.@oumal of research in

vAtm'ospheric,science

Journal of Research in Atmospheric Science
Vol. 5, No. 1, pp. 1-6, June 2023

Scientific Opinion

ISSN:2687-6418
http://resatmsci.com/

Towards retrieving aerosol chemical composition from temporal
variations of total PM mass concentrations: Theoretical approach,
insights, and the promise of machine learning techniques

Danish Ansari', Prateek Verma?, Tabish Ansari®”

! Independent Researcher, Bangalore, India, danishansari.wrk@gmail.com
2 Department of Chemical Engineering, University of Arkansas, Fayetteville, United States, prateck@uark.edu
* Corresponding author: Campus Fryslan, University of Groningen, Leeuwarden, the Netherlands
*Now at: Research Institute for Sustainability (RIFS) - Helmholtz Centre Potsdam, Potsdam, Germany, tabish.ansari@rifs-potsdam.de

Abstract

Fine and ultrafine ambient particulate matter (PM) has major health and climate impacts. Chemical composition of PM is required
for better estimation of these impacts but is considerably expensive to measure as compared to the measurement of only the total
PM mass concentrations. We discuss the theoretical possibility of indirect estimation of PM chemical composition by analysing
the temporal variation of, relatively inexpensively measured, total PM mass concentrations. We highlight the peculiarities of the
temporal characteristics of primary versus secondary aerosols which can become the basis for a machine learning-assisted
estimation of chemical fractions at a given time if PM mass concentration time-series of preceding few hours is supplied as input.
We also analyse a publicly available chemical composition dataset to show the inter-relationships between different chemical
components which can further assist machine learning algorithms to optimise the chemical fraction estimates.
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1. Introduction and Motivation

Ambient particulate matter (PM) or aerosols with
diameter smaller than 2.5 microns (PM2.s) and smaller than 1
micron (PM;) have deleterious effects on human health
including mortality and morbidity (Anenberg et al., 2010;
Cohen et al., 2017; Health Effects Institute, 2018; Lelieveld et
al., 2015; Maji et al., 2018; Pope & Dockery, 2006). Ambient
PM levels consistently exceed daily and yearly safe standards
set by the World Health Organization (WHO) in various parts
of the world (Kanawade et al., 2020; Morawska et al., 2021).
Health impacts are generally estimated using response curves
that relate reduced mortality to total PM mass (Lim et al.,
2012). However, better estimates of health effects require the
chemical makeup of PM in addition to its total mass (Leni et
al., 2020; Molina et al., 2020). Additionally, knowledge of PM
chemical composition aids in understanding of cloud
formation and other climate effects (Almeida et al., 2014;
Charlson et al.,, 1992). PM typically includes chemical
components such as organic carbon (ORG), black carbon
(BC), ammonium (NHg), nitrate (NO3), sulphate (SOs),
chloride (CHL), mineral dust and other heavy metals (Seinfeld
& Pandis, 2016).

While it is relatively inexpensive to measure total PM
mass concentrations, it is much more expensive and
challenging to observe PM chemical composition. Offline
sampling techniques of estimating aerosol chemical
composition involve retrospective lab-based chemical
analysis of filter papers from PM measuring instruments
(Holzinger et al., 2010; Malaguti et al., 2015; Timkovsky et
al., 2015). Besides requiring regular intervention of skilled
personnel and expensive laboratory analysis (Deng et al.,
2021; Rai et al., 2021), they yield longer time-averaged
(typically daily- or weekly-averaged) chemical composition
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information and are thus better suited for limited time-span
field campaigns than for real-time data streaming service to
citizens and stakeholders, for instance. Online techniques
involve direct measurement of aerosol chemical components
using mass spectrometers (Nash et al., 2006) such as the
Aecrosol Mass Spectrometer (AMS) or Aerosol Chemical
Speciation Monitor (ACSM) (Frohlich et al., 2013; Ng et al.,
2011) which can be prohibitively expensive (approximately,
AMS: $500,000, ACSM: $150,000-$200,000; personal
communication), incur expensive maintenance, and require
trained personnel to operate. Due to these limitations,
chemical composition of aerosols remains unobserved over
large parts of the globe including major population centres
such as the Indo Gangetic Plain (Brooks et al., 2019; Pai et al.,
2022). On the contrary, total PM mass concentrations can be
measured using reference monitors that cost around (based on
personal communication) $20,000-$30,000 or low-cost
sensors that cost between $200-$2000 (e.g., Purple Air;
https://www2.purpleair.com/). Unsurprisingly, observations
of total PM mass concentrations are far more abundant than
the observations of PM chemical composition. PM chemical
composition observations over time are available for multiple
sites in United States (Jeon et al., 2023), Europe (EMEP, 2019)
and China (Dao et al., 2019; Li et al., 2017), but with several
temporal gaps (EMEP, 2019), thereby hindering scientists
from developing a consistent global picture of aerosol
chemical composition at a high temporal resolution.

Physics-based chemical transport models (e.g., GEOS-
Chem, WRF-Chem, CMAQ etc.) can be used to generate PM
chemical composition by using emission inventory datasets
along with first principles knowledge of gas-phase and aerosol
chemistry. However, they remain computationally expensive
to run and exhibit large biases in simulated PM chemical
composition when evaluated against PM chemical
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composition observations (Miao et al., 2020; Pai et al., 2022)
due to uncertainties in the input emission datasets and
incomplete representation of aerosol chemistry in the model.

The emergence of Machine Learning (ML) techniques
such as recurrent neural networks (RNNs) and Transformers
which can handle temporal data offers an excellent use case to
solve the problem of deriving PM chemical composition from
the time-series of PM mass concentrations if sufficient
chemical composition measurements are available for model
training. In the next sections we will discuss the peculiarities
of the observed temporal behaviour of various PM chemical
components that can enable us to derive or estimate PM
chemical composition by utilizing PM mass concentration
time-series data as input using these ML techniques.

2. Theoretical Insight and Opportunity

Total PM concentrations show distinct temporal
variations at the diurnal as well as seasonal scales (Seinfeld &
Pandis, 2016; Sun et al.,, 2019). This temporal signature
depends on a number of local and regional factors such as
meteorology (wind speed and direction, relative humidity,
boundary layer mixing), atmospheric chemistry (chemical
rates of formation and transformation of aerosols) and
emissions (their strength and temporal variations and the
relative location of sources to the receptor). Moreover, the
temporal signature of total PM mass concentration can be
viewed as the sum of the temporal signatures of each of its
chemical components. Hourly data from various AMS/ACSM
measurements, particularly for urban locations, indicate that
all chemical components do not exhibit identical temporal
variations (Ansari et al., 2019; Seinfeld & Pandis, 2016; Sun
et al.,, 2019; Sun et al., 2012). We notice that, generally,
primary aerosols (BC and primary ORG) show a spikier
signal, indicating that they are freshly emitted and preserve
some characteristics of the temporal profiles of their emission
sources. On the other hand, secondary aerosols (NH4, NOs,
SO4) show a smoother temporal signal which is evidence of
the timescales of chemical conversion of precursor gases to
aerosols. Concentrations of precursor gases (e.g., NO, and
SO,) might retain the temporal signal of emission sources but
since they are lost during chemical transformation, are not
preserved in NO3 and SOj4 aerosol observations.

Superimposed upon the emissions/chemistry signal is the
meteorological signal but regional meteorology affects all
chemical components simultaneously, rather than
individually. So, all chemical components will show a
simultaneous decline if the wind direction changes to one
which brings clean air or if wind speed increases. Turbulent
mixing in the atmospheric boundary layer, however, has a
somewhat dissimilar effect on primary and secondary aerosols
(Brooks et al., 2019). Primary aerosols have a stronger vertical
gradient than secondary aerosols because all primary emission
sources are situated at the surface while secondary aerosols
have a weaker vertical gradient within the boundary layer due
to the spatial scales of chemical production. Therefore, a
reduction in boundary layer height leads to much steeper
increases in primary aerosol concentrations as compared to
relatively modest increases in secondary aerosol
concentrations, see, for example, Ansari et al. (2019).

Therefore, we posit that, under similar meteorological
conditions, a highly spikey and fluctuating temporal profile of
the total PM indicates a dominant fraction of primary aerosols
while a smoother temporal signal of total PM suggests a larger
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proportion of secondary aerosols. These distinct temporal
responses of different chemical components hold the key for
their indirect estimation. This approach is valid, especially for
urban locations where aerosols are externally-mixed; freshly
emitted and contain strong temporal signals of their sources
(e.g., traffic, industry, households). However, observations
made at remote locations with far-away emission sources have
weaker source-signals and the aerosols are often in an
internally-mixed state; different chemical components stick to
each other into a single particle, such that, the chemical
composition of each particle is the same as the overall
composition of the aerosol mixture (Sun et al., 2019) , which,
in turn, will likely hinder the ability to make good estimations
of compositions based on the temporal profile of total PM
alone.

ML techniques such as RNNs and Transformers offer an
attractive application case to this scientific problem as they
allow for mapping multiple input values (say, 24h history of
PM time-series preceding the time-point of prediction) to
multiple output values (e.g., six chemical fractions at the given
hour). Transformers can also provide time-sensitive
weightings to different input parameters thereby harnessing
maximum value out of the peculiarities of time-series to
estimate the chemical fractions.

3. Analysis of Publicly Available Data

Apart from temporal variations, it is important to study
the relationship between chemical component fractions and
total PM mass. It is crucial to understand if the fractions persist
over a given range of total PM mass concentrations or if they
change more randomly across the total PM range. Some
chemical components are formed at the expense of others. For
example, SOy is preferentially formed before NOs in presence
of'excess NH3 (Seinfeld & Pandis, 2016). Such co-dependence
must be analysed vis-a-vis total PM concentration and aids in
estimating chemical fractions in the absence of their actual
measurements. To illustrate this approach, we used the
publicly available PM; chemical components data over Delhi
from Gani et al. (2019).

Figure 1 shows the variation of six chemical fractions
against 25 ug m-3 bins of total PM;. The median fractions,
across all bins, range from 0.42 to 0.65 for ORG, 0.05 to 0.13
for NHy, 0.03 to 0.22 for SO4, 0.04 to 0.11 for NOs, 0.01 to
0.28 for CHL and 0.05 to 0.13 for BC. The ORG fraction
shows a general increase from bottom to top suggesting that
the higher PM; episodes are caused by additional organic
aerosol contributions. However, this increase is not
monotonic. ORG fraction remains somewhat constant
between 25-175 pug m™ PM, range, showing a slight reduction
in the 225-250 pug m™ bin, followed by an increasing trend
until 400 pg m>. However, the median ORG fraction shows
an abrupt decrease between the 400-500 pug m? bins.
Interestingly, the decline in ORG fraction across these bins is
compensated by a corresponding increase in the CHL fraction
and, to a lesser extent, NH4 fraction. Other fractions remain
nearly unchanged across these bins.

NH4 and SOg4 fractions show a decreasing trend from
bottom (cleaner) to top (more polluted conditions). NO3 shows
an increasing trend until 225 pg m™ after which it declines.
CHL shows an overall increasing trend beginning at 0.01 at
the lowest bin to 0.09 at the highest bin with an abrupt increase
in the 425-500 ug m range as noted earlier. BC fraction
shows a modest decreasing trend from 0.13 in the lowest bin
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to 0.05 at 450 ug m after which it steadily increases to 0.13
in the highest bin.

The interquartile range (IQR) for NH4, SO4, NO3 and BC
were generally low (within 0.1), while those for ORG and
CHL were the largest, up to 0.3, and generally increased as we
moved up the bins. For SO4, the IQR was largest for cleaner
periods (0-75 ug m™) after which it diminished consistently.
The consistent decreasing trend in SO4 fraction shows the
physical limit of SO4 formation in Delhi given the regional
precursor emissions.

We further investigated the competition effect between
CHL and ORG fractions as noted from Figure 1 and found a
significant anticorrelation (1=-0.74) between the two, for cases
where CHL>0.1 (Figure 2). An even tighter anticorrelation
was found between NH4 and CHL fractions (r=-0.87) while
CHL and NHj4 fractions showed a positive correlation
(r=0.61). Such relationships between different chemical
fractions, especially if true across multiple sites, can
potentially be exploited by machine learning algorithms to
establish more generalizable relationships among chemical
fractions and/or relate them to the total PM mass.

4. Discussion and Future Outlook

In this study we have laid out the theoretical foundation
for potentially retrieving hourly aerosol chemical composition
information without directly measuring them by utilising
merely the temporal variations of total PM mass
concentrations. We have discussed the peculiarities of
temporal signals of different aerosol components based on
their physico-chemical properties and their differing response
to meteorology. We have also analysed a publicly available
dataset of aerosol chemical composition in a novel way to
establish the relationships between total PM; and individual
chemical fractions. We believe these distinct properties of
aerosol chemical components provide for an excellent use-
case for machine learning techniques to uncover valuable
climate- and health-relevant information in a cost-effective
way. At the very least, this methodology could work for
individual sites where there is availability of continuous long-
term total PM mass concentration data and some availability
of chemical composition observations for shorter periods such
as during specialized field campaigns. Once the relationships
are established, the machine learning model can furnish
aerosol chemical composition for periods when direct
chemical component observations do not exist, but the total
PM mass concentration observations are available, thereby
allowing us for location-specific gap filling of chemical
component data. In a more optimistic case, the ML model may
be able to learn more universal characteristics of aerosol
components and may become transferable to new locations if
trained over several locations with diverse meteorology and
emission sources.

There are several challenges and limitations that should
be carefully considered when designing the ML prediction
model for chemical fractions prediction:

a) Optimal length of input time-series data: Based on
our theoretical proposal, we believe that it should be
possible to estimate the chemical fractions of PM at
any given point in time with sufficient accuracy if
we input a sufficiently long historical time-series
data of PM mass concentrations. Various tests
should be performed by inputting historical data of
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5h, 10h and up to 24h before the time point when
we are estimating the chemical fractions. Inputting a
very short historical time-series might be
insufficient for the ML algorithm to detect the
distinct temporal signals related to different
chemical fractions, whereas inputting very long
historical data might have diminishing returns
because the chemical fractions also change with
time and temporal variations of several hours ago
might not be useful in estimating the chemical
fractions. Therefore, the optimal length of time-
series data must be ascertained by performing
different ML experiments.

b) Missing data in time-series: Our approach requires
continuous time-series as input to the ML model
and these should have continuous data available.
Instances where there are data gaps should be
discarded during model training.

€) Temporal resolution of PM time-series: Since our
approach is based on exploiting the distinct
temporal characteristics of primary vs secondary
aerosols such as their spikiness vs smoothness, it
will benefit from a high temporal resolution input
dataset of PM mass concentration. If the input data
is highly averaged in time (say, daily average) these
unique temporal patterns of different chemical
components will be seriously compromised making
it harder to estimate the likely chemical
components. Also, the temporal resolution of input
data should match the temporal resolution of the
input data used in model training.

d) Quality control of input data: While the PM
component data measured using AMS/ACSM
during specialized campaigns are generally of good
quality, the publicly available routine observation
data of PM mass concentrations often suffer from
instrumentation or software errors. Therefore, all
input data should be subjected to thorough quality
check before training the ML model.

Our approach is only the first humble step of recognising
the distinct aerosol temporal properties which can be exploited
to estimate chemical fractions given the plethora of ML
algorithms available to us in the era of artificial intelligence.
Future work should utilize the wealth of publicly available PM
mass and chemical composition data to train and test ML-
based models for different regions and time periods, and
hopefully, to build a corpus of a larger, multi-site dataset that
is ultimately utilized to train and build a more comprehensive
chemical fraction prediction model which is more broadly
applicable across regions. Various experiments can be
performed to ascertain the most valuable parameters (e.g.,
length of historical PM time-series, temporal variation etc.)
and model efficacy should be tested in contrasting
environments (e.g., megacity vs cleaner remote regions).
Doing so will allow us to build a comprehensive picture of
global aerosol chemical composition in conjunction with other
tools at our disposal such as ground based instrumentation
(AMS/ACSM), satellite remote sensing, and physics-based
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results from the ML model in our future work.
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Gaziantep Hava Kalitesinin Meteorolojik Degiskenlerle Birlikte
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Ozet

Bu ¢aligmada Gaziantep ilinin hava kirliligi yogunlugunun 6l¢iildiigi merkez istasyonundan 2018-2022 yillar1 arasindaki 5 yillik
SO, ve PM degerleri incelenmistir. SO degerleri yil genelinde Hava Kalite indeks’ine gore ‘iyi’ kategorisinde yer almaktadir.
PM10 o6zellikle kis aylarinda ve soguk mevsimlerde ‘hassas’ ve bazen ‘sagliksiz’ seviyelerine ¢ikmaktadir. Gaziantep’e Arap
yarimadasindaki genis ¢dl bolgelerinden toz tasinimi sebebiyle hava kalitesi zaman zaman ¢ok diismektedir. Y1l icerisinde en
yiiksek PM o ortalama degerlerine ise Kasim ayinda erisilmistir. Yaz aylarinda 1sitma amagl kirlilik kaynagi bulunmayis1 ve
havanin 1sinarak karigma yiiksekliginin artmasit PMo degerlerinin diigsmesinde etkili olabilir. Sehrin farkli istasyonlarindan alinan
kisitl zamandaki veriler, sehrin kuzeyinde giineyine goére PM o yogunlugu bakimindan daha diisiik degerlere sahiptir. Durgun
hava sartlarinda 6l¢iilen degerlerin ortalamasi, Tiirkiye’de PMjo i¢in belirlenen sinir degere ¢ok yakindir. Calismada ERAS ve
otomatik Sl¢lim istasyonundan alinan gézlem verileriyle birlikte coklu lineer regresyon modeli kurulmustur. Regresyon modeli
yaz ve kig ayrimini gosterirken azami degerlerin tespitini verememektedir. Modelin sonuglarina gore gézlenen PM o yogunlugu
0.3 Pearson korelasyon uyumuna sahiptir.

Anahtar kelimeler: Hava kirliligi, PMo, SO, Gaziantep

Examining Gaziantep Quality with Meteorological Variables

Abstract

In this study, the 5-year SO, and PM values between the years 2018-2022 were examined from the central station where the air
pollution intensity of Gaziantep is measured. SO, levels are in the 'good' category throughout the year according to the Air
Quality Index. PM rises to 'sensitive' and sometimes 'unhealthy' levels, especially during winter and cold seasons. Air quality
deteriorates from time to time due to the transport of dust from large desert areas in the Arabian Peninsula to Gaziantep. During
the year, the highest average PM levels were recorded in November. The absence of a source of pollution for heating purposes
in the summer months and the increase in mixing height due to the warming of the air may be effective in reducing PM o levels.
Temporal data from different stations in the city show lower PM o densities in the north of the city than in the south. The average
of the values measured under stagnant weather conditions is very close to the limit value set for PM ¢ in Tiirkiye. In the study, a
multiple linear regression model was established with the observed data from ERAS and the automatic monitoring station. While
the regression model shows the difference between summer and winter, it cannot determine the maximum values. According to
the results of the model, the observed PM o density has a Pearson correlation agreement of 0.3.

Keywords: Air pollution, PMio, SO,, Gaziantep

taginim1 gerceklesmektedir. Mart ayinin baslangiciyla artan

1. Giris

Sehrin hava kalitesini anlamak icin Oncelikle sehir
icindeki, yakinindaki ve daha uzaklardaki potansiyel kirletici
kaynaklarimi belirlenmesi onemlidir. Kirleticileri dogal ve
insan eliyle olusan kaynaklar olarak iki kategoride
inceleyebiliriz. Gaziantep’in gliney ve giineydogusunda genis
¢oller yer almaktadir, buradan taginan tozlar dogal kirleticileri,
trafik ve fabrika benzeri iireticilerden olusan kirlilik ise insan
eliyle olusan kaynaklar1 olusturur. Meteorolojik sartlarda hava
kirliliginin artma ve azalmasinda Onemli etkiye sahiptir
(Ozkayalar vd., 2021; Zeynep ve ark., 2021). Giineydogu
Anadolu Bbolgesi diinyanin 6nemli tos kusaklarina oldukca
yakindir. Afrika ve Orta Dogu ¢6llerinden de bolgeye toz
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sicaklikla atmosferdeki ¢alkanti artmaya baslar. Calkantinin
artmasiyla birlikte troposferde daha yiiksek seviyelere ulasan
toz ve gilineyli riizgarlar ile bolgeye tasinir. Toz tagmimlar
yilin  her wvakti olsa da sicak aylarda daha fazla
gergeklesmektedir (Aslanoglu vd., 2022).

Gaziantep, giineydogu bolgesinin en geligsmis kentidir ve
pek ¢ok sanayi tesisleri bu bolgede yer almaktadir. GAP
projesi ile bolgedeki tarimin ve buna bagli sanayinin
gelismesinin artmasinin yani sira, petrol iriinlerinin de
islendigi sanayiler bulunmaktadir (Gaziantep CED, 2021).
Ayrica sehirde trafik kaynakli kirlilik de dnemli seviyededir.

Atmosfere salinan kirleticiler atmosferik kosullardan
etkilenir. Mevsimlerle birlikte degisen sinoptik desenler
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kirleticilerin dagiliminda ¢ok Onemlidir. Algak basing
sistemlerinde daha fazla karisim olur ve kirleticilerin yukari
dogru hareketiyle bu karigimin etkisiyle seyrelmesi beklenir.
Bu sayede yer seviyesindeki kirletici miktarinda azalma
gozlenir. Yiiksek basing sistemlerinde ise hava inici yondedir.
Dolayisiyla yer seviyesindeki kirletici oraninda artis
goriilmektedir. Kirleticilerin birikmesi 6zellikle diistik riizgar
hizlarina sahip durgun yiiksek basing merkezlerinde yaygindir
(Unal ve ark., 2011). Kararlilik ve tiirbiilans kirliligin dagilma
hizin1 ayarlayan ana etkenlerdir. Kararlilik, diisey hareketi
sinirlar (Aydindz, 2015). Sicaklik profili 6zellikle atmosferin
kararsizlik durumunu belirlediginden 6nemlidir. Havanin
yiikseklikle sicakligindaki artis/azalis kararliligi olusturur.
Sicakligin diiseyde arttig1 durumlarda, sicakligin yiikseklikle
artmasi sartlar1 olusur ve kirleticilerin sicakligin yiikseklikle
artmas1 tabakasinin {izerine ¢ikmasini engellenir. Kirleticiler
sicakligin  yiikseklikle artmasi tabakasimmin alt kismina
hapsolurlar. Sabahin erken saatlerinde yer yiizeyinin
1simastyla alt tabakalardaki sicaklik artmaya baslar, gecenin
sogugunu tastyan bir list tabakaya gecemeyen kirleticiler yer
yiizeyinde kalir. Bu birbirine benzeyen iki kosulda da yer
seviyesindeki kirlilik seviyelerinde artma beklenir. Sehir
merkezlerindeki sehir 1s1 adalar1 sebebiyle yukart seviyelere
gore olusan asir1 1sinma, sicakligin yiikseklikle artmasi
tabakas1 0rnegine benzeyen bir kararlilik durumu sergiler ve
kirleticilerin yer seviyesinde hapsolmasina sebep olabilir. Ote
yandan riizgar hizi, kirleticilerin atmosferde yer degisimi ve
dagitiminda etkilidir. Diigey hareket kirliligi daha genis
alanlara dagitarak daha fazla dagilma saglar. Yataydaki
hareket ise riizgar hizi tarafindan saglanir ve tiirbiilans ile
iligskilendirilir. Tirbiilans ise yataydaki ve diiseydeki riizgar
hizlarinin biiyiiklikleriyle olgiilir. Riizgar hizlar1 ne kadar
fazlaysa, tiirbiilans ve buna bagli olarak kirliligin dagilimi o
kadar fazla olur (Eagleman, 1991; Tung vd., 2022).

Hava kirliliginin insan saglig1 iizerine dogrudan veya
dolaylt birgok olumsuz etkisi vardir. PMjo, ve SO, hava
kirliliginin o6nemli bilesenleridir. PMjo, dogal veya insan
faaliyetleri sonucu havada bulunan ¢esitli boyuttaki 10
mikrometreden daha kiigiik olan pargaciklardir. Solundugu
zaman Ozellikle cocuklar, yaglilar ve solunum yollart
rahatsizli§i olan kigilerde solunum problemlerine neden
olabilir. Astim, bronsit ve diger solunum yolu hastaliklarinin
siddetlenmesine neden olabilir. Kalp ve damar sistemi
iizerinde de olumsuz etkilere sahip olabilir. Kalp hastalig
riskini artirabilir, kalp atis hizin1 ve kan basincini etkileyebilir
(Ozdemir ve ark., 2012). Ince pargaciklar derin akciger
bolgelerine ulasabilir ve akciger dokusuna zarar verebilir.
Uzun siire maruz kalma, kronik obstriiktif akciger hastaligt
(KOAH) gibi ciddi akciger rahatsizliklarina yol agabilir. SO,
fosil yakitlarin yanmasi sirasinda agiga c¢ikan bir gazdir.
Ozellikle sanayi faaliyetleri ve ara¢ trafigi nedeniyle
atmosfere salinir. Solunum yoluyla viicuda girdiginde saglik
iizerinde olumsuz etkileri olabilir. SO, solundugunda,
bogazda tahrise, Oksiirige ve nefes darligina neden olabilir.
Astim, bronsit ve diger solunum yolu rahatsizliklari olan
bireylerde semptomlar1 siddetlendirebilir, kardiyovaskiiler
sistemi olumsuz etkileyebilir ve kalp krizi riskini artirabilir
(Eagleman, 1991; Kara ve ark., 2022; WHO, 2023; Toros ve
ark., 2018; Toros ve Bagis, 2017; Yilmaz ve ark., 2023).

Bu makalenin amaci, Gaziantep ilinin hava kalitesini
meteorolojik etmenlerle birlikte incelemektir. 6 Subat
tarihinde yasanan deprem afetinin ardindan bolgenin cografi
hassasiyetinin artmast ve olast risklere kars1 alinacak
tedbirlerin arttirilmasina hava kirliligi durumunu sunarak hava
kalitesini arttiric1 yapilanmaya yardimet olmaktir.
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2. Veri ve Yontem

Gaziantep, 2022 yili niifusu 2.154.051 olup Tiirkiye’nin
9. Biiyiik sehridir. Gaziantep il sinirlart, doguda Firat Vadisi,
kuzeyde Pazarcik Ovalari, batida Amanos Daglari“ndan
olusmaktadir. ilin kuzeyinde Kahramanmaras ile Pazarcik
flgesi, kuzeydogusunda Adiyaman’a bagli Besni Ilgesi,
giineyde Suriye Devleti ile Kilis ili, giineybatida Hatay 1li*“nin
Hassa Ilgesi, doguda Sanlrfa’ya baglh Birecik ve Halfeti
ilceleri ve Firat Nehri bulunmaktadir (Gaziantep, 2018).
Giineydogu Anadolu Bolgesi'nde hem tarihi zenginligi hem de
ekonomik potansiyeli bulunan bir sehirdir. Antik donemden
itibaren farkli medeniyetlere ev sahipligi yapmustir. Sehir,
ozellikle tarihi dokusu ve geleneksel el sanatlariyla taninir.
Yoresel yemekleri de Tiirk mutfaginin énemli bir pargasidir.
Gaziantep, basta tekstil, gida, mobilya ve insaat olmak iizere
Tiirkiye'nin en gelismis sanayi bolgelerindendir.

Bolge, Akdeniz iklimi ile karasal iklim arasinda gegis
ozellikleri tasir. Yazlar sicak ve kurak geger. Gaziantep 1940—
2022 yillar1 arast meteorolojik 6l¢im verilerine gore istatistik
sonuclar Tablo 1’de verilmistir. Giinliikk ortalama sicakliklar
en diisiik ocak ayinda 3,1 °C, en yiiksek temmuz ve agustos
aylarinda olup 28°C*dir. Giinliik ortalama sicakliklarin yillik
ortalamasi ise 15,3 °C’dir. Tiirkiye 1991-2020 yillar1 arast
sicaklik ortalamasi 13,9 °C’dir. Gaziantep yillik ortalama
sicakligi Tiirkiye genelinden sadece 1,4 °C daha azdir. Giinliik
azami sicakliklar ortalamasi ise haziran, temmuz (35,2 °C),
agustos ve eylill aylarinda 30°C iizerinde seyretmektedir.
Glinliik asgari sicakliklar ortalamasi en diisiik ocak ayinda
olup -0,6 °C’dir. En diisiik sicaklikla sirasiyla subat, aralik,
mart, kasim ve nisan ay1 seklinde devam etmektedir ve bu
aylarda en disiik aylik sicaklik ortalamalart 10 °C’nin
altindadir. Gozlenen en ug sicakliklar ise en yiiksek sicaklik
44 °C ile temmuz ve en disiik -17,5 °C ocak aylarinda
gozlenmistir. En fazla giineslenme 10,6 saat ile temmuz
ayinda, en az giineslenme 3,5 saat ile aralik ve ocak ayinda
meydana gelmektedir. Bolgenin yillik toplam yagis miktart
565 mm olup, en fazla yagis 103 mm ile ocak ayinda, en az ise
5,4 mm ile agustos ayinda meydana gelmektedir. B6lgenin
yillik toplam yagis miktar1 565 mm olup, en fazla yagis 103
mm ile ocak ayinda, en az ise 5,4 mm ile agustos ayinda
meydana gelmektedir. 1991-2020 yillar1 arasi Tiirkiye geneli
yillik ortalama alansal yagis miktar1 573.4 mm’dir. Gaziantep
yillik toplam yagis degerinin Tiirkiye geneli ortalamasina
yakindir.

Tablo 1. Gaziantep uzun yillar meteorolojik dlgiim verilerine
gore istatistik sonuglar (1940 - 2022).

Haziran
Temmuz

2 F £ §5 & 8l= =5 B =2 =
GAZIANTEP 8 = z o= -] - =z @ " =
s 2 2 2 S e & @ § & =
Ortalama Sicakik (°C) 31 45 82 13 19 24 28 28 24 17 99 153
OrtalamaEnYiksek 75 g5 439 20 26 31 352 35 31 24 16 98 216
Sicaklik (°C)
Ortalama En Diisiik
Sroaki (o) 06 02 373 12 17212 21 16 10 46 11 94

Ortalama Giineslenme

Siiresi (saat) 35 43 54 68 84 10 106

w
0
@
i}
o
w
3
w
w
wn
-~

Ortalama Yagish Giin

132 119 12 998 71 21 053 05 15 61 84 121 852
Sayisi

Aylik Toplam Yagis

Miktan Ortalamas! (umm) 103 818 735 52 31 83 69 54 7 37 62 97,3 565

En Yiksek Sicaklk
(°C)

En Dasuk Sicaklk (°C) -17,5 -156 11 -43 04 45 9 1 34 -39 97 15 17,5

Calismada T.C. Cevre, Sehircilik ve Iklim Degisikligi
Bakanligi’nin sagladigi veri arsivinden 2018-2023 yillarn
arasinda Gaziantep iline ait kirlilik veriler kullanilmistir.
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Gaziantep il sinirlart igerisinde 6 hava kalitesi 6l¢lim istasyonu
bulunmaktadir (Sekil 1). Gaziantep ilinde bulunan otomatik
Olcim istasyonlarindan almman PM;jy ve SO, verileri

incelenmistir. Bununla birlikte sadece merkezdeki Gaziantep
Olglim istasyonu verileri %93 oraninda bulunmaktadir. Bu
sadece 2022 yili

sebeple diger istasyonlarin verileri

degerlendirilmistir.

Atapzirk
Fevzi Cakmak
' ! Gaziantep e

Gaskd Beydilli  Nizip

Sekil 1. Gaziantep sehir merkezinde 6 adet hava kalitesi
olctim istasyonu bulunmaktadir (Gaziantep, 2018).

Calismada ERAS5 (Besinci jenerasyon Avrupa Orta
Olgekli Hava Tahmin Merkezi — ECMWF re-analiz veri seti)
kullanilarak, model ¢iktilarindaki karigim yiiksekligi, orta
atmosferdeki riizgdr hizlar1 vb. degerler ile hava kirliligi
yogunluk degerleri arasinda iliski kurulmaya caligilmigtir
(Hersbach vd., 2020). Model ¢iktisinin ¢oziiniirligii
Gaziantep ilini tam temsil edemediginden, en yakin 1zgara
noktasi kullanilarak hesaplamalar yapilmistir.

3. Sonuclar

Gaziantep merkez istasyonun 2018-2022 verileri %93
tamdir. Diger istasyonlar daha sonraki yillarda kuruldugu igin
sadece 2022 yil1 temel istatistik verileri Tablo 2’de verilmistir.
Fevzi ¢akmak istasyonunda 2022 yili PMjo verileri sadece
%55 olgilmistiir. SO, degerleri ise dlglilmemistir. 2022 yilt
istasyonlarm PMjo ve SO, alt ¢eyrek ortalama degerleri
sirastyla Gaziantep 29 pg/m® 8 pg/m®, Beydilli 37 pg/m?®, 9
ug/m?, Fevzi Cakmak 33 pg/m®, Gaski D6 41 pg/m®, 9 ng/m®,
Nizip 30 pg/m?, 8 pg/m® ve Atapark 32 pg/m®, 8 pg/m*dir.
SO, tiim istasyonlarda yillik smir deger olan 20 pg/m®
altindadir. PM; ise Gaski D6 hari¢ diger tiim istasyonlarda

yillik smir deger olan 40 pg/m® altindadir. 2022 yili
istasyonlarin PMjo ve SO, iist c¢eyrek ortalama degerleri
sirastyla Gaziantep 69 pg/md, 11 ug/m®, Beydilli 98 ug/m®, 61
ug/m®, Fevzi Cakmak 78 pg/m3, Gaski D6 101 pg/m?, 26
ug/m?®, Nizip 64 pg/m?, 22 ug/m® ve Atapark 66 pg/md, 26
ug/m*dir. SO, Gaziantep merkez hari¢ diger istasyonlarda
yillik smir deger olan 20 pg/m? {izerindedir. PMj, ise tiim
istasyonlarda yillhik smir deger olan 40 pg/m® iizerindedir
(Tablo 2).

T.C. Cevre, Sehir ve Iklim Degisikligi Bakanligi
tarafindan tiim illerde hava kalitesi Ol¢iimleri yapilmaktadir.
Hava kirliligi yogunluklar1 genellikler pg/m® olarak
verilmektedir. Bu sayisal degerlerin saglik acisindan
degerlendirilmesinin daha kolay olmasi ve halkin rahatlikla
anlayabilmesi icin Hava Kalitesi Indeksi (HKI)
kullanilmaktadir. HKI genellikle belirli kirleticiler igin
standart degerler belirler ve bu degerler astiginda hava
kalitesinin ne kadar iyi veya kotii oldugunu gosterir. HKI,
farkli renkler ile ifade edilir,

Hava kirletici yogunlugunun insan sagligi agisindan hangi
seviyelerde, hava kalitesi indeksi, oldugu ilgili bakanligin web
sitesinde yaymnlanmaktadir. 0-500 arasinda degisen HKI
degerleri yiikseldikge insan sagligina zararli hava kirliligi
yogunlugunun var oldugunu anlatmaktadir. 150°den sonra
ozellikle hava kirliligine karst hassas olan insanlarin
hissedebilecegi seviyeye ulasir ve 24 saatlik ortalamasi 150-
200 oldugunda ‘sagliksiz’ olarak gosterilir. 200°den sonra
‘kotii’ ve 300°den sonra ‘tehlikeli’ olarak iki seviye daha
vardir. Tehlikeli durumlarda herkes i¢in ciddi saglik etkileri
olugabilmektedir (Yilmaz ve ark., 2020; Kara, 2022; CSB,
2023).

2022 yii PMI10 verilerine goére Gaziantep merkez
istasyonunda Ol¢limlerine gore hava kalitesi indeksi 125 giin
iyi, 52 giin orta ve 18 giin hassas olmustur. Beydilli
Ol¢iimlerine gbre 77 giin iyi, 53 giin orta ve 63 giin hassas
olmustur. Fevzi Cakmak dl¢limlerine gore 67 giin iyi, 57 giin
orta ve 20 giin hassas olmustur. Gaski D6 hava Kkalitesi
istasyon verilerine gore 67 giin iyi, 76 giin orta ve 45 giin
hassas olmustur. Nizip hava kalitesi 6l¢iim verilerine gore 117
giin iyi, 58 gilin orta, 14 giin hassas ve 1 giin sagliksiz
olmustur. Atapark hava kalitesi 6l¢lim verilerine gére 99 giin
iyi, 31 giin orta ve 17 giin hassas olmustur (Tablo 3).

Tablo 2. Gaziantep ilindeki hava kalitesi 6l¢iim istasyonlart 2022 yili saatlik verilerin temel istatistiki bilgileri.

Gaziantep Beydilli F. Cakmak Gaski D6 Nizip Atapark
PM10 SO2 PM10 SO2 PM10 SO2 PM10 SO2 PM10 SO2 PM10 SO2
Olgiim sayis1 (saat) 8653 8728 8626 8643 4832 7526 7700 8229 8234 7543 7549
Veri ylizdesi 099 1,00 0,98 0,99 0,55 0,86 0,88 0,94 0,94 0,86 0,86

Alt ylizde 10 (pg/m3) 20 6 25 4 21
Alt geyrek (ug/m3) 29 8 37 9 33
Ortanca (ng/m3) 46 10 58 27 52
Ortalama (png/m3) 56 10 82 47 61
Ust geyrek (ug/m3) 69 11 98 61 78
Ust yiizde 90 (ug/m3) 104 13 169 118 111
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28 6 20 6 23 5
41 9 30 8 32 8
62 13 45 13 46 15
84 21 54 17 58 24
101 26 64 22 66 26
170 45 95 31 111 51
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Tablo 3. Hava Kalitesi Indeksine gore hava kalitesi degerleri

Indeks HKI PM10 [ug/m?] Gaziantep Beydilli Fevzi Cakmak Gaski D6 Nizip Atapark
0-50 125 77 67 67 117 99
Orta 51-100 52 53 57 76 58 31
Hassas 101-260 18 63 20 45 14 17
_ 261-400 0 0 0 0 1 0
Calismada iki farkli kirlilik verisi incelenmistir. Gaziantep merkez istasyonda 6lgiilen PM;o ve SO, aylik

Bunlardan ilki PM;, bdlgede ‘sagliksiz’ olarak adlandirilan
seviyelere kadar ¢ikabilirken, SO, degerleri incelenen yillar
boyunca ¢ok az kalmistir. Sehir SO, agisindan az riskli
kategorisinde, PM o acisindan ise hassas kigiler tarafindan
zaman zaman rahatsiz edici olabilmektedir. Verilerin zaman
serisi analizleri yapilmus, veriler yillik, aylik, haftanin giinleri
ve saatlik olarak incelenmistir. Ayrica gézlem ve ERAS model
ciktilariyla birlikte ¢oklu lineer regresyon modeli kurularak
tahmin modeli ¢alisilmistir (Banerjee vd., 2011).

Gaziantep merkez istasyonu kirlilik degerlerinin yillik
ortalama degerleri yillara gore artis gostermektedir. Yillik
PM, degisimleri merkez istasyonda giderek artmistir; 2018
yilinda 42,3 pug/m® olan ortalamasi 2022 yilinda 55,7 pug/m?3
kadar degismistir. SO, degerleri ise 2018 yilinda 6,8 pg/m?3
iken 2022 yilinda 9,7 pg/m? yiikselmistir.

MPM10 (ug/m3) MSO2 (pg/m3)
55,7

(2]
o

54,1
48,5 ) 1

42,73
I 6,8 |77
| B

2018 2019

54,7

8,6 IZ
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2020 2021
Yillar

a1
o

SN
o

N
o

(BN
o

Kirletici yogunlugu (ng/m3)
w
o

o

2022

Sekil 2. Gaziantep merkez istasyonunun yillik ortalama
kirletici yogunluklarinin degisimi
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ortalama degerlerinin 2018-2022 yillar1 boyunca degisimi
Sekil 3’te verilmistir. Kirletici yogunluklar1 aydan aya c¢ok
degiskenlik gostermektedir. Hem PMjp hem de SO, aylik
ortalama degerleri artis egilimi gdstermistir.

Gaziantep merkez istasyonu 2018-2022 yillar1 arasi
verilerin aylara gore degisimi Sekil 4’te verilmistir. SO, ekim,
kasim verileri dikkate alinmadiginda 5 yillik veriye gore
kirletici yogunlugu en fazla kasim ayinda meydana
gelmektedir. Kirletici yogunlugu mayis ayina kadar azalmakta
ve sonrasinda artigsa gecmektedir.

Gaziantep merkez istasyonunda hava  kirliligi
yogunlugunun giinlere gore degigsimi Sekil 5’te verilmistir.
SO, yogunluklar1 giinler arasinda 8,1 pg/m® ile 8,4 pg/m?
arasinda yani 6nemli bir degisiklik gostermemektedir. PMo
degerleri en yliksek yogunluga Pazartesi giinleri ulagsmakta,
sonrasinda cumartesi giiniine kadar yogunluklar azalmakta ve
Pazar giinii tekrar artmaktadir.

Gaziantep merkez istasyonu hava kalitesi 6l¢lim istasyonu
2018-2022 yili arasindaki saatlik &l¢lim verilerine gore giin
icindeki kirletici yogunlugunun degisimi Sekil 6’da
verilmistir. Giin icerisinde kirletici yogunluklar1 sabah 06
sularinda en diisiik degerine ulasmaktadir. Insan faaliyetleri ile
birlikte hizla yogunluklari artarak sabah 10 civarinda sabah
saatleri en yiiksek degerine ulagsmaktadir. Sabah 10’dan
itibaren kirletici yogunluklar1 diismekte ve 17 civarinda
Ogleden sonraki en diisik degerlerine ulagsmaktadir. Saat
17°den sonra hizla yiikselen kirletici degerleri aksam 21
civarinda en yiiksek yogunluguna ulagsmakta ve sonrasinda
tekrar diigiis egilimi baglamaktadir.
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9%  —@—PMI0( pg/m3 ) —@—SO2 (pg/m3 ) e Dogrusal (PM10 (1g/m3 )) - - - Dogrusal (SO2 ( pg/m3)) ¥ = 0.0105% - 412.6

R2=0.1139

PM10 ( ng/m3 )

Sekil 3. Gaziantep merkez istasyon aylik ortalama degerlerinin 5 yil boyunca degisimi
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Sekil 4. Gaziantep merkez istasyonu 2018-2022 yillari arasi verilerin aylara gére degigimi
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Sekil 6. Gaziantep merkez istasyonu hava kalitesi élgiim istasyonu 2018-2022 yili arasindaki saatlik élgiim verilerine gore giin
icindeki kirletici yogunlugunun degisimi

. . . . fark etmektedir. Bolge giineyinde bulunan genis ¢ol
4. Degerlendirme ve Oneriler sahasindan gelen toz tagmimlarina agiktir. Hava sicakligin

Orta enlem kusaginda bulunan Gaziantep’de yaz ve kig ~ artmasina bagli olarak 1smma kaynakli kirletici salmim
aylarindaki ortalama yiizey basinglarindaki degisim 10 mb  azalmaktadir. Yaz aylarinda havalarin 1smmasi sonucu olusan
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riizgarla birlikte yerdeki havanin yiikselici hareketleri
sonucunda kig aylarma gore daha az kirlilik degerleri
Olglilmiistiir. PM verileri altinct ayda en diigiik ve on birinci
ayda en yiiksek degerlerine ulagmaktadir. SO, verileri
genellikle diisiik yogunlukta seyrettiginden diizenli bir salinim
gostermemektedir. PMo verileriyle en yiiksek korelasyonu,
ters olacak sekilde, riizgar hiz1 gostermektedir. Altinci ayda en
yiiksek riizgar hizlar1 6lgiiliirken, on birinci ayda en disiik
riizgar hizlar1 dl¢lilmektedir. SO, ekim, kasim verileri dikkate
alinmadiginda kirletici yogunlugu en fazla kasim ayinda
meydana gelmektedir.

Giinliik salimmlar saatlik ortalamalar olarak ele
almmustir. Her iki kirlilik degeri de giin igerisinde benzer
salmimlar gergeklestirmektedir. Kirliligin en yiiksek oldugu
vakitler 10:00 ve 21:00 saatleridir. 22:00’den sonra da sabaha
kadar kirlilik degerleri azalarak 06:00°da giin icerisindeki en
diistik degerlerine ulagmaktadir. Giin icerisindeki salinimla en
uyumlu meteorolojik deger basingtir. Giin icerisinde basing
degerleri ilde 6glen en yiiksek seviyelerinde g¢ikmaktadir.
Sabah ve aksam vakitlerinde ise en diisiik basing ortalamasina
sahiptir. Yillik dagilimdaysa yaz aylarindaki algak basing
degerleri diisiik kirlilik degerleriyle ters orantili olmaktadir.
Tam tersi seklinde, kis aylarinda soguk havanin daha gilineye
inmesiyle birlikte daha yiiksek basing ortalamasina sahip olan
ilde kirlilik artmaktadir. Y1l boyunca sabah erken saatlerdeki
minimum degerleri birbirine yakinken, soguk mevsimlerde
giin icerisindeki kirlilik degerlerinin {ist sinir1 artmaktadir.

102/2022,1900'UTCL 06/02/2
06/02/2022 1900 \

o TR

Sekil 7. NOAA Hysplit ¢coklu model zamanda 3 giin geriye dogru yériinge analiz ¢iktilari.
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Hakim riizgar iki ana yonden esmektedir. Bunlardan ilki,
kirletici kaynaklarinin da bulundugu kuzeyli riizgarlardir.
Digeri ise Akdeniz iizerinden gelen akiglarin olusturdugu
giiney batili riizgarlardir. Sadece kuzeyli (0°+45°) riizgarlarin
estigi vakitlerdeki PM verilerinin ortalamasi 55 pg/m? iken,
giiney batili (235°+45°) riizgarlarda bu deger 42.9 pg/m*’e
diismiistiir. Yagisin olmadig1 ve riizgar hizlarinin 0,2 m/s’nin
altma oldugu durumlardaki PM, ortalamasi 74.5 pg/m? ve bu
sartlarin olmadig1 durumlarda 47.7 pg/m3’tiir. Korshover ve
Angell (1982)’nin ¢alismasinda havanin durgunlugu igin
kullanilan 4 m/s degeri hafif riizgar: temsil etmektedir. Bu
calismada hava durgunlugu hesaplanirken esinti (1,5 m/s) ve
alt1 dikkate alinmistir. Havanin durgun ve yagisin hi¢ olmadigi
3 giin st lste ve daha iizeri 28 hadise belirlenmistir. Bu
hadiselerin PMjo ortalamalar1 66 pug/m® olup iilkenin limit
seviyesi olan 70 pug/m*’iin altindadir. En uzun siireli hadise
316 saat stirmiistlir ve tiim hadiselerin ortalamasi 100 saattir.
Havanin durgun oldugu vakitler genellikle kis aylarinda
olusmaktadir. Uciincii tehlikeli hadise icin NOAA’nmn
HYSPLIT model uygulamasi kullanilarak 3 giin geriye dogru
toz taginimi gosterilmistir (Sekil 7). Coklu model ¢iktilarina
gore tozlarin bolgenin giineydeki bir algak basing merkeziyle
baglantili olarak, Orta Dogu’daki ¢6llerden gelmis oldugu
tahmin edilmektedir. Bahar aylarinda ¢oldeki tozlarin
yiikselici hareketler yaparak bolgeye tasinmasi olagan bir
durum olarak gériilebilir (Stein vd., 2015; Rolph vd., 2017).

.
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ERAS model ciktilar1 ve Gaziantep otomatik hava
istasyonundan alinan veriler birlestirilerek kullanilarak ¢oklu
lineer regresyon modeli kurulmustur. Model icerisinde ERAS
modelinden smur tabakasit dagilimi, kanal yiiksekligi (duct
height) ve 500 hPa riizgar hiz1 ve gézlem verilerinden sicaklik,
basing, nem, riizgar hiz1 ve yonii kullanilmigtir. Veriler
oncelikle normal dagilima uygun hale getirilerek regresyon
modeli i¢in hazirlanmigtir. Modeli egitmek igin 30.000 veri
almmis ve veri setinin son 300 verisi test i¢cin saklanmugtir.
Model ¢iktilar1 yaz ve ki aylarindaki ayrimi, yaz aylariin
ortalamasini diigiik kis aylarinin ortalamasint yiiksek ve kis
aylarindaki verinin dalga yiiksekligini fazla tutarak dogru bir
sekilde yansitabilmistir. Model ¢iktisinin ve gbzlem verisinin

ortalamas1 aynidir. Buna karsilik model, gézlem verisindeki
kadar kis aylarinda yiiksek tahmin yapamadigi i¢in genel
olarak gozlem verisinden daha yiiksek ciktilar {iretmistir.
Ozellikle dalga yiiksekliginin yaz aylarinda bu fark belli
olmaktadir. Model verileri gozlem verileri kadar ekstrem
degerler {iiretmemektedir. Buna ragmen modelin kendi
ekstrem degerleri, kirliligin yiiksek olacagina dair bir uyar1
mekanizmasi olusturabilir. Modelin tiim saatlerinin Pearson
korelasyonu 0.33 iken, son 300 saatin korelasyonu 0.32
¢ikmistir.

Tablo 4. Coklu Lineer Regresyon Modeli’nde kullanilan parametrelerin PM10 verileriyle olan Pearson korelasyon degerleri.

Sicaklik | Basing | Nem | Riizgar 6 saatlik Sinir Sinir Kanal 500 hPa
hiz1 basing tabakasi tabakasi yluksekligi riizgar hizi
degisimi dagilimi yuksekligi (duct height
0/m?) (m) -m)
Pearson -0.1 0.3 0.1 -0.24 0.05 -0.07 -0.18 -0.07 -0.12
korelasyon
200 Merkez PM10 MLR
175;
o 150/
31259 3
= 100 i
S 751
501
25 i
02018 2019 2023

Sekil 8. Coklu Linear Regresyon (MLR) turuncu ile ve merkez istasyon PM10 gozlem verileri mavi renk ile

gosterilmistir.

Gaziantep ili 6zelinde merkez istasyondan alinan 2018-
2022 yillart arasindaki 5 yillilk SO, ve PMjo verileri
incelenmistir. En 6nemli bulgular;

e Kasim ay1 en yiiksek olacak sekilde, soguk
mevsimlerde kirlilik seviyelerinin yiiksek
oldugu bulunmustur. Yillara gore kirlilik
seviyelerinin arttig1 gozlemlenmistir.

e Sehirdeki farkli istasyonlardan alinan

kisith  siireli  verilerde, kuzeydeki
istasyonlarin giineydekilere gore
ortalama PMjo kirlilik degeri daha az
cikmaktadir.

e Orta enlem kusaginda yer alan Gaziantep
ili icin
degismesinden kaynakli olarak, soguk

basing sistemlerinin

mevsimlerdeki yiiksek basing ile kirlilik
arasinda dogru oranti bulunmaktadir. Yaz
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aylarinda giineyden daha sicak havanin
bolgeye gelmesiyle konveksiyon
hareketlerine baglhh olarak kirliligin
azaldig1 gérulmistiir.

e Durgun hava sartlarinda olgiilen PM;,
kirletici degerlerinin ortalamasi Tiirkiye
icin belirlenen 70 pg/m3 degerine ¢ok
yakindir.

e PM,, ve SO, degerleri, lilkenin koydugu
sinir degerler acisindan incelenmistir. SO,
degerleri cogu zaman saglikli bolgede
kalmistir. PM,, degerleri 5 yillik stirede 3
kez ‘sagliksiz’ olarak degerlendirilen
seviyeye c¢ikmistir Bu artiglar, kis
aylarinda artan kirlilik ile baglantih
degildir.
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e (Coklu lineer regresyon modeli kurularak
kirlilik degerleri farkli parametrelerce
aciklanmaya calisilmistir (Sekil 8). Modeli
yaz ve kis aylarinda gozlem verilerine
benzer salinim yapmis fakat azami
degerleri acitklamaya  yetmemistir.
Modelin kendi ekstrem degerleri gézlem
verileriyle uyusmasa da 0,3 Pearson
korelasyon degeriyle bazi ekstrem
gozlem olaylari i¢in yardimci bir kaynak
olarak kullanilabilir (Tablo 4).

fldeki kirliligin anlasilmas1 icin giris niteliginde bir
calisma yapilmistir. Calismadan ¢ikan sonuglarda SO, icin
herhangi bir tehlikenin olmadig1 sdylenebilir. PMio degerleri
soguk mevsimlerde ‘hassas’ olarak belirlenen seviyelere
cikmaktadir. Bu da alerji gibi saglik konusunda hassas
insanlarin  sagliklarim1  olumsuz yonde etkilemektedir.
Degerler ozellikle kasim ayinda ortalama olarak en yiiksek
degere sahip olsa da yilin herhangi bir vaktinde yiiksek
kirletici degerleri goriilebilmektedir.
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Abstract

Climate change is a large-scale event that threatens the entire world. There are many misconceptions regarding climate change
globally, and Tiirkiye is no exception. Understanding the causes and expanding our knowledge is necessary to minimize the
damage. Intergovernmental Panel on Climate Change releases new reports on climate change every five years. Some scientific
findings could change the current understanding; therefore, people must be informed of discoveries. To understand what is well
understood or missing, it is necessary to survey people occasionally. Thus, a survey titled "How well do we know climate
change?" was conducted at Istanbul Technical University Vocational and Technical Anatolian High School, which accepts
students from all over Tirkiye. Results reveal that some misconceptions still need to be addressed among students.
Environmental problems such as air pollution and the hole in the ozone layer are still confused with climate change. Students
need to gain knowledge of Earth Sciences. While the general issues are well understood, more extensive information on several
subjects can be introduced. Also, a lack of knowledge of the governmental process could lead to losing students' faith in the

subject.

Keywords: Education, Climate Change, Survey.

1. Introduction

The intricate concepts involved in climate change can
make it challenging for the public to comprehend (Pruneau at
al., 2001). While the primary concern is the rising levels of
carbon dioxide, the impact of this gas is only sometimes
visible and requires a deeper understanding. This often leaves
individuals needing more scientific knowledge to figure out
how to respond. An improved understanding of Earth sciences
is crucial in correcting common misconceptions about climate
change. This study examines the impact of these
misconceptions on high school students (Deniz at al., 2011).

Water availability and quality are among the main
growing concerns that are expected to raise serious questions
about the sustainability of the Mediterranean region,
especially under the current impacts of climate change (Toros,
2012). Climate change is a complex issue in Tiirkiye due to its
varying effects on different regions. Sen et al. (2012) have
predicted that rainfall patterns will change differently in two
parts of the country, highlighting this variability. While the
impact may differ depending on location and other factors,
some believe it will be similar across all regions (Evrim at al.,
2017; Toros at al., 2017; Abbasnia and Toros, (2019).

The growing interest in urbanization's impact on local
climate change has led to a significant increase in detailed
studies and research in this field, particularly in developed
countries. Urbanization refers to the process of population
migration from rural to urban areas, leading to the growth and
expansion of cities and towns. The impact of climate change
extends to various aspects of our environment, including the
surface, oceans, and inhabitants. One particular example is the
anchovy, a highly sought-after fish in Tiirkiye with an
estimated catch of around 160,000 tons in 2019. Due to
warming temperatures, these fish are predicted to migrate
towards colder waters from the southern region of the Black
Sea. This shift in their habitat may result in a decline in yield
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during fishing and breeding activities (Tayang and Toros,
1997; Saglam at al., 2008; TOB, 2019; Abbasnia and Toros,
2020).

Climate change is a crucial topic that continuously
produces new discoveries and concepts. However, openly
discussed studies can sometimes lead to unknowns that are
unprecedented. Climate change is a subject that needs to be
understood by the public to reduce its consequences. It
requires frequent surveys to discover weaknesses and faults in
the current information. In a study by Celiker and Aksan
(2011), several misconceptions were found in teacher
candidates interviewed about climate change's causes and
consequences. Another similar study on teacher candidates
revealed a significant need for more knowledge on
establishing and explaining the link between carbon and
energy. Teacher candidates in this experiment needed to learn
the importance of carbon and the carbon cycle in relation to
climate change. Additionally, some teacher candidates did not
know that fossil fuels were releasing carbon. Some of the
answers given during the survey held false information and
glaring misconceptions. For instance, one answer proposed
that the sun's rays penetrate the hole in the ozone layer, which
warms the Earth and causes global warming.

According to Dove's research (1996), only 50% of teacher
candidates gave correct responses about the causes of extreme
rain and flood events. Additionally, there seems to be a
misconception regarding transportation emissions and their
impact on the ozone layer. Many people believe that the hole
in the ozone layer is responsible for global warming, which in
turn causes skin cancer. This belief is based on the assumption
that the sun's rays pass through the hole more easily.
Papadimitriou notes that many teachers consider climate
change a real threat, citing their personal experiences as
evidence. Approximately half of the teachers surveyed
identified floods, droughts, and extreme temperatures as
consequences of climate change. However, their responses
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were likely influenced by the survey being conducted on a hot
day, and information about rising temperatures was displayed
on television. Teachers also tend to view the ozone hole as the
primary cause of global warming, and there appears to be a
misconception about greenhouse gases other than carbon
dioxide.

Teachers correctly identified reducing energy
consumption and planting trees as effective ways to combat
climate change. However, this is not necessarily due to their
scientific understanding of climate change, but rather their
awareness of the importance of protecting the environment.
Fortner's (2001) highlights how increased environmental
consciousness can have a positive impact on climate change
education. The focus on emotions and myths, as well as event-
oriented narratives rather than general knowledge, and
political distractions can sometimes overshadow the scientific
explanations and cause-and-effect relationships.

From the studies discussed, it is evident that both
educators and students require a deeper understanding of the
science behind climate change. Boyes and Stanisstreet's
(1998) research revealed that many respondents mistakenly
believed that the greenhouse effect and the ozone layer were
the same. This misinformation can lead to incomplete or
inaccurate information being conveyed from teachers to
students, ultimately resulting in a lack of understanding about
the science of climate change.

Studies conducted in communities have also yielded
similar findings. It can be challenging to provide a sufficient
explanation for the reasons behind climate change, and it is
frequently mistaken for air pollution. Additionally, only a
small percentage of people can accurately explain the
relationship between long and short-wavelength radiation and
global warming, and the effects of greenhouse gases.
According to Whitmarsh (2009) the public has a lesser
understanding of climate change as compared to global
warming. Furthermore, global warming is often associated
with the depletion of the ozone layer and is believed to be
caused by human activities.

On the other hand, climate change is more recognized as
a natural process. That is why topics like planting trees in
society have been seen as an attitude toward addressing global
warming, not climate change. Another ambiguity is that
people have established a close link between air pollution and
global warming. Papadimitriou (2004) claimed that the link
between air pollution and climate change is associated with
environmental destruction. Radioactive waste, sprays, and
acid rains, considered causes of environmental destruction, are
also seen as a cause of climate change rather than a symptom.
Any severe event that pollutes the environment and leads to
its destruction could be linked to climate change.
Consequently, the link generates various new confusions.

2. Materials and Methods

The survey was conducted on 87 students between the
ages of 13 and 17 studying at the vocational and technical high
school that accepts students from all over the country. When
the survey was conducted, the total school population was
150, and answers given by 11 people were not considered as
they were non-usable. The survey was completed online via
Google surveys, and the questions were selected to understand
whether the ambiguities discussed in the introduction part still
existed. The main ambiguities are listed below.
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* Aninability to fully understand the science of climate
change and the confusion of incorrect predictions or lack of
knowledge.

*  Misunderstanding of the cause of global warming and
confusion with different environmental problems.

+  Thinking that only protecting the environment would
prevent climate change.

3. Results and Discussion

Initially, several misconceptions that were mentioned in
the introduction are still prevalent. While students have a basic
understanding of climate change, they struggle to answer more
intricate questions on the topic. The concepts of energy
conservation and renewable energy are relatively more
familiar, but there remains confusion regarding the ozone hole
and the correlation between air pollution and climate change.
A student, for instance, suggested that a "very large solar
panel" could be employed to tackle climate change.

When asked about personal actions to address global
environmental issues, students mentioned participating in
training and projects such as supplementary education, waste
awareness (Figure 1), planting trees, and actions related to
recycling and savings. Surprisingly, transportation was the
least mentioned issue. However, students showed awareness
of waste reduction, highlighting actions such as turning off the
water when brushing their teeth and consciously choosing to
consume less. Renewable and sustainable natural resources
were the most frequently mentioned adaptation (44.8%),
followed by environmental measures like installing filters to
factory chimneys and planting trees (31%) (Figure 2).
Students named TUBITAK and TEMA as environmental
institutions they participated in, with TEMA (30%),
Greenpeace (25.6%), and WWF (17.8%) being the most well-
known environmental organizations (Figure 3). Students also
supported education and projects of environmental
organizations (17.2%). However, only a small number of
students (6.9%) mentioned international conventions related
to climate change. When asked about Tiirkiye's decisions
against climate change, only a few students were able to
answer the question, with some referring to the Kyoto Protocol
and the ministries' strategies. Overall, the results suggest that
environmental issues are not sufficiently discussed in schools
or media (Figure 5, Figure 5).

What measures you took to prevent global environmental problems?

Environmental
Awareness
(planting trees etc.)

Attended
Education&Projects

Precautions in
Tansportation

Recycle
&Savings

Figure 1. What measures you took to prevent global
environmental problems?
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What is the bi%gest measure taken against climate change?

Int. Agreements Education
Environmental Org.
Projects

Environmental
Precautions :

Sustainable

Natural Resources

Figure 2. What is the biggest taken against climate change?

Known environmental organizations

Others
Greenpeace

CEVKO

WWF

Figure 3. Known environmental organizations.

Which of the following are the measures to be taken against climate change?

Answer Count

Figure 4. Which of the followings are the measures to be
taken against climate change?

Do you know the decisions Turkey has taken against climate change?

Kyoto\Protocal

Ministery
Projects

Mational Climate Change
Strategy

Figure 5. Do you know the decisions Tiirkiye has taken
against climate change?

When asked about greenhouse gases, students most
commonly identified carbon dioxide (35.4%), methane
(26.3%), ozone (8.1%), and water vapor (5.1%). This suggests
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that they have a good understanding of the topic. However,
some students admitted to not memorizing the names, and a
small percentage (7.1%) may have listed components from
their recent chemistry lesson.

Known greenhouse gasses
Water Vapor Others

Nitrogen

Nitregen Oxides NOx
»  Sulfur Dioxides S0x

" Carbon Monoxide

'éi%:scs' HFCs

Nitrous Oxide

Carbon Dioxide

Methane

Ozone

Figure 6. Known greenhouse gasses.

It appears that more students are familiar with the term
"global warming" than "global climate change". Two separate
questions were asked to determine if the terms were
interchangeable: "Are global warming and climate change the
same term?" and "Do global warming and climate change
mean the same thing?". The results showed that most students
did not view these terms as identical, but interestingly, using
"global warming" instead of "climate change" did not make a
significant difference. As "global warming" is more
commonly used, students did not see any issue with using it
instead of "global climate change". However, it is essential to
note that these terms have distinct meanings.

Many students are aware of climate change's impact on
humans and animals and are willing to take responsibility.
Some students have even demanded action from state and
factory authorities; some are ready to fight climate change
without institutional support while acknowledging the
importance of involving them.

Carbon dioxide is often cited as a contributing factor to
climate change. However, there is a lack of understanding
about its origins and effects and the differences between long-
wave and short-wave radiations. Additionally, many students
are unaware of the projected increase in temperature at the end
of the century. Some were uncertain, while others estimated a
10°C temperature rise.

Most people have a good understanding of the
fundamental reasons behind climate change. For instance,
when it comes to population growth, consumption patterns,
and energy waste, the vast majority of students acknowledge
that these factors are contributing to the acceleration of
climate change. However, climate change's scientific causes
and effects have yet to be widely understood. Due to their prior
exposure, students tend to focus on concepts like endangered
species, water scarcity, and severe weather conditions, or they
believe that no effective measures have been taken to combat
global warming.

Tiirkiye has signed many international agreements, but
students seem unaware of these issues. Some believe that
Tiirkiye is not doing enough to combat climate change,
possibly due to a lack of media coverage of the actions taken
by the Turkish government. Many people think that
environmental organizations are helpful, but there is still some
skepticism about their effectiveness.
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It is common to think of environmental problems as a
single issue, leading to confusion and misunderstandings. For
instance, ozone layer depletion and air pollution are often
incorrectly identified as the primary causes of global warming.
The data support this consistent error in perception. In reality,
ozone layer depletion and air pollution are significant
components of climate change, but carbon dioxide emissions
are also major factors. Other environmental issues, such as
acid rain, are often wrongly attributed to climate change due
to the tendency to view it as a catch-all environmental
problem.

Based on the survey results, students have a good
understanding of some basic information regarding climate
change. They acknowledge that this situation would
significantly impact animals and recognize that climate
change is already occurring. Additionally, it is apparent that
Tirkiye would be negatively affected by climate change and
that there would be an increase in floods and droughts.
However, students may need a firmer grasp of the global mean
surface air temperature, as numerical expressions in scientific
content can be more challenging to remember than qualitative
environmental problems.

Many students have an incomplete understanding of
scientific concepts related to climate change. Most students
indicated that they were familiar with greenhouse gases and
their impact. This was evident from their responses of
"strongly disagree" or "disagree" to the statement that
"greenhouse gases cool the world." While climate change is
often viewed as an environmental issue, several
misconceptions surround it. For instance, a significant number
of students identified "plastic waste" and "nuclear waste" as
causes of climate change (Figure 7).

Which of the followings are the causes of climate change?

Answer Count

Figure 7. Which of the followings are the causes of climate
change?

There needs to be more in understanding the causes and
consequences of climate change, specifically in the link
between energy consumption and climate change. While
energy consumption appears to be a well-known subject
among students, only half consider buying products based on
their electricity efficiency, such as light bulbs and white goods.
Terms like "carbon dioxide footprint" are not fully understood.
However, most students chose energy saving as an action
against climate change. Switching to renewable energy is the
most preferred measure, and students showed less interest in
consuming and saving water than recycling. The effects of
climate change on sea animals are not well-known by students,
likely due to them not being given as much importance as
surface animals (Figure 8).

Which of the followings are the consequences of climate change?

Answer Count

Figure 8. Which of the followings are the consequences of
climate change?

When asked about credibility, scientists were found to be
the most trustworthy group, while social media was
considered the least credible. Other options presented were
ministers, environmental organizations, and school education.
Despite being viewed as highly credible, some students were
still determining if scientists could conduct a study that would
effectively combat climate change.

Table 1. These are the percentages of responses to the question "How much do we know about climate change?

How well do we know climate change? St.rongly Disagree Not Agree Strongly
Disagree Sure Agree
As population grows, global warming getting worse 4,6 0 9,2 54 32,2
I do not know much about climate change 10,3 41,4 36,8 8,1 3,5
Global warming and climate change are the exact same things 25,3 33,3 25,3 13,8 2,3
I can contribute to the solution of climate change with the measures 9.2 4.6 23 414 218
I have taken personally
Tiirkiye has participated th.e agreements like Kyoto Protocol or 3.5 12 5522 28.7 115
Paris Agreement
The most important cause of lc;;renrate change is declining ozone 4.6 5.5 172 50.6 241
Acid rains are happening because of global warming 4,6 10,4 25,3 40,2 19,5
I know some of the greenhouse gasses and their effects 4,6 1,1 16,1 63,2 14,9
Floods and extreme weather events are going to increase as climate 4.6 23 12,6 39.1 414
change worsen
Trees and petrol are both made of carbon 4,6 11,5 50,6 23 10,3
Climate change is happening and climates are changing 4,6 5,5 12,6 425 36,8
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Scientists can stop the chmatea(gl(l)irige, so we don’t have to worry 66.6 20,7 6.9 3.5 23

We can beat climate change 5,8 12,6 19,5 32,2 29,9

Global average surface' temperature will increase more than 10°C 5.7 9.2 37.9 37.9 9.2

until the end of the century
We can say global warming instead of climate change since the 17.2 35.6 20.9 14,9 23
terms are the exact

World is getting colder because of the greenhouse effect 414 31 19,5 6,9 1,2

Long-wavelength radiation is the radiation comes from the Sun 4,6 4,6 62,1 23 5,8

Air pollution in the cities is the main reason of climate change 6,9 11,5 17,2 483 16,1

The more energy use, the more global warming 6,9 8,1 23 36,8 25,3

Environmental organizations are instructive and educative 8,1 14,9 20,7 44.8 11,5

Climate change badly affects Tiirkiye 5,8 0 4,6 32,2 57,5

I cannot do anything against climate chang.e, factories and 35.6 20.9 18,4 103 5.8
government should take precautions

4. Conclusion

In general, students struggle with differentiating between
global climate change and global warming. According to a
survey, students were more confident in providing accurate
answers to general topics but needed more confidence
regarding specific scientific details. Nearly half of the students
admitted to having little knowledge about climate change.
Although some students possessed basic knowledge, they still
needed to make the connection between energy consumption,
population growth, saving issues, and climate change.
Moreover, there needed to be more information about
international agreements, presumably because they needed
more attention in schools. The link between energy
consumption and climate change was well-established. It
would be beneficial to focus on concepts like carbon and water
footprints to make progress in energy savings. However,
students who believe that humans cause climate change and
will inevitably be affected by it are optimistic about finding
solutions. Based on the research findings, there is a
considerable deficiency in awareness and information
regarding climate change. Further studies and greater
exposure are necessary to address this issue adequately.

Here are some key findings from our research:
- Information about transportation needs to be improved.

- Students are particularly interested in education and tree-
planting projects.

- Environmental organizations beyond TEMA and
CEVKO have low awareness in Tiirkiye.

- Students favor renewable energy technologies.

- Educating people about decisions made in international
conventions would boost confidence.

- There must be clarity between plastic waste, nuclear
waste, and climate change. It is recommended to explain these
issues clearly and separately.

- Many people also mistake air pollution and the ozone
layer for climate change. It is crucial to emphasize that these
are different aspects of the broader environmental picture.

- The scientific causes of climate change have yet to be
widely understood. It may be helpful to teach basic Earth
Science concepts in high schools.
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- We recommend discussing the link between population
growth, consumption, and climate change in greater detail.
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Ozet

Malatya, Tiirkiye'nin Dogu Anadolu Bolgesi'nde yer almaktadir. Kayisi iiretimindeki pay1 biiytiktiir. Tarihi ve kiiltiirel agidan
zengin bir gegmise sahiptir. Kislar soguk ve yagisli, yazlar ise sicak ve kuraktir. Sehir kirliliginin azaltilmasinda yapilagmanin
etkisi biiyiiktiir. Kaynagindan ¢ikan kirleticiler meteorolojik sartlara bagli olarak dagilir. 6 Subat 2023 tarihinden meydana gelen
deprem ile birlikte sehirlerin hem saglamlik hem de c¢evre sartlarinin iyilestirilmesi dikkate alinarak tekrar yapilandiriimasi
onemlidir. Bu calismada 2018-2022 yillar1 arast sehir merkezinde 6l¢iilen PM o ve SO, verileri incelenmistir. 5 yillik verilere
gore en yiiksek aylik ortalama deger PM o igin 95,5 pg/m? ile Aralik ayinda ve yillik ortalama 67 ug/m?, SO, i¢in en yiiksek aylik
deger 16,6 ng/m? ile Agustos ayinda ve yillik ortalama deger 12 pg/m? bulunmustur.

Anahtar Kelimeler: Malatya, sehirlesme, hava kirliligi, saglik, yapilagsma

Evaluation of Malatya Air Pollution Data for the Years 2018-2022

Abstract

Malatya is located in the Eastern Anatolia Region of Turkey. It has a large share in apricot production. It has a rich historical and
cultural background. Winters are cold and rainy and summers are hot and dry. Construction has a great effect on reducing urban
pollution. Pollutants coming out of the source are distributed depending on meteorological conditions. With the earthquake on 6
February 2023, it is important to restructure the cities by taking into account both the robustness and the improvement of
environmental conditions. In this study, PMo and SO, data measured in the city centre between 2018-2022 were examined.
According to the 5-year data, the highest monthly average value for PM o was found in December with 95.5 pg/m? and the annual
average was 67 pg/m’, the highest monthly value for SO, was found in August with 16.6 ug/m* and the annual average value

was 12 ng/m’.

Keywords: Malatya, urbanization, air pollution, health, construction.

1. Giris

Hava kirliligi uzun zamandir insanlik i¢in 6nemli bir
sosyal ve ¢evresel sorundur. Sanayilesme, sehirlesme, israflar
ve yanlis arazi kullanimi gibi insan faaliyetlerinin
hizlanmasiyla birlikte hava kirliligi sorunu da artmistir (Bacak
ve Toros, 2021). Ozellikle endiistriyel faaliyetler ve motorlu
tagitlar hava kirliliginin baglica kaynaklaridir. Hava kalitesi
kaynaklari, arazi yapisi ve atmosferik sartlar sebebiyle
karmasiktir. Hava kirliligi meteorolojik sartlar, riizgar yonii,
sicaklik ve diger faktorlerle etkilesime girebilir ve farkli
bolgelerde farkli sekillerde kendini gosterebilir (Toros ve ark.,
2013). Bu sebeple, hava kirliligiyle miicadele etmek ve hava
kalitesini iyilestirmek i¢in uzun vadeli ve kapsamli ¢oziimlere
ihtiyag vardir.

Hava kirliligi yogunlugu ve siiresine bagl olarak insan
sagligi i¢in ciddi risk olusturmaktadir. Kirletici seviyelerinin
belirli kriterlere gore degerlendirilerek kisa ve uzun vadeli
hava kalitesinin saglik {izerine olumsuz etkileri azaltilabilir
(Tung ve ark., 2022). Saglik caligmalar1 ve koruyucu hekimlik
adma bir sehirdeki havanin kirlilik diizeyini belirlemek ve
izlemek 6nemli ¢aligmalardir. Hava kalitesi ¢aligmalari hava
kalitesinin insan sagligi tizerindeki etkilerini anlamak igin
kritik bir rol oynar. Hava kirliligi, solunum yolu hastaliklari,
kalp-damar hastaliklari, akciger kanseri gibi ciddi saglik
sorunlarina yol agabilir (Capraz, 2013). Hava Kkalitesi
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caligmalari, olasi tehlikeleri belirleyerek, halk sagligini
korumak i¢in onleyici ve diizeltici tedbirlerin alinmasina
yardimc1 olur. Hava kirliligi, bitki ortiisii, su kaynaklar1 ve
ekosistemler {iizerinde olumsuz etkiler yapabilir. Kirletici
maddeler, toprak ve su kaynaklarini kirletebilir, bitki ve
hayvan yagsamini olumsuz etkileyebilir. Hava kalitesi
caligmalari, ¢evresel etkileri izlemek ve dogal ekosistemleri
korumak i¢in 6nemlidir (Toros ve Bagis, 2017). Hava kalitesi
caligmalari, sehir planlama ve altyapi gelistirme siireglerine
onemli bilgiler saglar. Kirlilik seviyeleri ve hava hareketi
analizleri, trafik yogunlugu, endiistriyel faaliyetler ve insaatin
etkilerini degerlendirerek daha siirdiiriilebilir ve ¢evre dostu
sehir planlamasina katkida bulunur (Gii¢iik ve ark., 2019).
Hava kalitesi ¢aligmalari, hangi kaynaklarin hava kirliligine
daha fazla katkida bulundugunu belirlemeye ve kirliligin
azaltilmasi stratejilerini  belirlemeye yardimci olur. Bu
caligmalar sayesinde c¢evre dostu teknolojilerin ve
diizenlemelerin uygulanmasiyla hava kalitesi gelistirilebilir.
Hava kalitesi ¢aligmalarinin ve kamu iletisiminin sonuglarinin
paylasilmasi, insanlarin hava kirliliginin etkilerinin ve
oneminin farkinda olmalarini saglar. Bu farkindalik, hava
kirliligi probleminin ¢6ziimiine katkida bulunarak hava
kalitesi i¢in olumlu tutumlara ve davranigsal degisikliklere yol
acar. Sehir hava kalitesi ¢aligmalari, insan sagligini korumak,
cevreyi ve ekosistemleri korumak, kentsel planlamay1
iyilestirmek ve hava kirliligini azaltmak i¢in Snemli ve
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gereklidir.  Diizenli olarak sehirlerde hava kalitesi
calismalarinin yilriitilmesi ve sonuglarin etkili
degerlendirilmesi daha saglikli ve daha yaganabilir bir ortam
icin 6nemli bir adimdir (Al-Bayati ve ark., 2021). Diinya
Saglik Teskilatt (WHO), her y1l yaklasik yedi milyondan fazla
insanin hava kirliligi sebebiyle oldiigiinii bildirmistir
(Campbell-Lendrum ve Priiss-Ustiin, 2019).

Malatya hizla gelismekte olan sehirlerden birisidir. Tim
hizli gelisen sehirlerde ¢esitli ¢evre sorunlart meydana
gelmektedir. Hava kirliligi etkileri ve boyutlar1 agisindan
¢evre sorunlarinin basinda yer almaktadir. Malatya’da
endiistriyel faaliyetler, trafik ve 1smmma kaynakli olusan
kirleticiler topografya ve meteorolojik sartlara bagli olarak
degisebilir. Malatya'da parcacik madde kirliliginin sinir
degerleri {iizerinde ¢ikmustir. 6 Subat 2023 tarihinde
Kahramanmarag merkezli ve 10 ili etkileyen biiytik 6l¢ekteki
2 depremden Malatya da etkilenmistir. Bu ¢alismada elde
edilen sonuglarin arazi, meteoroloji ile birlikte deprem sonrast
sehrin  yeniden yapilandirilmasi ¢aligmalarinda  katki
saglamasi beklenilmektedir.

2. Veri ve Yontem

Malatya, Tiirkiye'nin Dogu Anadolu Boélgesi'nde yer
almaktadir. Tarihi ve kiiltiirel agidan birgok antik kent, eski
yapilar ve kiiltiirel miras sahiptir. Bolge iklimi kislar1 soguk
ve yagisly, yazlari ise sicak ve kuraktir. Tiirkiye'de dnemli bir
kayisi tiretim merkezidir. Sehirde basta tekstil olmak tizere
farkli sanayi kuruluslari yer almaktadir. Malatya, daglik ve
vadilerle gevrili bir bdlgede yer alir. Cevre, Sehircilik ve Tklim
Degisikligi Bakanligi tarafindan isletilen sehir merkezinde bir
adet hava kalitesi izleme istasyonu bulunmaktadir (Sekil 1).

Eattalgan ]

Akgadad M..atya

Sekil 1. Malatya hava kalitesi istasyonu konumu

Bu ¢alismada Meteoroloji Genel Miidiirliigiinden (MGM)
2018-2022 yillar1 araligr igin saatlik ¢oziiniirliikte riizgar hizi
ve yonili, basing, sicaklik, bagill nem meteorolojik
parametreleri Malatya’da 38.3367 enlemi ve 38.2173
boylaminda bulunan 17199 nolu 06l¢lim istasyonu verileri
kullanilmistir. Hava kirliligi verileri ise T.C. Cevre, Sehircilik
ve Iklim Degisikligi Bakanlhigi 6lgiim istasyonundan elde
edilmistir. 2018-2022 yillar1 aras1 SO, ve PM saatlik verileri
kullanilmustir.

Veri incelemesi i¢in hava kalitesi ile dogrudan ilgili
kiitiphanelerin olmas1 sebebiyle R/Rstudio uygulamasi
kullanilmistir. Bu uygulamada yer alan openair isimli bir
kiitiphane hem hava kirliligi hem de meteorolojik veriyi
birlikte inceleye bilmektedir (Toros ve ark., 2020); Yilmaz ve
ark., 2020). Veriler standart kalite kontrolden gegirildikten
sonra her kirleticinin zamansal degisimi, kirleticiler arasi,
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meteorolojik veriler ile kirleticiler arasindaki iligkiler
degerlendirilmistir. Hava kirliliine neden olabilecek
potansiyel kaynaklarin belirlenmesi i¢in meteorolojik

degiskenler dikkate alinmigtir.

Olgiimii yapilan PM, cap1 10 mikrometreden daha kiigiik
olan parcaciklardir. Havadaki pargaciklar temel hava
kirleticilerindedir. Insan sagh@ma zararhidi. PM;o'un
kaynaklar1 orman yanginlari, volkanlar ve yerden riizgarla
kalkan tozlar yaninda ¢esitli insan faaliyetleridir. Motorlu
araglar, dizel ve benzinli motorlarin yanma iglemi sirasinda
ince pargaciklarin havaya salinmasina sebep olur. Sanayi
tesisleri, fabrikalar ve enerji liretim tesisleri, liretim siiregleri,
madencilik ve komiir yakma gibi faaliyetler sirasinda havaya
pargaciklar salabilir. insaat alanlarindaki toz ve parcacik
maddeler, insaat malzemelerinin taginmasi, kesilmesi ve
kazilma iglemleri sirasinda havaya karigabilir. Isitnma amagh
yakit yakma islemleri sirasinda parcacik maddeler havaya
salinabilir. ~ Sigara dumami ile pargaciklar havaya
salinmaktadir. Atmosferdeki kimyasal tepkimeler sonucunda
da havaya parcaciklar salinabilir. Kiikiirt dioksit (SO»),
atmosferde bulunan bir kirleticidir ve hava kirliligine neden
olabilir. SO, dogal kaynaklar yaninda sanayi tesisleri, enerji
iretimi, tasitlar gibi cesitli faaliyetler sirasinda hava karisir.
Enerji iretimi, komiir, petrol ve dogal gaz gibi yakitlarin
yakilmasi sirasinda 6nemli bir SO, kaynagidir. Sanayi
faaliyetleri, komiir ve petrol gibi kiikiirt igeren hammaddelerin
kullanilmasiyla atmosfere salinir. Motorlu tasitlarin yanma
stireclerinden kaynaklanan egzoz gazlari, SO, gibi kirleticileri
atmosfere salabilir. Maden ocaklarinda komiir, metal veya
kiikiirt iceren minerallerin ¢ikarilmasi sirasinda SO; salinimi
meydana gelebilir. Atik yakma tesisleri ve atik yOnetimi,
organik ve inorganik maddelerin yakilmasi sirasinda SO,
salmimina yol agabilir (Toros, 2000).

Hava Kalitesi Degerlendirme ve Yonetmeli belirlenmis
olan smir Kkirletici yogunluklart verilmistir. Bu ¢aligma
kapsaminda, inceleme veri setinde bulunan SO, ve PMjj
parametreleri i¢in 2018-2022 yillart araligindaki limit degerler
ile karsilagtirma yapilmustir. SO, i¢in saatlik 350 pg/m?, 24
saatlik 125 pg/m® ve yillik 20 pg/m® yogunluk smirlari
almirken PMo igin 24 saatlik 50 pg/m® ve yillik 40 pg/m?
degerleri alinmistir (CSB, 2023.

3. Sonugclar

Malatya’da PM;o yillik ortalama yogunluk degeri en az
2018 yilinda 59,8 pg/m’ gozlenmistir. En yiiksek deger ise
2022 yilinda 75,0 pg/m® olarak gozlenmistir. PMjo
degerlerinin her y1l arttig1 goriilmektedir. SO, yillik ortalama
yogunluk degeri en az 2018 yilinda 9,2 pg/m?® gézlenmistir.
SO, degerlerinde de genel olarak yillar iginde artig
gbzlenmistir. En yiiksek yillik ortalama deger ise 2021 yilinda
14,8 pg/m? olarak gézlenmistir (Tablo 1).

Tablo 1. Malatya hava kalitesi verilerine gore 2018-202
yullary arasi yillik ortalama degerler.

Yillar

PMI10 ( pg/m3 ) SO2 (pg/m3)
2018 59,8 9,2
2019 62,2 11,1
2020 66,9 11,0
2021 70,4 14,8
2022 75,0 14,2
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Malatya’da PMjo ve SO, 5 yillik verilerinin 12 ay
boyunca aylik ortalama yogunluk degerleri Sekil 2’de
verilmistir. PMjo degerleri kis aylarinda artmakta ve yaz
aylarinda ise diismektedir. SO, en yiiksek degeri Agustos
ayinda goriilmektedir. PMjo kis mevsimi ortalamasi 86,1
pug/m® iken yaz mevsimi ortalamasi 53,1 pg/m‘dir. Ayni
durum SO2 i¢in yazin 14,0 pg/m?® ve kism 13,6 pg/m® olarak
gozlenmistir. (Sekil 1).
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Sekil 2. Malatya hava kirligi yogunlugunun 5 yil boyunca
aylik ortalama degerleri.

2018-2022 yillar1 arasinda hava kirligi yogunlugunun
aylara gore degisimi Sekil 3’te verilmistir. Malatya’da hava
kirliligi degerleri aylara goére cok degiskenlik gosterdigi
goriilmektedir. Yillar iginde her iki kirletici yogunlugu
zamanla artmaktadir. PM;o aylik ortalama yogunluklarinin
SO, ortalama yogunluklarina oranla genelde ¢ok daha yiiksek
degerlere sahip oldugu goriilmektedir. PM;o Olglimlerinin
genellikle kis ve sonbahar mevsimlerinde artiglart goriiliirken
SO, &lglimlerinde daha diisiik bir degisim goriilmektedir.
PMo degerleri 24 saatlik ve yillik sinir yogunluk degerlerini
aylik ortalamada ge¢mistir. SO degerleri yillik sinir yogunluk
degerlerini aylik ortalamada gegmemistir.

p . y =0,0129x- 500 y=0,004x- 166
( pg/m3 502 ( pg/m3
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Sekil 3. Malatya 2018-2022 yular: arasi kirligi
yogunlugunun aylara gore ortalama degigimi.

3.1 Kirletici ve Meteorolojik Parametrelerin Incelemesi

Malatya ilinin 2018-2022 yillar1 arasinda oSlgiilen hava
kirliligi ve meteorolojik verileri arasindaki iligkiyi anlamak ve
bu iligki ile Malatya ilinin iklimine dikkat ederek dniimiizdeki
donemlerde ozellikle sehir yeniden kurulurken dikkat
edilmesi gereken Onemli korelasyonlarin incelenmesi
amaglanmigtir. SO, ve PM;o Kkirleticilerinin, meteorolojik
veriler (sicaklik, yagis, riizgar hizi, riizgar yonii, basing ve
bagil nem) ile saatlik, giinliik, aylik ve mevsimsel olarak
iligkileri incelenmistir.
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Sekil 4 incelendigi zaman PM10 dagilimlarinin aktiiel basing
ve nispi nem ile benzer aylik bir dagilim sergiledigi
goriilmektedir. PMI10 benzeri bir iliski SO2 i¢in
bulunamamustir.

SV VeV Vs

LA NN D

Sekil 4. 2018-2022 aylik ortalama meteorolojik parametre
degerleri, yukaridan asagiya sirasiyla aktiiel basing (hPa),

nispi nem (%), sicaklik (C), toplam yagis miktari (mm),
riizgar hizi (m/s)

Sekil 5°te olusturulmus olan saatlik dagilimlar incelendigi
zaman ise SO, dagilimlart gilinliik olarak degisim
gostermemistir fakat saatlik 6l¢tim degerleri sicaklik ve riizgar
hizi 6l¢im degerleri ile benzerlik gostermektedir. PM10
Olclimleri hafta sonu 8-18 saatleri arasinda azalmaktadir.
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Sekil 5. Kirletici ve meteorolojik parametrelerin giinliik
dagilimlari, yukaridan asagiya sirasiyla PM10 (ug/m3), SO2

(ug/m3), aktiiel basing (hPa), nispi nem (%), sicaklik (C),
toplam yagis (mm) ve riizgdr hizi (m/s)

2.2 Parametrelerin Dagilhimlar:

Atmosferde meteorolojik parametrelerin zamansal ve
mekansal olmak iizere farkli dagilimlar sergiledigi
bilinmektedir. Bu kisimda meteorolojik parametrelerin ve
kirleticilerin dl¢timlerinin dagilimlar1 incelenmistir.

Sekil 6 incelendiginde SO, ve PM kirleticilerinin ayni
sekilde dagilim gosterdigi goriinmektedir. Meteorolojik
parametrelerin dagilimlar1 da Malatya ilinin tipik olarak
Karasal iklim etkisi altinda oldugunu belirtmektedir.
Kirleticilerin ve riizgar hizinin saga carpik bir yapis1 oldugu
goriilmektedir.
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A L

Sekil 6. Veri seti parametrelerin dagilimlari (iist sira PM,
SO,, aktiiel basing, nispi nem ve alt sira sicaklik, toplam
yvagis miktari, riizgdr hizi, riizgdr yonii)

Sekil 7 incelendiginde, yillara gére PM ;o ve SO, artislar
ve azalislar1 az da olsa benzerlik gostermektedir. Kovid-19
doneminde kirletici miktarinin ve yogunlugunun azaldigini
belirtilebilir.

Sekil 7. Yillik PM10 ve SO2 Lineer Korelasyonu
Tablo 1. Yillik R2 degerleri

Yil 2018 2019
R2 0.011 0.035

2020 2021
0.027 0.0

2022
0.039

Sekil 8 ve 9 incelendiginde PM10 &l¢iim degerlerinin SO,
0lciim degerlerine baskin geldigi goriilmektedir. Dagilimlar 2
degiskenin yillik, aylk ve saatlik bazda uyum saglamadigini
gostermektedir. Hesaplanan R2 sonuglarinin da ¢ok diisiik
oldugu goriilmektedir.
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Sekil 8. Aylik PM10 ve SO2 Lineer Korelasyonu

Sekil 9. Saatlik PM o ve SO; Lineer Korelasyonu

Meteoroloji Genel Miidiirliigii’'nden alinan verilerde
verilen santral i¢in hakim riizgar yoniiniin Giineybati oldugu
goriilmektedir (Sekil 10).
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Sekil 10. 2018-2022 yillari arast saatlik verilerden elde
edilmis riizgar giilii

Weibull dagilimi, rastgele degiskenlerin dagilimini
tanimlamak i¢in kullanilan istatistiksel bir dagilim modelidir.
Weibull dagilimi, iki parametreli bir olasilik dagilimidir: 6l¢ek
parametresi (1) ve sekil parametresi (k). Olcek parametresi
pozitif bir degerdir ve dagilimin yayilma oranini kontrol eder.
Sekil parametresi ise birbirinden farkli sekil ozellikleri
sergileyen dagilimlar1 tanmimlar. Veriye Weibull Dagilimi
uyduruldugunda sekil parametresi 2.16 ve dlgek parametresi
2.33’tiir.
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Sekil 1. 2018-2022 Weibull Dagilimi

Sekil 11 ve 12 dikkate alindiginda, PM kirleticisinin toz
taginimiyla daha fazlalastigi belirtilebilir. Bu durumun temel
sebebi de hakim riizgar yonii giineybat1 olan Malatya ilinde
Afrika tozlari kirletici etkeni olarak goriilmektedir.
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Sekil 1. Riizgdr hizi, PM10 ve SO2 Dagilimlar
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Sekil 2. Riizgar yonii, PM10 ve SO2 dagilimlar

2.3 Parametrelerin Korelasyonlari

Pearson, Spearman ve Kendall, istatistiksel korelasyon
analizinde kullanilan Slglimlerdir. Bu oOlglimler, iligkili iki
degisken arasindaki iligkinin giiciinii ve dogasini
degerlendirmek igin kullanilirlar (Ozdemir, 2019). Pearson
korelasyonu, iliskili iki siirekli degisken arasindaki dogrusal
iligkiyi o6lgen bir parametrik korelasyon olgiisiidiir. Pearson
korelasyon katsayisi, degiskenlerin dagilimi ve iliskisi
hakkinda bilgi verir. Degiskenler arasindaki iliski dogrusal ise
korelasyonu yaklasik olarak +1 veya -1 olur. Korelasyon
katsayist 0 ise, degiskenler arasinda bir iliski
bulunmamaktadir. Korelasyon katsayisi -1 ile +1 arasinda
deger alir (Kara ve ark., 2023).
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Malatya hava kalitesi i¢in dogrusal iliskiler i¢in Pearson,
monoton iliskileri hakkinda bilgi edinmek i¢in Spearman ve
Kendall degerlerl Sekil 13, 14 ve 15’te verilmistir.
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Sekil 3. Mevsimsel Pearson Korelasyonu
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Sekil 4. Mevsimsel Spearman Korelasyonu
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Sekil 6. Aylik Pearson Korelasyonu

Olusturulan korelasyon grafiklerinde PM10 incelendigi
zaman mevsimsel grafiklerde riizgar hiz1 ile negatif ve diisiik
seviyede (<=0.2) korelasyon degerleri goriilmektedir. Bu
degerler aylik grafiklerde sadece 1. ayda goriiliirken saatlik
grafiklerde ise 0, 1, 2, 20, 21, 22 ve 23 saatlerinde
goriilmektedir (Sekil 17).
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Figure 7. Saatlik Pearson Korelasyonu

Riizgér hiz1 korelasyon sonuglari SO2’de bir iliski ifade
edebilmek icin mevsimsel ve aylik grafiklerde ¢ok diisiik
kalmugtir. Saatlik grafiklerde 12, 13 ve 14 saatlerinde riizgar
ile diisiik seviyede negatif korelasyona sahiptir.

SO, takvim grafiginde 24 saatlik sinir olarak verilen 20
ug/m® degerinin cogunlukla yaz mevsiminde asildig1
goriilmektedir (Sekil 18).
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Sekil 8. SO Giinliik Yogunluk Takvim Grafigi

PM takvim grafiginde 24 saatlik sinir olarak verilen 50
ug/m’ degerinin ¢ogunlukla sonbahar ve kis mevsimlerinde
asildig1 goriilmektedir (Sekil 19).
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Sekil 9. PM10 Giinliik Yogunluk Takvim Grafigi

4. Degerlendirme ve Oneriler

Malatya sehri hava kirliligi sorunlartyla karsi karsiyadir,
ancak su anda tehlikeli bir seviyede degildir. Fakat son iki
yilda SO, ve PMjo seviyelerinde Onemli bir artis
gozlemlenmistir. Sehirdeki hava kirliliginin riskli seviyelere
ulagsmasini dnlemek ve mevcut durumu iyilestirmek i¢in bazi
onlemler alinmasi gerekmektedir. Asagidaki oOneriler ve
belirlenen sorunlar, daha yasanabilir bir Malatya igin temel 6n
sartlar olarak goriilmektedir:

1. Sehrin jeomorfolojik yapist nedeniyle
degistirilemeyen bir ¢okiintii havzasinin kenarinda
bulundugu dikkate alinarak sehir planlamasi
yapilmalidir.

2. Malatya'da yi1l boyunca giineybati yoniinde esen
riizgar dikkate alinarak, sehir etrafindaki binalar
kirlilik havasin1  sehirden uzaklastirmak igin
maksimum 6zenle bir riizgdr koridoru olusturacak
sekilde insa edilmelidir. Ornegin, sehrin giineyinde
insa edilen TOKI konutlari, Cemal Giirsel, Kuyudnii
ve Haciabdi gibi bazi mahallelerin arkasinda insan
yapimi bir engel olusturdugundan, bu mahallelerin
tizerindeki kirli havanin dagilmasi zor olabilir.

3. Gegmis yillarda, evleri 1sitmak i¢in kullanilan
kalitesiz komiir, Malatya'daki hava kirliliginin en
onemli nedeniydi. Linyit komiirii hala sehirde
kullanilmaktadir, ancak Malatya Valiligi, Malatya
Belediyesi ve Malatya il Cevre ve Sehircilik
Midiirligi'niin koordinasyonuyla ucuz ve diisiik
kaliteli komiir satigt biiylik olciide engellenmistir.
"Torba" veya "kok" adi verilen islenmis linyit
komiiriiniin  kullanim1 artmig ve insanlar diisiik
kaliteli komiir kullanmanm karli olmadigimi fark
etmigtir. Sehirde meyve agaclarinin yogun bir sekilde
yetistirilmesi nedeniyle odun tiikketimi de oldukga
yiiksektir.

4. Binalar1 isitmada yakitin nasil yakildigi da 6nemlidir.
Uygun yakma tekniklerini bilmeyen egitimsiz
stokgular ve 1sitma sistemi operatdrleri ile bacalarin
temizligine dikkat etmeyen kisiler hava kirliliginin
6nemli nedenlerindendir.
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5. 6 Subat 2023 tarihinde 11 ili etkileyen
Kahramanmaras merkezli depremde etkilenen
illerden olan Malatya’nin depremden sonra yeniden
planlanacak olan sehir imarinda, bu g¢aligmadaki
bolgenin meteorolojik sartlariin ve hava kirliligi
parametrelerinin = g6z Oniinde  bulundurulmasi
onemlidir.

6. Sehir planlamasinda sanayi alanlarinin yakinlarina
yerlesim yerlerinin  kurulmamasi 6nem arz
etmektedir.

7. Konut projelerinin ve sitelesmelerin yiiksek katli
olmamasimma ve c¢arpik kentlesmeye sebebiyet
vermeden tasarlanmasina dikkat edilmelidir.

8. Niifus yogunlugunun oransal olarak kentin geneline
yayilmast Oniimiizdeki donemlerde hava kirliligini
azaltict ve hava kalitesinden kaynakli olusmasi
muhtemel  hastaliklarinin =~ 6nline  ge¢ilmesini
saglayacaktir.

S6z konusu tiim bu degerlendirmeler g6z Oniinde
bulunduruldugunda, depremden etkilenen illerimizden biri
olan Malatya’da sehrin nizami ve diizgiin olarak yeniden
ingasi, ¢arpik kentlesmenin ortadan kaldirilmasi  ve
sanayilesmenin sehrin hakir riizgar altt tarafinda tesvik
edilmesi ihtiyaci bulunmaktadir.

Tesekkiirler

Yazarlar, hava kalitesi verileri icin Cevre, Sehircilik ve Tklim
Degisikligi Bakanligi'na ve ge¢mis donem meteorolojik
veriler i¢in Meteoroloji Genel Miidiirliigii’ne minnettardir.
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