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Abstract: Social insects can be used as bioindicators of environmental quality. The trace
metals, heavy metals, radioactivity, pesticides, environmental pollutants have been
monitored by using social wasps. The species of Polistinae build up their nest in nature
by collecting various organic and inorganic materials from surrounding areas. The idea
of this study was to detect the accumulation of copper as environmental pollutant on
native species. The nest materials belonging to two species Polistes nimpha and Polistes
dominulus were collected from Adana in Cukurova Region that is one of the very
important agriculture areas in Turkey and analyzed through flame atomic absorption
spectrometric methods. The amount of copper was found in the nests of P. nimpha and
P. dominulus which was changed from 2.03 to 6.68ug.g. It is believed that this
accumulation is due to applications of copper-containing pesticides. Overall analyses of
findings indicated that composition of the nests of Polistes might be evaluated as
biomonitor for copper pollution.

Polistes dominulus ve Polistes nimpha’nin Yuva Materyalinde Bakir Birikiminin

Tespiti (Hymenoptera: Vespidae: Polistinae)

Anahtar Kelimeler
Bakar birikimi,
Polistes dominulus,
Polistes nimpha

Ozet: Sosyal bocekler cevre kalitesinin biyoindikatorleri olarak kullanilabilirler. iz
elementleri, agir metaller, radyoaktivite, pestisitler, ¢evre kirleticiler sosyal arilar
kullanilarak tespit edilebilir. Polistinae tiirleri dogada yuvalarini civardan topladiklar
gesitli organik ve inorganik materyaller ile insa ederler. Bu galismanin amaci dogal
tiirlerde gevre kirleticisi olan bakir birikiminin tespit edilmesidir. Tiirkiye nin en 6nemli
tarim bolgesi olan Cukurova’nin Adana ilinden toplanan Polistes nimpha ve Polistes
dominulus tiirlerine ait yuvalar alevli atomik absorbsiyon spektrometresi metodu ile
analiz edildi. P. nimpha ve P. dominulus yuvalarinda bakir miktarmin 2.03 — 6.68 ug.g*
arasinda degistigi tespit edildi. Bu birikimin bakir igeren pestisit uygulamalarindan
kaynaklanabilecegi diigiiniilmektedir. Polistes tiirlerinin yuvalar1 bakir kirliliginin
biyomonitorii olarak kullanilabilir.

*lgili yazar: nilbagriacik@hotmail.com

1. INTRODUCTION

Is reported that some insects accumulate large
amount of metals in their

Insects, occupy different position in food
chain, are the important part of the ecosystem. It
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bodies and result in physiological toxicity
(Heliovaara and Viisdnen, 1990; Diener et al.
2015). Some predatory insects are used as
bioindicators because of high abilities of
accumulating metals from the ambient
environment (Nummelin et al., 2007). The
heavy metal accumulation and their
biogeochemical transport in the soil-plant-insect
system were clarified (Zhang et al., 2009).

Diptera (Hare and Tessier, 1998),
Odonata (Hardersen, 2000) can be used as
bioindicators of environmental quality. Metal
concentrations in some insects belonging to
Orthoptera, Odonata and Lepidoptera collected
from industrial areas were evaluated (Azam et
al., 2015). The presence of heavy metals in
larvae, pupae and adults of the social wasps
were examined (Kowalczyk and Watala, 1989;
Urbini et al., 2006; Magalhaes de Souzal et al.,
2010). Possible adverse effects of heavy metal
pollution to host plant—aphid relationships were
indicated (Gorur, 2006). Hymenoptera species
can be successfully used as bioindicators. The
honey bee and its products are considered most
versatile and efficient biomarkers for
environmental pollution (Pohl, 2009; Balestra et
al., 1992; Kevan, 1999; Zhelyazkova, 2012).
Ants have been used to indicate pollutant
concentrations (Andersen and Miieller, 2000).

The wasps of the genus Polistes,
commonly known as paper wasps, have a
worldwide distribution in temperate and tropical
zones. In temperate zones they are characterized
by annual colonies (Cervo, 2000). The Polistes
colonies in Turkey are univoltin. Their colonies
are small with less than 100 workers per colony
usually (Bagriacik, 2013). The nests of Polistes
are arboreal, sometimes in cavities, and consist
of a single resinous pedicel and a comb not
covered by envelope. The species of Polistes
prefer long vegetative fibers and plant hairs as
nest material (Wenzel, 1998). The species of
Polistinae use paper pulps that are obtained from
a mixture of oral secretions and plant fibers, to
construct their nests (Evans and West Eberhard,
1970). They build up their nest in nature by

using various organic and inorganic materials
(Spradbery, 1973). Usually the nests are made
of chewed plant fibers from weathered wood
and other sources (Jeanne, 1975). Nests occur in
or on vegetation, and on manmade structures
such as the roofs and eaves of buildings. There
are interspecific variations in preferred nesting
sites (Evans and West Eberhard, 1970).

The concentration of copper in soils
ranges from 2 ppm to 100 ppm (on dry weight
basis) with a mean value of 20 ppm. Metals are
absorbed by plants from contaminated soil
(Nagvil et al., 2014). Copper is an essential
micronutrient for normal plant growth and
development, although it is also potentially
toxic (Yruela, 2005). Cu concentrations in cells
need to be maintained at low levels since this
element is extremely toxic in view of its high
redox properties. Excessive Cu can interfere
with numerous physiological processes such as
enzyme activity, protein oxidation (Islek and
Tiirky1lmaz Unal, 2015).

In this study, the nests of two species
Polistes dominulus and Polistes nimpha
collected from Adana province which is one of
important agricultural areas in southern part of
Turkey were analyzed in respect to copper
accumulation. Many chemicals are applied for
preventing of pests and plant diseases in this
region. The aim of the study was determination
of the level of copper as environmental pollutant
in the nests as natural structure made by Polistes
wasps. The copper was analyzed because it is
essential microelement for plants and also can
accumulate in tissues.

2. MATERIAL AND METHODS

The nests of Polistes nimpha and
Polistes dominulus were collected around
Adana province of Turkey in the summer season
of 2016. The samples were randomly collected
from various areas which represent different
habitats and altitudes of Adana province. The
nests were mechanically dried in oven at 70°C
for 48 h., weighed on microbalance (1g. for each
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part of the nests), and digested in a mixture of
five milliliters of nitric acid 0.1 M (6:1). Then,
10 ml of the same acid was added and the
mixture was made up to 25 ml with distilled
water. Four measurements were made for each
nest. Each concentration datum is the average of
the measurements. 13 nests were analyzed at the
laboratory of the Department of Chemistry in
Nigde Omer Halisdemir University through
flame atomic absorption spectrometric methods
by Shimadzu AA7000.

3. RESULTS AND DISCUSSION

In this study, the nest materials
established using the natural materials by wasps
were analyzed. The average amounts of copper
in the nests of Polistes species were determined
5.20+1.45pg.gt varying from a minimum of
2.03 pg.gto a maximum of 6.68 pg.g* (Table
1). The average amount of copper of the nests of
P. dominulus and P. nimpha were determined
6.05+0.37pg.g*t and 4.96+2.21pg.gt,
respectively.

The analysis of measurements was
shown that the nest materials including plant
fibers contain higher concentrations of copper.
Also, copper accumulated in fibrous materials
of P. nimpha’” and P. dominulus’ nests.
According to Bagriacik (2012) Polistes nimpha,
P. gallicus and P. dominulus in Turkey were
similar in terms of nest material preference and
nest architecture. Long vegetable fibers, plant
hairs and inorganic particles were observed in
the nests of Polistes species. The nest materials
of P. dominulus and P. nimpha collected for this
study are similar.

The reason of the accumulation of
copper of the nests of P. nimpha and P.
dominulus in this study may be due to the
applications of chemical drugs including copper
for pest control and plant diseases in collecting
areas. Approximately %40 of agricultural
chemicals used in Turkey are applied in Adana
province (Zeren and Eren, 2000). In this region,
cupreous preparations are density used against
plant disease (Mirik et al., 2005). Copper

hydroxide, copper sulphate (Bordeaux mixture),
copper  sulphatepenta  hydrate,  copper
oxychchlorid are some of the chemicals that
were applied against plant diseases in Adana
(DPPP, 2017).

Table 1. Data on the collecting localities and the
amounts of copper in the nests

Locality | Locality name | Altitude Coordinates Speices Mean+SD
number (pg.gh
1 Karaisalt 240m. 3525'N, P. dominulus 5.42£2.32
35°05'E
Sancam. 160m. 37°08'N, P. dominulus 3.45=1.84
Menekse 35'35'E
3 Ceyhan. 25m. 3699'N, P. dominulus 2.03£1.13
Toktamis 3576'E
4 Yiiregir, 23m. 36'80'N, P. dominulus 4.12£3.11
Solakls 3533'E
5 Imamoglu 84m. 3725'N, P. dominulus 3.55£2.24
35'66'E
6 Cukurova, 150m. 37°09'N, P. dominulus 6.34%2.4
Topalak 3527°E
Yumurtalik 20m. 36'81'N. P. dominulus 6.68=1.74
35"75'E
8 Feke, 620m. 3881'N, P. dominulus 5.79+4.36
Merkez 3591'E
9 Aladag. 700m. 37°55'N, P. nimpha 5.58+1.87
Kabasakal 3535'E
10 Karatas 10m. 36'56'N. P. dominulus 6.68=1.12
3538°E
11 Pozant1, 995m. 32°38'N, P. nimpha 5.75+1.68
Eskikonacik 34'86'E
12 Saimbeyli. 1050m. 37°90'N, P. nimpha 6,44+1,97
Giiseren 36°08°E
13 Kozan, 200m. 37°25°N, P. dominulus 5.85+1.94
Anavarza 35'90'E

There are a few studies on social wasps
as biomonitor of environmental quality. Polistes
dominulus seem to be a good candidate species
for biomonitoring lead pollution in Florence
(Italy) according to the results of analysis of the
larval fecal masses (Urbini et al., 2006).
Pseudopolybia vespiceps, Polybia
fastidiosuscula and Mischocyttarus drewseni
can be suggested to be used in monitoring
programs of environmental quality of Riparian
Forests in Southeast Brazil (Magalhaes de
Souzal et al., 2010). According to results of this
study, the compositions of the nest materials of
Polistes dominulus and Polistes nimpha may be
a biomonitor for copper accumulation and
environmental pollution. As chemicals with
different composition heavily applied against
pest species in agricultural lands in Turkey,
conducting these types of studies are going to be
important to detect side effects of chemical
pollutions effects.
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Ozet: Calisma alani, Tiirkiye’'nin Trakya bolgesinde Hayrabolu havzasinda yer almaktadir.
Havzada yeralt1 suyu, sulama ve igme suyu ihtiyacini kargilamak i¢in kullanilmaktadir. Bununla
beraber havzadaki tarimsal faaliyetlerin yogunlugu, yeralt: sularinin kirlenmesi agisindan tehdit
olusturmaktadir Bu calismada havzadaki kirleticilerin yeralti sularin1 etkileme dereceleri ve
dolayisiyla akiferi olusturan birimlerin kirlenmeye karst duyarliligt DRASTIC yoéntem ve cografi
bilgi sistemleri (CBS) bir arada kullanilarak belirlenmistir. DRASTIC yontemine ek olarak
Analitik Hiyerarsi Siireci (AHS) ile DRASTIC yonteminde kullanilan katsayilar ve agirliklar
tekrar degerlendirilip akiferin kirlenmeye karsi duyarliligi tekrar belirlenmistir. CBS ortaminda
akiferin kirlenmeye karsi duyarlilik haritasi hazirlanmistir. Yeralti sularinda gozlenen nitrat
konsantrasyonu dagilim degerleri ile CBS ortaminda hazirlanan duyarlilik haritalan
karsilastirilmistir. Olusturulan duyarlilik haritasina gore havzadaki akifer yilizey alanmin %
28,2'sinin kirlenmeye karsi olduk¢a savunmasiz oldugu belirlenmistir.

Mapping of Aquifer Susceptibility for Contamination via Combination of
DRASTIC and DRASTIC-AHP Methods in Hayrabolu Basin, Thrace Region

Keywords:
Aquifer Susceptibility Map,

Analytic Hierarchy Process,
DRASTIC Method,
Hayrabolu Basin

Abstract: The study area is in Hayrabolu Basin in southern Thrace, Turkey. The groundwater in
the basin is used both for irrigation and drinking purposes. However, the intensity of agricultural
activities in the basin, is a threat in terms of pollution of groundwater. In this study, the degree of
influence of pollutants affecting the groundwater in the basin and the susceptibility of the aquifer-
forming units to pollution has been determined using a combination of DRASTIC method and
geographic information systems (GIS). In addition to the DRASTIC method, the weights and
ratings used in the DRASTIC method were re-evaluated with the Analytical Hierarchy Process
(AHP) and the susceptibility of the aquifer forming units to the contamination was re-determined.
In this way, a susceptibility map for the aquifer pollution in the basin was prepared. The nitrate
concentration distribution values observed in the groundwater were compared with the sensitivity
maps prepared in the GIS environment. According to the generated susceptibility map, 28.2% of
the surface area of the aquifer in the basin is determined as highly vulnerable to pollution.

*flgili yazar: orhan.arkoc@klu.edu.tr

1. GIRIS

kaynaklart smirli olup yerkiiredeki tiim su

Su, yeryiiziindeki canlilar ve dolayisiyla
hayatin devamu i¢in vazgecilmezdir. Ozellikle
kurak ve yar1 kurak iklimin hiikiim stirdigi
bolgelerde temel su kaynagimi yeraltt Sular
olusturmaktadir (Abdullah ve ark., 2016).
Bununla beraber diinya iizerindeki tatli su

kaynaklariin sadece 25%’1 tatli sudur (Cooley
et al., 2014). Ulkemizde i¢cme ve sulama
amagh kullanilan tath su kaynaklarindan igme
sularinin %82 si, sulama sularinin ise %76 si
yeraltt sularindan  karsilanmaktadir  (DSI,
2016). Bu durumdan da anlasilacag: gibi yeralti
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sularma olan bagmmlilik olduk¢a fazladir.
Bununla beraber yapilan arastirmalarda 2030
yilinda iilkemizde su kithg olacagr da

ongoriilmektedir (Sener ve ark., 2009).
Dolayisiyla mevcut su kaynaklarimizin su
kalitelerinin  siirdiiriilebilir ~ bir  sekilde
korunarak en 1iyi sekilde yonetilmeleri

gerekmektedir.

Diinyanin farkli yerlerindeki bir¢ok
akifer, serbest akifer niteliginde olup ve yliksek
gecirgenlige  sahiptir.  Yiizeydeki  ¢esitli
aktiviteler, tarimsal faaliyetler, kentlesme ve 1yi
aritilmamis evsel ve sanayi atiklarinin desarji
ile yiizeyden itibaren c¢esitli kirleticilerin
sizmast bu tip akiferleri kirlilige kars1 asirt
duyarli hale getirmektedir. Bu durum yeralti
sularinin nitelik ve nicelik olarak bozulmasina
neden olmaktadir (Baalousha, 20006).

Yeraltt  sularinin korunmasi  ve
mekansal planlama icin stratejiler gelistirilmesi
amaciyla yapilan ¢alismalarda kirlenmeye karsi
duyarliliginin arastirilmast  6nemli bir yer
tutmaktadir  (Foster, 1987). Bu amagla
arastirilan fiziksel c¢evrenin yeralti sularim
tehdit eden kirleticilere karst korunmasi
amaciyla bolgelere ayrilabilmesi gereklidir.
Yapilan c¢alismalarda baz1 bolgeler, diger
bolgelere gore kirlenmeye karsi daha duyarlt
olarak belirlenmektedir ve dolayisiyla bu
bolgeleri gosteren haritalar kirlenmeye karsi
potansiyel tehlike altinda olan akiferleri
gostermektedir.

Bu tip  haritalarin  hazirlanmasinda
literatiirde bircok farkli yaklasimdan soz
edilmistir. Bu yaklasimlar temel olarak,
Cografi Bilgi Sistemleri (CBS) yardimi ile
gorsel olarak haritalanabilir ve dogrulugu
sianabilir yaklagimlar olan, iist {iste bindirme
analizi  yapan, sayisal indeks temelli

yontemlerdir. Literatiirde kullanilan Akifer
duyarlilik analizi yontemleri arasinda; taneli
ortamlar i¢in kullanilan DRASTIC (Aller et al.,
1987), GOD (Foster, 1987), AVI (Van
Stempvoort et al., 1993) ve SINTACS (Civita,
1994) sayilabilirken, karstik ortamlar igin ise;
RISKE (Merchant, 1994), EPIK (Doerfliger et

al., 1999) ve COP (Vias et al., 2006)
sayilabilir.

Ust iiste bindirme ve indeks temelli
DRASTIC yontemi, diinyanin farkl

bolgelerine farkli arastirmacilar tarafindan en
yaygin kullanilan yontemdir (Lobo-Ferreira ve
Oliveira, 2004; Secunda et al., 1998; Al-Zabet,
2002; Sener ve Davraz, 2013; Hamza ve ark.,
2015; Abiy et al.,, 2016; Yildinm ve Giiler,
2016; Garewal et al., 2017).

Bu calismanin amaci  Hayrabolu
Havzasinda yer alan akifer birimlerinin
kirlenmeye kars1 duyarliliklarint DRASTIC ve
AHS yontemleri kullanarak CBS destegi ile
belirleyip haritalamaktadir.

1.1 Calisma Alam

Tiirkiye’nin Kuzey Batisinda Trakya
bolgesinde yer alan ¢alisma alan1 1468 km?’lik
alana sahiptir. Hayrabolu Nehrinin yiizey
drenaj sahasi c¢aligma alanini olusturmaktadir.
Alanin gilineybatisinda yer alan Karademir
Tepelerinden dogan Hayrabolu Nehri,
yaklagik giiney - kuzey dogrultusunda, aygigek,
bugday ve arpa gibi tarim {riinleri ekimi
yapilan alanlarda 45 km akis gostererek Ergene
Nehri ile birlesir. Havzanin bati, dogu ve giiney
kesimleri daglik olup, yiikseklik 6 m ile 324 m
arasinda degisir. Bolgede kislar soguk ve
yagisli, yazlar ise sicak ve kuraktir. Ortalama
yagis yuksekligi 521 mm’dir (Sekil 1).
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Sekil 1. Calisma alani yer bulduru haritasi (© OpenStreetMap CC-BY-SA)

Caligma alaninda en altta kiltasi ve
kumtas1 ardalanmasindan olusan Muhacir
Formasyonu (Ty) yer alir. Aralarinda ¢akiltasi
bantlar1 ve kalin kirectas1 seviyeleri ile degisik
diizeylerde linyit bantlar1 iceren
kumtaglarindan  olusan  Oligosen  yash
Danismen  Formasyonu (Tod)  Muhacir
Formasyonun iizerinde yer alir. Bu birimin
lizerine taneleri gesitli boyda iyi yuvarlanmis
cakiltasi, kumtas1 ve yer yer killerden olusan
Cakil Formasyonu (Toc) gelir. Miyosen yaslh
Ergene Formasyonu (Tme) kil ve cakil

mercekli gevsek tutturulmus kumlardan olusur
ve ¢alisma sahasinda genis bir alanda gozlenir.
Ergene Formasyonu iizerine ¢akil, kum, kil ve
camurtaslarindan olusan Trakya Formasyonu
(Tnt) gelir. Koyu gri, siyah renkli siitun
bazaltlardan olusan ve Trakya Formasyonunu
kesen Pleyistosen yasl Karatepe Bazalti (Qk)
calisma alaninin giiney dogusunda kiiclik bir
alanda gozlenir. Hayrabolu Nehri ve kollarinda
cakil, kum, silt ve kil boyutlu malzemeler
alivyon (Qa) olarak adlandirilmistir (Sentiirk
ve ark., 1998, Umut, 1988) (Sekil 2).
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Sekil 2. Calisma alani jeoloji haritasi (Umut 1998’den degistirilerek)

(Calisma alanindaki yeralt1 suyu, Ergene
ve Trakya Formasyonlarini olusturan cakil,
kum ve silt taneleri arasindaki bosluklarda
serbest olarak yer alir. Onceki ¢alismalar ve bu
calismada elde edilen bilgilere gore yeralt1 su
seviyesi  egimi  giiney-kuzey  yonlidiir.
Kuyulardaki su seviyeleri 70 ile 100 m
arasinda degismektedir (DSI, 2002).

2. MATERYAL VE METOT

Hayrabolu havzasinda baslica gecim
kaynagi tarim ve hayvanciliktir. Trakya bolgesi
Tiirkiye Aycicek tiretiminin % 48’nin, bugday
iretiminin ise %1 1’inin  karsilandig1  bir
bolgedir (www.tuik.gov.tr). Calisma alaninda
Devlet Su Isleri Genel Miidiirliigii (DSI)

tarafindan 121,43 km? alan sulanmaktadir.
Bununla beraber havzada yer alan kirsal ve
kentsel yerlesim yerleri igme suyu ihtiyaglarini
yeraltt suyundan karsilamaktadir. Yogun tarim
faaliyetinin oldugu bolgede kullanilan giibre ve
pestisitlerin yeralti1 suyuna karigmasi ihtimali
oldukca yiiksektir. Bununla beraber hayvansal
ve evsel atiklarin diizensiz depolanmasi sonucu
olusabilecek sizintilar da yeraltt sular1 igin
ayrica tehdit olusturmaktadir. Bu nedenle
havzadaki  akiferlerin  kirlenmeye  karsi
duyarliliginin saptanmasi gerekmektedir.

Bu calismada bolgedeki temel kirletici
kaynagin tarimsal faaliyetler olmasi ve taneli
akifer birimlerinin  goézlenmesi nedeniyle
kirleticilerin ~ yeralti1  sularmma  karigmasi



ihtimaline karsi DRASTIC  yontem ile
duyarhilik  haritas1i  CBS  yardim  ile
hazirlanmustir.
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Akifer Duyarlilik Haritast

Sekil 3. Calismada kullanilan yonteme ait akis
diyagrami

Buna ek olarak DRASTIC yontemdeki
her degiskene ait reyting katsayilart AHS ile
tekrar belirlenip akifer duyarlilik haritas1 yeni

katsayillar ile CBS  ortaminda tekrar
hazirlanmistir (Sekil 3).
2.1. Analitik Hiyerarsi Siireci (AHS)

Karar alma  siireglerinde  insan
yargisinin etkinliginin artmasi, alinan kararin
dogrulugunu  arttirmaktadir.  Aym1  karar

problemlerinde karar Olciitlerinin 6nem diizeyi

ARKOC

ve karar secgeneklerinin degerlendirilmesinde
her  insan farkli  karar  yargilarina
varabilmektedir. Bu tiir karar problemlerinin
¢oziimiinde AHS daha etkin karar verme
imkan1 saglamaktadir. AHS, Saaty (1980)
tarafindan gelistirilmis olan ikili karsilagtirma
yontemine dayali karar alma ydntemlerinden
olup ¢oklu ve zor problemlerin ¢dziimiinde
kullanilmaktadir. Bu yontemde belirlenmek
istenen temel karar, belirlenen alt olgiitlerin
saglanmasi ile almir. Karar verme isleminde,
alt Olctitlerin  birbirleri ile karsilastirilmasi
sonucu elde edilen sonuglar degerlendirilir
(Saaty, 1980).

AHS yoOnteminin temeli olan ikili
karsilagtirmalar i¢in bir Olgek gelistirilmistir.
Bu olgekte iki Olglit birbiriyle sézel olarak
karsilastirilir ancak sonuglar sayisal olarak
ifade edilir. Karar olgiitleri ve her bir olciite
gore karar segenekleri 1 ile 9 arasinda degisen
sayilarla ikili karsilastirmalarla degerlendirilir
(Tablo 1) (Saaty, 1980).

AHS yonteminde ikinci adim her bir
Olciitiin  6nem derecesini gosteren, Oncelik
vektorlerinin  bulunmasidir. AHS algoritmasi
asagidaki bigimde tanimlanabilir;

Oncelikle C1,C2, Cn kriterleri ve aij, Ci
kriteri ile Cj kriteri arasindaki degerlendirmeyi
(1-9 6nem olgeginde) ifade etmek tizere, n*n
boyutundaki A ikili karsilastirma matrisi
olusturulur. Karsilagtirma matrisinde aji =1/ aij
iligkisi ve ail =1 esitligi bulunur. Karsilagtirma
matrisinin her elemani, kendi siitun toplamina
boliinerek  “Normallestirilmis  Karsilastirma
Matrisi” elde edilir. Daha sonra
normallestirilmis karsilastirma matrisinin her
satirda satir ortalamalar1  hesaplanir. Bu
ortalama degerleri Olgiitlerin goreli dnemlerini
ifade eder (Aydin ve ark., 2009).

Tablo 1. AHS yonteminde ikili kargilagtirmalarda kullanilan degerlerin anlamlar1 (Saaty, 1980)

Sayisal degerler Aciklama
1 Esit 6nemli
3 Daha 6nemli
5 Kuvvetli derecede 6nemli
7 Cok kuvvetli derecede 6nemli
9 Asir1 derecede 6nemli
2,4,6,8 Ara degerler

10
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AHS sonuglarmin gegerli olabilmesi
icin, A matrisinin tutarli bir matris olmasi
gerekmektedir. Tutarli bir A matrisinde,
Yi=1W; =1 olmak {izere, wi agirhklan
(agirhk  vektorii)  hesaplanir.  Agirliklar,
normallestirilmis  karsilagtirma matrisi ile
hesaplanan goreli 6nem degerleri ile ilk
olusturulmus olan karsilastirma matrisinin ilgili
siitunun c¢arpilip toplanmasi ile elde edilen
vektordiir.

A matrisinin olusturulmasinda karar
vericinin Olgiitler arasinda kiyaslama yaparken
tutarli davranip davranmadigini 6lgmek igin
“Tutarlillk  Oran’”nin  (TO) hesaplanmasi
gerekir. Bu degerin 0.1 den kiigiik olmasi
gerekmektedir. Eger bu oran 0.1°dan biiyiik ise
karar verici ikili karsilastirmalardaki kararlarini
yeniden gozden gecirmelidir (Millet ve Saaty,
2000).

Tutarlilik Orani hesabi icin asagidaki
formiil kullanilir;

Burada TI: Tutarlilik Indeksi, RI:
Rastgelelik Indeksini ifade eder. Tutarlilik

Indeksi ise asagida verilen formiil ile
hesaplanmaktadir;

Ti =

Amaks—n
e, 3)

Burada Amax, karar matrisinin en biiyiik
ozvektorii olup matristen hesaplanabilmektedir.
ise matrisin derecesini ifade
Formiilde yer alan Rasgelelik

3 b

n’ degeri
etmektedir.
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Indeks degeri ise asagida verilen tablo 2 den
okunmaktadir.

Tablo 2. AHS yo6nteminde kullanilan matris
boyutu ile ilgili Rastsal Tutarlilk Indeksi
(Saaty, 1980)

4 5 6 7 8 9 10

08 11 12 13 14 14 14

1 2 3
0 0 05
8 9 2 4 2 1 5 9

n
R
i
n: matris boyutu RI: Rastgelelik indeksi

Bu calismada DRASTIC y6ntemi i¢in
kullanilan 7 adet degisken incelendiginden
matrisin RI degeri 1,32°dir. Bu ¢alisma igin
yapilan hesaplamalarda TO degeri 0.03 olarak
hesaplanmaistir.

Tutarlilik Oranmin istenilen degerler
arasinda olmas1 saglandiktan sonra karar
secenekleri Oncelik siralamasini  gelistirmek
amaciyla oncelik matrisi olusturulur. Her bir
karar segenegi igin Oncelik, bu Olglitlere gore
karar  segeneginin  Onceliginin  OSlgiitiin
onceligiyle carpilmasi ve carpim sonuglarinin
toplanmasi ile elde edilir.

Daha sonra, her bir parametre kendi
icerisinde tekrar degerlendirilerek ikinci bir
reyting  degerleri  bulunmustur  (Tablo
4,5,6,7,8,9,10). DRASTIC Yontem igerisinde
ve haritalarin  hazirlanmasinda  kullanilan
reyting Kkatsayilar1 her bir parametrenin
kendisine ait reyting degeri ile yine kendi
icerisinde yapilan degerlendirme sonucunda
elde edilen reyting degerlerinin ¢arpimi
sonucunda elde edilmistir (Tablo 11).

Bu c¢alismada kullanilan DRASTIC
yontem igerisindeki 7 ayr1 degisken icin
hazirlanan ikili karsilastirma matrisi ve her
degiskenin reyting katsayilart Tablo 3 de
verilmistir.
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Tablo 3. DRASTIC degiskenlerine ait ikili karsilastirmalar matrisi ve AHS Reyting Katsayilari

D R A S T | C AHS-RK
D 1 1/3 1/3 1/6 17 172 1/5 0.374
R 3 1 Y 1/3 1/5 2 1/3 0.139
A 3 2 1 1/3 1/3 1/3 2 0.104
S 6 3 3 1 2 1/5 2 0.051
T 7 5 3 2 1 1/6 2 0.040
| 2 2 3 5 6 1 1/3 0.223
C 5 3 2 2 3 3 1 0.070

D: Yeraltisuyu derinligi R:BeslenimA: Akifer tiirii S: Toprak tiirii T: Topografya I: Vadoz zon etkisi C:Hidrolik
iletkenlik AHS-RK: AHS reyting katsayisi

Lambda Ti TI/RI

7,241626423  0,040271071  0,030508387

Bu islemden sonra, her bir degisken (D, DRASTIC-AHS yontemine gore hazirlanan
R, A, S, T, I, C) kendi igerisinde tekrar haritalarda kullanilan reyting katsayilari ise
degerlendirilerek ikincil reyting degerleri tablo 4 de verilmistir.
bulunmustur (Tablo 5, 6, 7, 8, 9, 10, 11).

Tablo 4. DRASTIC ve DRASTIC-AHS yontemlerinde kullanilan agirlik ve reyting degerleri

DRASTIC Sinif/6zellik DRASTIC DRASTIC-AHS
degiskenleri
Agirlik Reyting Toplam Agirlik Reyting Toplam
agirlik agirhik
Yeraltisuyu derinligi  0—10 5 10 50 0.374 0.306 0,114
(m)D 11-20 7 35 0.173 0,065
21-30 5 25 0.105 0,039
31-40 3 15 0.079 0,030
> 40 1 5 0.052 0,019
Beslenim 495-530 4 3 12 0.139 0,046 0,006
(mm/y1l) R 531-595 5 20 0,073 0,010
596-670 7 28 0,095 0,013
>671 9 36 0,167 0,023
Akifer ortam A Bazalt 3 9 27 0.104 0.078 0,008
Kum ve gakil 8 24 0.097 0,010
Killi ve ¢akilli kum 6 18 0.173 0,018
Silt ve kil 3 9 0.366 0,038
Toprak ortiisti, S Ince yada yok 2 10 20 0.051 0.333 0,017
Kum 9 18 0.072 0,004
Kumlu toprak 6 12 0.102 0,005
Siltli toprak 4 8 0.167 0,009
Killi toprak 3 6 0.040 0,114
Topografya,T 0-4 1 10 10 0.040 0.042 0,065
(yiizde egim) 4-7 9 9 0.058 0,039
7-10 5 5 0.096 0,030
10-15 3 3 0.163 0,019
15-20 2 2 0.355 0,006
Vadoz zon etkisi Kil-Cakil 5 5 25 0.223 0.150 0,010
o Kum-Cakil 6 30 0.059 0,013
Kum-Cakil 8 40 0.089 0,023
Bazalt 9 45 0.274 0,008
Hidrolik iletkenlik 10°-10* 3 10 30 0.070 0.033 0,010
(m/s) C 104-10° 8 24 0.202 0,018
105 -10° 6 18 0.090 0,038
10 - 107 4 12 0.149 0,017

12
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Tablo 5. Yeraltisuyu derinligi parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari

>40m 30-40m 20-30m 20-10m 0-10m AHS-RK
>40m 1 1/2 1/3 1/3 1/5 0,052
30-40m 2 1 1/2 1/3 1/3 0,079
20-30m 3 2 1/2 1/3 0,105
20-10m 4 3 2 1 1/2 0,173
0-10m 5 4 2 1 0,306
Lambda Cl CI/RI

3,731191663 -0,54480139 -0,412728325

Tablo 6. Yeraltisuyu Beslenimi parametresine ait ikili karsilastirmalar matrisi ve Reyting
Katsayilari

495-530mm 530-565mm 565-600mm 600-695mm  >600mm  AHS-RK

660-650mm 1 1/2 1/3 1/3 1/5 0,046
670-660mm 3 1 1/2 1/3 1/3 0,073
680-670mm 5 3 1 1/2 1/3 0,095
690-680mm 7 5 3 1 172 0,167
>690mm 9 7 5 3 1 0,334
Lambda: 4,677565413  Cl: -0,387072431 CI/RI: -0,29323669
Tablo 7. Akifer tiirti parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari
Kum ve cakil Killi ve ¢akilh Kum Silt ve kil Bazalt AHP
Kum ve ¢akil 1 1/2 1/3 1/3 0,062
Killi ve ¢akilli Kum 3 1/2 1/3 0,078
Silt ve kil 5 3 1 1/2 0,138
Bazalt 9 3 1 0,293
Lambda ClI CI/RI

2,934059101  -0,677656816 -0,513376376

Tablo 8. Toprak tiiri parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari

Killitoprak Kum  Kumlu toprak  Siltli toprak  Ciplak Kayahk  AHS-RK

Killi toprak 1 1/2 1/3 1/3 1/5 0,040

Kum 7 1 1/2 1/3 1/3 0,072

Kumlu toprak 5 7 1/2 1/3 0,102

Siltli toprak 3 5 7 1 1/2 0,167

Ciplak kayalik 9 3 7 1 0,333
Lambda CI CI/RI

6,179755217 -0,136707464  -0,10356626
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Tablo 9. Topografya parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari

0-2 2-6 6-12 12-18 >18 AHS-RK
0-2 1 1/3 1/4 1/6 17 0,042
2-6 2 1 1/3 1/4 1/6 0,058
6-12 3 2 1 1/3 1/4 0,096
12-18 4 3 2 1 1/3 0,163
>18 5 4 3 2 1 0,355

Lambda: 3,217370389  ClI: -0,630438269

CI/RI: -0,477604749

Tablo 10. Vadoz zon etkisi parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari

Kum ve c¢akil Killi ve ¢cakilh kum Kil ve cakil Bazalt AHS-RK
Kum ve ¢akil 1 1/2 1/3 1/4 0,059
Killi ve gakilli kum 2 1 1/2 1/3 0,089
Kil ve gakil 3 2 1 1/2 0,150
Bazalt 4 3 2 1 0,274
Lambda CI CI/RI
2,308276796 -0,781953867  -0,592389293

Tablo 11. Hidrolik iletkenlik parametresine ait ikili karsilastirmalar matrisi ve Reyting Katsayilari

103-10* 104-10° 10°-10 10%-107 >107 AHS-RK
103-10* 1 1/2 1/3 1/4 1/5 0,033
104-10° 2 1 1/2 1/3 4 0,202
105-106 3 2 1/2 1/3 0,090
10¢-107 4 3 1 1/2 0,149
>107 5 4 2 1 0,240
Lambda Cl CI/RI
5,061908854 -0,323015191 -0,244708478

2.2.DRASTIC Yontemi

DRASTIC, indeks ve iist liste bindirme ile
analiz yapan bir yontemdir (Aller et al., 1987).
DRASTIC kelimesinin bas harfleri Ingilizce
karsiliklar1 ile tanimlanis yedi hidrojeolojik

O0geyi simgeler. Bunlar, D: Yeralt1 suyu
Derinligi (Depth to groundwater), R:
Beslenim (Recharge), A: Akifer Ortam

(Aquifer media), S: Toprak Ortiisii (Soil
Media), T: Topografya (Topography) I: Vadoz
zon etkisi (Impact of vadose zone), C: Akiferin
hidrolik gegirgenligi (Hydroulic conductivity
of the aquifer). Bu degiskenler 5 ile 1 arasinda
degisen agirliklara sahiptir (5 en iist diizeyde
onemli, 1 en alt diizeyde Onemli). Yine bu
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degiskenlerin her biri yine kendi ic¢inde farkli
smiflara ayrilir ve bu smiflar 10 ile 1 arasinda
reyting degerlerine sahiptir (10 kirlenmeye en
fazla duyarli, 1 kirlenmeye en az duyarli). Bu
degiskenler asagidaki formiile yerlestirilerek
DRASTIC indeks (DI) hesaplanir. Yiiksek
DRASTIC indeks degerleri yiiksek kirlenme
riskini gosterir.

DRASTIC index (DI) = (DxDw)+ (RxRw)+
(ArxAw)+ (SxSw)+ (TixTw)+ (Ixlw)+ (CrxCw)

(1)

Burada;
Dr:Yeralt: suyu derinligi reyting degeri
Dw:Yeralt1 suyu derinligi agirlik degeri
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Rr: Beslenim miktar1 i¢in atanmis reyting
degeri

Rw: Beslenim miktar1 i¢in verilmis agirlik
degeri

Ar: Akifer ortam i¢in atanmis reyting degeri
Aw: Akifer ortam i¢in verilmis agirlik degeri
Sr: Toprak Ortiisii i¢in atanmig reyting degeri
Sw: Toprak Ortiisii i¢in verilmis agirlik degeri
Tr: Egim icin atanmis reyting degeri

Tw: Egim i¢in verilmis agirlik degeri

Ir: Vadoz zonun etkisi igin atanmis reyting
degeri

Iw: Vadoz zonun etkisi i¢in verilmis agirlik
degeri

Cr: Hidrolik iletkenlik i¢in atanmis reyting
degeri

Cw: Hidrolik iletkenlik i¢in verilmis agirlik
degeri.

Tablo 4’te DRASTIC yontemine ait agirliklar
ve reyting degerleri verilmistir. Kullanilan
degerler Aller et al., 1987 den alinmustir.

3. BULGULAR ve TARTISMA
3.1. DRASTIC Yonteminin Uygulanmasi

DRASTIC yonteminde akifer duyarliliginin
saptamasi i¢in yedi hidrojeolojik parametre goz
Oniine almir. Bu parametreler; Yeralt1 suyu
Derinligi, Beslenim, Akifer Ortam, Toprak
Ortiisii, Topografya, Vadoz zon etkisi ve
Akiferin hidrolik gecirgenligidir. DRASTIC
yonteminde kullanilmis olan verilerin elde
edildigi kaynaklar Tablo 2’de verilmistir.

Tablo 12. DRASTIC yonteminde kullanilan
verilerin elde edildigi kaynaklar

Veri tiirii Kaynak

Devlet Su Isleri
Maden Tetkik ve Arama Genel
Midirliga

Hidrojelojik veri
Jeoloji haritast

Toprak haritasi Cevre ve Orman Bakanligi

Topografya verisi ASTER GDEM uydu fotograflar

Ornekleme kuyular1 ~ Devlet Su Isleri, il Ozel idaresi

Hidrolik iletkenlik Devlet Su Isleri

Jeolojik kesit Maden Tetkik ve Arama Genel
Midirligi

Nitrat 6l¢gtimleri
Plan1(2005)

Ergene Havzast Cevre Diizeni

15

DRASTIC yontemde kullanilan 7 veri asagida
detayl1 olarak agiklanmustir.

3.1.1. Yeralt1 suyu derinligi, D

Yeralt1 su seviyesinin derinligi arttikca
kirleticilerin yeralti suyuna karigsmak ig¢in
izledigi yol uzar ve bu nedenle akiferin ortamin
Kirleticinin etkisinin azaltma kapasitesi de
artmug olur (Aller et al., 1987). Calisma
alanindaki yeralti su seviyesinin
belirlenmesinde 16 adet kuyu verisi
kullanilmistir. Bu veriler Devlet Su Isleri (DSI)
ve Il Ozel idaresinden elde edilmistir. Calisma
alanindaki yeralt1 su seviyesinin haritalanmasi
icin ArcGIS yazilimi, jeoistatistiksel analiz
uzantist i¢indeki Kriging interpolasyon metodu
kullanilmistir. Daha sonra bu harita raster
haritaya  donistliriilmistiir.  Yeralti  suyu
derinligi,  kirleticilerin ~ yeraltt  suyuna
karismadan once akifer icinde kat edecegi
mesafeyi  belirledigi i¢in  biiyilk G6nem
tasimaktadir. Calisma alanindaki yeralti suyu
seviyesi 5 smifa ayrilip haritalanmistir. Yeralt:
suyu derinligi 0 ile 60 m arasinda degisirken, 1
ile 10 arasinda reyting degerine sahiptir (Sekil
43).

3.1.2. Beslenim, R

Bir yeralti suyu havzasinda beslenim
doymamis bolgeden yeralt1 suyuna siiziilen su
miktart olarak tanimlanir (Al-Zabet, 2002).
Havzaya diisen ya8isin % 20’lik miktarinin
akifere siiziilerek yeraltt sularmi besledigi
kabul edilmektedir (Balusha, 2006, Dumlu ve
ark., 2006). Calisma alanindaki temel beslenme
kaynagi yagistir. Sulama suyu ile beslenim
mevsimsel olup kisithdir. Bu  nedenle
Hayrabolu ve Tekirdag Meteoroloji
Istasyonlar1 yillik yagis verilerine gore yeralt:
suyu beslenim haritas1 ArcGIS yazilim
kullanilarak  mesafe ile ters  agirlikh
interpolasyon metodu yardimu ile hazirlanmigtir

(Sekil 4b).



3.1.3. Akifer ortam, A

Akifer ortam haritasinin
hazirlanmasinda ve DRASTIC yontemine gore
siniflandirilmasinda ¢alisma alanindaki su
kuyularma ait loglar ile Umut 1988 tarafindan
hazirlanan jeoloji haritasindan yararlanilmstir.
Bu sekilde dort farkli hidrojeolojik birim
calisma alaninda ayirtlanmistir. Bu birimler,
kirlenmeye karsi en duyarli ortam olan kum ve
cakil ardalanmasindan olusan aliivyon, ve
caligma alaninin biiyiik kisminda gozlenen killi
kum ve cakil c¢okelleridir. Calisma alanmnin
giiney batisinda ise diisiik gegirimlige sahip,
siltli ve killi birim yer alirken, son olarak bazalt
intriizyonu calisma alaninin gliney dogusunda
dar bir alanda gozlenmektedir. Akifer ortam
haritas1 Sekil 4c’de verilmistir.

3.1.4. Toprak ortiisii tipi, S

Toprak oOrtlisti tipi, akiferin
kirlenmesine neden olan kirleticilerin beslenme
ile sliziilme oranini dolayist ile kirleticilerin
diisey olarak vadoz zonda ilerleme kabiliyetini
kontrol eder (Lee, 2003). Calisma alaninin
toprak Ortiisii  haritasinin  hazirlanmasinda
Ergene Havzasi Cevre Diizeni Plan1 (EHCDP,
2005) paftalarinda yer alan basili haritadan
yararlanilmigtir. Bu harita ArcGIS ortaminda
sayisallagtirilmistir.  Bu  amagla  calisma
alanindaki toprak ortiisii, siltli toprak, kum,
kumlu toprak, killi toprak ve ¢iplak kayalik
olarak 5 sinifa ayrilmistir. (Sekil 4d).

ARKOC
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3.1.5. Topografya (egim), T

Calisma alaninin topografik haritasi
ASTER uydusundan elde edilen c¢alisma
alanina ait fotograftan elde edilmistir. Bu islem
icin  uydu fotografi Maplnfo yazilimi
kullanilarak, 10 m es ylikselti egrisi aralikli
sayisal yiikseklik modeline ¢evrilmistir. Sayisal
yiikseklik  modeli  ArcGIS  yaziliminda
mekansal analiz, egim aract ile % egim
haritasina dontstirilmistir (Sekil 4e). Sekil
4e’de verilen haritada ¢alisma alaninda egim %
0 ile 18 ve fizeri arasinda degismektedir.
Calisma alaninin % 62’sinde egim % 0-6
arasindayken, % 28’inde egim % 6-18 arasinda
degismektedir.

3.1.6. Vadoz bolgenin etkisi, I

Yeralt1 su seviyesi lizerinde yer alan
kismen doymus ya da doymamis bolge vadoz
bolge olarak adlandirilir. Vadoz bolge, akifere
diisen yagisin siiziilerek yeraltt suyuna
karismasinda 6nemli rol oynamaktadir. Vadoz
bolgenin haritalanmasinda DSI den elde edilen
su kuyular1 loglar1 ve bolge jeoloji haritasindan
(Umut, 1988) faydalanilmistir (Sekil 2).
Calisma alaninin biiylik kesimi kil ve ¢akil
birimleri gozlenirken, giiney bati kesiminde
kumlu ve killi birimler gézlenmektedir. Vadoz
bolge haritasi Sekil 4f’de verilmistir.

3.1.7. Hidrolik iletkenlik, C

Akifer i¢indeki doymus
yeraltt suyu hareketi hidrolik
tarafindan kontrol edilmektedir.

bolgedeki
iletkenlik
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Sekil 4. Calisma alan1 (a)yeralti suyu yiizeyden derinlik haritasi, (b) yagis haritasi, (c) akifer ortam
haritasi, (d) toprak Ortiisii haritasi, (e) egim haritasi, (f) vadoz zon haritasi, (g) hidrolik iletkenlik
haritas1
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Kirleticilerin yeralti suyuna erisimi de
hidrolik iletkenlik ile ilgilidir. Caligma
alanindaki hidrolik iletkenlik degerlerinin
tespiti i¢in DSI tarafindan yapilan akifer testleri

sonuclarindan  yararlamlmigtir.  Kuyularin
olmadigi kesimlerde ise literatiirde jeolojik
birimler igin verilen hidrolik iletkenlik

degerleri kullanilmigtir (Dumlu ve ark., 2006).
Bu sekilde ¢alisma alaninda 5 farkli simifta 1073
ile 107 m/s arasinda degisen hidrolik iletkenlik
degerleri haritalanmustir (Sekil 4f).

3.2. Akiferin kirlenmeye
hassasiyetinin belirlenmesi

karsi

Calisma alanindaki akiferin kirlenmeye
kars1 hassasiyetinin belirlenmesi i¢in yukarida
deginilen 7 degiskene ait veriler ile hazirlanan
haritalar, 1 nolu denklemde wverilen formile
gore Tablo 4’te verilen reyting ve agirliklara
gore ArcGIS ortaminda Ortiistiiriilerek calisma
alanindaki akifere ait kirlenmeye karsi
hassasiyet haritast hazirlanmistir (Sekil 5).
Hazirlanan haritada akifer, disiik (105-126),
orta (126-147) ve yiiksek hassasiyetli (147-
168) olmak tizere ¢ smifa ayrilmistir.
Smiflamada kullanilan kategori araliklarini
segmek i¢in ¢esitli ¢alismalarda  gesitli
uygulamalar kullanilmistir (Rahman 2008; Lee
2003; Al-Adamat et al., 2003; Baalousha
2006). Bu ¢alismada, kullanilan verileri mutlak
olmayip, oransal olarak gruplara dagitarak
farkli harita desenleri ireten bir kuantil
smiflandirma  yontemi  uygulanmistir. Bu
yontem, bu tir smiflandirma ¢alismasi igin
uygun bir yontemdir. Eger kategori araliklar
rasgele belirlenirse, arastirmacilar tarafindan
giivenilir sonuclar elde edilmesi miimkiin
olmamaktadir (Sener ve ark., 2009).

Klasik DRASTIC yonteminde akifer
hassasiyeti degerlendirmesinde kullanilan yedi
degiskene ait reyting degerleri 1 ile 10 arasinda
degismektedir. Arastirmacilar bdlgenin
hidrojeolojik  o6zelliklerine goére bu yedi
degiskene 1 ile 10 arasinda reyting degerleri
vermektedir. Ancak bu tip degerlendirmede
farkli arastirmacilar tarafindan verilen reyting
degerleri farkli olabilmektedir. Bu durumun

ARKOC
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Sekil 5. Calisma alanit DRASTIC duyarlilik
haritas1

yarattif1 belirsizligi kaldirmak ic¢in reyting
degerleri AHS yontemi ile tekrar belirlenmistir.
AHS ile olusturulan ikili karsilastirma
matrisleri ile akifer hassasiyetini belirlemede
kullanilan yedi degisken birbirlerine gore 6nem
derecesine gore karsilastirilmistir. Bu sekilde
yapilan yeni hesaplama ile DRASTIC-AHS
akifer  duyarlibk haritas1  hazirlanmistir.
Hazirlanan yeni akifer duyarlilik haritas: diisiik
(0.815-0.981), orta (0.981-1.147) ve yiiksek
hassasiyetli (1.147-1.313) olmak iizere Tig
simifa ayrilmigtir (Sekil 6). Bu haritaya gore
calisma alaninin  dogu kesimleri  diisiik
hassasiyete sahipken, orta ve bati kesimleri
yliksek hassasiyete sahiptir. Calisma alaninin
hidrolik iletkenligi yiiksek, topografik egimin
diisiik ve kum boyutlu tane igerigi fazla olan
boliimiinde DRASTIC degerlerinin yliksek
oldugu gozlenmektedir. Bununla beraber diisiik
hidrolik iletkenligi olan yiiksek egimli
kesimlerde = DRASTIC  degerleri  diislik
olmaktadir. Trakya Formasyonu yiiksek
hidrolik iletkenlik degeri ile DRASTIC
degerlerini arttirirken, Danismen Formasyonu
killi icerigi ve diisikk hidrolik iletkenligi ile
DRASTIC degerlerini  azaltict  etkide
bulunmaktadir.
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Sekil 6. Calisma alant DRASTIC-AHS
duyarlilik haritasi

3.3. Akifer Kkirlenmeye karsi duyarhihk

haritasinin dogrulanmasi

Insan sagligi acgisindan igme sularinda izin
verilen maksimum nitrat konsantrasyonu degeri
50 mg/I’dir (TSE, 2005; WHO, 2008). Bununla
beraber yeralti sularinda goézlenen 10 mg/l
iizerindeki nitrat konsantrasyonu degerleri bu
sularin disaridan kirletildigini gosterir. Yeralt:
sularindaki nitratin  kaynagi temel olarak
tarimda kullanilan giibrelerin ve hayvansal
atiklarin sizint1 ile yeralti suyuna karigmasidir.
Calisma alanindaki yeralt1 sularinda gdzlenen
nitrat konsantrasyonu degerleri 1 ile 16 mg/l
arasinda degismektedir (EHCDP, 2005). Bu
degerlerin mekansal dagilimi ArcGIS yazilimi
kullanilarak ~ mesafe ile ters  agirlikhh
interpolasyon metodu ile haritalanmistir (Sekil
7). Bu analizlere dayanarak, nitrat
konsantrasyonunun yiiksek oldugu alanlarin
DRASTIC c¢iktilartyla iligkilendirilebilecegi
sonucuna vartlmistir (Sekil 11). Kirlenmeye
kars1 diisiik duyarlilig1 olan bolgelerin, ¢alisma
alaninin  glineybatisinda yer alan yerlesim
alanlarindan uzak ve tarimsal alanlarin az
oldugu kesimler oldugu gozlenmistir. Calisma
alanindaki nitrat degerleri yeralti1 su tablasi
egimi ve tarimsal alanlarin yogunluguna baglh
olarak giineyden kuzeye dogru artmaktadir.
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Sekil 7. Calisma alan1 yeralti sular1 nitrat
konsantrasyonu dagilimimin Kriging metodu ile
hazirlanmis haritasi

4.  SONUCLAR VE ONERILER

Bu calismada Ergene  Havzasinin
giineyinde yer alan Hayrabolu alt havzasinda
akifer duyarlilik haritasinin olusturulmasinda
CBS tabanli DRASTIC yontem kullanilmistir.
Bu yontemde c¢alisilan bolgeye ait 7
hidrojeolojik parametre arastirmacilar
tarafindan 1 ile 10 arasinda
degerlendirilmektedir. Ancak bu sekilde
yapilan degerlendirmelerde farkli aragtirmacilar
farkli degerlendirmelerde bulunabilmektedirler.
Bu durumu asmak i¢in bazi arastirmacilar
DRASTIC yoéntemini ek parametreler koyarak
ya da yeni agirlik ve reyting degerleri vererek
yeniden diizenlemislerdir. Degerlendirmede
yasanan bu farkliligin giderilmesi amaciyla
DRASTIC yonteminde kullanilan reyting
degerleri AHS yoOntemi ile tekrar belirlenmistir.
Bu sekilde olusturulan ikili karsilastirma
matrisleri ile 7 parametrenin birbirine gore
onem derecelerine bagli olarak yeni reyting
degerleri belirlenmistir.

Bu 7 hidrojeolojik degisken yardimi ile
hazirlanan haritalar CBS ortaminda iist iiste
bindirilerek ¢alisma alanindaki akifer i¢in



kirlenmeye kars1 duyarlilik haritasi
olusturulmustur. DRASTIC yontemine gore
hazirlanan haritaya gore c¢alisma alaninin
duyarlilik indeksi 105 ile 168 arasinda
degisirken, DRASTIC-AHS yontemi ile
hazirlanan haritaya goére bu degerler 0.815 ile
1.313 arasinda degismektedir. Elde edilen bu
degerler  kuantil  smiflandirma  ydntemi
kullanilarak ii¢ smifa ayrilmistir. Bu smiflar
sirastyla; disiik (0,815-0,981), orta (0,981—

1,147) ve vyiksek (0,147-1-313) olarak
belirlenmistir.
DRASTIC-AHS yonteminden elde edilen

akifer kirlenmeye karsi duyarlilik haritasi,
koruma ve kirlilik 6nleme agisindan yiiksek

oncelige sahip konumlari  gostermektedir.
DRASTIC-AHS yontemi ile elde edilen
sonuglar, akifer koruma ve  yOnetim
stratejilerinin gelistirilmesi acisindan

onemlidir. Bu sonuglar ayn1 zamanda, yeralti
sular1 kaynaklarin1 yonetmekle gorevli yerel
makamlar i¢in zaman ve ekonomik olmak
acisindan Onemli bir fayda saglamaktadir.
Calisma alanindaki akiferin % 28,2 sinin
kirlenmeye kars1 yiiksek duyarli oldugu bu
yontemle tespit edilmis olup, oncelikli olarak
bu kesimlerde 6nlem alinmalidir.

DRASTIC-AHS yontemi ile hazirlanan
haritalarin  dogrulanmasi1 amaciyla yeralti
sularindaki nitrat konsantrasyonu degerleri
kullanilmustir. Bu amacla yapilan
degerlendirmede, yiiksek nitrat
konsantrasyonlarinin, kirlenmeye kars1 yiiksek
duyarli akifer ortamina karsiik geldigini
gostermektedir. Calisma alaninin orta ve kuzey
kesimleri ile aliivyon akifer yiiksek hassasiyete
sahipken bati kesimleri diisilk hassasiyete
sahiptir ve nitrat konsantrasyonlari kuzeye
dogru yeralt1 su tablasi egimi ile uyumlu olarak
artmaktadir. Bu durum, elde edilen sonuglarin
gercekei oldugunu ve sahadaki ger¢ek durumu
temsil ettigini gosterir.

Yapilan bu c¢alismada Hayrabolu Nehrinin
aktig1 aliivyon akiferin yiliksek risk altinda
oldugu gorilmiistiir. Bolgedeki yeralti suyu
tarimsal sulama disinda igme suyu kaynagi

ARKOC
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olarak da kullanildig1 i¢in akiferin korunmasina
yonelik Onlem alinmasi gerekmektedir. Bu
calismanin sonuglart degerlendirilerek diger
havzalar i¢cin de benzer ¢aligmalarin yapilmasi
uygun olacaktir.
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Ozet: Bu calismada deterjan aktif maddesi Monoxol OT (Sodyum sulfosuksinik asit
dioktil esteri)’nin tatli suda pargalanabilirligi aragtirtlmistir. Arastirmada Gediz
Nehrin’den alinan tatli su kullanilmigstir. Belirli zaman araliklarinda fosfat ve anyonik
deterjan konsantrasyonlar1 belirlenmigtir. Elde edilen sonuglara gore deterjan aktif
maddesi iceren g¢ozeltilerin 2. giin sonunda istatistiksel olarak anlamli bir sekilde
degredasyona ugradig1 goriilmiistiir. Calisma siiresi sonunda Gediz Nehri suyunda %86
oraninda parcalanma meydana gelmistir.

Biodegradability of Detergents in the Gediz River

Keywords:
Biodegradation,
Gediz River,
Detergent

Abstract: In this study, the degradability of Monoxol OT (sodium sulfosuccinic acid
dioctyl ester) the detergent active substance in the fresh water was investigated. The
fresh water from the Gediz River was used in the research. The phosphate and anionic
detergent concentrations were determined at certain time intervals. According to the
results obtained, the solutions containing the detergent active substance were found to
be statistically significantly degraded at the end of the second day. At the end of the
study period, 86 % disintegration occurred in Gediz River water.

*lgili yazar: orkide.minareci@cbu.edu.tr

1. GIRIS
Deterjan,  genel

mikroorganizmalar tarafindan tiiketilir, yani

olarak  temizlik gida olarak yenir. Sudaki mikroorganizmalarin

islemlerinde kullanilan ve ig¢inde temizleme
islemine yardimc1 maddelerle birlikte, alkil
stilfat veya alkil aril siilfonat tipindeki anyonik
yiizey aktif maddelerin esas temizleyici olarak
bulundugu karigimlardir (Egemen, 2000).

Deterjanlar  genellikle evlerde, is
yerlerinde temizlik amaciyla ve ¢esitli
endistrilerde  kullanilir.  Deterjanlar sulara

karistiginda kirlilige neden olmakta ve sudaki
canlilik ve metabolik faaliyetleri olumsuz
etkilenmektedir.

Biodegredasyon, mikroorganizmalarin
deterjanlar1  kullandigi ve basit olmayan
kimyasal olaylarin degisimidir. Deterjanlar
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bazilar1 deterjanlara adapte olmus, bazilar
olamamistir.  Sicakligin ~ uygun  oldugu
kosullarda degredasyonun tamamlanabilmesi
icin, uygun zaman da gereklidir. Eskiden
kullanilan tetrapropilen benzen siilfonat %30
oraninda degrade olurken, bugilin kullanilan
deterjanlar %90 oraninda degrade olmaktadir.
Farkli  tuzluluktaki sularin, yumusak
deterjanlar1 %80-90 oraninda biodegredasyona
ugrattigi  saptanmigtir.  Organik  madde
konsantrasyonunun Oonemli olusu,
biodegredasyonu kolaylastirmasidir. Mikro-
organizmalar bu ortamda hizla c¢ogalirlar,
biomaslar1 artar ve ortamdaki isteklerine gore
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besinleri  kullanirlar. ~ Mikroorganizmalarin
bircok tiirli anyonik deterjanlar1 kuvvetlice
absorblamakta ve bulunan anyonik deterjan
degerlerine biodegredasyon etkili olmaktadir
(Egemen, 2000).

Gediz Nehri’'nde ve kollarinda yapilan
caligmalara bakildiginda, deterjan ve fosfat
kirliliginin varlig1 agik¢a goriilmektedir. Gediz
Nehri’nde yapilan bir arastirmada, anyonik
ylizey aktif madde konsantrasyonlar1 bazi
istasyonlarda su Kkalite Kriterlerinin iizerinde
bulunmustur (Tugrul, 1992). Gediz Nehri’nde
yapilmis bir diger ¢calismada, yerlesim yerlerine
yakin, evsel atik yiikiin fazla oldugu
istasyonlarda anyonik deterjan yiikiiniin arttig
bildirilmistir (Minareci et al., 2009a). Gediz
Nehrine akan Karacay’da yapilan calismada,
Karagay  anyonik  deterjan  parametresi
bakimindan 3. smif, fosfat parametresi
bakimindan 2. smif su kalitesinde bulunmustur
(Minareci ve ark., 2009b). Yine Gediz
nehrindeki baska bir arastirmada da, sudaki
fosfat konsantrasyonlar1 belirlenmis ve fosfat
kirliliginin 6zellikle endiistriden kaynaklandigi
belirtilmistir (Okur ve ark., 1997).

Ayrica ¢ikis sularmin Gediz Nehri’ne
ulastig1 aritma tesislerinde yapilan
aragtirmalarda, Manisa Organize Sanayi Aritma
Tesisi atik suyunun fosfat yoniinden 2. smif
yani az kirlenmis su smifinda oldugu
belirtilmistir. Ayrica sulara bosaltilacak atiklar
icin desarj kriterleri ile elde edilen fosfor
degerleri karsilastirildiginda fosfor
konsantrasyonu yiiksek bulunmustur (Minareci
ve ark., 2008a). Manisa Belediyesi Evsel
Atiksu Aritma Tesisi ¢ikis suyunun anyonik
deterjan bakimindan 4. sinif (¢ok kirlenmis su),
fosfat bakimindan da 3. sinif (kirlenmis su) su
kalitesinde oldugu belirtilmistir (Minareci ve
ark., 2008b).

Deterjanlarin  suda pargalanma hizi,
birikerek kirlilik yaratacak diizeye erismemesi
bakimindan Onem tasimaktadir ve evsel
kokenli atik sulardaki toplam fosfor genel
olarak deterjanlardan kaynaklanmaktadir. Bu
nedenle bu c¢alismada, Gediz Nehri ve
kollarinda yapilan ¢alismalarda nehir suyunun
anyonik deterjan ve buna bagli olarak fosfat
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yukii fazla oldugu i¢in, sudaki deterjan
miktarinin Gediz Nehri’nde mikroorganizmalar
tarafindan biyolojik parcalanabilirligi
arastirilmustir.

2. MATERYAL VE YONTEM

Arastirmada Gediz Nehri’nden alinan
su Ornekleri aragtirma materyali olarak
secilmistir. 2.5 ppm, 2 ppm, 1.5 ppm ve 1
ppm’lik deterjan aktif maddesi eklenmis nehir
suyu c¢ozeltileri ve deterjan aktif maddesi
eklenmemis nehir suyu kontrol ¢6zelti olarak
2’ser litrelik cam siselerde agz1 kapali olarak,
20 °C’lik etiivde arastirma  siiresince
saklanmistir.  Belirlenen giin araliklariyla
anyonik deterjan ve fosfat miktarlar
spektrofotometrerik ~ yontemle  Slglilmistiir
(Parsons et al., 1984; Anonim, 1995).

3. BULGULAR ve TARTISMA

Calismada kullanilan Gediz Nehri
suyunda anyonik deterjan miktar1 0.964 mg L,
fosfat miktar1 0.597 mg L olarak saptanmistr.
Gediz Nehri suyunun anyonik deterjan ve
fosfat ortalama degerleri, Cevre Mevzuati, Su
Kirliligi Kontrolii Yénetmeligi ve Kita I¢i Su
Kaynaklarinin Smiflarina Gore Kalite Kriterleri
(Resmi Gazete, 2004) ile karsilastirildiginda,
Gediz’in anyonik deterjan ve fosfat parametresi
yoniinden 3. kalite (kirlenmis su) su sinifinda
oldugu belirlenmistir.

Gediz Nehri suyundan alinan ornekte
belirli glin araliklariyla  Olgiilen  fosfat
konsantrasyonlar1 Sekil 1’de gdsterilmistir.
Gediz Nehri fosfat konsantrasyonunun zamanla
azaldig1 goriilmektedir.
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Sekil 1. Gediz Nehri suyunda fosfat

konsantrasyonlarinin zamansal degisimi
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Tablo 1. Anyonik deterjan konsantrasyonlarinin zamansal degisimi (mg L)

Giin/Kons. 1. giin 2. giin 4. glin 6. giin 8. gilin 10. giin 12. giin
2.5 ppm 2.908 2.818 0.178 0.139 0.127 0.138 0.092
2 ppm 2.544 2.303 0.18 0.138 0.128 0.115 0.089
1.5 ppm 2.082 1.685 0.161 0.152 0.125 0.129 0.106
1 ppm 1.717 1.337 0.141 0.133 0.118 0.136 0.104
Gediz (kontrol) 0.964 0.804 0.245 0.196 0.119 0.153 0.134

2.5 ppm, 2 ppm, 1.5 ppm ve 1 ppm’lik
deterjan hammadesi eklenmis nehir suyu
cozeltileri ve deterjan hammaddesi eklenmemis
nehir suyu kontrol ¢ozeltisinde 6l¢iilen anyonik
deterjan konsantrasyonlart Tablo 1 ve Sekil
2’de gosterilmistir.

Deterjan
3.5
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% 80 7 A 1.gin
£ 254 L 4. giin
~ A
5 20 L] ¢ 6.gin
> - .
a 154 A ® 3. .gin
c 10. glin
T 10
2 : 12. giin
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n
00 T T T T T 1
2.5ppm 2ppm 1.5ppm 1ppm Gediz

Sekil 2. Anyonik deterjan konsantrasyonlarinin
zamansal degisimi

2.5 ppm, 2 ppm, 1.5 ppm ve 1 ppm’lik
deterjan hammadesi eklenmis nehir suyu
cozeltileri ve deterjan hammaddesi eklenmemis
nehir suyu kontrol ¢6zeltisinde 6lgiilen anyonik
deterjan konsantrasyonlarinin zamanla azaldigi,

mikroorganizmalar  tarafindan  deterjanin
degrade edildigi yani parcalandig1
belirlenmistir. Elde edilen sonucglara gore

caligma siiresi sonunda, 2.5 ppm’lik deterjan

hammaddesi eklenmis ¢ozeltide %96.8, 2
ppm’lik deterjan hammaddesi eklenmis
cozeltide %96.5, 1.5 ppm’lik deterjan
hammadesi eklenmis ¢ozeltide %94.9, 1
ppm’lik deterjan hammaddesi eklenmis
cozeltide %93.9, Gediz Nehri suyunda ise %86
oraninda parcalanmanin gerceklestigi
saptanmistir. Gediz Nehri’nde dogal olarak
bulunan mikroorganizmalarin deterjan
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kirliliginin  6nlenmesinde etkili
sonucuna varilmustir.

12 giinliikk calisma sonunda giinlere
gore, 2.5 ppm, 2 ppm, 1.5 ppm ve 1 ppm’lik
deterjan hammaddesi eklenmis nehir suyu
coOzeltileri ve kontrol ¢ozeltisindeki anyonik
deterjan konsantrasyonlarinin zamanla azaldig1
belirlenmistir.  Yani c¢ozeltilerdeki  deterjan
mikroorganizmalar tarafindan biiylik oranda
parcalanmis ve Gediz Nehri’'nde dogal olarak
bulunan mikroorganizmalarin deterjan
Kirliliginin O6nlenmesinde etkili olabilecegi
sonucuna vartlmistir.

Deterjan parcalanma miktarlar1 arasinda
onemli farklilik olup olmadiginin belirlenmesi
amaciyla  “One way ANOVA” testi
uygulanmig, test sonucunda, giinlere gore
deterjan  miktarlarinin  farklilign ~ 6nemli
(p<0.05) bulunmustur (Tablo 2). Hangi
giinlerde anlamli  farkliliklarin  oldugunu
belirlemek i¢in yapilan Tukey Testi sonucunda
2. giinde anyonik deterjan miktarinda 6nemli
bir degisiklik oldugu saptanmistir (Tablo 3).

olabilecegi

Tablo 2. Deterjan konsantrasyonlar: ve giinler

arasindaki One Way Anova testi sonucu
Tek yonlii Anova varyans analizi

Onemli dlgiide farklilik var m? (P < 0.05) Evet
Grup sayist 7

F 22.15

R? 0.826
Bartlett'in esit varyans testi

Bartlett'in istatistigi 109

P degeri P<0.0001
P anlamlilik Frx
Varyanslar 6nemli farkliliklar gosteriyor ~ Evet

mu mu? (P<0.05)
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Tablo 3. Giinler arasindaki Tukey testi sonucu

Tukey Coklu

Karsilastirma Ortalama

Testi farkliik q P degeri

1. giin & 2. giin 0.2536 1.371 P>0.05

1. giin & 4. giin 1.862  10.07 P<0.001

1. giin & 6. giin 1.891 10.22 P<0.001

1. giin & 8. giin 1.92 10.38 P<0.001

1. glin &10.gin 1909  10.32 P<0.001

1l gin&12.giin  1.938 10.48 P<0.001

2. glin & 4. giin 1.608 8.695 P<0.001

2. glin & 6. giin 1.638 8.854 P<0.001

2. giin & 8. giin 1.666 9.006 P<0.001

2.gin & 10. giin  1.655  8.948 P<0.001

2.gin&12.gin 1684 9.106 P<0.001

4. giin & 6. giin 0.0294 0.1589 P>0.05

4. giin & 8. giin 0.0576 0.3114 P>0.05

4. giin & 10. gin  0.0468 0.253 P >0.05

4. giin & 12.giin  0.076 0.4109 P>0.05

6. glin & 8. giin 0.0282 0.1524 P>0.05

6. giin & 10. gin ~ 0.0174 0.09406 P >0.05

6.giin & 12. giin  0.0466 0.2519 P >0.05

8. gin & 10. gin  -0.0108 0.05838 P >0.05

8. glin & 12. giin  0.0184 0.09947 P >0.05

10.giin & 12. giin  0.0292 0.1579 P >0.05

Deterjanlarin  tatlh su  ortaminda

biyolojik parcalanmasi ile ilgili olarak yapilan
bir  calismada, arastirmada  kullanilan

deterjanlarda yiizey aktif maddelerin 15 giinliik
sire sonunda Onemli oranda parcalandigi
belirlenmistir (Boran ve ark., 1998). Keban ve
Hazar Goli sularinda deterjanlarin
pargalanmasi ile ilgili olarak yapilan diger bir
calismada 15  giinlik  siire  sonunda
par¢alanmanin  %80-90 oldugu saptanmistir
(Pehlivan ve ark., 1993). Yine deterjanlarin
akarsularda pargalanmasi ile ilgili Sales ve
arkadaslarinin yaptig1 ¢calismada pargalanmanin
%90.3’¢ kadar ulastigi bulunmustur (Sales et
al., 1987).  Porsuk Cayr’nda deterjan aktif
maddelerinin, ¢aydan izole edilmis bakteriler
tarafindan biyolojik pargalanabilirligi ile ilgili
caligmada, 33 giinliik siire sonunda deterjan
aktif maddelerinin miktarlar1 Ol¢iilmiis ve
miktarlarin azaldigr goriilmistiir. Ayrica saf
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kiltir  bulunan  ortamlarda  deterjanlarin
par¢alanmasinin,  karistk  mikroorganizma
kiiltiirleri  iceren  ortamlardaki  deterjan

par¢alanmasindan diisiik oldugu ve sonug
olarak Porsuk Cayi’nda dogal olarak bulunan
mikroorganizmalarin ~ deterjan  kirliliginin
onlenmesinde etkili olabilecegi sonucuna
vartlmistir (Cakir ve Kivang, 2000). Yiizey
aktif ~ maddelerin  Pseudomonas  putida
kullanilarak biyodegradasyonunun incelendigi
calismada, dodesil benzen siilfonat ve lineer
alkil benzen siilfonat gibi kullanimi yaygin
yluzey aktif maddelerin pargalanma oranlari
sirastyla %70 ve %80 olarak bulunmusgtur
(Orhan ve Biiyiikgiingor, 1994).
Yugoslavya’daki Sava, Drava ve Kupa
nehirlerinde yapilan ¢alismada, nehirlerdeki
ylizey aktif maddelerin parcalanmaya direncli
oldugu, bunun nedeninin de deterjan aktif

maddelerinin ~ kimyasal yapisindan  veya
ortamdaki mikroorganizma tiirlerinden
kaynaklanabilecegi  sonucuna  varilmustir

(Cosovic et al., 1985). Cesitli marka deterjan
ve sampuanlarin nehir suyunda bozunmasiyla
ilgili  olarak  yapilan  bir  ¢aligmada,
sampuanlarin sivi deterjanlardan daha hizlhi
birincil biyolojik bozunuma ugradigi belirtilmis
ve 12 giinlik periyot boyunca gesitli marka
deterjan ve sampuanlarin bozulma kolayligi,
SDS (%97), Rainbow (%85), Flex (%79),
Spencer (%79), Apollo (%77) ve Triton X-100
(%63) ve Teepol (%59) seklinde olmustur
(Okpokwasili and Olisa, 1991). Polonya’da
anyonik ve noniyonik deterjanlarin nehir
suyunda biyolojik olarak parcgalanabilirliginin
kontrolii i¢in yapilan ¢aligmada, her iki deterjan
tirliintin  birincil biyodegradasyonu 20 giin
boyunca izlenmis ve anyonik deterjanlarin
tamaminda nispeten hizli biyolojik bozunum
oldugu, noniyonik deterjanlarin  biyolojik
olarak parcalanabilirlik bakimindan c¢esitlilik
gosterdigi, sadece iki noniyonik deterjan
tirtinin %80 olan biyolojik parcalanabilirlik
siirini agamadigr gorillmiistiir (Siwinski et al.,
1998). Bu ¢alismada elde ettigimiz sonuglarda,
Gediz  Nehri  suyunda deterjan  aktif
maddelerinin parcalanmaya direngli olmadigi,
mikroorganizmalar tarafindan parcalandigi ve
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parcalanmanin %86  oraninda
belirlenmistir.

Deterjan firetiminde, biyolojik olarak
parcalanabilen deterjan aktif maddelerinin
kullanilmasiyla, fosfatsiz deterjan iiretimiyle,
evsel ve endiistriyel atik su aritim tesislerinde
fosfat ve deterjan aritimi yapilmasiyla ve
mikroorganizmalarin biyolojik olarak deterjan
aktif maddelerini biyodegredasyona
ugratmasiyla ve en Onemlisi de insanlarin
dogru ve az miktarda deterjan kullanmasiyla
sularda  deterjan  kirliliginin  azalacagi

kanisindayiz.

oldugu
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Abstract: Chlorine is one of the basic sterilizers for the drinking water in most
countries due to its wide availability and low cost, which it works to eliminate the
causes of diseases in drinking water effectively through the destruction of membranes
and attack the basic enzymes of those organisms. The sterilization process of

chlorinated drinking water depends on the added chlorine dose and the contact timethe
residual chlorine is of great importance in maintaining the quality of drinking water.
Therefore, the residual chlorine concentration in the drinking water of the city of Kirkuk
was studied by some factors such as water temperature turbidity electrical conductivity
total soluble salts and pH of five stations by five samples per station during the study
period, which lasted between January and July 2017. The results of the study showed
that the concentration of residual chlorine ranged from 0.8 - 3 mg/l where it was higher
than the limit allowed within the standards. The results also showed an inverse
relationship between residual chlorine concentration and water temperature while the
turbidity and concentrations of total dissolved solids, electrical conductivity, and pH
were within Iraqgi standards.

*flgili yazar: kerkuk07@hotmail.com

1. INTRODUCTION

Water is one of the essential natural
resources we need daily and its processed
through water treatment stations so that the
water for drinking purposes can be free from
contaminants and health problems, as well as a
good taste and odor-free so a standard
calibration of drinking water has been
established.

It is known that the process of water
treatment is carried out through the transfer
units of sedimentation and filtration to remove
impurities. The most of the drinking water
treatment stations in lIraq use chlorine in the
process of purification of drinking water, where
it plays an important role in the elimination of
many microorganisms. It has to be used
because water is a quick way to spread many
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diseases as well as that the water medium is an
important part of the life cycle of some
pathogens. 50% of the population in Third
World countries are reported to have water-
related diseases while about 80% of the total
disease in developing countries is due to water
pollution and more than 16% of the world's
population use polluted water (Ramal, 2010).
The World Health Organization (WHO) gives
priority to three simple rules, its access to water
from the best possible resources. Benefit
available means to protect water resources
ensure permanent water treatment. The
continuous application of these rules ensures
the protection of populations from water-borne
diseases.

Liquid chlorine is low solubility in
water so when chlorine
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Chlorine is a toxic gas 2.45 times
heavier than air, and its presented in the three
cases according to temperature and pressure.
The liquid chlorine is a low solubility in water
so when water sterilization must to use chlorine
gas otherwise, the liquid chlorine does not
cause its use effectively in addition to its
danger to the workers and corrode the pipes
(Abdullah, 2001). Chlorine is widely used in
the world to treatment drinking water to
distinguish chlorine by its low cost, ease of
application, great efficiency and its ability to
maintain its efficiency in sterilizing water until
it reaches the consumer (Nikolaou, et al,
2004). When chlorine is added to water, part of
its consumed in reaction to chemicals that may
be present in water is called chlorine demand
another part of the water is the so-called
residual chlorine (Abdullah, 2001).

The added chlorine dose should be
sufficient to eliminate the germs, also to break
down and oxidize the organic and inorganic
substances present in the waterand then leave a
residual amount of free chlorine after 30
minutes of contact time (time to Kill
microorganisms and interact with other organic
matter present in water). The remaining
chlorine is very important in maintaining water
quality. It should be noted that the amount of
organic matter varies from one source of water
to another. Accordingly, the chlorine
doserequired for disinfection varies according
to the characteristics of the water sources (
Ubeed, 2011 ). The main focus of chlorination
IS to ensure that free amounts of chlorine
remain for as long as possible to ensure that
bacterial growth is prevented during the
transfer, storage and distribution of water, the
residual chlorine content in drinking water is
evidence of the success of the sterilization
process and the disposal of abandoned
organisms but the increased concentration on
standard determinants poses a risk to human
health so these measurements and tests are

30

therefore necessary because there are many
sources of contamination of drinking water and
for the purpose of ensuring that they are
suitable for human use otherwise their effects
will be serious and direct on the human and the
environment (Zhang, et al, 2007).

The Objective of The Study

The current study aims at measuring the
residual chlorine concentration in the drinking
water of Kirkuk city and some important
characteristics of drinking water such as pH,
temperature, turbidity, electrical conductivity
(EC) and total soluble solids (TDS) to
determine the quality and validity of this water
for human consumption, and determine the
relationship between and compare them with
the limit allowed in the Iraqi Standards.

2. MATERIALS AND METHODS

The Kirkuk Unified Water Project is
located in the Kiwan(K1) area, northwest of
Kirkuk Which pumps drinking water to all
areas in the center of Kirkuk city, the main
source of water is the Tigris river (Lower Zab)
and the water is treatments in the project by
chlorine gas. The design capacity of the project
is 75 million gallons / day through five ground
tanks spread throughout the city as shown in
Figure 1.

The city was divided into five stations
according to Table 1 samples from five stations
were collected by five samples per month from
each station during the months of January-June
2017. The samples were taken from the sites by
plastic bottles of 2 liters after they were washed
twice with the sample water at each station.
The plastic bottles were wellclosedand
transferred to the laboratory for the necessary
analysis, all the tests were done in the
laboratory of the Directorate Water of Kirkuk.
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Figure 1. Kirkuk unified water project and distribution areas

Table 1. The geographical location of the stations

Number of stations Name of stations The geographical
location of the stations
Station No. 1 Tank No. 1 Northwest of Kirkuk
Station No.2 Distribution areas of Tank No. 2 North of Kirkuk
Station No.3 Distribution areas of Tank No0.3 Downtown Kirkuk
Station No.4 Distribution areas of Tank No.4 South of Kirkuk
Station No.5 Distribution areas of Tank No.5 South of Kirkuk
Turbidity of machine and through the results in (N.T.U)

Water turbidity was measured using the
German Turbidity meter was done after
calibrating the device using standard solutions
equipped by the manufacturer. The samples are
tested in a special tube supplied with the device
when the tube is placed in the reading process
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Nephthelomtric Turbidity Unit.
Electrical Conductivity (E.C.)

The CONSORTC 830 Multi parameter
analyzer was used to measure the electrical
conductivity of the samples after calibrating the
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device then reading results process through the
unit of microsiemens / cm (uS).

Total Dissolved Solids (TDS)

Total Dissolved Solids was measured
using the WTW Digital conductivity model
made by the German HANNA and expressed in
mg/l units

Measurement of pH

The pH of the samples were measured
using a pH meter manufactured by HANNA
(Microprocessor HI 9321) after calibrating the
device with Buffer Solution with pH (9, 7, 4).

RESULTS AND DISCUSSION
Water Temperature

The temperature of the water samples
was measured as shown in Table 2 which
shows the variation in temperature values
between the months of January, February and
the months of May, June which confirms that
there is a wide impact of seasonal variation on
water temperature change which affects a large
part of the physiological system, metabolic and
geochemical processes in the river water
(Barakat, 2007).

Table 2 shows the water temperature in
the stations, which ranged between the highest
recorded in the first station in June at 28.7 °C
and the lowest recorded in the second station in
February at 16.8 °C. A gradual rise in water
temperature can be observed from January to
June. The fluctuating results of the temperature
between the stations in this study is due to the
extent of these stations affected by the
temperature of the periphery derived from the
sun (Fatalawi, 2007)
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Residual Chlorine

The tests are done using a LOVIBOND
disk with a (DPD) detector, a powder prepared
in special containers used for each test. The
measurement process is done by taking 10 ml
of the water sample and then adding a (DPD)
as a result, a pink solution of varying color is
produced according to the remaining chlorine
concentration in the sample,the cell is then
placed on a disc (LOVIBOND) and the color of
the test sample is compared with the color
grades on the disc (LeChevallier et al., 1981).

pH

Natural water tends to the base side
because of the presence of carbonates and
bicarbonates (Lind, 1979). Therefore, the pH
values were within a narrow range and did not
change much. This is observed in the current
study that there are no significant differences
between stations. The result was consistent
with (Samurai, 2009).The pH values of the
water samples did not change significantly
during the considered months. The pH
measurement results shown in Table 3 are
within the range (7.2-7.7). These percentages
indicate that the water has a weak base because
the calcareous nature of the Tigris River that
passes through many of the mountainous
highlands  (Al-Shuwani,  2009).  These
percentages of pH concentration are acceptable
for drinking water quality according to the
World Health Organization (WHO) and Iraqi
standard that ranging from 6.5 <pH> 8.5.
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Table 2. Temperature values °C

Stations January February March April May June
1 18 17.2 20.7 22.8 28 28.7
2 18.2 16.8 21 22.9 27.8 27
3 18.4 17.4 20.9 23 28 27.9
4 18.3 17.3 21 22.9 28.1 28
5 18.2 17.2 20.7 22.9 28 27.6

Table 3. Values of pH

Stations January February March April May June
1 7.7 7.3 7.3 7.2 7.2 7.6
2 7.5 7.2 7.2 7.3 7.2 7.5
3 7.4 7.4 7.2 7.2 7.2 7.5
4 7.6 7.6 7.2 7.4 7.3 7.6
5 7.6 7.5 7.3 7.4 7.3 7.5

Table 4. Turbidity values mg/I

Stations January February March April May June
1 4.1 3.9 4.4 4.5 3.5 3.5
2 4 4.2 4.2 4.4 3.8 3.6
3 4.2 4 4.5 4.2 4 3.7
4 4 4.5 4 4.6 3.9 3.8
5 4.3 4.3 4.3 4.4 3.7 3.6

Turbidity algae and organic matter downstream (Al-

The cause of the turbidity is the
presence of materials that may be minutes of
soil, sand, Organic and Inorganic matter, or
microorganisms, can be expressed by the visual
property that makes light spread or absorbed
instead of moving in a straight line (Mufriji, et
al, 1991).Turbidity is the measurement of water
transparency of suspended solids and high
ratios of pathogenic organisms. The high rates
of turbidity can protect living organisms from
the effect of disinfection so the process of
treatment and disinfection should be successful
enough to keep water turbidity at the lowest
level (Azzawi, 2010). The results showed an
approximation of the turbidity values ranging
between 3.5-4.6 NTU as shown in Table 4. It is
within the international standards for drinking
water. The high rate of turbidity of river water
in rainy seasons is due to the erosion of soil,
mud, and suspended matter with rain, such as
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Misleh, 1988), As the increased turbidity in the
winter occur as a result of increasing water
levels and movement, which leads to the non-
deposition of the suspended materials (Al-
Saadi et al, 1986).

Electrical Conductivity (E.C.)

Electrical conductivity is a numerical
expression of positive and negative ions found
in water (APHA, 2003). The electrical
conductivity of water depends on the soluble
matter (mainly electrolytes) and its values are
influenced by concentrations of salts found in
the form of ions (Al-Shwani, 2001). The
electrical conductivity ranged from 340 - 431
us/cm as shown in Table 5. The increase in the
rate of soluble salts in the river water coincides
with seasonal changes, as it increases in the
winter from the summer due to rainfall, and
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Table 5. Electrical conductivity values ps / cm

Stations January February March April May June
1 412 417 418 425 351 321
2 416 420 416 430 340 327
3 417 416 419 426 362 331
4 414 423 422 425 341 329
5 413 416 421 429 344 326

increase the amount of dissolved salts in the
water. The abundance of highly soluble carbon
dioxide causes the increase of negative carbon
ions that combine with positive ions that form
heterogeneous salts (Al-Haidari, 2003). The
results for all samples during the study period
were match with Iragi Standard No. 417 of
1989 and the World Health Organization
(WHO, 1993), which determined the validity of
drinking water of electrical conductivity value
does not exceed 2000 ps / cm.

Total Dissolved Solids (T.D.S.) mg/Il

Soluble solids represent the measurement of
inorganic salts, organic matter and other
soluble substances in water, either naturally
occurring in water or as a result of industrial
and  household wastes produced by
anthropogenic or from the atmosphere or due to
evaporation due to high temperatures or falling
rain. It also depends on geology of earth
(Wetze, 1983), containing organic particles or
metals that are useful when they are present in
the water as nutrients or lead to water pollution
by containing toxic substances (Hassan et al,
2012). The wvariation in concentrations of
dissolved solids during the months of the year
may be due to the fact that the months with
high concentrations of dissolved solids in rainy
months (Table 6). Rainfall, particularly in
densely populated cities and industrial areas,
carries with it pollutants present in the
atmosphere and solubility. When these rains
reach the rivers, they increase concentrations of
substances in water (Al-Sadani, 2009). A
positive correlation was found between the
concentrations of total dissolved solids and
turbidity, The reason for the increase in total
dissolved solids concentrations in the waters of
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the Tigris River is the increase in flow rates
during the winter and spring due to rainfall
which leads to high turbidity rates (Samurai,
2009).

Resdual Clorine

The main goal of adding chlorine to
water in water treatment plants is sterilization
to eliminate microorganisms that cause disease.
To ensure good sterilization, chlorine is added
in enough quantities, part of which remains in
the form of residual chlorine, which prevents
water from biological contamination during
storage and transport of drinking water at
network. The permissible limits of free chlorine
concentrations are 0.2-0.5 mg/l. If this
percentage is reduced, the probability of
contamination of water by microorganisms is
increased, especially when leaks or
breakdowns occur in the water network. If
chlorine increases, this is dangerous because of
the chlorine union with organic compounds
that produce compounds that have a health
effect.

The addition of chlorine in the Kirkuk unified
water project is carried out after filtration so
after the completion of the filter operations to
be disposed of the largest amount of organic
compounds that may be associated with
chlorine to be toxic and carcinogenic
substances. The free residual chlorine after the
disinfection process, it ranges between (0.8 -
3.0) mg/l in drinking water samples as shown
in Table 7. The results showed that the highest
concentration of residual chlorine was during
the month of January at the first station, which
is (3) mg/l and the lowest concentration of
residual chlorine was in the month of May the
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Stations January February March April May June
1 300 310 312 328 260 256
2 302 316 308 326 238 260
3 303 312 310 322 298 258
4 302 316 316 326 226 260
5 308 314 318 326 235 264

Table 7. Residual chlorine values mg/I

Stations January February March April May June
1 3 2.8 2.9 2.8 2.7 2.6
2 2.3 2.3 2.2 2.3 2 1.9
3 2.1 2.1 2 2 1.7 1.5
4 2 1.9 1.8 1.7 1.5 1.3
5 2 1.8 1.9 1.8 0.9 0.8

fifth station is (0.8) mg/l, due to the different
amounts of chlorine added during the
disinfection processaccording to the months
and seasons of the year and the efficiency of
chlorine pumps may affect differences in
residual chlorine concentrations (Barakat,
2007).

Chlorine is a toxic chemical, although it
is a disinfectant that is easy to use and control
its effectiveness. However, recent research has
shown that serious damage to human health
because of its use. Therefore, when using
chlorine and its manufacturing materials,
gloves and protective masks should be used in
well-ventilated areas but most people use
chlorine in the wrong way, especially in
cleaning, dish washing and clothing. This
cheap chemical is also used extensively in the
sterilization of drinking water, chlorine
producers have made huge profits although
scientific research has shown that chlorine is
the leading carcinogen and can be fatal.
Chlorine is weak in resistance to inorganic
pollutants such as heavy metals such as zinc
and iron, which contribute significantly to the
injury of the body kidney failure and cirrhosis.
Prolonged exposure to chlorinated water,
whether by drinking or swimming, can lead to
tooth damage, leading to tooth calcification and
weakness. There is evidence of a
relationshipcolon,  bladder and  rectum
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cancerwith chlorinated water. The exposure to
chlorine during bathing is greater and more
dangerous than the risk of drinking the same
water, because when we drink water takes its
way to the digestive system and then to the
output system and only part of it goes to blood
circulation while during showering hot water
opens the pores of the skin and thus take
chlorine and other pollutants into the body
through the pores of the skin, on the other
hand, there is another serious problem is the
inhalation of dangerous substances during
bathing, as the bathroom is usually small and
therefore hot water is evaporation with
chlorine, easy to inhalation, the vapor-loaded
carcinogen and the problem is not only in its
absorption across the skin but also in the
inhalation of its spray during bathing, The
inhalation of chlorine vapor during bathing
increases the problems of asthma, allergies and
sinuses by adding to skin problems and hair
loss. Short-term exposure to these conditions
may cause eyesight, coughing, phlegm, nasal
bleeding, chest pain, redness of the skinand
makingthe head hair dry and difficult to lay
off.More-term exposure may cause fluid
accumulation in the lungs, pneumonia,
bronchitis, hard breathing and increase the
problems of cortex in hair, the research has
shown that the body absorbs chlorine during
bathing, and that the amount of chlorine
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entering the body during a bath of 10 minutes
equivalent to the amount of drinking 8 cups of
the same water (Abdel-Latif, 2014).

REFERENCES

Abdullah J. (2001). Sterilization of drinking
water, Vocational Training Corporation,
Jordan Kingdom.

Al-Azzawi Esraa Salman Dels (2010).
Environmental and Bacteriological Study of
Ray alam Project in  Salahuddin
Governorate, Master Thesis, Faculty of
Science, University of Tikrit.

Al-Fatalawi Yarub Falih Khalaf (2007). Study
of the quality of drinking water for some
projects of drinking water Baghdad. PhD
thesis, College of Science, University of
Baghdad.

Al-Haidari Mohammed Jawad Saleh (2003).
Environmental Impacts of Industrial Waste
Water for Al - Furat General Company for
Chemical Industries in Al-Sadda, Iraq.
Master Thesis. Faculty of Science,
University of Babylon.

Al-Mafraji Talab Kazem and Shatha Salman
al-Azzawi (1991). Microbiology of soil and
water. Ministry of Higher Education and
Scientific Research - University of Baghdad.

Al-Muslah Rashid Mahjoub (1988).
Microbiology of water. House of Wisdom,
University of Baghdad — Iraq.

Al-Saadi Hussein Ali, Nejim Kamar Al-Daham
and Leith Abdul Jalil Hossan (1986).
Aquatic ecology. Dar Al Kutub For Printing
& Publishing. Marine Research Center.
University of Basrah, Iraq.

Al-Sadani Ibrahim Ahmed Hussein Hassan
(2009). Environmental and Bacteriological
Study of the Tigris River within the
Governorate of Salahddin. Master degree,
Faculty of Science, University of Tikrit.

Al-Samarrai Bayda Abdelkader Mahdi (2009).
Environmental and Microbiological Study
of Drinking Water in  Salahddin
Governorate, Master Thesis, Faculty of
Science, University of Tikrit.

36

Al-Shawani  Tawoos Mohammed Kamel
Ahmed  (2001)  Environmental  and
microbiological study of the Lower Zab
River from Alton Kubri to Hawija. Master
Thesis, College of Education for Girls,
University of Tikrit — Irag.

Al-Shawani  Tawoos Mohammed Kamel
Ahmed (2009). Bacterial evidence of
biological pollution and its relation to some
physical and chemical factors affecting
some aquatic ecosystems in  Kirkuk
governorate. PhD thesis, Girls College of
Education, Tikrit University, Irag.

Abdullatif Mohamed Saad (2014). Chlorine in
our lives causes cancer, renal failure and
liver cirrhosis.
http://www.alnoor.se/article.asp?id=238666.

APHA (American Public Health Association)
(2003). Standard Methods For the
Examination of water and wastewater, 20"
Edition. A.P.H.A., 101 5 fifteenth street,
NW. Washington. Dc, USA.

Barakat Nadia Tareq (2007). Measurement of
drinking water pollutants in some areas of
Baghdad. Master Thesis. College of Science
University of Baghdad.

Hassan F. M., Hadi R., Kassim T.l. & Al-
Hassany J.S. (2012). Systematic study of
epiphytic algal after restoration of al-
Hawizah marshes, southern of Iraqg.
International Journal of Aquatic Science.
ISSN: 2008-8019. Vol 3, No 1.

Lind G.T. (1979). Hand book of Common
Method in Limnology 2nd. Ed, London. pp
1991.

LeChevallier M.W., Evans T.M. & Seidler,
R.J. (1981), Effectof turbidity on
chlorination  efficieny and  bacterial
persistence in drinking water. Applied and
Environmental Microbiology.

Nikolaou A.D., Lekkas T.D. and Golfinopoulos
S.K (2004), Kinetics of the formation and
decomposition of chlorination by—products
in surface waters. Chemical Engineering
journal, No100 Vol. 5 PP. 139-148.

Obaid Afaf Jadan (2011). Residual chlorine
concentrations in Tikrit University water


http://www.alnoor.se/article.asp?id=238666

MAHMOOD, AL-HILALI & KALAF

network, Iragi Journal of Civil Engineering

Volume 7 Issue 1 Page 18-29.

Ramal Sand Majid Matar (2010). Evaluation of
drinking water quality and efficiency of the
Great Ramadi Water Project, Qadisiyah
Journal of Engineering Sciences, Volume 3,
Issue 2.

37

Wetzel R.G. (1983). Limnology. 2" Edi-
Saunders Company. Philadelphia. 767 pp.
WHO (World Health Organization) (1993).
Environmental Health criteria 134, WHO
World Health Organization. Geneva, PP 17-

273.



Kafkas Universitesi
Fen Bilimleri Enstitlisii Dergisi
Cilt 11, Say1 1, 38-46, 2018

Kafkas University
Institute of Natural and Applied Science Journal
Volume 11, Issue 1, 38-46, 2018

Original Article

Pollen Spectrum of Gonen (Balikesir) Atmosphere

Aycan Tosunoglu!*, Hanife Akyalcin?, Adem Bicakci'

1 Uludag University, Faculty of Science, Department of Biology, 16059, Gorukle, Bursa, Turkey.

218 Mart University, Faculty of Science, Department of Biology, Canakkale, Turkey.

(ilk Gonderim / Received: 24. 02. 2018, Kabul / Accepted: 05. 07. 2018, Online Yayin / Published Online:18. 07. 2018

Keywords:
Aerobiology,
Gravimetric sampling,
Pollen calendar

Abstract: In this study, pollen amounts and variations were monitored in the
atmosphere of Gonen-Balikesir annually by using gravimetric method. A total of 38
taxa and unidentified pollen grains were recorded and from these, 22 of them belong to
arboreal plants (AP), 16 to non-arboreal plants (NAP). During the sampling period 4916
pollen counted per cm?, of which 73.13% pertain to arboreal plants, 26.08% to non-
arboreal plants and 0.79% to unidentified. Dominating taxa in the air of sampling cite
were Pinus (19.08%), Poaceae (16.94%), Cupressaceae/Taxaceae (10.50%), Quercus
(9.62%), Juglans (9.52%), Olea europaea (8.58%), Platanus (6.20%), Amaranthaceae
(3.32%), Asteraceae (2.71%), Alnus (1.59%), Acer (1.14%) and Morus (1.14%); all of
dominated pollen types previously reported as allergenic in the literature. In the study
period, the pollen amount reached its highest level in May.

Gonen (Balikesir) Atmosferinin Polen Spekturumu

Anahtar Kelimeler
Aerobiyoloji,
Gravimetrik ornekleme,
Polen takvimi

Ozet: Bu calismada Gonen-Balikesir atmosferinde goriilen yillik polen miktar ve
degisimi gravimetrik metod kullanilarak arastirilmustir. Toplam 38 takson ve
tanimlanamayan polenler kaydedilmistir ve bunlardan 22 tanesi odunsu bitkilere (AP),
16 tanesi otsu bitkilere (NAP) aittir. Ornekleme siiresi boyunca cm?’de 4916 polen
kaydedilmis olup, bunlarin %73.13’i odunsu bitkilere, %26.08i otsu bitkilere %0.79°u
ise tanimlanamayan polenlere aittir. Ornekleme sahasi atmosferindeki dominant
taksonlar; Pinus (%19.08), Poaceae (%16.94), Cupressaceae/Taxaceae (%10.50),
Quercus (%9.62), Juglans (%9.52), Olea europaea (%8.58), Platanus (%6.20),
Amaranthaceae (%3.32), Asteraceae (%2.71), Alnus (%1.59), Acer (%1.14) ve Morus
(%1.14) olup; literatiirde tiim dominant polen tiplerinin allerjik oldugu rapor edilmistir.
Caligma siiresinde polen miktar1 Mayis ayinda en yiiksek seviyede goriilmiistiir.

*lgili yazar: aycanbilisik@uludag.edu.tr

1. INTRODUCTION

climate. The most important yield of Gonen is
rice. In addition to this, Gonen is a well-known

Gonen (Balikesir) is situated in the
North-West of Turkey (40°06° N - 27° 38’ E)
along the Marmara Sea and has a 33 m altitude.
Gonen is an agricultural region in both dry and
irrigated lands, a great variety of crops grow
during the year because of the particular
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center of health tourism in Turkey and famous
with thermal springs.

The studied area has Mediterranean
climate and some species appear in the study
area as follows; Quercus coccifera L., Olea
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europea L., Phillyrea latifolia L., Spartium
junceum L., Cercis siliquastrum L., Crataegus
monogyna Jacq., Laurus nobilis L., Erica
arborea L., Paliurus spina-christi Miller.,
Pinus brutia Ten., Platanus orientalis L.,
Fraxinus excelsior L., Fraxinus ornus L.,
Fagus orientalis Lipsky. and Castanea sativa
Miller.. On the slopes of mountains at higher
altitudes Pinus brutia Ten. and Pinus nigra
Arn. are dominate. Pollen allergy is a common
disease caused by a hipertensivity allergic
reaction of the respiratory system and the eye
conjunctivae to pollen grains. During the
pollination season sensitive individuals shows
the symptoms like; allergic rhinitis, allergic
conjunctivitis, allergic bronchial asthma and
urticaria. Determination of pollen type and
concentrations of pollen grains will be useful
for patients’ complaining from pollen allergy.
For this reason, pollen calendars have been
prepared in many countries in the world
(Bicakci et al., 2000a; Bicakci et al., 2002;
Giner et al., 2002; Bicakci et al., 2003;
Peternel et al., 2003; Gioulekas et al., 2004).

The aims of the study were; to expose
the pollen types present in the atmosphere,
their actual conditions and to establish a pollen
calendar for Gonen-Balikesir region.

2. MATERIALS AND METHODS

From 1 January to 31 December 2012, a
Durham gravimetric pollen trap located at the
top of the structure, 10 m above the ground
level. Weekly slides were covered with
glycerin jelly mixed with basic fuchsine
(Charpin  and  Surinyach, 1974). Light
microscopy was used for identification of
pollen grains and pollen counting was done on
22 x 22 mm area of the slide, which was
calculated to one cm?. Weekly pollen amounts
of plant taxa were calculated and weekly pollen
calendar was prepared.

3. RESULTS AND DISCUSSION

A total of 4916 pollen from 38 taxa
were identified in the atmosphere of Gonen. Of
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these, 22 taxa were belong to arboreal plants
and the others from non-arboreal plants. 3595
pollen found to be arboreal (73.13%), while
1284 as non-arboreal (26.08%) and 39 as
unidentified (0.79%) (Table 1).

The main pollen producers were
arboreal plants such as Pinus, Cupressaceae/
Taxaceae, Quercus, Juglans, Olea europaea,
Platanus, Alnus, Acer, Morus and they
constituted 67.28% of the annual pollen index
(API). Most frequented herbaceous plants
were; Poaceae, Amaranthaceae and Asteraceae
(22.97% of API) in Gonen atmosphere (Table 1).

Monthly values of variation, recorded in
the atmosphere were shown in Figure 1. In the
sampling period, the highest pollen amounts
was recorded in May with 1673 pollen (34.03%
of the API) and the less concentration recorded
in December with 2 pollen (0.04% of the API)
(Figure 1, Table 2). During the January-June
term and in December; pollen grains of woody
taxa dominated and during July-November
term; non-arboreal ones. No arboreal pollen
were recorded in October-November term and
non-arboreal pollen grains were not represented
in the months January-February and December
in Gonen-Balikesir atmosphere (Figure 1,
Table 2).

The earliest airborne pollen grains
recorded at the beginning of the year from the
following species; Alnus (0.51%),
Cupressaceae/Taxaceae (0.37%), Betula
(0.10%) and Ulmus (0.02%). In January 51
pollen recorded and that was 1.04% of the API
(Figure 1-2, Table 2).

In February, number of plant species
that recorded are increased, with the pollen

originated from Cupressaceae/Taxaceae
(4.13%), Alnus (0.96%), Salix (0.81%),
Fraxinus (0.28%), Betula (0.22%), Acer

(0.14%), Populus (0.08%), Ulmus (0.08%),
Corylus (0.04%), Oleaceae (0.02%) and
Rosaceae (0.02%). In addition, 338 pollen
counted in February (6.88% of API) (Figure 1-
2, Table 2).
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Table 1. Pollen types recorded in Gonen-
Balikesir atmosphere, their annual total and
annual percentages

Taxa Number of pollen %
Pinus 938 19.08
Cupressaceae/Taxaceae 516 10.50
Quercus 473 9.62
Juglans 468 9.52
Olea 422 8.58
Platanus 305 6.20
Alnus 78 1.59
Acer 56 1.14
Morus 56 1.14
Fraxinus 48 0.98
Salix 45 0.92
Betula 36 0.73
Fagus 29 0.59
Castanea 23 0.47
Ericaceae 20 0.41
Populus 19 0.39
Rosaceae 16 0.33
Olea europaea 15 0.31
Carpinus 14 0.28
Corylus 7 0.14
Ulmus 7 0.14
Tilia 4 0.08
WOODY PLANTS 3595 73.13
Poaceae 833 16.94
Amaranthaceae 163 3.32
Asteraceae 133 2.71
Xanthium 47 0.96
Plantago 20 0.41
Urticaceae 20 0.41
Apiaceae 11 0.22
Artemisia 9 0.18
Cyperaceae 9 0.18
Fabaceae 8 0.16
Campanulaceae 6 0.12
Caryophyllaceae 6 0.12
Lamiaceae 6 0.12
Taraxacum 5 0.10
Brassicaceae 3 0.06
Typha 3 0.06
HERBACEOUS
PLANTS 1284 26.08
Unidentified 39 0.79
TOTAL 4916 100.00

In March, pollen grains belonging to

dominating plant taxa recorded in Gonen
atmosphere; Juglans (2.18%),
Cupressaceae/Taxaceae (1.63%), Fraxinus

(0.67%), Platanus (0.43%), Poaceae (0.33%),
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Betula (0.26%), Quercus (0.24%), Populus
(0.20%), Acer (0.18%), Carpinus (0.14%),
Alnus (0.12%), Pinus (0.12%), Salix (0.10%)
and Oleaceae (0,10%). In March 352 pollen
counted and that was 7.16% of the API (Figure
1-2, Table 2).

1600

# Woody plants
1400 yP

c
)
S
[a

Herbaceous plants
1200

1000
800
600

400

Months
200
0 = = = >
Z oW x o > Z (O] O
a O
S ¥ 3 25223 4838 248

Figure 1. Monthly variation in pollen amounts
belonging to woody and herbaceous taxa in
Gonen-Balikesir, Turkey

In  April, nearly similar taxa
composition was found with March, but
number of pollen grains increased and second
highest pollen concentration was in this month.
Dominated pollen types in April were; Juglans
(5.92%), Pinus (5.57%), Quercus (4.88%) and
Platanus (3.66%). In April 1231 pollen
recorded and that was 25.04% of the API
(Figure 1-2, Table 2).

In the sampling period the highest
concentration was in May, with the pollen
originating from Pinus (12.29%), Olea
europaea (4.96%), Poaceae (4.60%), Quercus
(4.41%), Cupressaceae/Taxaceae (2.32%),
Platanus (2.12%) and Juglans (1.36%) (Table
2, Figure 1). The pollen grain that found most
frequently in Gonen atmosphere in May was
the pine pollen and number of pollen grains
belongs to this taxon represents 36.10% of
counted pollen grains in this month. Total
number of pollen grains recorded in May
constituted 34.03% of API (Figure 1-2, Table 2).
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Table 2. Monthly variation of airborne pollen grains in Gonen-Balikesir atmosphere

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

Acer - 014 018 049 0.33 - - - - - - - 1.14
Alnus 0.51 096 0.12 - - - - - - - - - 1.59
Betula 0.10 0.22 0.26 0.14 - - - - - - - - 0.73
Carpinus - - 014 010 0.04 - - - - - - - 0.28
Castanea sativa - - - - 0.02 043 002 - - - - - 0.47
Corylus - 004 010 - - - - - - - - - 0.14
Cupressaceae/Taxaceae 0.37 4.13 1.63 0.94 232 1.08 0.02 - - - - 0.02 1050
Ericaceae - - 0.06 020 0.10 0.02 - - 002 - - - 0.41
Fagus - - 0.04 0.37 0.18 - - - - - - - 0.59
Fraxinus - 028 067 0.02 - - - - - - - - 0.98
Juglans - - 218 592 136 006 - - - - - - 9.52
Morus - - 0.06 0.81 0.26 - - - - - - 1.14
Olea europea - - - - 496 356 0.06 - - - - - 8.58
Oleaceae - 002 010 0.8 - - - - - - - - 0.31
Pinus - - 0.12 557 1229 0.79 0.18 0.16 - - - - 19.08
Platanus - - 043 366 212 - - - - - - - 6.20
Populus - 008 020 0.10 - - - - - - - - 0.39
Quercus - - 024 488 441 0.08 - - - - - - 9.62
Rosaceae - 0.02 - 0.08 0.10 0.08 - 004 - - - - 0.33
Salix - 081 0.10 - - - - - - - - - 0.92
Tilia - - - 0.06 0.02 - - - - - - - 0.08
Ulmus 0.02 0.08 0.04 - - - - - - - - - 0.14
WOODY PLANTS 1.00 6.79 6.69 23.54 2852 6.06 0.28 0.20 0.02 - - 0.02 7313
Amarathaceae - - - - 0.02 0.08 037 189 0.73 0.16 0.06 - 3.32
Artemisia - - - - - - 002 010 0.06 - - - 0.18
Campanulaceae - - - 002 - - 002 008 - - - - 0.12
Caryophyllaceae - - 002 008 002 - - - - - - - 0.12
Asteraceae - - 0.04 0.06 028 0.18 0.26 153 0.18 0.10 0.06 - 2.71
Brassicaceae - - - 0.02 0.04 - - - - - - - 0.06
Cyperaceae - - - 0.02 0.06 0.06 002 0.02 - - - - 0.18
Poaceae - - 0.33 083 460 232 122 413 118 155 0.79 - 16.94
Lamiaceae - - - - 0.02 0.02 0.08 - - - - - 0.12
Fabaceae - - 004 002 002 002 002 004 - - - - 0.16
Plantago - - - 002 014 010 006 006 - 002 - - 0.41
Taraxacum - - - 0.04 0.02 - 004 - - - - - 0.10
Typha - - - - - 004 002 - - - - - 006
Apiaceae - - - - 0.02 0.10 0.04 0.06 - - - - 0.22
Urticaceae - - - 028 010 0.02 - - - - - - 0.41
Xanthium - - - - - - - 081 010 0.02 0.02 - 0.96
HERBACEOUS

PLANTS - - 043 140 539 295 218 873 226 185 0.94 - 26.08

Unidentified 0.04 0.08 0.04 0.10 0.16 0.04 0.04 0.12 0.06 0.06 0.02 0.02 0.79

TOTAL 1.04 6.88 7.16 25.04 3403 9.05 250 9.05 2.34 191 0.96 0.04 100.00
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Dominating pollen grains and their percentages
in June were; Olea europaea (3.56%), Poaceae
(2.32%), Cupressaceae/ Taxaceae (1.08%),
Pinus (0.75%) Castanea sativa (0.43%),
Asteraceae (0.18%), Plantago (0.10%) and
Apiaceae (0.10%). In June 445 pollen grains
recorded and this number is calculated as
9.05% of API (Figure 1-2, Table 2).

In July 123 pollen/cm? were counted
and that was 2.50% of the total pollen
concentration in the vyear. Pollen grains
belonging to dominating plant taxa recorded
and their percentages were; Poaceae (1.22%),
Amaranthaceae (0.37%), Asteraceae (0,26%),
Pinus (0.18%), Lamiaceae (0.08%), Olea
europaea  (0.06%), Plantago (0.06%),
Taraxacum (0.04%) and Apiaceae (0.04%)
(Figure 1-2, Table 2).

In August, dominated pollen grains as
follows; Poaceae (4.13%), Amaranthaceae
(1.89%), Asteraceae (1.53%), Xanthium
(0.81%), Pinus (0.16%) and Artemisia (0.10%).
445 pollen counted in this month and it was
9.05% of total pollen content (Figure 1-2,
Table 2).

In September 115 pollen counted and
that was 2.34% of the API. Dominated plant
taxa and their percentages were; Poaceae
(1.18%), Amaranthaceae (0.73%), Asteraceae
(0.18%), Xanthium (0.10%) and Artemisia
(0.06%) (Figure 1-2, Table 2).

In October, 94 pollen grains that all of
them belonged to non-arboreal plants counted
and this number calculated as 1.91% of total
pollen grains recorded whole year. Dominating
pollen types recorded in October; Poaceae
(1.55%), Amaranthaceae (0.16%), Asteraceae
(0.10%), Plantago (0.02%) and Xanthium
(0.02%) (Figure 1-2, Table 2).

In November and December, recorded
pollen grains’ annual percentages were not
above 1%, Poaceae is the most frequent pollen
in November. In December, the only recorded
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pollen was belong to Cupressaceae/Taxaceae
(Figure 1-2, Table 2).

Airborne pollen grains of arboreal
plants were found to predominate in the
atmosphere  of  Gonen-Balikesir ~ with
percentages of 73.13%. That was due to the
vegetation, climate and geographical location
of Gonen. Arboreal pollen types also found as
dominant in Ostrawiec Swietokrzyski-Poland
(73%) (Kasprzyk, 1996), Balikesir-Turkey
(70.92%) (Bicakci et al., 2000c), Izmir
(Guvensen et al.,, 2003), Koycegiz-Turkey
(Tosunoglu et al, 2009), Yalova-Turkey
(Altunoglu et al.,, 2008), Kastamonu-Turkey
(Ceter et al., 2011), Denizli-Turkey (Giivensen
et al., 2013), Buyukorhan-Turkey (Tosunoglu
et al., 2013), Kayseri-Turkey (Acar et al.,
2015).

Arboreal pollen grains as Pinus,
Quercus, Juglans, Platanus, Alnus, Acer,
Morus and non-arboreal pollen grains such as
Fabaceae, Amaranthaceae and Asteraceae
families occupy a place, which encountered to
have more than 1% of the total pollen content
were recorded in high concentrations as the
important allergenic pollen grains (Levetin and
Buck, 1980; Bousquet et al., 1984; Eriksson et
al., 1984; Chapman, 1986; D’Amato and
Spieksma, 1990; Gioulekas et al., 1991) in
Gonen-Balikesir atmosphere.

According to the other studies in the
world; Platanus, Poaceae, Acer, Cupressus,
Chenopodiaceae, Urticaceae, Morus, Plantago
and Oleaceae in Santiago-Chile (Villegas and
Nolla, 2001); Betula, Corylus, Ambrosia,
Urticaceae in Zagreb-Croatia (Peternel et al.,
2003); Cupressaceae, Quercus, Urticaceae,
Oleaceae, Pinaceae, Poaceae, Platanaceae,
Corylus, Chenopodiaceae and Populus in
Thessaloniki-Greece (Gioulekas et al., 2004);
Cupressaceae, Poaceae, Platanus, Quercus,
Artemisia, Chenopodiaceae/ Amaranthaceae
and Urticaceae in lIsparta-Turkey (Bicakci et
al., 2000b); Pinus, Olea, Platanus, Poaceae,
Cupressaceae/Taxaceae, Quercus, Acer, Morus,
Xanthium, Castanea, Amaranthaceae, Corylus,
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Artemisia, Urtica and Fraxinus in Bursa-
Turkey (Bicakci et al., 2003); Pinaceae,
Cupressaceae, Fraxinus, Cedrus, Artemisia,
Poaceae, Chenopodiaceae and Populus in
Eskisehir Sivrihisar (Potoglu Erkara, 2008);
Pinus, Fraxinus, Cupressaceae, Ailanthus,
Chenopodiaceae/ Amaranthaceae, Sophora,
Acer, Poaceae, Populus, Ostrya, Quercus,
Salix, Urticaceae, Abies, Ulmus and Juglans in
Konya (Altunoglu et al., 2010); Pinus, Fagus,

Ostrya, Quercus, Pistacia, Brassicaceae,
Poaceae, Cupressaceae/Taxaceae, Salix,
Chenopodiaceae/  Amaranthaceae,  Abies,

Carpinus, Juglans and Phillyrea in Karabuk
(Kaplan and Ozdogan, 2015) were reported as
predominated taxa.

Pine was recorded as the most frequent
pollen during the investigation period with
19.08%, probably the result of excessive pollen
production of pine forests of the study area and
its surroundings. Pine pollen recorded as the
first dominating type before many times from
Western Turkey; Burdur (Bicakci et al.,
2000a), Afyon (Bicakci et al., 2002), Fethiye
(Bilisik et al., 2008a), Koycegiz (Bilisik et al.,
2009) and Didim (Tosunoglu et al., 2008b).
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Gramineae pollen was recorded as the most

frequent  non-arboreal type in  Gonen
atmosphere and their long presence was
showing a similar pattern with other

Mediterranean cities (Bicakci et al., 2002,
Giner et al., 2002), which was probably due to
the due to intense rice farming in the area. In
addition, Gramineae pollen grains were also
reported as a predominant pollen type in Bursa
(Bicakci et al., 2003), in Kayseri (Ince et al.,
2004), in Thessaloniki (Gioulekas et al., 2004),
and in Zagreb (Peternel et al., 2003), Koycegiz
(Tosunoglu et al., 2009), Bodrum (Tosunoglu
and Bicakei, 2015), Kagizman (Yalcin et al.,
2017) and Usak (Uguz et al., 2018).

In conclusion, Airborne pollen grains of
38 taxa, 22 of them arboreal and 16 of them
non-arboreal were recorded annually in Gonen-
Balikesir, Turkey. Pollen grains on slides seen
without deductions during the investigation
period. The airborne pollen calendar prepared
for Gonen-Balikesir (Figure 2). We hope the
calendar designed by us will be useful for
medical treatment of patients’ complaining
from pollen allergy in Gonen-Balikesir
province and its surroundings.
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Figure 2. Annual pollen calendar of Gonen-Balikesir, Turkey.
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