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Abstract: The objective of this research is to determineattmeospheric concentrations and spatial distrilputio
benzene (B), toluene (T), ethylbenzene (E) andnede(X) (BTEX) and inorganic air pollutants(QNO, and
SQ,) in the Yalova atmosphere during summer 2015.his study, a combination of passive sampling and
Geographical Information System-based geo-stadisti;e used with spatial statistics of autocormtatto
characterise the spatial pattern of the qualityanf based on concentrations of these pollutantyatova.
The spatial temporal variations of pollutants ie #ir with five types of land-use, residence, runéhway, side
road and industrial areas were investigated atatbes in Yalova betweer"August 2015 and $6August 2015
using passive sampling. An inverse distance waeightiterpolation technique was used to estimatiabkas at an
unmeasured location from observed values at ndadayions. The spatial autocorrelation of air pialhts in the
city was investigated using the statistical methofisloran’s | in addition to the Getis Ord Gi. Duogi the
summer, highway and industrial sites had higheeltewf BTEXthen rural areas. The average concentration of
toluene was measured to be 5.83 [fgdmd this is the highest pollutant concentratiomerAge concentrations of
NO,, O; and SQ are 35.64, 84.23 and 3.95 pg/mespectively. According to the global resultdviiran’s I; NG,
and BTEX had positive correlations on a global spaica significant rate. Moreover, the autocori@aanalysis

on the local space demonstrated significant haisspo industrial sites and along the main roads.

Keywords: air quality, core pollutants, GIS, IDW, spatiat@eorrelation

Introduction

Rapid increase in population, uncoordinated urlziois in addition to
industrialisation are the primary contributing farst to air pollution in European urban
areas. Despite essential developments and alsmweyments regarding solutions to air
pollution in many European urban areas over thetmse decades, this problem still stands
[1]. The rapid growth in road traffic and urban ptgiions has led to the rise in quantity of
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pollutants. However, worsening of the conditionstedd with air pollution in urban areas
also causes a decrease on the health conditionselfate of the residents together with
the ecosystems lived around [2-4].

Due to this there is a need for all European citiesvaluate their air quality. This is
stipulated in the new directive on air quality [Blccording to this directive it is necessary
for the member states to provide information togdedy means of collecting, exchanging
and disseminating related current data and steist that the society can better understand
the impacts and effects caused by air pollutiorctviwvould also lead to the development of
better policies. To be able to protect the ressland their surrounding at a larger scale, it
is essential to try to eradicate the emissionsrgialutants at where they are brought about
by identifying the measures to be taken and implertteem at the same time to reduce the
emission at local, national and eventually at datikevel. The latest forecasts of World
Health Organisation and the European Commissiorphaforward that 400,000 deaths of
premature babies could be related with the poltutiothe air in the surrounding area in
years of 2010 and 2012 in Europe [6].

Generally, studies on air pollution are carried avth the data collected from
continuous monitoring stations in urban areas [4Although this approach is widely used,
many research on air pollution has shown sign$efexistence variability between intra
urban areas and areas of street scale, which maygmetant for air quality indicators [8]
and therefore does not represent environmental sexpo Furthermore, according to
Wheeler et al. [8], air pollution data from fixeconitoring stations cannot be used directly
as true indicators of population exposure. Theesfor order to understand the effects of
atmospheric pollutants as a result of the expostipppulations, investigating the situation
of intra-urban areas is of high importance. Diffiesisampling is also another way to
evaluate the quality of the air regarding pollutioks for the advantages of passive
sampling; it is simpler and less expensthan automatic monitoring stations. It is well
known fact that patterns of air pollution relateihvepace are generally the consequence of
physical and cultural changes in progress on oangil Spatial patterns can be used in
showing the way air pollutants are distributed atdom or give times. They can be in
forms of cluster, dispersion and shuffle. Howeveis not possible with this analysis to
know when there are only a few stations in the.city analyse the spatial pattern of air
pollution we need a greater number of sampleshilhdase, passive sampling is convenient
as it allows for mapping of the urban and ruralcaiality [9, 10].

Providing new ways of analysis in spatial distribos and patterns of air pollution
concentrations regarding space has been possitileGeiographical Information Systems
(GIS) and geo-statistics [4]. According to liten&uresearch on air pollution is generally
brought about by methods of distance-weighting [12] and kriging [13-15]. In fact,
interpolation is aimed to distinguish among spagiatterns of phenomenon by making
predictions on the values at un-sampled areas usagby sampling points. The inverse
distance weighting (IDW) method presents more wieggiaording to the distance; more for
closer and less for distant locations, however, kriging method which is
a regression-based technique, the values are éstimia un-sampled areas. And this
technique uses weights which reflect the corratafrom a sample point to the one to be
estimated. These techniques also provide very lkawledge about the structure of air
quality patterns. There is no clear agreement gnaaproach whether it could be accepted
optimal globally, although a number of studies camep these techniques [16-18].
No matter which method, environmental health agenhare increasingly using GIS
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technology to protect the health of populations amdlerstand the impacts of the air

pollution on human health. Although, these gecastatil techniques are widely used, they
cannot determine the status of spatial correlatiamether affirmative or adverse. Spatial

autocorrelation is all about observations; as al#® defined as the observation by spatial
adhesion. In cluster identification, there are sonathods that has gained importance after
the localization of global solutions on spatialcaabrrelation; one of the important one of

them is the use of spatial data analysis [4]. Ld8atis-Ord is one of these solutions

together with Moran’s Indicators [19].

In Turkey, the basic causes of air pollution inambareas can be sorted as; rapid
increases in the number of people living in, urbatibon without plan and also
industrialization. It is well documented that bemz&B), toluene (T), ethylbenzene (E) and
xylene (X) (BTEX), nitrogen dioxide (N£), ozone (@ and sulfur dioxide (S& can
adversely affect human health. Volatile Organic @oonds (VOCs) are a group
commonly referred to as BTEX, which includes bemzetoluene, ethylbenzene and
xylenes [20]. The main features of these are ttegintation in being toxic and carcinogenic
[21, 22]. There are also some compounds stemmaong the pollutants caused by traffic
and photochemical processes; Nfdd Q [23]. And it is clear that these kinds of pollutan
have negative effects on the residents’ healtlustand the surrounding area. One of these
pollutants, known as Qs available both on surface-level and troposphEnés pollutant is
very hazardous to the human health which even easecthe death of premature babies,
reduction in the amount of agricultural yields,egdttion and shifts in ecosystems and
devastation of infrastructure [23]. $8 one of the major urban air pollutants and rivaes
from fossil fuel combustion and smelting. If sulpicuacid is also manufactured in the
surrounding area, it is highly probable that ibie of the pollutant source in the urban area.
SO, has an important effect on the human respiratgstesn and the environment due to its
contribution to the acidification of soil and waterthe ecosystem.

The objective of this research is to determine @tmospheric concentrations and
spatial distribution of BTEX and inorganic air pghints (Q, NO, and SQ) in the
atmosphere of Yalova during the summer of 2015this research, a combination of
passive sampling is used together with GIS-basedstistics and spatial autocorrelation
statistics to characterise the spatial patterniofjaality based on the concentrations of
these pollutants in Yalova.

Materials and methods
Site description

Yalova is a small city of about 127,670 inhabitaritscated on the coast of the
Mediterranean Sea in western Turkey (lat. 40°37 - 40°3%55, long. 29°120" -
29°1850" E). Its north is surrounded by the Marmara Seg. (E). Yalova is situated on the
northern side of Samanli Mountain and is built inhdly terrain, which stretches
perpendicularly to the sea. The most important esoa activities in the city are industrial.

Yalova become a city on thd'@une 1996 and is cited as being on the most impbrt
transportation route, which is a transit route lestwvthe metropoles of Istanbul, Bursa and
Izmir and also one Organised Industrial Zone latatear the city border. Yalova has
a very active road which is used by many peoplé Hating the day and night. It lies in the
western part of Turkey and the road is not remadenfthe centrum (see Fig. 1). These
factors are very important for the quality of airfalova and also have a direct effect on it.

Unauthenticated
Download Date | 6/28/18 7:05 PM



56¢ Lokman Hakan Tecer, Sermin Tagil, Osman UlukayaMgdve Ficici

Legends

Istanbul Elevation [m]

Fast Ferries Co. Inc. . - Marmara Sea
. 2 [ 10-50

[ 50-100
[ 100-200
I 200 - 200
I -300
D Yalova

A\

N
0 1.5 3

— (k1]

Fig. 1. Location of Yalova and surrounding topodmap

The direction of the wind and the emissions haveefiect on the quality of air of
Yalova. When we examine the wind directions in sanof 2015, we can see that the most
frequent directions the wind is coming from the BEd NW on average. However, it is
also brought about in the observations that windiog from SW and SE is rare compared
to the before mentioned directions (Fig. 2).
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Fig. 2. Frequency distribution of wind directioriaitkey Weather Service) for summer 2015

Data handling and analysis of passive samplers

In this paper, we used;0ONO,, SO, and BTEX (benzene, toluen, ethylbenzene,
o-xylene and m,p-xylene) concentration data and lese data. When selecting the location
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of the monitoring stations, important consideratisrgiven to different land uses in the
city. The spatial variations of ambient air polhts (BTEX, Q, NO, and SQ) with five
land-use types, residence, rural, highway, sidd eva& industry area, were investigated at
40 stations in Yalova (Fig. 3). Measurements of,N83,, O; and BTEX concentrations
were performed using passive diffusion samplerindut5-day intervals from thé"o the
26" August 2015.

Stainless steel cylindrical tubes with a diamete'5& mm were used for passive
sampling of BTEX and acrylic rubber septa with andeter of 11 mm were used for
passive sampling of SONG, and Q. For the sampling of SOO; and NQ concentrations,
diffusion tubes were used which were modified asialype. The tubes were then set up in
chosen areas in a vertical position 2-3.5 m abbgegtound, which roughly corresponds to
the human breathing zone. Objects such as lightseirstreets, trees and traffic lights were
used for the fixation of the shelters with samplénsthe process of sampling the type of
sheltered samplers were passive ones. The diffuslmes were sent to licenced laboratories
to be analysed using ion chromatographic techniquesrder to obtain a GIS geodatabase,
the installation of diffusive samplers was suppobiiy a Global Positioning System.

Neighborhoods
1-Adnan Menderes
2-Bahcelievier
3-Bayraktepe
4-Baglarbasi
5-Dere

6-Fevzi Cakmak
7-Gazi Osmanpasa

8-smelpasa

9-Kazim Karabekir

Passive Sampling Stations 10-M. Kemal Pasa

@® Residential area 11-Pasakent
® Main road 12-Rustempasa
Side road 13-Suleymanbey

14- Industrial site
Rural area

N
A — D575 Highway (Izmit -Bursa)
0 1 2

® Industrial site
Main road

\: Neighborhoods —  Site road

Fig. 3. Locations of surface air pollution {ONO,, SG, and BTEX) monitoring stations in Yalova
during 2015 summer

In this work, SQ and NQ passive samplers were prepared with 20% trietlazanioke
(TEA) aqueous solution and covered with WhatmanAGHer papers. On the other hand,
O; samplers were impregnated with 1% NaiN£% NaCO; and glycerol aqueous solution.
The air dried filter papers were fixed to the pesstampler base at 5 mm height. After
exposure to definite time period, the tubes welkected and closed with caps. In this step,
SO, and NQ samples were extracted with 10 “oofi ultrapure water and 0.3 émf 35%
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H,0, solution, and the ozone samples were extracted Svitn? of distilled water for 15
minutes. Analyzes of the extracted samples wemgechout using ion-chromatography (IC)
instrument. In IC analyzes, NQSQ? and NGO ion concentrations were determined for
NO,, SO and Q, respectively. The determined concentrations atstiplied by the
excitation volumes and the amounts retained througtine sampling period are calculated.
We used a cylindrical tube of 5.8 mm diameter mafdstainless steel for the BTEX

passive sampling. Sampler tubes were filled witlsuitable adsorbent (530 +30 mg
activated carbon). Volatile organic compounds ob#d by adsorption in passive sampling
tubes were analyzed by FID Gas Chromatography aéiparation with carbon bisulfide.
Concentration calculations were made for each faoilwsing Fick's law.

Interpolation process and spatial clustering

The meteorological and geographical conditions otitg, together with human
activities, produce a characteristic air pollutipattern in each city. In the study,
concentration maps were obtained using an IDW dhgar According to Myers [15],
while making predictions on values at unsamplechgrenore remarks are assigned to
closer locations than remote ones, that's why IBWne popular form of interpolation [11,
12, 24]. Therefore in this study we use IDW. Funthere, by design, IDW methods respect
the range of the original observations (from then#ghitoring stations), whereas the other
methods, like kriging, do not.

Significance Level Critical Value High-Low Clusrerlng

Global Moran's |
prvalue -score
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0.10
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1.96 - 2.58
>2.58
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Fig. 4. Example graphs of output of the spatiabeattrelation tool applied to rotation angles

Clustered LewrClusters Random High-Clusters

When we make a comparison between the statistiesiec analysis and the thematic
maps of IDW, we see that cluster model is more cilvje for analysing spatial patterns
because it provides us with information about theitons of spatial clusters, where they
exist. The other information provided with that lysé are the types of spatial correlation
[25]. In this study Global Moran’s | and the Gefisd General G-statistic (Gi) were used to

Unauthenticated
Download Date | 6/28/18 7:05 PM



Spatial distribution of BTEX and inorganic pollutamuring summer season in Yalova, Turkey 571

measure the spatial autocorrelation of pollutamts.measure the whole clustering The
Global Moran’s 1[26] was in effect. But, in identifying hot-spotsich cold-spots this
measure is not effective because of the differénciypes. So, the availability of these
spots over the urban area were detected using ¢her@ Gi model. Detailed information
about these statistical models could be obtairma free and Wong [19].

These global metrics give summary values for thelevinesearch area. However, the
magnitude of spatial autocorrelation of pollutaisteot necessarily uniform over the urban
area [25]. The importance of local statistics canrécognized in spatial autocorrelations;
capturing the spatial heterogeneity and identifyihg cluster points. In determining the
high and low values attributed for the identificatiof spatial clusters, we used the Local Gi
statistics developed by Getis and Ord [27]. If @aldGi is indicating high values, it points
to hot-spots because of being higher than the maare, however, if the value is lower
than, it points to cold-spots.

In a cluster map the results of the analysis aceveh And for mapping each type of
pollutant in the area, z-scores of both values weegl. At the significant level of 0.05; the
indication of statistical significance is measut®d the z-scores being less than 1.96 or
more than 1.96 (Fig. 4).

Results and discussion
Spatial distribution pattern

Descriptive statistics related to the BTEX concatitins assessed as the result of
passive sampling are given in Table 1. Toluene his pollutant with the highest
concentration in the atmosphere of Yalova. The medne of toluene was measured as
5.83 pg/m and the highest toluene concentration was measased3.64 g/t The
standard deviation of toluene was found to be hégid this indicates that toluene
concentrations are regionally quite unstable. I$ feauind out that a change occurred in the
mean values of toluene concentrations at a rappfoximately 135% in time and space.
Xylene is the organic pollutant with the second hieist concentration in the city
atmosphere. The standard deviation of total xylam&centrations was also quite high and
measured to be around 67%.

Land use and land cover largely determine the &ybamount of air pollutants. Land
use variables were investigated to determine whethg of these were correlated with the
concentration ratios in Yalova. Table 2 shows haseased BTEX concentrations vary
as a result of different land use type in the citye majority of emitting facilities in Yalova
are located in a distinct industrial core thataparate from residential areas. However, it is
close to the residential areas. Concentrations obfeh, ethylbenzene, o-xylene and
m,p-xylene are higher in the industrial core butsitdetermined that benzene is higher
around the main road.

Traffic emissions can also be regarded as the esus€ toluene-benzene (T/B) and
xylene-ethylbenzene (X/E) depending on their ratithe area. Some studies have revealed
that the ratios of T/REre in the rise in relation to the volume of theffic, emission ratios
in the industry and also some other source causetemse locations [28, 29]. As the
organic compounds of gasoline, Benzene and tolspresad from the emissions of vehicles
with engine to the atmosphere. Toluene contenhefeixhausts of motor vehicles depends
on the type of the fuel and it is three- to foundss greater than that of benzene. In gasoline,
toluene content is five-times greater. The T/Badt a characteristic that implies the
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emissions of vehicles [30]. Usually, when the Té8a is less than 5 in city atmospheres in
the world, it is accepted that the main source athktoluene and benzene are traffic
emissions [31]. A high ratio of T/B indicates tlthe impacts arising from industry and
traffic are high in the area [29].

Table 1
Descriptive statistics of BTEX concentrations [pg/m
Descriptive statistics B T E 0-X m,p-X > X Hourly-B
Average 1.46 5.8 1.15 1.38 2.1 3.3 5.0
Standard deviation 0.43 7.9 0.49 0.59 1.7 2.2 15
Median 1.40 35 1.05 1.24 1.8 3.0 4.8
Range 1.46 42.1 2.45 3.16 8.3 12.1 5.0
Min. 0.81 1.6 0.76 0.85 0.7 0.8 2.8
Max. 2.27 43.6 3.21 4.01 9.0 13.0 7.7
B: Benzene, T: Toluene, E: Ethylbenzene, X: Xylene
Table 2
Mean BTEX concentrations in differnet landuse [ufj/m
I:r{gige B T E | oX | mpX | TX | Hourys | /B | XE?
Main road 1.98| 6.19 1.30 151 1.75 3.26 6.73 3.13 502
Side road 1.53 4.36 1.13 1.38 2.11 3.58 5.22 2.85 .12 3
Residential areg  1.33 4.14 1.03 1.23 1.96 3.19 453 3.11 3.09
Industrial site 1.88| 37.07 2.97 3.3B 7.91 11.33 86.3| 19.69 3.81
Rural area 1.10 2.20 0.82 0.95 1.18 1.75 3.78 2.p02.13

B: Benzene, T: Toluene, E: Ethylbenzene, X: Xyléf@luene/BenzenéXylene /Ethylbenzene

When T/B values get close to 1, then they can barded as the indicator of emissions
related with traffic in urban areas. And regardihg location of the pollutant source, this
ratio will be on the rise in relation to the distangetting closer [32]. The T/B values in
Yalova are much more higher than 1 which can berpméted as the existence of another
source of toluene. According to Liu et al. [33]p® processes like cleaning and printing
may create evaporations of solvent and this coelthken into consideration for the source
of toluene as T/B ratio was determined to be ak hgy(> 19.7) in industrial areas.

Some researchers also use the X/E ratio to underskee characteristics of pollutant
VOCs [34, 35]. Meta-para xylene and ethylbenzendeuyo different reactions with
hydroxyl radicals in the atmosphere and the reaatibthese two compounds determines
their duration in the atmosphere. As m,p-xylenenire reactive than ethylbenzene, this
ratio decreases as the duration of VOCs in the gimere increases. In ambient VOC
investigation, th&X/E ratio is also used by many researchers to etalihe relative age of
the air parcels [29, 34, 35]. In general, thereais opposition between xylene and
ethylbenzene regarding the reactivity species;enfie former is regarded highly reactive,
the latter is regarded to be low in reactivity. fidfere, low X/E ratios presents an air parcel
which is aged and indicates an area less affegtdebh emissions. Atmospheric life spans
of m,p-xylene and ethylbenzene are 3 and 8 hoespectively and the X/E ratio will
decrease as m,p-xylene will move away from theupafit source as they react faster than
ethylbenzene [36]. The X/E ratio is high in indisdtrareas and residential areas where
traffic is intense; however, this ratio is found lbe relatively low in rural areas. This
situation gives rise to the idea that photochemieattions are more effective because of
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existing fresh emissions in the areas where thesing and traffic is dense. Also, this
suggests that BTEX in these areas may also conme fron-traffic sources. Unleaded
gasoline #92, unleaded gasoline #95, unleadedigas#®8 and diesel are commonly used
in Yalova. Therefore, another reason for the higfios in traffic-heavy areas of the city is
associated with the fact that such emissions atisrdepend greatly on the gasoline used
in different investigated countries. According tau@ and Oanh [35] for different samples
in urban areas a wide range of ratios are repoftecrovide examples to these reports; in
Tokyo 1.3 and in Athens 4.8 be the most common oarge from 2.0 to 3.0 [34]. It is
known that low X/E values are connected with acfiietochemical reactions [37, 38].

Statistical measures related to inorganic pollutaricentrations (§) NGO, and SQ)
are given in Tables 3 and 4. Ozone mass concanmgatiange between 51.27 and
103.95 pug/m In the summer, ©concentrations in rural areas are higher thanetishe
city centre. During the study period, meag @@ncentrations are over 60 ud/rwhich is
the limit value given by the European Union Framdw®irective on Air Quality
Assessment and Management [39]. Nitrogen dioxidencewtrations range from
12.65 to 80.73 pg/frduring the summer period and the mean concentrigig5.64 pg/rh
This mean value is over the European Union limiue#40 pg/m) around main roadS0;
concentrations range from 3.14 to 4.58 igtiuring the summer period and the mean
concentration is 3.95 pgfm

Table 3
Descriptive statistics of inorganic pollutants [pd)/
Descriptive statistics NO; (o8 SO,
Average 36 84 3.9
Standard deviation 27 28 1.7
Median 25 86 3.8
Range 98 121 9.0
Min. 8 12 2.2
Max. 106 133 11.2
Table 4
Regional variation of inorganic pollutants [pudim
Urban land use NO, O3 SO,
Main road 80.73 51.27 4.58
Side road 39.35 78.04 3.41
Residential area 24.88 103.95 3.95
Industrial site 32.78 73.36 3.14
Rural area 12.65 88.62 4.04

For forming a continuous surface, interpolation weed as a means of making
evaluations by the observed values between thetgpower a space. For indicating the
spatial patterns of the variables;(MO,, SO, and BTEX) IDW was implemented. The
map of BTEX concentrations at an individual basiineated in summer time in the city of
Yalova are presented in Figure 5. Concentrationsmoissions were observed to be very
different in urban and rural locations. Maximum age concentration of BTEX was found
along the main road while minimum at less residdmtreas, because high levels of BTEX
could be attributed to very high traffic densitydaiow traffic. The concentration of BTEX
was observed to be lower in distance to the sowseels as the main traffic route. The level
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of benzene pollution is observed to be high, esfigain neighbourhoods along the D575
highway and in the city centre where dense buildingstructions and trade zones are
present (Fig. 5). Benzene concentrations reachmanrilevels in city centres where there
is dense traffic. The neighbourhoods with the héghevels of benzene pollution are Dere,
Gazi Osmanpasa, Suleymanbey and Sanayi. The veesitithe city and the areas with
relatively less traffic and settlement have comipasely lower benzene concentrations.

Benzene

Toluene

— D575 Highway (Izmit-Bursa)

Main road

— Side road

Fig. 5. Maps showing values of benzene, toluetgllsnzene m,p-xylene and o-xylene [ug/m

Toluene has shown higher effects especially initinkistrial zone along the D575
highway and the neighbourhoods surrounding thesmil area (Fig. 5). In the industrial
zone there are car mechanic shops, paint and psishs and auto repair shops, where
a wide range of repairs are conducted. The parthefheighbourhoods of Bahcelievler,
Gazi Osman Pasa, Pasakent and Baglarbasi thatcme to the industrial zone display
a remarkably high level of toluene. It is obsentbdt the places with a high toluene
concentration are expanding towards the city ceintthe direction of the Bursa-Istanbul
highway. Toluene concentrations, which are oved 1&/nf in the industrial zone, range
from 6.0 to 12.0 pug/fin the surrounding neighbourhoods. The cleanesisaof the city,
with regards to toluene pollution, are the resi@dgmtreas in the east and west ends.

Like toluene, ethylbenzene also displays highestl¢ein the industrial zone (Fig. 5).
The impact of ethylbenzene pollution decreases digtance from the industrial zone but
not in the parts of the surrounding neighbourhoolise to the industrial area. The
neighbourhoods most polluted and affected by e#ingbne pollution stemming from the
industrial zone are Gazi Osman Pasa, Pasakent,i FeaZmak, Suleymanbey and
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Baglarbasi. Another area with a significantly higtnylbenzene concentration is the area
where Istanbul Fast Ferries Co. I©0O) is present (Fig. 1). The cleanest areas otitye
with regards to ethylbenzene, are the residentigsain the east and west sides of the city.

The areas with the highest values of m,p-xylenes a#xylene pollution are the
industrial zone and its close surrounding (Fig. B)e levels of both pollutants decrease
with distance from the industrial zone. The impadtboth pollutants can also be observed
in areas close to the industrial zone, which isoarse area for the pollutants, in the
surrounding neighbourhoods. These neighbourhoods Baglarbasi, Bayraktepe,
Mustafekemalpasa and Pasakent. Another remarkaigle #@r both pollutants is the
neighbourhood close to IDO in the north side of ¢hg. This side of the city displays the
highest traffic density. Fevzi Cakmak and Rusterapasighbourhoods have remarkably
high values of m,p-xylene concentrations. In theseighbourhoods, the values
of m,p-xylene and o-xylene concentrations ranganfrd.5 to 4.5 pg/hand 1.4 to
2.4 pg/m, respectively. The cleanest areas of the cityh végards to m,p-xylene pollution,
are the residential areas that are distant from ¢hg centre on the east side
of the city.

A map of Q, NO, and SQ concentrations for the summer period in Yalova are
presented in Figure 6. The level of N@bllution is high, especially in neighbourhoodatth
expand along the Bursa-Istanbul highway and in d¢itg centre where dense urban
construction and trade zones are present (Fidl'f&.most polluted neighbourhoods, with
regards to N@ levels, are the parts surrounding the roads altimg route. NQ
concentrations are an explicit indicator of traffimissions. The area surrounding the IDO
is also remarkable for the level of B@ollution. An important proportion of measured NO
concentrations are formed by the oxidation of icafriginated nitrogen monoxide (NO) in
the atmosphere. Though, some proportion of,N@n be released to the atmosphere
directly as vehicle emissions [40, 41]. N€oncentrations in areas around the main road
where the traffic is dense in the city are measwoebe 6.3-times higher than in the rural
area. It is understood that there is a negativeetaion between N and ozone
concentrations measured in different parts of ttye ¢

I 120-400 B 7o- 100

40.0-60.0 10.0 - 200
20.0-30.0
80.0- 100.0 30.0 - 40.0

0 15 3 I 100.0- 1331 B 001058 T R
[km]

60.0 - 80.0

Fig. 6. Maps showing values o NO, and SQ [ug/nT]

A reverse relation is inevitable between these pstiutants as the NOstemming
from vehicles reacts with the ozone in the atmosphthus consuming the ozone and
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eventually causing the generation of N@n these areas, NCconcentrations are over
40 pg/ni. The rate of concentration decreases east andaofiesad. These values do not
exceed the value of 40 pgirwhich is the limit required for the preservationté current
status of human health according to HKDYY (Reguolasgi for the Assessment and
Management of Air Quality). The surrounding areabjch exceed 30 pgfinare also
important for protecting the vegetation. The masgpalluted areas of the city, with regards
to NO, pollution, is the Ismetpasa neighbourhood in tlstethe Adnan Menderes
neighbourhood in the west, the Pasakent neighbodrion the south side of the city and
parts of Kazim Karabekir neighbourhood, which aisaght from the city centre.

The level of Q increases radially from city centre (Fig. 6). lnese areas O
concentrations are over 100 pg/fihe areas with the lowest values are the indistdne
and Bursa-Istanbul road. In summer, the annual naelre of Q concentrations is over the
60 pg/ni limit value of European Union Framework Directivie Air Quality Assessment
and Management [40]. LBoncentrations are at its highest rate in rurahsrower in areas
close to the city and even lower in dense traffeaa unlike other pollutants. The Nénd
BTEX concentrations in areas with dense trafficesp the generation of;@nd cause the
photochemical exhaustion of ozone. As a resulhisf 10; concentrations in these areas are
low. As NG, and Q react with each other in photochemical processdbhé atmosphere,
usually Q levels increase in areas where Névels decrease. Spatial Bl€oncentrations
are measured to be higher in urban locations wkel@a&er in rural locations. This is
related to the low levels of Ln the city atmosphere. Areas where the ozoneegalre
high are places to which the pollutant sourcesh agtraffic and industry that can cause
the exhaustion of ozone by reacting with ozone distant. Ozone has a longer duration in
rural atmospheres where ozone is not exhaustetidoyical reactions. From studies carried
out on this subject, it is known that pollutantswado rural areas from the city centres and
industrial zones according to various factors ofteomlogy and air movements and
generate ozone by photochemical reactions in thesses [42].

Figure 6 shows the spatial distribution of S@ is observed that SQevels are quite
low and never exceed the limit values. The areasravt8Q is at its highest are the
neighbourhoods on the northeast side of the citglustrial zones also give rise to high
pollutant concentrations in the south side of tlty. ¢SO, concentrations are low, as
expected in the summer period. S@city atmospheres is usually caused by the Gisea
for domestic heating in the winter season. As hegatiot required during the summer
period, SQ concentrations are low. However, industry and elieghicles can also be
sources of S@release to the atmosphere. Although, when theg@@ution map in Figure
5 is analysed, it is revealed that the east-wapession trend of air quality is affected by
pollutant sources that are located outside of ke on the east side. If the northeast
direction of the wind is also taken into considiemat it can be said that pollutant sources
from this area affect the city of Yalova (Fig. 2).

Spatial-cluster and spatial-outlier analyses

In Table 5 and Figure 7, the outcomes of global andr statistics and Getis-Ord G
analysis are presented. A positive autocorrelaticthe area is a sign showing that similar
values have more probability of being close to eztbler.

In other words, tendency is measured by the tdstitocorrelation, through all data
locations. In these tests correlation means gdotpwer or higher values correlating more
closely with each other in spatial areas with otkiatues; high or low. In Table 5,
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significantp values are listed with positive values of Morah(ge. p < 0.01) for SGQ, O;,
NO, and BTEX. These outcomes are reflections of thgeddency of high values; they
depend on the values in the locations next to ttieam higher values will cluster in space
with other high values).

Table 5
Spatial Autocorelation of QNO,, SG;and BTEX in Yalova

Pollutans High/low clustering Global Moran's |
Observed General G: 0.000 Moran's Index:| —0.020

(63 Z-score: —-0.650| Z-score: 0.085 |
p-value: 0.516 p-value: 0.933
Observed General G: 0.000 Moran's Index:| 0.091

NO, Z-score: 3.506 | mmm Z-score: 2.447 | 3
p-value: 0.000 p-value: 0.014
Observed General G: 0.000 Moran's Index:| 0.035

SO Z-score: -0.014| — Z-score: 1.364 |
p-value: 0.989 p-value: 0.172
Observed General G: 0.000 Moran's Index:| 0.213

Benzene z-score: 4.035 | z-score: 4980 |
p-value: 0.001 p-value: 0.000
Observed General G: 0.001 Moran's Index:| 0.146

Toluene z-score: 2.689 | mmm z-score: 4.446 | mmm
p-value: 0.007 p-value: 0.000
Observed General G: 0.000 Moran's Index:| 0.116

Ethylbenzene Z-score: 2.334 | @ Z-score: 4.492 |
p-value: 0.019 p-value: 0.000
Observed General G: 0.000 Moran's Index:| 0.164

m,p-xylene z-score: 2.074 | z-score: 4.379 |
p-value: 0.038 p-value: 0.000
Observed General G: 0.000 Moran's Index:| 0.112

o-xylene z-score: 3.318 | mm z-score: 3.075 | mm
p-value: 0.001 p-value: 0.002

Contrary to the indications of strong global sgatéutocorrelation, clusters of
pollutants displayed non-stationary, as indicateéigure 7. By using the Gi statistics the
hot spots are evaluated for the measurement oésahktich cluster in a sub region of the
research location. We also used this statisticghateto determine the locations of the
spatial clusters of high or low values. And thdeetion of the features in sets of data, is
a z-score. For statistically significant positivescores; when the z-score is larger, the
clustering of high values will be more intense &l \ghot-spot). And as for negative scores,
the smaller this time will reflect the more intertdestering of low values (cold-spot).

We found that significant air pollutants, except @&nd SQ, cluster in Yalova.
Although the N@ and BTEX had remarkable spatial positive corretgtimore than half of
the samples of these pollutants displayed no sagmif spatial pattern in the area.

For NG, significant hot-spots on the highway are remalkaff-ig. 7). Q was
observed in areas of low urbanisation had were-high clustered. Keuken et al. [43] also
reported that in Europe busy streets and city ilooat have low level of ozone
concentrations. One focus point they made was that;depletion of ozone reacts with
emitted nitric oxide and this process is tendingpgomore important than the re-creation of
ozone. The reduced nitrogen oxide emissions camgélde traffic can actually cause ozone
levels to increase in city centres due to traffistrictions. In this situation, the nitric oxide
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formerly acts as a local ozone scavenger [44]. AN&TEX, toluene, ethylbenzene,

m,p-xylene and o-xylene displayed significant hotts at industrial sites in which many

small industries exist. However, benzene also disga hot-spots on the main roads and
intersections where traffic is dense and in indailstarea. This shows that benzene is
affected by traffic and industrial activities. Likenzene, N@displayed hot-spots along the

main roads and intersections where traffic is dewespecially along the Istanbul-Izmir

highway. The traffic line in the centre of the ciythe reason for the high-high cluster. We
could not determine any hot-spots for, 3@ Yalova in summer. However, in the western
side of the city where there is a lower populatmid-spots for S©can be found.

Benzene -\ Toluene

Hot Spot Analysis
m,p-Xylene o-Xylene g i
p-Xy ":f'—f /{_\ﬂ_’_ [Getis-Ord Gi*]
< . ' &= @  Cold spot - 99% confidence

@  Cold spot - 95% confidence
Cold spot - 90% confidence
Not significant
Hot spot - 90% confidence
@  Hot spot - 95% confidence

@  Hot spot - 99% confidence

D575 Highway [lzmit-Bursa]

A Main road
N 0125 z'fkm] Sise road
Fig. 7. Maps showing hot-spots of,O,, SG and BTEX
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Conclusions

A study of the BTEX and inorganic pollutant congatibns in ambient air of Yalova
city was implemented to find out the compositiord aoncentration distribution of these
pollutants in regards to the type of landuse: essi#, rural, highway, side road and
industry. The GIS-based mapping applied in thisaesh appears to offer an effective
method for mapping anthropogenic-related pollutafite maps developed steadily provide
well predictions of levels of pollutants at unsaetplocations. In smaller field researches,
in which observed data is uncommon and yet the ssitgefor high resolution maps is
crucial and GIS interpolation techniques offersosverful interpolation and analysis tool.
This research puts forth the prospects for gettingr the hindrance of infrequent spatial
observations within the context of air pollution ppang. The availability of suitable
mapping techniques is reduced to a great extersngll number of air quality monitors.
We recommend the use of passive samplers, as fires&e the most complete and
detailed analysis of air quality. Also, our anatydhas made it clear that spatial
autocorrelation has a significant effect on théngtions of pollutant spatial clustering.

In the city Yalova, BTEX and Nfconcentrations were found to be higher along the
highway passing through the centre of the city. Agmt the BTEX species, high
concentrations of aromatic species, such as toJusthglbenzene and xylene were seen in
areas where the industrial activity is common. he tcourse of this research, low
concentrations of BTEX and NQvere seen in areas with residential populatiorcotgding
to the findings of this study it was certain thasitles the emissions caused by the traffic,
industrial activity was also an important factorcrimasing the concentration levels of
pollutants in the surrounding air. Also, the edsthe city, which is densely populated, is
found to be more polluted than the west of the. ditgalysis demonstrated that there are
high-high clusters around industrial areas andhigéway, for all pollutants except SO
and Q. In Yalova, large variability was observed in théB ratios, indicating large
contributions of these two compounds from pointrees. Also, the mean T/B ratio was
found to be higher and outside the range normatlicative of traffic. We have shown how
a real analysis can improve the estimation of aality. In light of this, the results have
important implications for public policymaking.
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