitrate in ion chromatography and the
measured areas are converted to concentration using calibration curves prepared with

nitrate.

In order to solubilize the samples collected on gfdsey filters, the filters removed

from the samples and the samples on which the sample is placed are placed in 25
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mL of high density polyethylene beakers and 5 mL of «pwee water (deionized
water with resistance 18 Mq) i s added. The beakers
placed in the ultrasonic bath and ultrasonic stirred for 20 minutes. Solubilized
samples are analyzed by ion chromatography. Prior to the analysis, the IC is
calibrated \ith 0.1, 0.3, 0.5 and 1 ppMO™3 standard solutions prepared by dilution

from 100 ppm NG stock solution. The areas obtained from the IC analysis are

converted to concentration valuesing the calibration curve.

In SO passive samplers, S@n the atmosphere is kept as sulphatethe filters.
Thus, after solubilization, it is measured as sulfate in ion chromatography and the
measured areas are converted to concentration using calibration curves prepared with

sulfate.

Solubilized samples are analyzed by ion chromatography. rithre analysis, the

IC is calibrated with 0.1, 0.3, 0.5 and 1 ppms3Gtandard solutions preparég
dilutions from 100 ppm SgFstock solutionThe areas obtained from the IC analysis
are converted to concentration valussng the calibration curve. The samples were
analyzed by using Agilent 6890 model Gas Chromatography (GC) and Unity brand
thermal desorption device. The organic pollutantsl relthe Tenax adsorbent were
dissolved at 300C for 3 minutes and the volatile organic compounds exiting the
thermal desorption device were collected in the cold traplat°C. Then, the
temperature of the cold trap was increased to°85@ithin one ortwo seconds and

the collected volatile organic compounds were transferred to GC device.

The GC system consists of two detectors (FID) and two columns. In fact, this system
works like two GCs. FIBL measures light hydrocarbons (<C5) and-Blheasures

heaw hydrocarbons (> C5).

The heating program (or oven program) used in the GC is given below.

Step 1. Bring the oven to 40 AC and wai't
Step 2. At the end of five minutes the temperature is increasef@{05195°C,

Step3. The oven is kept at 195 AC for 10 mj
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The GQFID system used was calibrated with a standard gas mixture from the
Department of Environmental Analysis and Air Quality of Canada containing 148

alkanes, alkene, alkyne, aromatic and halogenated amaongénic compounds.

On each analysis day, one of the pumint standards is given to the GC before the
analysis of samples is performed to check the performance of the instrument. If the
obtained area is different from the day of calibratithe analyzesare stopped and

the device is recalibrated. BTEX analysis and calibration of the device are carried
out in accordance with EN13528standard.

3.3.5.Calculation of Concentrations

The absorbance valué@er NO») and the area valuebtained from the IC formed by
the analysis of contaminants coll elcted
valuesin the solution using the calibration curves described in the above sections
T he eglgwvasnthen multiplied by the volume of the solution (mL) to convert the
total mass of contaminants in the filters. The transition from the mass of the wrist to
the concentration of the same compound in the air was carried out using the

following equati on of the 2nd Fickds | aw.
Co=Qx(L/(DxAXxt)

In this equality

Q: the amount of component absorbed (Og),

t: sampling time (s),

A: crosssectional area dhe diffusion path (cA),

D: diffusion coefficient of the pollutant component fcs),

L: total length of diffusion path (cm),

Co: concentration of pollutant®component

The most critical of the above parametergshe diffusion coefficient (D). Ds a
temperature dependent parameter.
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In this study, the diffsion constants of the measured parameters atk2@fre
obtained from the literature, and the valgesresponding to the temperatures at the
time of sampling were found with the help of the above equation and S, Os,

benzene, toluene, ethylbenzene, m&ylene and was used in the calculation.

The diffusion constants of the parameters used for R9&e 0.154 crhsec! for
NO2, 0.155 cr sec! for Oz and 0.176 crhsec! for SOQ.. As mentioned above, these
valueswere changed according to the temperatures at the time of sampling.

In this calculatio, the concentration value for ozone was multiplied by 0.77 (48/62).
This is because ozone is measured as INQC and the molecular weights BiOs

andOs are different. This is a standard procedure used all over the world.
3.3.6.Determination Limit of Dedectian

Although the method has different definitions of the limit of detection, the most
common is the concentration value corresponding to three times the standard
deviation of the absorbance or peak areas to be obtained by reading the blank
parameters 10 coesutive imes In this study, the determination limits of the
parameters were determined in accordance with the above definition.

The determination | imits of 1fdrbNO,H&4 hods
eg *farzand 0. ?®r S&gThaw valuesare about 2% of the samples
based on the average of the concentration vahessured in the analyzes performed
to date for NQ. Similarly, the determination limits for S@nd ozone are less than

1% of the valueseen in the samples.

It is a common phenomenon that the limits of method determination are so low.
Because this parameter shows how reproducible the analytical mgthather than

low levels can actually be determined.
3.3.7.Repeatability

To determine the reproducibility of the measlparameters, five SONO,, Oz and

BTEX passive samplers were placed side by side for two weeks and then brought to

the laboratory and analyzed by normal methods. Using the following equation,
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coefficient of variance (or relative standard deviatiorRSD%) values were

calculated.
% RSD =zx100 / x

In this equation, RSD i s the relative standard devi at.

the standard deviation, andix the arithmetic mean.

The coefficients of variance determined using the aforememtipneEedure were
10.5% for NQ, 12.4% for Q and 8.6% for S@ These valuemdicate that there will

be no significant problem in terms of reproducibility in the analysis.
3.3.8.Blank sampleValues

Field and laboratory blank samples were collected separatdlyaluated in the
evaluation of blank samples. However, in all of the measured parameters, no blank
levels above the limit of detection were observed as a result of the measures taken in
the laboratory. Although the concentrations observed in the fi@ik lsamples were
considerably lower than those in the field blank samples, concentrations above the

detection limit were still found.

The determined area bl ank sanépl3e N edv.es sf owerG
and 5. 7 -Bfor8SQ.2Thesegvaluesorrespond to a blank sample extraction
of between 5% and 10%. This shows that subtraction of field blank sample values

will not be a significant problem in the analysis.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Meteorology of Study Areas

Meteorology is importanin atmospheric sciencasit enhance or suppress dilution
processor provides information about thdirectional dependence of pollutant

transport to receptor. Among many meteorological parametétmgnheight,
temperaturewind speed andolar radiation ar@articularlyimportant and must be
consideredin data treatmentHence, this sections allocated tometeorological

conditions that were operational during study periai Bar t &€ n, Ankar a,
¢cankeéer e, Kar ab ¢ k, Eskisehg t akmornéuk k aDgz ceY oz gal
K¢t ahya an dDatZ fomngteololdgachl .parameters weobtainedfrom

General Directorate of MeteorologyMeteorological conditions prevailed in each

city during the study is discussed and a comparison is provided at the end of this

section.

Typical inland climate, with high summer and low winter temperatures prevails in
Ankara. The hottest month is J#lugust and the coldest month is January.
Preciptation amounts in the region change in the South and North. Especially in
winter, because of the nature of region, the fog event is quite common and it effects
life in Ankara (Ankara Provincial Directorate of Culture and Tourism, 2019).
Ankara had a popation of 5,270,575 in 2015 (Turkish Statistical Institute, 2019).
According to long term meteorological parameters of General Directorate of
Meteorology (2019),the lowest temperature was249 °C and the highest

temperature was AC.

The average tempetae in the provincial scale is 12 in terms of long

meteorological datalhe dominant wind is seen to change depending on the terrain
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structure in Ankara292 m/sec ishe highestvind speed detected in Ankarannual

rainfall amount is 406 mm in longrta meteorological parameters.

Bartén is cool i n winters and warm in summe
climate. The mountain ranges are parallel to the shore and proximity of the sea

increase the humidity and decrease the temperature differentes cvastline. The

hottest month is JWAu g u st and the col dest month is Ja
Directorate of Culture and Touri sm, 2019) .
2015 (Turkish Statistical Institute, 2019). Accordinglémg term meteoological

data annual rainfahmount is 1034. mm.

Although Bolu (population 291,095 in 2015Turkish Statistical Institute, 20193
located approximately 50 km from the Black Sea coastinistratively and
geographically it isncluded in theBlack Seaegionof the country. The climate is a
typical Black Sea climate, which is relatively mild, with annual average temperature
of 10.5C. The coldestemperatureecorded in winter and the highest temperature
recorded in summein last 90 years (betwed®29i 2018)are-34 C (in January)

and 39.8C (August), respectivelyHowever, Bolu does not receive as much rain as

other cities on the Black Seaast. Annual rainfall is 558.mm.

¢ a n k whicl® is located approximately 160 km from the Black Seastcta

included in the Cenal Anatolia region of the countrylhe city has a population of

185,945(Turkish Statistical Institute, 201@8nd experience€entral Anatolia (or

inland)cl i mate (¢ankéré Provincial,whatevironment :
sunmers are mild, but winters are coldccording to long term meteorological

parameters of General Directorate of Meteorology (2019), the coldest month is

January and the hottest month is July. The lowadthighestemperaturse recorded

between 1929 and 28 were -25°C and 424°C, respectively The average

temperaturen the same period wakl3°C. ¢ ank ér €, l'i ke all cities
Central Anatolia, do not receive as mu&in as cities incoastalregions of the

courtry. Annual rainfal in last 90 years is 405 mm.
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Typical Black Sea climate prevailsih¢ z, evieich isapproximately 2%m from the

Black Sea coast and has a population of 360,388 in 20agkig¢h Statistical
Institute, 2019) The lowest and highest temperatures recorded in last 60 years
(Since 1959) are-20.5C and 42.4C, respectively (General Directorate of
Meteorology, 2019).Sixty year average annual rainfall is 8.5hm, indicating that
D¢zce receiver fair amount of rainf al

particularly with cities located on the Anatolian Plateau.

Es ki isa lypical CentraAnatoliancity, with a population of 826,716 in 2015
(Turkish Statistical Institute, 2019) Climate prevailing at
to that in Ankara, with extreme cold temperatures in winter and moderate
temperature in simmer. January is the coldest monffihe minimum temperature
recorded since 1928 i27.8 C) and the hottest month is July and Aug(rsicord

high temperature measured in last 90 years is @).6Average temperatutie the

same priod is 109 °C and awrage annual rainfall is 468 mim terms of long

meteorological data.

Kar a lvithlits mere 60 km distance from the Black Sea coastline, is a Black Sea
city where climate reflects characteristics of the climate along the Black Sea coast,
with relatively mild temperaturegaverage temperature in last 65 years is 13.3
Since Karabg¢gk is behind the mountain r
not receive is much rain as coastal Black Sea cities @®year average annual

rai nf al | isa@8 mK.aTheadoldekt temperature recorded in winter since

1965 is-15.1 C and the hottesemperatureecordedn the same period #4.1 C.

Topograpic and geographic characteristicskdstamonus vely similar to those of
Kar a IBgjtk cities are gmoximately 60 km from the coast, both behind the
mountain range, which modifies coastal climate. Population of Kastamonu is
372,373 in 2015. Historical higdnd historical low temperatures are 42.2 €619,
respectively(historically refers to lowesind highest temperatures recorded between
1930 and 2018). Annual rainfall is 488.4 mm.
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I n Kéerekkal e, the col dest mo ntThelawest January
temperature was224 °C and the highest temperature was 41;8 The average

temperature in the provincial scdleverage between 1963 and 20181125 °C in

terms of long meteorological dat&ifty-five year averagannual rainfall is 379,2

mm.

I n Kérkehir, the coldest month is January a
temperature was28 °C and the highest temperature was AL2 The average
temperature in therpvincial scale is 28.°C in terms of long meteorological data.

According tolong termmeteorological data annual rainfall amount is.88hm.

I n K¢gtahya, January is the coldest month an
The lowest temperature wa23.1 °C and he highest temperature was 3&5The
average temperater in the provincial scale is 1.°C in terms of long
meteorological data. According tong term meteorological dat annual rainfall

amount is 56@ mm.

In Yozgat, the coldest month iaduary and July and August are the hottest months.
The lowest temperature wag4 4 °C and the highest temperature was 3&8The
average temperature in the provincial scale 1€ 9n terms of long meteorological
data. According tdong termmeteorologtal daa annual rainfall amount is 5&6.

mm.

In Zonguldak, the coldest month is January and the hottest month is July and August.
The lowest temperature wa8 °C andthe highest temperature was B0C. The
average temperature in the provincial scale &6 1°C in terms of long
meteorological data. According tong term meteorological datannual rainfall

amount is 1198 mm.

Annual, summer and winter averages of temperature, wind speed (WS) and rainfall
are given in Tabld.1. Averages in the table are average values measured during the
study period. Long term annual averages of these parametals@mgven in the

same table.Long term averages are tlwserage values generated bynéel
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Directorate of MeteorologyMGM) usng meteorological data generated sitice
commissioningf the meteorological station iraeh city.The length of this period is

different for each city. It is approximately 90 years (1929 and 2018) for Ankara,

Bol u, tankeéer é, E s khiikre hainrd, KK at shehapesn1039,0 Kyéera
i 2018)for Yozgat and Zoguldak and betwee4 and 60 years for
Karab¢k and Kér ékkal e. Since averages

these average values are quite sturdy and do not ct@mmgaich over the longun.

33



Table 4.1 Annual, Summer and Winter average temperature, average wind speed and total rainfall measured during study period

ve

Rainfall (mm) Temp (C) WS (m &b

Annual Annual Annual

Long- Long- Long-

term  Annual Summer Winter term  Annud Summer Winter term  Annual Summer Winter
Ankara 406 515 114 111 12.0 129 236 3.4 2.0 2.5 2.8 2.6
Bart e 1035 1154 304 337 127 135 223 6.1 1.3 1.1 1.3 1.0
Bolu 554 624 124 230 106 116 20.6 3.3 1.5 1.4 15 1.2
¢ ankeée 406 532 77 130 11.2 12.0 23.0 2.4 1.1 1.6 1.8 14
D¢ zce 815 1063 268 347 13.3 138 226 5.8 1.0 1.1 1.3 1.0
Es ki k 366 452 114 184 11.3 124 225 3.1 2.1 1.8 1.9 1.8
Kar ab 490 469 92 132 13.4 131 229 4.1 1.2 1.4 1.8 1.0
Kastamont 482 718 214 127 9.8 10.3 20.1 1.2 1.3 1.5 1.7 1.3
Kér ék 380 469 111 104 126 129 242 2.7 2.1 1.9 2.3 1.9
Kér ke 382 197 33 48 114 128 238 3.5 1.9 2.6 3.2 2.4
K¢t ah 562 392 40 145 10.8 116 215 2.8 1.3 1.6 1.7 1.6
Yozgat 586 294 54 72 9.0 101 20.2 1.3 1.9 1.6 1.7 1.7

Zonguldak 1219 662 142 254 136 140 220 7.7 2.3 2.0 1.9 2.3




Temperature measured thg our study period do not depict large variations from

one city to another. Annual average temperatures vary betweert 14t Y ozgat

and 14C at Zonguldak. Cities thare located on the coast, such as Zonguldak and
Bart én, have slightly higher annual aver
AnatolianPlateay such as K¢gtahya and Yozgat. [
during summer and winter seasons clpgellow the annual variability. In summer

season temperatures in this part of the country varies betwee€ 20. Kastamonu

and 24.2C at Keér ek k al €;at Kastachonb antl TZeae Zongudldak2

This variation in summer and winter seasonsdatdi fairly uniform distribution of

seasonal temperatures when this study was performed.

Is the meterology in these cities, recorded during our study period is typical for the
region, or was the study performed under very unusual meteorological conlitions
2014? This is an important question that should be answered, because if the study
was performed under very unusual meteorological itiond, then concentrations of
pollutants measured during the study may lve representative for that city over a
long time period.

Annual average wind speed, temperature and rainfall measured during the study

period are compared with losigrm averages of theserpaeters.

Average temperature measured during the study period in each city is compared with
long-term aveages reported for the cities in Figu#el. The difference between
studyperiod and long term averagemperaturesre not very different in all cities

that are included in this study. Difference varies betweerC0.3a t Ker kl ar el
14C at Kérkehir. The figure demonstrate
measured during study period can be cons
each city. It should be noted that although between study perioand longterm

averages is not much, current temperatures were consistently higher th&erhong

averages in all cities. This is due t@rieasing population in cities and known as

Aur ban heat islando effect. itd mdreamsing h e a t

urbanization.
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Figure 4.1. Comparison of average temperature in cities during the study period with corresponditegriong
average temperature

Investigation of variability of wind speed between cities revediat dverage wind

speed are extremely low in all cities. This statement is tuéddth summer and

winter winds. In summer WS varies between 1.37tas  Dg¢zce @aatd 3.2 m
Kérkehir. Il n wi nt etat Ankara\aradrlio enssat Baerttweenen 2, 6
D¢zce and Kar abyg¢k. These are very |l ow wind
st is considered as calm. In most of the cia@srage wind speed is very close to

this criteria. As can be anticipated, such low wind speeds is rfavaable

condtion for accumulation of pollutants over the city.

Average wind speed measured during this study are compared with long term
average wind speed in each city in Figdre2. With few exceptions, lontgerm
average wind speed intigis are not significantly different from average wind speed
measured during this study. In Ankara ¢ a an# Kastamonu current WS is 20%
30% higher than lonterm averages in these cities. For the remaining cities the

difference is <10%.
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Figure 4.2 Comparison of average WS measured during the study period wigpoorting longterm average
WS in cites.

Rainfall is the most vaable parameter among the thréenual rainfall varies

betweerl 154 mm at Bart én .&herdisa @nsistembpatern in K e r K ¢
variability of rai nf alKhstammomuoandjongaldak aree s . E
the cities that reeived highest rainfall during the study. All of these are the cities

that are close to the Black Sea coast. They are at most 50 km from the shoreline.
Kerkehir, Yozgat , K¢t ahy wahichaneativeE lovkests e hi r
rainfall. These are the cities that are not in the immediate vicinity of the Black Sea.
Kéerkehir is 325 km, Yozgat is 246 km, K¢
from the Black Sea coastlindpparently,the mountain rangihat extends along the

Black Sea coast havegiound influence on the annualinfdl cities receive. Cities

that lies on the coastal side of the mountains reaeivéall close to or tgher than

1000 mm. However, ainfall received by cities, which aredated behind the

mountain is less than half of the annual rainfall experienced at coastal cities.

Annual rainfall measur ed durdiemgavetagee St U

annual r a € A3 Fot 9lout of A3 ckes qeludeal in this work precipitation

recorded during thstudy is higher than long ternverage ranfall in these cities.

Four <cities where |l ong term average rai-

K¢t ahya, Yozgat and Zoolugthid diffarknce is simall r Bar

(approximately 10%), i. Rrecipitatiora recated driggjz c e an
37



study is 23i 31% higher than lonterm average precipitation in these cities. In

Eskikehir, Kast amo Ky | atWegddfeyeme betwdereaurreeth i r
and longterm average rainfall varies between 46% and 54%. The differe0gois
in Zonguldak
1400
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Bartin Cankin Eskisehir Kastamonu Kirsehir Yozgat

Figure 4.3 Comparison of annual rainfall received in cities during the study period with corresponding long
term average annual rafall

Discussions in this section demonstrate that study period is reasoygailcBl for
most cities in terms of temperature and wind speed, however long term average
precipitation in cities differ from precipitation data recorded dutimg study, at

least for some of the cities.
4.2.General Feature of DATA

Annual average S NO, Os and BTEX (b@zene, toluene, ethylbenzene, m&
xylene and exylene) concentrations are given in Tadl2. Number of stations
which were used for passive sampling of these parameters are also included in the
table. Two numbershat are shown iparenthesisfor each city, are number of
samplingstations where inorganic andganic pollutants are measured.all cities

passive sampling of organic pollutants (BTEX) was conducted in fewer stations, due
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to difficulties involved bothin their sampling and analysis, relative ittorganic

pollutants.

Table 4.2 Summary statisstics (concent |

mears N Median Max Min

Ankara (66*, 21**)

SO 41 N 28 33 220 0.05
NO 63 N 42 53 290 1.9
Os 38 N 27 32 158 2.17
Benzene 2.7 N 3.014 14.8 0.03
Toluene 32 N 62 12 481 0.15
Ethyloenzene 2. 2 N 3. 0 1.1 21 0.002
m&p-xylene 3.7 N 5. 3 17 38 0.008
o-xylene 2.2 N 3.110 21 0.007
Bar t n*)( 1

SO 36 N 42 30 304  4.32
NO 42 N 29 36 139 6.23
Os 40 N 18 39 80 6.50
benzene 3.6 N 4.2 18 18 0.49
toluene 54 N 119 18 652 0.79
ethylbenzene 1.9 N 3. 2 1.3 18 0.08
m&p-xylene 3.0 N 4.9 19 27 0.14
o-xylenelene 1.7 N 2.5 1.2 14 0.4
Bolu (20*, 8*)

SO 34 N 28 29 125 1.59
NO. 46 N 33 37 159 6.22
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Table 4.2 (contdd)

Os 46 N 25 44 131 4.28
benzene 7 N 1 2 126 0.20
toluene 10 N 18 4 86 1.24
ethylboenzene 0. 95 N 1. 0.48 11 0.10
m&p-xylene 1.52 N 3. 071 18 0.14
o-xylene 0.83 N 1. 0.38 8.0 0.06
¢ankeré (20*, 6**)

SO 34 N 21 29 118 4
NO 27 N 22 21 110 0.001
Os 46 N 25 39 128 2.85
benzene 3.47 N 2. 254 10.86 0.38
toluene 8.92 N 6. 773 2397 081
ethylbenzene 1. 06 N 0. 1.04 240 0.11
m&p-xylene 1.68 N 1. 164 397 0.14
o-xylene 1. 26 N 0. ¢1.10 3.26 0.06
D¢ z @%, 8*)

SO 29 N 25 32 131 0.10
NO 57 N 38 53 234 5.83
Os 36 N 17 33 88 6.47
benzene 7 N 2 44 0.65
toluene 51 N 56 31 250 1.83
ethylbenzene 2. 58 N 2. 202 14 0.24
m&p-xylene 3. 91 N 3. 3.15 17 0.28
o-xylene 2.26 N 1. 1.79 6.84 0.15
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Table 4.2 (contdd)

Eskisehir (30*%, 8**)

SO 33 N 30 26 195 3.1
NO> 43 N 33 33 189 0.8
Os 48 N 27 46 195 9.2
benzene 2.3 N 2.1 14 8.2 0.3
toluene 26 N 19 23 78 2.6
ethylbenzene 1.6 N 1.1 1.3 6.8 0.1
m&p-xylene 2.5 N 1.8 20 10 0.1
o-xylene 1.6 N 1.311 6.7 0.0
Karab¢k (25*, 7**)

SO 38 N 35 30 200 1.35
NO 40 N 28 37 137 1.35
Os 41 N 19 34 145 7.0
benzene 11 N 12 6.1 54 0.8
toluene 15 N 15 7.9 59 1.7
ethylbenzene 1.1 N 1. 0 0.7 4.3 0.2
m&p-xylene 2.0 N 1.8 14 8.6 0.3
o-xylene 1.0 N 1. 107 5.3 0.2
Kastamonu (30*, 6**)

SO 33 N 19 28 94 2.6
NO 32 N 21 28 94 0.3
Os 56 N 29 56 173 1.7
benzene 3.2 N 2.7 26 114 05
toluene 24 N 54 9 305 1.4
ethylbenzene 1. 2 N 1. 4 09 8.2 0.1



Table 4.2. (contdd)

m&p-xylene 1.9 N 2. 115 125 0.2
o-xylene 1.1 N 1. 109 6.2 0.1
K & kkale (15*, 9**)

SO 36 N 28 25 161 5.49
NO 32 N 26 24 127 2.34
Os 46 N 43 35 243 2.81
benzene 2.7 N 2.5 17 10 0.10
toluene 12 N 16 5 80 0.4
ethyloenzene 0. 9 N 0. 7 0.9 2.9 0.04
m&p-xylene 1.5 N 1.2 1.1 4.9 0.1
o-xylene 1.1 N o0.809 3.2 0.0
Kéersehir (20*, 7*%*)

SO 32 N 25 20 107 2.37
NO 22 N 15 20 69 0.68
Os 67 N 49 49 326 25
benzene 2.7 N 2.519 13 0.13
toluene 4.8 N 6.4 32 38 0.51
ethylbenzene 0. 50 N 0. 0.34 2.88  0.04
m&p-xylene 0. 83 N 1. 057 6.45 0.15
o-xylene 0.59 N 0. 032 400 0.13
K gahya (24*, 6**)

SO 35 N 29 30 217 0.59
NO. 30 N 29 23 147 0.27
Oz 37 N 19 33 113 0.50
benzene 1.6 N 2.207 9.8 0.37

42



Tabl e 4. 2

(cont 6d)

toluene 4.0 N 5.817 27 0.19
Etberzene 0. 68 N 032 383 0.00
m&pxylene 0. 91 N 0.41 6.9 0.05
o xylene 0.73 K 0.36 4.9 0.01
Yozgat (21*, 6**)

SO 37 N 35 23 269 7.69
NO 27 N 28 21 207 0.27
Os 60 N 45 45 297 2
benzene 2.8 N 1.9 26 7.5 0.4
toluene 10 N 12 6 57 0.79
ethylboenzene 1.2 N 1. 4 038 7.9 0.14
m&p-xylene 1.8 N 2.0 1.3 10 0.27
o-xylene 1.1 N 1. 208 5.4 0.10
Zonguldak (30*, 6**)

SO 38 N 23 33 115 7.2
NO 49 N 25 48 124 6.23
Os 31 N 21 27 100 0.38
benzene 3.8 N 2.9 28 11 0.44
toluene 7.6 N 4.473 16 056
Etbenzene 1.0 N 0. 8 0.8 3.4 0.08
m&pxylene 1.4 N 0.9 14 3.6 0.11
o xylene 0.9 N 0.608 2.1 0.12

*Number of passive sampling stations for S@ NO2 and Os

*Number of passive sampling stations for BTEX
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Number of stationsvhereinorganic pollutats are masured varied between 15 at

K ékkade and 66 at Ankara. Similarlgumber of stations whe®TEX compounds

were measuredaried betwee2latAnkar a and 6 at Kastamonu, K
andZonguldak. Population of cities playedn important rolén selecting number of

passive samplingtations in that city.

Concentrations of SONO, and Q measured at Ankara are A28, 63N 42 and 38

N 27 &g m3, respectively. These are annual agms, which were obtained by
averaging all measurementseaih station. In the second step annual averages in all
of the 66 stations were also averaged. Median concentrations;pN8and Q

are 33, 53 and 3%y m?, respectively. In this study we were not able to do
frequency analysis, because there was mmiugh data to generate frequency
histograms. Howver, smaller median concentratiooSmeasured parameters tha
average corartrations in most of the cities suggested right skewed distributions for

most of the parameters, in most of the cities.

Concentrabns of ba&zene, toluene, ethylbenzene, pi&ylene and exylene
concentrations at Ankara are 3.0, 32N62, 2.2N 3.0, 3.7N5.3 and 2.0 3.1,
respectively. Since the main source of BTEX compounds is traffic concentrations of
benzene, toluene, etindnzenemé&p-xylene and exylene in urban atmosphere is
determined by number of cars in traffién that sense Ankara is expected to have

higher concentrations of BTEX compounds.

Annual average S{roncentrations imemainingc i t i es vari edatbet ween 3¢
Karab¢k and ZongtdtdaRe mmed. 29Meddyi am concentr
other hand var fath «tedhe an ah@®at Bupguiddlg Am

pointed earlier lower median concentrations (than averages) is due to right skewed

distribution of SO concentrations in cities. One point to note about, SO

concentrations is that it is not highly variable begw cities. Normally strength of

residential heating source is expected to be significantly different between cities due

to different populations. However, the expected difference was not observed. This

may indicatethat, since most of the cities areabed bynatural gas, space heating is
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no longer the main source of 5@ urban atmosphere. Sources ottiean space
heating, particuldy traffic should be seriously considered as main, SGurce.
Ge net al (2010) reporte@ typical diurnal traffic paern in SQ concentrations
measuredn monitoring stations at Ankara. Although there is no similar reports in
other cities, change in mode of heating in cities may affect mains8@ces in

Turkish urban atmsphere.

Annual average Nfxoncentrationintii es vari ed “bikeweamdi 22 O
57 CgatmbD¢zce. Medi an conowaietdbeaweens2000
m3at KérkehiPatanbD¢ 58e .0g Smadndemtrationsithahi an N
averages is again due fight-skewed distributiorof NO> concentration. Unliken

case of S@ NO, concentrations are variable between cities. This is probably due to
differentinfluence of trafficemissiongn cities. For example, N(xoncentration at
D¢zce, which is a city with 377, 00 popu
concentration measured at Ankara, which is a city with 5.4 million population.

Pl ease note that D¢é¢zce i s |l ocated i n cl
Istanbul and Ankara (TEM and taibad). Probably, N©concentrations measured

at D ¢ affeceed from vehicle emissions coming from those roads. The role of
neighboring emissions on N@oncentrations measured in otlo#ies should also

be taken intaccount.

Ozone concentrations3avtarZocendg ub edtavkd aann d3 16 7¢
K éehik These values are lower than we anticipated, becauseaanéry with

plenty of sunshine higher ozone concentrations is expediedit ozone
concentrationn n  owur c o u n t3ragcording to Ai2 Quality Reguration.

Average Q concentrationgneasured in this study is not even close to this standard.
Relatively low Q concentrations measured in all cities can be dueutaber of

factors. (1) In urban atmosphere high ozone concentrations are observed at suburbs,

not at the city centerdueto pr oces s dstllatibred fA®zome di st
refers to ozone destruction at areas where NO concentration is high, with the

following reaction(1):
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(1)NO + Q3- NOz+ O

This process does not allow ozone built up at the city ceftesrefore, oane

concentration is higher at f a2) Thereemy fr om

approximately 4i 5 hour gap between emission of ozone precursors from traffic
(NO2 and hydrocarbons) and formation of ozone maximum. Ozone precursors are
emitted duringmorning rush hour (betweenahd 10 am), but ozone maximum is
observed at 13:00 14:00 hours. During this time winds move {containing air

over the city to suburbs. Since our stations are mostly within the city we probably
missed high ozone concentmts outside the city. (3) Most sGstandards are
designed for dayime ozone concentrations, to avoid low nighie ozone
concentrations. This means that ozone concentrations that will be compared with
standards has to be measuretyaturing daytime. However, it is not possible to
differentiate between night and day time €oncentrations when samples are
collected with passive sgiter. Since passive samplers are left at the field for about

a week, concentrations measured is average of entire weakuwdiscriminating
between day and night time concentrations. All of these three factors results in low
ozone concentrationsithin the city where all of our BTEX passive samplers are

located.

Benzene concentrations in 13 cities included in this studywa b et we e®mt 1. 6

K¢e¢tahya afKarlalb kg m Most of the VOC studi

in different locations in Turkey demonstrated that BTEX levels are low in Turkish
cities compared to BTEX concentrations measured in equally sized damrand
US cities. This was attributed to smaller number of cars in our (itiegasal et al.,
2013) Although benzene concentrations in most of the cities were lmwve tare
cities s u czteardXKardkowhere benRepe concentrations were ® g

3

m™. Since traffic is the dominating source for most VOCs including BTEX

compounds concentrations of these compounds measured at a station depends

strongly on the distance between the samppogts to the nearest major road,
which can be the reasdor relatively high benzene concentrations reported for some

of the cities.
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General patterns observed in concentrations of other BTEX componachgly
toluene, ethylbenzene, npdylene and exylene were not significantly different

from pattern observed ibenzene concentration.

4.3 Comparison of Data with Literature

Comparison of data with literature part includes a tistage comparison method.
SO, NO, O3, BTEX and theirsources tat they reflect can be seen from table 4.2.

At the first stage, S§& NO,, O3, BTEX concentrations which were measured in
thirteen cities in this study were compared with the concentrations measured with
other cities in Turkey. This comparison is very significant to observe the differences

of air pollutant concentration of otheties.

At the second stage, measurement results ef NO,, Oz, BTEX concentrations in
thirteen cities in this study were compared with the concentrations measured with

similar studies at different regions around the world.

At the final stage, results aheasurements of this study were compared with

regulatory standards both national and international.

4.3.1 Comparison of data obtained in this study with other cities in Turkey

In this section, the measured concentrations of inorganic pollutants including
nitrogen dioxide, ozone and sulfur dioxide and organic pollutants including toluene,
benzenegethylbenzene, mylene, exyleneand pxylene in 13 cities in Central and

Northern Anatolia are compared with other cities of Turkey in order to assess the

pollution level.

Ercan et al. (2019) studied spatial and seasonal variations of atmospherikCz0O

Os and BTEX concentrations in Istanbul. In this study, there was no variation
observed for S@concentration. Meteorological conditions have important effect on
the dstribution of air pollutants. The highest N@oncentration was observed in
winter season and lowest concentration in summer because of photochemical
reactions and residential heating. The highestc@centration was observed in

summer I n Kis stualy) maximum deometric mean concentrations of
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BTEX, O3, N and SQwer e 5476. 4, 110 2dan@ miniBul. 8 6, 9. 414
geometric mean concentrations of BTEX, @O, and SQwere 2.42, 32.85, 5.96,

0. 0 4 3 mgpéctimely. The geometric mean concdigraof O;, NO, and SQ

were 72.04, 15.80 and 1.66 egg/ m

Pekey and ¥zasl anz NG antl 8)concestrations oy usingS O
passive sampling method in an industrial city of Turkey. Ambient concentrations of
SO, NO; and Q were measured at 51 sammgl point in Kocaeli. S©@
concentrations were higher in winter because of residential heating in winters, NO
concentrations were also higher in winter because of combustion of fossil fuels and
other sources which are vehicles, residential heating, chlerprogesses and
incinerations. ® concentrations were higher in summer season because of higher
temperatures photochemical reactions which are promoted with light intensity.
Ozone levels were measured high in rural areas because of reaction between ozone
and nitrogen oxide. In summer, average concentration of M@ s 8° amdg / m
maxi mum concent Faverage noncerdration®PN@ag/ m 4 £ g/ m
maxi mum concent raand averagevcdrentdatibn ak Gasn86

e g P and maximum concentiato n  w a s 3. 16 Wintez, @/enage concentration

of S was 253 asmg/ maxi mum <concentrasmtageon was 6

concentratonof Newa s 568amrdj/ Mmaxi mum concertration was

Bozkurt et al. (2018) measured SN0, Os and BTEX concenttéons by using

passive sampling met hod »wane meagswed digher@Gioncent r at
winter than in summer because of using coal for domestic heating. Concentrations of

NO2 and BTEX were measured also higher in winter than in summer becaugé of hi

traffic density in winter. Because of photochemical reactions gfh@@her Oz

concentrations were measurnedsummer season. Annual average concentrations of

SO, NOp, O3 and BTEX were 23.91, 2236, 33.62 a’mebpectively.1 e£g/ m
When compared with our study, it can be said that annual averageoN€entration

i n Kérkehir was <cl ose teofanbh@gzad e .avikaatgemarouwn C

Zonguldak had the close concentration ob8@d Qwi t h D¢ z c e .
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i zmez (2018) studi ed at md©panckt® bycusingoncent
passive sampling i n :Eosdentratienh ware. medsirer ath i g h ¢
city center which have heavy traffic, urban and residential characteristies. SO
concentrdons were similar N@in terms of spatial variations. However, highest O

concentration were measured at far from the city center.

Pekey and Yeélmaz (2011) measured BTEX ¢
method in Kocaeli. BTEX concentration showed hagimcentration in major roads,

city centers and near industrial areas. Concentrations of BTEX ranged from 3.7 to
335 . 53atAgdampling pointdde an val ues of BTEX was 95

Tecer et al. (2017) measured BTEX and :Néncentration byusing passive
sampling methodat 40 stationan Yalova. These pollutant concentrations were
found to be higher in highway passing through the center of city. Apart from
benzene, other BTEX compounds concentrations were observed in high
concentration in industrial areast main road stationgnean BTEX concentration
was 2. 5 &tindugtainand rural area, mean BTEX concentration was 10.64

egfPamd 1.21 eg/ m

4.3.2 Comparison of Data Obtained in This Study with Other Cities
Around the World

The measured concentrations of inorganic pollutamttuding nitrogen dioxide,
ozone and sulfur dioxide and organic pollutants including benzene, toluene,
ethylbenzene and xylene which is called as BTEX are also compared with the results
of the studies that were performed in other parts of the wadih@re are slight
alterations in the locations of sampling points can result with significant differences
in sulfur dioxide, nitrogen dioxide, ozone and BTEX. Thus, the other measurement
results of cities around the world can ensure only crude information cisorpanf

data obtained in this study.

In Caballero et al. (2012) studidO- concentration was measured at 79 sites in city

of Elche at the southeastern Spain. Concentrations were measured once a month for
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2 years and average NQoncentration was32N12g ¢m®. Minimum NO

concentration was measured in summer season and lowest level svdpi18

Xiao et al. (2018) measure§CG;, NO; and Q concentrations by using passive
sampling method in the Inland Basin City of Chengdu, Southwest China. The
highest SO, and NO. concentrations were measured in winter and the lowest
concentration in summer because of effect of industrial sources and weather
conditions on air pollution dispersion. Me&®, concentrations were measured 28

e gnd, 21e gnand 16g (m°in 2014,2015 and 2016. MeaNO; concentration

were measured 44 (m°, 40 ¢ fm° and 43¢ ¢m3. The highest ®concentrations

was measured in summer season which was related with the solar radiatiot©iaViean
concentratios were measured 83 gn?, 96¢ gn® and 98¢ (me. All 3 years mean

Os concentratioa were higher than 13 cities in our study. Average concentration of
three years 080, NO, and Q were 21,67, 31,33 and 92,83(m°, respectively.

Bari et al. (2015) studiegO;, NGO, and Q concentrations by using pags sampling
method in Alberta, Canada. The highest concentratior5@f and NO. were
measured in winter because of greater frequency of mixing height and high
atmospheric stability conditions during winter. In rural Alberta, industrial emissions
and fosdifuel combustion and wood combustion for residential heating affect the
SO and NO2 concentrations more in winter than summer. Dominant O

concentration was observed in spring and early summer period.

lovino et al. (2009) measured BTEX concentration wiéissive sampling in Naples
metropolitan area. This study indicated that there is high linear correlation between
BTEX concentration and vehicular traffic. Also, there is a correlation with hottest
months of the year due to transport by local seasonalswivderage atmospheric
benzene concentration was higher than the European Union limit value for 2010.
Annual BTEX concentration was measured as %16m® in Naples in 2010.

Kérkehir and K¢tahya showedcghlhat cl ose

Zabiegala et al. (2010) measured BTEX concentrations by passive sampling in
Tricity area and Tczew in Poland in 2007. For selected passive samplers, annual

avelge concentration of benzene exceed the limit values of benzene recommended
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European Union directive. Not only road traffic but also industrial activities could
have effect on BTEX concentratiorBenzene concentration was lower than

European Directive, woih s peci fies®a | imit of 5 Og/m

Kerchich and Kerbachi (2012) studied on BTEX concentration by passive sampling

in semirural sites, urban sites and indoor air in Algiers City. High benzene
concentrations were observed in tunnel, roadside and inside rthim ¢his study,

there is a good correlation between road traffic flow and BTEX concentratiene

were more than 27 sampling points and concentrations were measured in 2009
spring. Average BTEX concent%Ehisvaumis was m
much higher than average BTEX concentration of 13 cities in our study.

Brocco et al. (1997) measured BTEX concentration in Rome during-1992
Average BTEX c¢ onc e ntandathisi value isvatsc higieBthan Og / m
average BTEX concentration of £Ries in our study.

Astel et al. (2013) measured BTEX concentration by passive sampling method at 21
different sampling sites placed in Tristine that is the city of Italy. Higher BTEX
concentrations were observed in winter than the summer and sourcéeEXf B
compounds were associated with traffic impac’s. year s o average
concentration was Mmeasured as 122.10 Og/ |

Duan and Li (2017) studied that BTEX sources and its distribution in China.
Atmospheric BTEX concentration were higher in winter thansiimmer. Main

factors that affects the seasonal differences of BaEXtemperature, precipitation,

wind speed and wind direction. Also, vehicle emission was related with high BTEX
concentrationAn nu al average BTEX concentfation
and 203 for the gitiesnin south and north China. Annual average BTEX
concentration of Ankara and Barteén is cl
of China. Annual average BTEX concentrat

north of China.
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4.4, Spatial Variation of Pollutant Concentrations

In this section intecity variability of annual average concentrations of pollutants
measured in the study is evaluat@ustribution of SO, in 13 cities is depicted in
Figure 44. As pointed in previous sections S@oncentrations do not change
significantly from one city to another. Annual average 8@ncentrations measured
at Ankar a, D¢zce, K¢tahya and Zongul dak
concentrations measured in otheriest but student-test demonstrated that
difference between SOmeans in these cities are not statistically significaiease
note that studenttest is designed to establish statistically significant differences
between dataets with Gaussian digbution. Although we were not able to establish
frequency distribution in our data séhdre was not enough stations to construct a
valid frequency distribution), it is very likely that it is not gaussian. If the data
frequency distribution is not Gauas, then reliability of 4est becomes
questionable.  However, it is clear in Figuteél there is not much difference
between S@concentrations measured in citie$his also is reflected in v low
coefficient of variation (8.9%) calculated using average &hcentrations in cities.

0zgat

vl‘(r_)zgat

Figure 4.4. Distribution of annual median S&ncentrations in cities included in this study
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Distribution of NQ concentrations between cities is depicted in Figuse 4O, is

not distributed as uniformly as S@ Northwestern Anatolia. Coefficient, which is

31.4%, reflects this variability. Highest N@oncentrations are measured in Ankara,
D¢zce and Zongul dak andepbowedt foondeamtkre
Kérkehir. M ain urbars aimospleeee is dréffic dhilssiortdigh NO,
concentration in Ankara is expected due to higher number of cars on the roads.

Al t hough traffic density in Dgengsteinis si
Ankara, NQ concentrations in both cities are comparable. Although traffic density

i n D¢zce is not high, due to i1Its modest
from the Anadolu highway, which is a toll road that connects Ankara antbista

TEM highway, which is another highway connecting Ankara and Istanbul, passes
from the city. HighNQc oncentr ati on measured at D¢zc
is affected from traffic emissions on these crowded highw@iysilarly, the results
werefound in¢ o bGasn (2009) study. Mar mara regi on

in Turkey andndustry is developed in comparison to other regions

| |
. artin

onguldak — o
- Lastamonu
arabuk

| |
IS ankiri
3

Figure 4.5. Distribution of annual median M@oncentrations in cities included in this study
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Figure 46. Spatial distribution of @concentrations in Northwest Anatolia

Distribution of @ concentrations in 13 cities is depicted on Figuré.4Please note

that @ concentration in the city is not the highest I@vels in an urbarairshed.
Maximum in G concentration is always observed at outskirts of the city, at suburbs
due to ozone distillation, which was discussed in previous section. Since most of our
stations are located within the city, city averagec@ncentrations giveim Table 42

and Figure 4. do not show the highestsQevels in these citiesCoefficient of
variation is 30.1%, indicating thatsz@oncentrations dmot change significantly

from one city to another. One interesting feature noted in Fig@raesdthe inverse
relation between ©and NQ concentrations. High concentrations of N®ere
measured in Ankard) ¢, zce and Zongul dak . 6thhtthessan be s
cities have low average sQGoncentrations, which is the manifestation of ozone

distillation at high NO concentrations.

Spatial distribution of meased VOCs in our study area are given in Figurés 4.
48,49, 410and 411 for benzene, toluene, ethylbenzem& p-xylene and &ylene
respectively. Spatial variability of BTEX compounds is very similar to each other,
except for benzene.
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Benzene concentration is the hi ghnest at
medi an i ¢&). ®hislver@gg vaine is atleastaact or of two hé
average benzene concentration measured in other cBms.ce of unusual benzene

concentration at Karab¢gk iIs not Kknown.
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Figure 4.7. Spatial distribution of benzene concentrations in Northwest Anatolia

Highest concentrations f remaining BTEX compounds we
Ankar a, B ar t  éout tha difierenBesbktiveeretinesercities and others are

not as dr amat éc rnadin defezene abmcénfragionserexpected b s e
to similar s p a tlliBaBX cainpouirtds, bdrauseith®e Mominatimg a
source of these compounds is traffic, particularly light duty traffic emissions. Higher
concentrations were observeddigh BTEX concentrations were measured in highly
populated cities like Ankara and in cities tlae affected fsm nearby highways,

Il i ke D¢ zce.of BEXEX tompobndst resemble the variation in NO
concentrations, which is not surprising due to traffic source for both BTEX

compounds and NO
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Figure 4.8 Distribution of toluene concentratioattveen 13 cities included in this study

Coefficient of variation for bezene, toluene, ethylbenzene, p&ylene and o
xylene were 61%, 84%, 47%, 47%, 42%, respectively, indication fair amount of

intercity variability in their concentrations.

Ethylbenzene
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Figure 4.9Spatial distribution of ethylbenzene in the study area
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Figure 4.10Distribution of m&-xylene concentration in 13 cities included in this study

artin
[ |
onguldak

astamonu
-
arabuk

ankiri
-

Figure 4.11Distribution of exylene concentration in 13 cities included in this study

4.5.Comparison of Measured Concentrations of Pollutants with Regulatory
Standards

The easiest way to assdssel of pollution in an urban atrsphere is to compare
measured concentrations with regulatory standards. Since most of the standards are
designed to protect human health, any incompliance with standard is a clear
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indication of the polluted atmosphere. However, there are some exceptitins

statement. Sometimes natural sources can be the source of incompliance. For
example, most of the incompliance cases forflthe Mediterranean region is due

to dust transport fm Sahara Desert or deserts ildiMe East and Arabic Peninsula.

These are natural sources and humans cannot do anything to avoid theenndSin

EU country on the Mediterranean Coast can comply with existing EU staralards
provision was added to EU air quality directis&ting thatfif an exceedance is
showntobedu¢ o dust transport, t hat event can
Please note that Turkey adopted 2008/50/EC directive, this provision also apples to

exceedances in our country as well.

Gases included in this study have also natural sources, like fioesstiut since it is
almost impossible to demonstrate that a forest fire is naturally started (because
humans also start fires), it is not possible to include forest fires to provision
discussed above.

Relevant table in Turkish Air Quality Regulation@R) is given in4.3. The AQR

was modified several times since the first one, which became effective in 1986.
Finally, our regulation was matched more or less exactly with EU 2008/50/EC
directive in 2018 and currently adopted regjolais effective in our country. Only

parameters measured in this study was included in the table.

Table 4.3 Regulatory standards that are in effect in

_ Limit Values
Regulation Pollutants
Hourly | Daily | Annual
20 (for
SO 380 150 ecosysten
health
AQR NO, 260 44
Os 120*
Benzene 5
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Table 4.3 (contéd)

SO** 500 20 50
NO,** 200 40
WH
© Os** 100
Benzene***
SO 350 125 | 208
NO; 260 44
EU Directive | O3 120*
Benzene 5
SO 80
NO; 100
USEFA 03 70****
BTEX
AQR: Air Quality Assessment and Management (2015)

*

*%

*k%k

*kkk

Maximum 8hour daily average per year.

WHO guidelines of air quality for sulphur diad,
ozone, particulate mattaritrogen dioxide and, WHC
Global Update, 2005.

World Health Organization Air Quality Guideline
for Europe Second Edition, 2000.

Annual fourth highest daily maximum 8 hour avere
concentration, average over 3 years.

The hourly | i mi t 3 wvaarlotube
exceeded more tha®4 times a year anthe daily
i mit v a | wecanfiol BeS5excéeded mo
than 3 times a year.

Hourly average, which should not be exceeded by data witthameintegration
i s 3 digidval@edor dwaily and annually averaged datala® 0 ©g m
2 0%, réspectively. There is one point worth noting abiheise S@

ti me

and

standard.Annual limit, whi ¢ h “Jisdefidedla sOgh én f or

It is unrealistically low value to meet in urban atmosphere in Turkey. Aninual |

(20

Dig lower than EPA annual limit and WHO annual guideline value. Since

our regulation is adopted fro2008/50/EC directive, annual 2@mit in EU is also
20 Oa@nn
ecosystem health and not fouman exposure. In EU directive there other criteria

t hat

S

al so defined as #dfor

ecosyste

ecosystem

used for human exposure. 3The
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should not be exceeded more than 24 times in a year and daily limitcealoet be

exeeded more than 3 times in a year. These are the human health related standards.

Unfortunately, these exceedance based limits do not exist in our regulation.

Hourly and annual limit for N@i s 2 6 0 a ff,despéctivelyD gThene is no
daily limit for NO2. Problems encountered in $Gtandard do not exist in NO

because annual | $insi td,e fwhniecdn aiss f4f4o rOgh utma n

Ozone st an d a’r This vase sho2l® notdg exceeded whém 8verage
is taken between 8:00 and 16:00 feu Among VOCs there is a litmvalue for
benzene, which is & g = amnually.

Comparison of our data is problematic for all parameters. Since our sampling with
passive samplers is d&ays long and repeated 4 times in a year, we can only

compare them wht annual averages.

Annual averageoncentrations of SHNO,, Oz and benzene and their status relative
to annual limit value are depicted in Figurda2.City-average S©concentration is
higher than annual limit in our AQR. This due to unrealistically small $@nnual

I i mi t v al3u ahiglididvald®dgs exneeded in almost all stations in every
city included in this study.The annual average concentrations in cities comply with
EPA annual limit value and WHO annugplideline value.

For NO», city average concentrations exceed annual limit value only in Ankara,
D¢zce and Zongul dak. Annual averages

very close to annual Ilimit value, but do not exceed it
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Figure 4.2 Annual average concentrations of pollutant measured in this study relative to annual limits for those

Annual average ozone concentrations measured in our cities are substantially lower
than ozone | i m. tPleasariota that farhdirdy anthiysis method

used in this study is not exactly compatible with methods recommended in AQR. In
order to generate average ozone concentrations that can be compared with ozone
limit value in standardozone must be measureeh@urs between 8:00 and 16:00
hours every day and thesencentrations must be averaged, w@ntinuously
measured for 15 days using passive samplers. Our sampling scheme averages both
daytime and nightime concentrations. Since ozone is secondary specie, which is
produced by photo@mical reactions, its nighime concentrations are significantly
smaller than its datime concentrations. When these low nighte concentrations

are included in averageme ends up with low annual values.

Annual average benzene concentrations exxxeed ong term | i mit on
Very large iron and steel plant and traffic activity around tblaint probably
contributes to that high value. As pointed out before, our regulation is adopted from

EU directive. EU standard is designed by taking adtoount traffic density in EU

countries, but number of cars in traffic is approximately factor of four smaller than
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number of cars in western European countries and Countries in North America.

Please note thaienzene standard in our regulatisn 5 <0 Benzene standard is

the only limit value that increased when we adopted EU dire@iveei t was 5 Og

m3, it wasexceeded irK ar aBogk u and D¢gzce as wel | . Mo s
performed in our group demonstrated that benzene levels in Turkeshwill rarely

exceed benzene limit value.

Number of stations at which annual average concentrations of measured parameters
exceeds annual limit values are given in Table As discussed previously, annual
average S@concem r ati ons exceeded amrnuatmostdli mit wvalu

stations in all cities.

Table 4.4 Number of Measurement Results Exceeding the Limit Value

SO NO2 Benzene

Ankara 65 (98%) 55 (83%) 1 (2%)
Bart 15 (100%) 9 (60%) 2 (13%)
Bolu 20 (100%) 12 (60%) 3 (15%)
¢ankeé 20(100%) 5(25%) 2 (10%)
D¢z ce 25(100%) 19 (75%) 6 (24%)
Eski K 29(97%) 15 (50%) O

Kar ab 24(96%) 12 (48%) 5 (20%)
Kastamonu 30 (100%) 8 (27%) 1 (3%)
Kér &k 15(100%) 3 (20%) 1 (7%)
Kér ke 19(95%) 2(10%) 1 (5%)
K¢t ah 23(92%) 4(16%) O

Yozgat 20 (91%) 5 (73%) O

Zonguldak 29 (97%) 24 (80%) 2 (7%)

(o]
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The NQ limit value is exceeded in > 50% f stations naBolu, Ankar s
D¢ zce, a n d Exdeedarges lam gpdrticularly hight Ankar a, D¢zc
Zonguldak. These cities are under strongfluence of traffic emissionslt is

i nteresting to note that D¢gzce is relati

influence of traffic emissionsndicated by high concentrations of not only N6ut

also VOCsmeasured in this studyrhe only explanation to this is proximity of

Ankarai Istanbul payoad and TEM highway to the citPartsof these highways

b e t wstanloul akd Kocaeli have very high traffic density, which obviously affect

NOcand BTEX concentrations at D¢zce.

Annual limit value of benzene (®g ®)nis regularly exceeded in most cities.
Number of stations where thesgceelancesare observed depends on the distance
between thestation and the nearest ro&Enzene limit value are exceeded in few
stations in each city, indicating that VOCs are not a significant problem in most of
the cities.

Ozone limit value is not exceedad any of the station in any of the cities. The
reason, as pointed out before, is the way ozone averages are calculated in our

measurement system and in regulatory process.

4.6.SeasonalVariation in Concentrations of M easuredParameters

Seasonal median comteations of inorganic pollutants measured in this study are
given in Table & andsummefto-winter concentration ratios are depicted in Figure
4.13. Concentrations of Sfare higher in winter season al cities without any
exception.Indicating influence of space heating on . StncentrationsAlthough

most of the cities included in this study are heated by natural gas, coal combustion is
not entirely phased out, particularly at outskirts of citiekere there is no
infrastructure to use natural gas for heating. Thesdrnoame districts of ities are

still heated by coal.Lower mixing height in winter also contribute to high

concentrations in winter season.

63



Table 4.5 Seasonal concentrations of gemmic parameters measured in the study

SO NO; O3

Sum Fall Wint Sprng Sum Fall Wint Sprng Sum Fall Wint Sprng
Ankara 51 37 47 24 32 78 47 94 40 45 41 39
Bartén 17 23 74 15 49 23 38 59 55 28 41 40
Bolu 25 30 61 12 50 30 46 60 46 61 50 47

¢ankeér ¢19 37 50 38 10 37 28 32 40 37 42 46
D¢zce 16 35 51 5 45 35 59 85 45 32 41 36
Eskikel29 30 55 14 26 30 43 71 46 42 70 48
Karabg¢lt27 29 79 17 37 29 41 54 49 35 47 41
Kastamonu 20 43 57 25 17 43 29 39 69 46 50 55
Kér ékki¢l5 45 58 48 14 45 26 46 36 27 84 44
Kérkehile 28 60 34 13 28 20 28 45 44 118 67
K¢tahyie32 46 46 20 2 46 21 52 36 46 34 37
Yozgat 17 32 62 52 11 32 26 40 51 31 53 59
Zonguldak 34 55 61 26 21 55 50 70 33 47 25 31
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Figure 4.13 Summeto-winter concentrations ratios of inorganic pollutants measured in this work

There is no consisteseasonal trend in NZoncentrations. Main source of N
urban atmosphere is combustion, patidy combustion at vehicle engine. At very
high temperatures in engine NO is formed from atmospherigal, which is then
quickly oxidize to NQ in the atmosphereTraffic emissions do not show a
significant seasonal variatioMhat is the reason why a&onsistent trend is not
observed in N@concentrations. However, slightly higher concentrations in winter

is probably due to lower mixing height in winter.
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Since ozone in the atmosphere is produced by photochemical reactions, one would
expect to see higm concentrations of ©in summer and spring and low
concentrations in winter. Measured seasonal ozone concentrations given in the table
does not suppothis hypothesis. Theraeno very obvious high concentrations in
summer season. However, pleasgenthat our @ data do not show complete
picture about ozone levels in these 13 cities. As discussed earlier in the manuscript
highes ozone levels are not observed the city center, but observed at the
peripheral of the city due to ozone distillatiprocess at the city center where NO

concentration is high.

Seasonal variation in concentrations ofiene, toluene, ethylbenzene, pa&ylene

and oxylene are given in Table @land their summeto-winter ratios are given in
Figure 414. Summeito-winter benzene ratios are < 1 in all cities indicating
significantly higher wintetime concentrations of benzene. There are two important
sources of VOCs that effect observed VOC concentrations in urban pitenes
namely traffic emissions and solvent evaporation. Solvent evaporation is not an
important source for benzene: it mostly come from lidjintty motor vehicles. Motor
vehicle emissions do not change significantly between summer and;\aionesver,

lower mixing height in winter can result in higher concentrations in winter. High
winter season concentrations (lowt@®W ratio) in all cities is proéibly due to this

meteorological effect.
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Table 4.6 Seasonal variation in median concentrations of BTEYa@m nds (concent3ations are in Og

Benzene Toluene Ethylbenzene m&p-xylene o-xylene
Sum Fall Wint Spr Sum Fall Wint Spr Sum Fall Wint Spr Sum Fall Wint Spr Sum Fall Wint Spr
Ankara 1.056.2452 070 25 74 29 75 17 51 18 09 29 89 29 12 15 59 18 0.6
Barté 10916393 585 113 43 13 13 33 03713 11 51 06121 16 28 03413 0.9
Bolu 109 1.7131.2 704 6.0 43 20 18 0.520.391.17 224 0.78 06122 35 04803413 1.8
Cakiri 09935178 275 68 91 11 91 12 11 09 084 18 18 16 13 15 13 10 1.0
Duzce 139197147 1383 67 7.0 39 66 25 06832 35 44 10 45 45 27 07 27 22
Eskisehir 1.01 1.3146 400 36 15 22 20 16 15 19 11 27 23 29 17 17 12 21 11
Kareb ¢ k 4.50 4.66 20.0 1598 11 74 32 10 05407323 093 11 15 42 17 05906421 11
Kastamont. 1.36 3.29 76 255 51 14 12 94 14 14 14 081 22 25 22 13 12 14 11 0.87
Ker ék 07132855 328 13 11 9 12 1.0 092085 082 16 16 14 13 14 11 0.90 0.82
Kér se 09225059 312 59 40 51 38 057045058 041 1.1 0.800.65 0.70 0.66 0.49 0.57 0.59
K¢t ah 042 42735 052 06 92 68 31 00913 16 043 00821 20 061 01114 16 041
Yozgat 0.86 25753 343 11 86 10 11 15 11 084 12 20 18 13 20 11 11 09 13
Zonguldak 1.96 55066 135 11 73 9.1 3.1 19 083088 031 23 15 15 050 1.5 0.830.83 0.35
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Figure 4.14 Summer to winteatio of VOC concentrations
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For remaining BTEX compoundst6&W r ati os are < 1.0 at Bol u,
and K¢Thareasan for lower summer season concentrations is similar to that

of benzene, which was discussed in previous paragraph. However, stonmer

winter concentratiom at i os at Bartén, D¢zce, Eski kehir
This observation indicates thavaporative emissions from solvents used in

buildings have important contribution ®TEX concentratioa measured in these

cities.

4.7.Relation between Meteorological Parameters and Concentrations of

MeasuredParameters

Certain meteorological parameters can increase and decrease concentrations of
pollutants in an urban atmospheYeind speed, temperature, rainfall are related with
decreasing concentrations of organiedainorganic pollutants, whereas mixing
height showed inverse relation with pollutant concentrations. In this study, we
attempted to relate concentrations of pollutants measured in this study with rainfall,

temperature and wind speed.

Variation of SQ, NO, and Q concentrations with rainfall is depicted in Figur&3!.
Concentrations of pollutants is expected to decrease with ltaiagarain washes
atmosphere.There are numerous demonstration of wet scavenging process in
literature, but most of them demonstrate scavenging of particle bound parameters
with rain. Parameters measured in this work are gases. For removal of gases from
atmosphee depends on their solubilit@nly ozone showed a statistically significant
decreas with rain. This should be expected, becausei©water soluble gas and

thus can be captured by cloud droplets or by falling rain droplets. Nitrogen dioxide
and VOCs measured in this study are not water soluble and thus do not show a

positive or negative e¢celation with rainfall.
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Figure 4.15 Relation between rainfall and measured parameters

Relation between concentrations of SAO0, and Q and wind speed is shown in
Figure 416. Interestingly wind speed did not show statidticasignificant
correlaton with any of the parameterand p value is bigger than 0,08 is
interesting, because generally WS correlates strongly with decreasing concentrations
of pollutants in the atmosphere, because it efisgs and dilutes pollutant§he
reason for lack of any relation between WS and pollutant concentrations in this study
is probably very slow average winds in cities. As pointed out in earlier sections,
average wind speed in most of our cities was less than® which is very clse to
meteorological definib n o f \WheraWSisivery low, pollutants are distributed
fairly homogenously over the city and relation between pollutant concentration and

WS cannot be established.
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Figure 4.16 Relation between wind speed and measaetneters

The relation between temperature and pollutant concentrations are shown in Figure
4.17. Unlike WS and rainfall, temperature is strongly correlated with concentrations
of SG, NO; and Q and p values are smaller th&05 which means showing
statistically significant correlatn. Concentrations of S©HNO, and Q decrease and
concentrations of BTEX (sum of thereene, toluene, ethylbenzene, p&ylene

and exylene concentrations) decrease with temperature.
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Figure 4.17 Relation between temperature and measured parameters

The decrease in S@oncentration with temperature is probably due to burning of
fossil fuels in winter for space heating. Although most of the cities are now heated
with natural gas, none ofi¢m are heated entirely with gas. For example only 60%
of the households in Ankara are heated with gas due to lack of necessary
infrastructure for natural gas trgport at outskirts of the cityConsequently, SO
concentrations decreasath temperatureif summer)and p value is smaller than
0,05which meanshowing statistically significant correlain. The relation between
temperature and NOconcentration is very weak, but slight decrease in2 NO
concentration with increasing temperature can be sebn.rélason for such a weak
decrease is probably the same with,S®™ain source of N@is traffic. However,

some NO also comes from coal combustions or gas combustion. Lack of such
combustion process in summer (when temperature is high) is probablysoa fer

observed decreasing trend.
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Unlike inorganic pollutants, BTEX concentrations increasgh increasing
temperature wich means concentrations are higher in sumanérp value is bigger

than 0,05which means nostatistically significant correlatn. Higher summer
concentrations of VOCs, particularly Toluene, was discussed previously in relation
to their seasonal variations, and attributed to increased evaporation during summer.
Toluene is dominating VOC (in terms of concentration) in BTEX group sehso

variation of toluene affects BTEX concentration.

4.8.BTEX Ratios

Chemical species in the atmosphere show different reactivity. As a result of
photochemical reactions, concentrations of the reactive compounds will decrease
faster than concentrations of lagsctive ones (Elbir et al., 2007). Ratios of VOCs
with different reactivity and sources can provide information on aging of VOCs and

different sources affecting their concentration.

The ratio, which is most widely used to understand aging of air pascejteneto-
ethylbenzene ratio (X/E ratio) (Ho et al., 2004; Hsieh et al., 2011). The X/E ratio
decrease after the compounds (xylene and ethylbenzene) is emitted to atmosphere,
because xylenes react faster with HO radicals (Ho et al., 2004). Hence/Bow

ratios are measured at a receptor which is far from the source (Ho et al., 2004).

Similarly ratios of VOCs with different sources can provide information on relative
contributions of these sources. Tolugaodenzene ratio (T/B ratio) is the most
widely used ratio for this purpose. Benzene is emitted exclusively from motor
vehicles, particularly from light duty vehicles. Although emissions from motor
vehicles are also source of toluene in the atmosphere, it also hasfficrsources,
such as evapatian from painted surfaces. Consequently, high T/B ratios indicate
strong contribution of notraffic sources on the VOC composition of the
atmosphere (Guo et al., 2004; Guo et al, 2007; Hoque et al.,, 2008). TFmuene
benzene ratios reported for freshhaust emissions are approximately 2, but the ratio
increases with increasing naraffic toluene contributions (Sweet and Vermette,
1992; Scheff and Wadden, 1993).
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Annual average XE ratios in cities included in this work is depicted in Figige 4.
Xyleneto-ethylbenzene ratio is very similar in all cities. Its value is constant around
2.5, which indicates a mixture of fresh emissions from nearby roads and aged
emissions transported to measurement site. This is not surpkisceyse in every

city both xylene and ethylbenzene are measured in a number of stations distributed
in the city. These stations are affected from fresh and aged emissions to different
degrees, but on the average a uniform mix of fresh and aged emiggi@assain all

cities.

X/E ratio

L Dzx%
Ny

@:%"‘ 0
Ny /77

i
A

& @

Figure 4.18 Xylendo-ethylbenzene ratio in 13 cities included in this work

Annual average toluer®-benzene ratio is depicted in Figurel@ for the cities

included in this work. Asan be seen from the figure, TB ratio is not as uniform as
XEratioamong citi es. It varies between 1.5
wel | above exhaust ratio (2.0) i s obseryv
Kastamonu indicating that evaporative emissions from painted surfaces and printing

and photocpying activities are influential on measured VOC concentrations in these
cities. On the other hand, relatively |
Kar ab¢ k, Kerkehir, K¢t ahya, Yozgat and
cities are motor vehiek.
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Figure 4.19Tolueneto-benzene ratio in 13 cities included in this work

Seasonal avege tolueneo-benzene (TB) and xylere-ethylbenzene (XEjatios in

cities are given in Table 4.7. Xylete-ethylbenzene ratios do not change
significantly from one season to another demonstrating thamasses with similar

aging prdile prevails in all season3.olueneto-benzene ratios also do not show too
much variability, except for summer season. In summer higher TB ratios are found
in most of the cities, due to enhanced evaporation from surfacedsgler
temperatures. This also suggest that in most of the cities evaporative sources have
nortnegligible contribution to VOC composition, but contribution of evaporative

sourcess small in other seasons.

74



Table 4.7 Seasonal variation in VOC kagiat 13 cities

ToluenéBenzene XylendEthylbenzene

Summer Fall Winter Spring  Summer Fall Winter Spr «

Ankara 24.3 119 5.7 10.8 2.6 29 26 1.8
Bart é 1043 26 14 2.3 2.4 25 2.7 2.2
Bolu 5.6 25 0.6 2.6 2.4 24 29 2.4
¢ankeée 6.8 26 14 3.3 2.7 29 2.7 2.8
D¢ zce 482 35 26 4.8 2.8 25 23 1.9
Eskisehir  35.1 11.3 4.8 5.1 2.7 24 26 2.5
Kar ab 24 16 16 0.6 3.2 29 2.7 3.0
Kastamonu 37.2 44 1.6 3.7 2.4 28 24 2.6
Kér ék 17.9 35 1.7 3.6 2.8 3.0 27 2.7
Kér ke 64 16 0.9 1.2 3.0 28 2.1 3.2
K¢tah 15 22 19 6.0 2.3 26 2.2 2.4
Yozgat 12.4 33 19 3.3 2.1 27 26 2.8
Zonguldak 5.5 13 14 2.3 2.0 28 2.7 2.7
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4.9. Spatial Distribution of MeasuredParameters in Cities

There are many studies that use Geographical Information System software for
modelling and analysing of air pollutioWiénneau et al., 28 Unwin, D., 1996;
Gulliver and Briggs, 2011; Ketzel et al., 2011; Jensen et al., 2001; Cinderby and
Forrester, 2005; Kumar et al., 2016; Sohrabinia and Khorshiddoust, 2007; Zhang et
al., 2008)The objective in this section is to interpolate pollutantcemtrations and
use generated pollution maps to determine potential sites for air quality monitoring
stations. This software is an efficient instrument to store, manipulate, capture,
analyse and manage various kind of geographical data and describe ajrejahic

for understanding easily (Kumar et al., 2016).

Pollution maps were prepared by interpolating concentrations measured at each
station using Inverse Distance Weighting (IDW) interpolation method in ArcGis
software. IDW is considered good method tadgtspatial patterns of air quality and

it provides good interpolation of air quality (Kumar et al., 2016). Since objective is
to find potential sites for monitoring stations winter concentrations were used in
interpolation, because it was considered asrstcase distribution of both

combustionsgelated (SQ) and traffic related (Ng) pollutants.

Input data included coordinate of sampling stations and winter\w@@ter NQ and
spring Q concentrations. BTEX compounds were not interpolated, because they
were measured in only few stations and data were not enough for interpolation.
Seven out of 13 provinces with more than 20 stations was used in this exXeat#se.

of winter SQ, winter NQ of four out of seven provinces was given in Appendix A.
Also, sping Oz concentration distribution of sevgmovince was given in Appendix

A. Please note that selection of &ations as the minimum number for interpolation

is a tentative decision. Higher the number of stations (or data points), lower the
uncertainty In our earlier studies, we typically interpolated data generated at > 100
stations to generate pollution maps. Althoughstationsarenot much to generate
pollution distributions with reasonably low uncertainty, they are good enough to

demonstrate #happroach we adopted to select station sites.
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The first step in the process is to determine adequate number of stations for each

city. The criteria that bases on population is given in (Air Quality RegulatQ®R

and also shown in Table 4.8For eachict y , there should be a
stationo. Locati on of residential stat
concentration and location of traffic station was based on distribution of NO

concentration.

Table4.8 Criteria for determining the miniom number of sampling poirdascordingto AQR

Popul ation - Number of sampling points |
regiono or 0 concentrations exceed the t
evaluation threshold for S@nd NQ

0-249 1
250499 2
500-749 2
750999 3
1 00061 499 4
15001 999 5
200062 749 6
27503 749 7
37504 749 8
4 7505 999 9
>6 000 10
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In this study we adopted a method developed by Bayraktar and Turalioglu (2005).
The idea is to define average conditions in the city with a minimum nuniber o
stations. So, in our search we tried to determine locations where generated pollutant
data can represent average conditions in the city. To accomplish thissBution

maps were prepared by interpolation and the-cwmucentration contour that
corresponds to average S@oncentration measured in stations was highlighted.
This contour shows the parts of the city where @nhcentration is expected to be
equal to measured average SOncentration in that city. The sites on this counter
where the poplation density is the highest should be ideal locations for residential
station. All residential stations in that city can be located at different locations on

that fAaverageo contour.

Figures of existing stations, residential and traffic stations amlage ozone

concentration of 7 provinces are given in the Appendices part of the study.

In the figure 4.20determination of measurement point for.$0shown for Ankara.

Grey lines show the concentration contour that increasing concentrations every 10
eg/m?. Each point show stations and green point shows the city center. Black line

shows the average winter concentration in the Ankara. Colors specify the

concentration of pollution. As the colors change from yellow to red, concentration of

pollutant increae. Points on the map shows the passive sampling stations used in

this study and black triangles indicate locations of suggested monitoring stations.
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Figure 4.20Spatial Distribution of S@in Ankara

Population of Ankara was 5,270,575 in 2015. Basedhe AQR criteria, a total 9

stations should be installed and 6 of them should be residential stations and three of
them should be traffic stations. Average winter 8@ncentration in Ankara is 46.8

egfm The bl ack | i ne 2xontour, cadculated py the §1S 4 6 . 8
software. Stations which was labeled by triangle should be installed in the
residenti al area where the pollution cau
was determing in residential areas with the triangles on the average winter SO

concentration contour.
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Figure 4.21Spatial Distribution of N@in Ankara

Figure 4.21shows the spatial distribution of winter concentration o NOAnkara.

Average winter N@concentation which is shown in black contour in the figure was

measur ed as. 34taiond Beatorgwhith was labeled by triangle was

determined in Ankara where traffic is heavy on the average concentration contour.

Please note that, for a station toibelent i fi ed as #Atraffic stati
certain criteria such as being close to major roads, should represent high density of

pedestrian availability etc. Putting traffic station onto the averagec@@our does

not mean these criteria can desrlooked.

Population of Zonguldak was 595,907 in 2015. Based on the AQR criteria, a total 2

stations should be installed and one of them should be residential stations and one of

them should be traffic stations. Spatial distribution ot 8tZonguldakcan be seen

from the figure 4.22 Average winter S® concentration in Zonguldak is 61.47

egPm The bl ack | i ne Pcontour baculaed py the §IS61. 5 Og
software. Station which was labeled by triangle should be installed in the residential
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area where the pollution caused by heating is high. One location was determined in

residential areas with the triangles on the average wintec&@@entration contour.

Winter SO2-Zonguldak

0 0225 045 0.9 Kilometers
Legend { FE G v | Ly g |

A Residential Station Concentration (ug/m3) [ | 52,10-62,50 [ ] 93,71 - 104,11
© wi_SO2Zongudak [ |2090-3130 [l e250-72,91 [ 104,11 - 114,51
@ L_MERKEZ_WGss4 [ |31,30-4170 [ 7201-8331

Concentration Contour || 41,70 -52,10 83,31-93,71

Average SO2-Zonguldak
Winter SO2-Zonguldak

Figure 4.22Spatial distribution of S@n Zonguldak

Figure 4.23shows the spatiatlistribution of winter concentration of NOIn
Zonguldak. Average winter Noncentration which is shown in black contour in
the figure was mea@ne statiendocation which wag Kbeledgoy m
triangle was determined in Zonguldak where traffic is heavy on the average

concentration contour.
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Winter NO2-Zonguldak

1 Kilometers

Legend
A Traffic Station Concentration (ug/m3) [ | 37.88-45,99 [ ] 70,31-78.42
® wi_NO2Zonguidak [ | 13,56-2167 [ 45,99 - 54,00 [T 78.42 - 86,52
@ IL_MERKEZ_WGS84 [ |21,67-2977 [ 54,00 -62.20

—— Concentration Contour I:I 29,77 -37,88 62,20 -70,31

Average NO2
Winter NO2-Zonguldak

Figure 4.23Spatial dstribution of NQ in Zonguldak

Spatial distribution of S©i n  E s kan keeséen from the figure 4. Ropulation

of Eskikehir was 826,716 in 2015. Based on

should be installed and two of them should be residestgions and one of them

should be traffic stations. Average winterS©oncentration in Eskikeh
egfm The bl ack | ine oScontourealcoiaed byithe GI8| so 55. 4
software. Stations which was labeled by triangle should bwlled in the

residential area where the pollution caused by heating is high. Two locations were

determined in residential areas with the triangles on the average winter SO

concentration contour.
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Winter SO2-Eskisehir
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Figure 4.24Spatial distributionof SO n Es ki ke hi r

Figure 4.25shows the spatial distribution of winter concentration of >N@
Eskikehir. A voacendragien which s shewn inNl@ck contour in the
figure was measi One dtatiensocatiod wilicB was dpbetad by

triangle was determie d i n Eskikehir wher e traffic
concentration contour . Pl ease note that
stationo it should ful fildl certain crite

represent high density of pestrian availability etc.
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Winter NO2-Eskisehir
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Figure 4.25Spatial distribution of N@i n Es ki ke hi r
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CHAPTER 5

CONCLUSION
5.1.Conclusions

351 sampling stationsver e exami ned i n Barteéen, Ankar a
¢tankeéer é, D¢zce Kastamonu, hiKand Zzohgyldakin Yoz g a
order to measure SONO,, Oz and BTEX compounds between January of 2014 and

May of 2015 én the scope of tdiBQand hesi s
NO> parameters, samplings were collected every two weeks and two times in a
month. Samplings were collected every four weeks and one times in a month in
spring and summer seasons. On the other hascan® BTEX samplings were

collected every two weeks and two times in a month in spring and summer and
samplings were collected eveigur weeks and one times in a month in autumn and

winter.

Measured S®and NQ, Oz and BTEX concentrations were compared with other
cities in Turkey and other cities around the world. Also, studied data was compared
with regulatory standards.

Temporal vaiation which was only seasonal variation was observed because results
of compounds concentrations were taken by passive sampling method which was

once a two week

Meteorological factors which are temperature, wind speaad rainfall were
discussedvith SO, and NQ, Osand BTEX concentrations with all thirteen cities.

The aim of the study wat determinesite, number and type of the monitoring
stations that will be established in these citv@th measuredsulphur dioxide,
nitrogen dioxide, ozone, benzerteluene, ethylbenzene and xylec@ncentrations

by passive sampling i n Z&kgudakDgazcéanker&@geh
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Kar akBgkj kehi rKa sktéar neokrkua,l eK ¢ t. &dr thia pugposes, Yoz gat
concentration o3 inorganic compounds (SONO,, Os,) and 4 organidbenzene,

toluene, ethylbenzene and m&p xyl@¢wempoundsvere measured.

In addition the seasonal variation in concentration of measured parameters, spatial
distribution of parameters wasxamined by interpolating pollution comteations

with ArcGis software. 7 provinces which had minimum 20 stations were selected to
determine numbers and station locations to measupeaB@ NQ concentrations.
Winter concentrations of these pollutants were used because it was considered as
worst scenario distribution of both traffic related (B)Cand combustions related
(SOy) pollutants. For S@measurement stations, residential areas were chosen and

for NO, measurement, main road sides were selected to site the stations.
5.2.Recommendation for Futue Studies

The sources from which the data were produced influence the results obtained from
this study. In thiscontext the location of the stations from which data sets are
provided and population informatidhey represent are important. In order tokena

more accurate evaluations of the population rates exposed thé&&and G and

BTEX levels in this study, it would be appropriate to have information on what area
and population the stations represent. In this sense, establishment of other stations

can represent certain parts of the provinces will better reflect the air quality.

Determining the seasonal differences and spatial distribution fN8® and Q but
it could not reachnumber of BTEX station to analyzeMore installed passive
sampling stabn would be better for reflecting BTEX measurements of cifdso,

sampling period should be longer than the studyetanore accurate results.

In this study, 7 provinces that had minimum 25 stations were selected for
interpolation.For 6 provinces,he spatial distribution map could nbe analyzed
because of the small number of statidi®re samping stationsshould be installed
for spatial disttbution of pollutants. Also,if there wasenough stationin the
provinces and sampling periods longegablisiing meaningful relationship with

meteorological datevould be easier.
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APPENDICES

A: Traffic and Residential Stations and G contour
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Winter NO2-Duzce
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Winter NO2 Karabuk
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Winter NO2-Kutahya
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Winter SO2-Zonguldak
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Figure Al15Spatial distribution of SO2 in Zonguldak
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Figure A16 Spatial distribution of 2 in Zonguldak
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Figure A17 Spatial distribution of O3 in Zonguldak
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