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I.1 GIRIS

Orta Dogu Teknik Universitesi Deniz Bilimleri EnstitusU, yapilmasi
planlanan Mersin deniz desarjlari ilgili olarak, Mersin Korfezinde
osinografik arastirmalar yapmistir. Bu raporda fiziksel, kimyasal ve
biokimyasal osinografik calismalarin bulgulari ve degerlendirmeleri

verilmistir.

Calismalarin kapsaminda asagida verilen arastirmalar bulunmaktadir:
1) Bolge deniz suyunun fiziksel ve kimyasal ozellikleri,
2) Akintilaria,

3) Bolgenin iklim ozellikleri, ve ruzgar dalgalari.

Fiziksel veriler Bolum-1'de, kimyasal ve bio-kimyasal veriler

Bolum-2'de verilmistir.

Akintilar ve deniz suyunun ozellikleri bolgede yapilan olcuUmler ile
saptanmistir. Ruzgar dalgalarinin ozellikleri empirik tahmin etme
yontemler ile Mersin’e yakin (Erdemli’ de) 1978-1979 seneleri arasinda
yapilmis olcumleri kullanarak elde edilmistir. Bolgenin hava ve deniz
suyu sicakliklari, ruzgar, barometrik basinc ve nem coranlari gibi

iklimsel ozellikleri Mersin meteorolojik verilerinden saptanmistir.

1.2 SEFER TARIHLERI, CIHAZLAR VE VER! ISLEME YONTEMLERI

Veriler Sekil I.1'de gosterilen istasyonlarda asagidaki tarihlerde

alinmistair.

1 5 Aralik 1991 (fiziksel ve kimyasal parametreler)
2, 29 Nisan 1992 (kimyasal parametreler)
3. 29 Mayis 1992 (fiziksel ve kimyasal parametreler)



4. 18 Aguslos 1992 (fiziksel ve kimyasal parametreler)
5. 2-3 Ekim 1992 (fiziksel ve kimyasal parametreler)

CIHAZLAR

Sicaklik ve tuzluluk Sea Bird model 9 CID prob sistemi ile
olculmustur. Prob su kolonundan asagiya indirilirken derinligi,
sicakligl ve iletkenligi saniyede 24 veri alarak olcer. Sicaklik
olcerin dogrulugu 0.001 °C ve iletkenlik olcerinki ise 0.001
Siemenstir. Cihaz istenildigi taktirde verileri gemideki bilgisayara
gonderebilir veya hafizasinda saklayip daha sonra islenebilir. Bu
calismada ikinci secenek kullanilmistir. Deniz calismalarindan sonra
her istasyonun verilerinin birer metre araliklarla ortalama degerleri

hesaplanmistir.

Geminin konumunu ve akinti olcum istasyonlarinin yerlerini belirlemek

icin Decca Trisponder sistemi kullanilmistair.

Akintilar Aanderaa akinti olceri ile olcUlmUstur. Bu cihaz otomatik
olarak verileri, ayarlanmis ornekleme araliklarinda, bataryasi
yvardimiyla manyetik kasetlere kayit eder. Akinti olcer denizden
cikarildiktan sonra veriler okunur ve mUhendislik degerlerine

cevirilir.
1.3 SICAKLIK TUZLULUK VE 0ZGUL AGIRLIK PROFILLERI!

Yapilan dort sefer de sicaklik tuzluluk ve ozgul agirlik sonuclari

asagida belirlilen sekiller de verilmistir!

Aralik 1891 Sekil 1.2
Mayis 1992 Sekil I.3
Agustos 1992 Sekil 1.4
Ekim 1992 Sekil 1:5



Her sefer icin iki grup profiller verilmistir. Birinci grupta sicaklik
ve tuzluluk cizilmistir. lkinci grupta sicaklik ve ozgll agirlik
parametresi sigma-t degerleri verilmistir. Sicaklik duz cizgi ile
gosterilmistir. Ozgul agirlik ve tuzluluk noktali cizgi ile
gosterilmistir. Si1g istasyonlarda ancak bir metre derinlik icin bir

deger verilmistir.

Aralik ay1 verilerinde tuzluluk su kolonunda homojen bir dagilim
gostermektedir; dipteki sicaklik yUzey sicakligindan bir az daha
dusuktur. Bu sig sularda, yUzey sogumasi ve rlzgarlar yuzlUnden, suyun
dik olarak karismis oldugunu gostermektedir. Ozgll agirlik grafikleri
su kolonunun Ust 5-6 metresinde esit derine dogru artan bir dagilim

postermekledir.

29 Mayis seferinde yUzey sularda tuzluluk degerlerinde Aralik seferine
gore bir azalma gorulmustur, yUzey sicakliginda ise Aralik seferine
oranla artis gorulmustur. CunkU ilkbaharda, deniz suyuna nehirlerden
tatlil su girdisinin ve 1sinmanin etkisinin sonucunda olmustur. Limanin
dogusunda kiyiya yakin M-5, M-6 ve M-7 istasyonlarinda yuzey tuzlulugu
oldukca dusuk, yaklasik 34 ppt seviyesindedir. Kiyidan uzak olan M-3l
ve M-32 gibi istasyonlarda sicaklik tabandan yuUzeye 4 C artis
gostermektedir. Bu istasyonlarda tuzluluk yuzeyde 37 ppt tabanda ise
39 ppt civarindadir. Bunun nedeni calisma alaninda tatli suyun tuzlu
su tzerine yayilmasidir. Ozgul agirlik verileri su kolonunda iki
katmanli bir yapinin olusmaya basladigini gostermektedir. Bu ilkbahar

ve yaz aylarindaki artan 1sinma ile uyumludur.

Agustos ayinda yUzey sicakligil 30 C ye kadar artmistir. Su kolonundaki
ust 7 metrede tuzluluk ve sicaklikta homojen bir dagilim
gorUlmektedir. Ozgll agirlik verileri de ayni iki katman yapisini
ortaya cikarmistir. Ust 7 metredeki ozgul agirlik degeri 24

sigma-t'dir ve dibe dogru 25.8 sigma-t seviyesine kadar artmaktadir.

Ekim ayinda tuzluluk verileri dikeyde homojen dagilim gostermektedir,

ancak sicaklik yuzeyde daha fazladir. Bunun sebebi su kolonunun



kuvvetli ruzgarlardan karismasi ve daha sonra glnes 1sinlari
tarafindan 1sinmasidir. Ozgul agirlik verileri dikeyde esit dagilim

gostermektedir.

M-32 istasyonundaki sicaklik tuzluluk ve ozgulagirlik verileri Sekil
I.6 da butun seferler icin yi1llik degisimi gostermek icin verilmistir
(Aralik seferi icin M-I8 istasyonu kullanilmistir.). Sekil I.6'dan
sahile yakin bu si1g bolgelerdeki su kolonunun Ekim ile Nisan aylari
arasinda karismis ve homojen oldugu gorUlmektedir. Bunun nedeni kis
firtinalarinin kuvvetli ruzgarlari ve soguk havanin etkisiyle dikey su
kolonunun iyi karismis bir duruma gelmesi ve boylece dikeyde esit
dagilimli bir yap1 ortaya cikmasidir. l1kbaharda havalarin 1sinmasiyla
yUzey suyu daha hafif bir hale geliyor ve su kolonu iki katman yapisi
gostermeye basliyor. Yaz aylarinda suyun daha da 1sinmasi ve
ruzgarlarin azalmasi dolayisiyla iki seviyell bu yapi Agustos ayinda

daha belirgin olur ve bu durum Ekim ayina kadar devam eder.

1.4 AKINTI OLCUMLERI

Akint1 olcumleri, istasyonlarda yerlestirilen akinti olcerler ile, 22
Nisan - 12 Mayis 1992 ve 22 Temmuz - 13 Agustos 1992 tarihleri

arasinda yapilmistir.
Istasyon yerleri Nisan icin Sekil I.7'de, Temmuz icin Sekil I.8'de
gosterilmistir. Olcum istasyonlari cihazlarin seri numaralari ile

belirlenip derinlikleri asagida verilmistir.

Nisan 1992 ( Sekil 1.7 )

RCM 4819 toplam derinlik: S5m. akinti olcum derinligi: 2.5m.
RCM 2905 toplam derinlik: 6m. akinti olcUm derinligi: 2.5m.
RCM 6625 toplam derinlik: 8.5m. akint1 olcUm derinligi: 5.0m.
RCM 6687 toplam derinlik: 10m. akinti olcum derinligi: 5.0m.



Temmuz 1992 ( Sekil 1.8 )

RCM 2905 toplam derinlik: 11.5m. akinti olcum derinligi: 6.0m.
RCM 6625 toplam derinlik: 11.5m. akinti olcum derinligi: 6.0m.
Nisan’da olcuUmler 10 dakikada bir, Temmuz'da 20 dakikada bir yapilmis,
her ikisinde de saatlik veriler ortalama alinarak bulunmus ve bu
degerler grafiklerde kullanilmistir. Akinti verilerinin
degerlendirmesinde ruzgar hizi vektorleri de (Bolum I.5) dikkate

alinmistir. Veriler Uc degisik sekilde gosterilmistir

1. Akinti1 hizi zaman serileri
2. Akinti hizi vektor zaman serileri, ve

3. llerleyen vektor semasi.

NISAN - MAYIS AKINTILARI

Sekil 1.9 ve I1.10, 22 Nisan - 12 Mayis tarihleri arasinda yapilan
akint1 hiz olcuUmlerinin zaman serilerini gostermektedir. Ortalama

akinti hizlari asagida verilmistir:

RCM 6625 14.9 cm/s
RCM 6687 21.6 cm/s
RCM 4819 23.5 cm/s
RCM 2905 28.8 cm/s

Akint1 olcum istasyonu CM6687'nin sicaklik ve tuzluluk zaman serileri

Sekil I.11'de verilmistir.

Akint1 hizi vektor zaman serileri Sekil I.12-1.15’de verilmistir. Bu
grafiklerde saatlik ortalama akinti hiz1 okla gosterilmistir. Okun
uzunlugu hizin gostergesi olarak, (1 cm = 20 cm/s) ve okun yonlu
akintinin akis yonunu gostermektedir. Kuzey grafigin yukarisina dogru,

dogu grafigin sagina dogrudur.

Bu akinti olcuUm donemi icin limanin batisindaki akintilarin ruzgarla

uyumlu oldugu, bunun yani sira limanin dogusundaki akintilarin



yonlerinde degismeler oldugu gozlenmistir.

Limanin batisinda, CM 6625 ve CM 6687'nin akinti hizi vektorlerinin
kuzeydogu yonunde belirgin bir bileskesi oldugu gozlenmistir (Sekil
I1.12 ve 1.13). Nisan ve Mayis 1992 icin ruzgar hizi vektoru zaman
serileri (Bolum I.5), 22 Nisan - 3 Mayis tarihleri arasinda ruzgarin
glneybat1 ve kuzeydogu bolgelerinden degismeli olarak estigini, ancak
daha kuvvetli ruzgarlarin glneybatidan (kuzeydoguya dogru) estigini
gostermektedir. Bu donemdeki akinti yonu hakim olarak kuzeydoguya
dogrudur, ve bu gozlem ruzgarla uyumludur (Sekil I.12-1.13). 4-7 Mayis
tarihleri arasinda degisik yonlerden esen rUzgarlar gozlenmis, ayni
zamanlarda (gun 12-15, Sekil I.12-1.13) limanin batisindaki
akintilarda da (ruzgara bagli olarak) yon ve hiz degisiklikleri

gozlenmektedir.

Limanin dogusunda akintilarda hakim bir yon bulunmamaktadir (CM 4819,
Sekil 1.14 ve CM 2905, Sekil 1.15). 11k bes gunku clcumlerde akinti
baslica bati yonuUndedir ve bu limanin batisindaki akinti ve ruzgar
yonuUnun tersindedir. Bundan sonraki verilerde akinti yonu degisken
olup rUzgarla belirgin bir iliski gozlenmemektedir. Bolgesel
akintilari bir butun olarak inceleyebilmek icin akinti hizi her
istasyon icin ilerleyen vektor semasi seklinde cizilmistir. Bu
grafikler saatlik ortalama hiz vektorlerinin sirayla cizilmesiyle
olusturulmustur. CM 6625 icin (Sekil I.16) akis yonu ilk 13 gun icin
dogu-kuzeydogu yonunde, daha sonra degiskendir. Kiyidan daha uzak CM
6687 icin (Sekil I.17) ufak degisiklerle kuzey dogu yonlundedir. Bu
gozlemler ruzgarla uyumludur, ve akintilarin guney ve guneybatidan
gelen ruzgarlara bagli oldugunu, guney ruzgarlari arasinda periodik
olarak gorullen zayif kuzey rUzgarlarindan etkilenmedigini
gostermektedir. Dogu tarafinda (CM 4819 Sekil I1.18) akinti ilk 6 gun
batiya dogrudur, daha sonra yonde degismeleri gozlenmektedir. Kiyidan
daha uzakta olan CM 2905'de akinti basta genelde bati yonUndedir,
altinci gunden sonra kuzey doguya dogru yon degistirmistir (bakiniz

Sekil I1.19). Yon degismeleri burda da gozlenmistir.



Yukarida anlatilan akintilar limanin dogusunda saatin ters yonuUnde
donen bir anaforun olustugunu gostermektedir ve bunun sonucu kiyiya
yakin akinti1 aciktakl akintiya ters bir akinti olusturmustur. Limanin
dogusundaki olcum istasyonlarinin ikisininde bu anafordan etkilenmesi
sonucu akls semalari limanin batisindakilerden farkli cikmistir. Bu
neden ile yazin akinti olcUm istasyonlari, anaforun disindaki

akintilari belirlemek icin daha acigina yerlestirilmistir.
TEMMUZ-AGUSTOS AKINTILARI

Sekil I.7, 22 Temmuz-13 Agustos tarihleri arasinda yapilan akinti
olcUmleri istasyonlarini gostermektedir. lstasyonlar Nisan - Mayis
aylarinkinden 2 metre daha derine konmustur. Akinti olcerler denizden
cikarildigr zaman cihazlarin Ustunun bol miktarda yosun ve deniz
organizmalari ile kaplandigi gorulmustur. Bu olusum olcUmlerin son
zamanlarinda pervane’'nin hareketine engel olmustur. Hizin zaman
serileri grafiginden de (Sekil I.20) goruldugu gibi, 12’inci glnden
sonra hiz gittikce azalmaktadir. llk oniki gunluk verileri kullanarak

ortalama hizlar asagida belirtilmistir.

RCM 6825 22.6 cm/s
RCM 2905 24.0 cm/s

Temmuz ve Agustos ruzgar verileri (Bolum I.5) bolgenin yazin tipik
ruzgar olusumlarini desteklemektedir. Ruzgar ogleden sonra
glneybatidan, geceleyin kuzeydogudan esmektedir. Akinti hiz vektor
zaman serileri Sekil 1.21 ve 1.22'de, ilerleyen hiz vektor semasi
Sekil 1.23 ve 1.24'de, CM 6625 iciﬁ sicaklik ve tuzluluk zaman
serileri Sekil I.25'de gosterilmistir. Her iki istasyondaki olcUmlerin
ayn1 olmasi, donglnun disinda kalip ayni akisa mahruz kaldiklarinin
gostergesidir. Akinti ruzgarla degismekle beraber esas itibariyla
kuzeydogu yonundedir. Bu sonuc rUzgar verilerinin denizden esen

ruzgarin karadan eseninden daha guclu oldugu gozlemiyle uyumludur.



Akinti verileri su sekilde ozetlenebilir: kiyiya yakin ve s1g olan bu
bolgede akintilarin olusmasinin hakim etken ruzgardir. Liman
aciklarinda her iki olcum donemindede akintinin (bir kac
degisikliklere ragmen) genel olarak doguya dogru oldugu gozlenmistir.
Limanin dogusunda kiyiya yakin bolgede ufak olcekli ve saat yonUnun
tersinde bir anaforun meydana geldigi gozlenmistir. Temmuz - Agustos
olcUmlerinde bu anafor gozlenmemistir. Nedeni de bu donemin akinti
olcUm istasyonlarinin oncekinden daha acikta oldugu dustunulmektedir.
Bu gozlem, limanin dogusundakil anaforun yaklasik olarak Temmuzdaki
akinti olcUm istasyon mevkisi ile sinirli oldugunu gostermektedir.
Akint1i hizlari ise genel olarak 20-25 cm/s seviyesindedir, ancak
Nisandaki CM 6625 (Bati dalga kiranina en yakin olan) istasyonunda

ortalama hiz 15 cm/s olarak olcUlmustur.

1.5 IKLIMSEL OZELLIKLER

RUZGARLAR

Bolgedeki ruUzgar durumu Ekim ile Nisan arasinda siklonik sistemlere,
ve yilin geri kalan aylarinda da deniz ve karadan esen yoresel
ruzgarlarin durumuna baglidir. Kis boyunca rUzgarin yonU ve hizi
yoredeki siklonik sistemlerin gecis yonune baglidir, yaz doneminde ise
denizden esen (gUneybati yonunde) ruzgarlar belirleyicidir. Bolgede
zaman zaman esen glclU kuzeydogu rUzgarlari da (Poyraz adiyla
bilinen) mevcuttur. 1992 icin (Ocak-Ekim) saatlik ortalama rUzgar hizi
vektorleri Sekil 1.26'da verilmistir. Bu yi1l1 Ocak ay1 boyunca
rUzgarlarin hafif oldugu gozlenmekle birlikte genelde boyle olmadigi
bilinmektedir. Guclu guneybati ruzgarlari Subat'in ortasindan Mayis’a
kadar gozlenmis. Yaz rUzgarlari ise Haziran'dan Ekim'e kadar devam

etmistir.

1992 icin en hizli esen rUzgar verileri Tablo I.1'de verilmistir. Kis
boyunca hakim rUzgarlar kuzeydopu ve gUneybatidan, yaz boyunca da
gUneybatidan esmektedir. Mayis ayinda Uc defa kuzeydogu ve

dogu-kuzeydogu yonunden esen rUzgarlarin hizinin 10 m/s’'yi gectigi



gozlenmistir. 1992'de ruzgar yonunun aylik frekans yuUzdesi Sekil
1.27'de gosterilmistir. Ruzgar hizinin 1 m/s’den dusUk oldugu zamanlar

(sakin) olarak kabul edilmis ve bu say1 her ay icin belirtilmistir.

1977-1991 yillari arasindaki rUzgar vektor hizi grafikleri (Seklil
1.28-1.42) uzun vadeli ruzgar karakteristigini belirlemektedir. Bu
grafiklerde gun boyunca 3 defa yapilan olcUmler (07:00, 14:00 ve
21:00) kullanilmistir. Ruzgarin yaz ve kis donemlerindeki
farkliliklarinin yani sira yillara gore de degisiklikler
gozlenmekledir. Her yil icin rUzgar yonunuUn frekans yuzdesi Sekil
1.43’de verilmistir. Burdan da gozUktUgl gibi kuzeydogu, kuzeybati ve
glUneybat1 yonlerinden esen rUzgarlar hakimdir. Aylik ruzgar
frekanslari da Sekil I.44'de gosterilmistir. Kuzeydogu ve kuzeybatl
bolgelerinden esen rUzgarlar kis aylarinda (Kasim - Mart) ,
glUneybatidan esenler de yaz aylarinda belirgindir. Kisin glneybatidan
esen ruzgarlarin seyrek oldugu gorUlmekle beraber glneydogu ve
gUneybat1 bolgelerinden de kuvvetli ruzgarlar gozlenmistir. Bu
gozlemler Tablo I.1 ile desteklenmektedir. Bu ruzgarlar sinoptik
haritalarda daha belirgin olarak gozukmektedir. Turk Deniz
Kuvvetlerinin bir yayininda (1984) asagidaki tarih ve firtina yonleri
derlenmistir. Firtinadan ruzgar hizinin 16 m/s'den yuksek oldugu

haller alinmistir

3 Mart 1953 Kuzey
27 Ocak 1959 GUneybati
13 Ocak 1968 GuUneybati

BAROMETRIK BASINC

1981 - 1990 yillari arasindaki bazi tipik basinc grafikleri Sekil
I.45'de gosterilmistir. Bu grafiklerde, basinc degisimlerinin
gozlenebilmesi icin ortalama degeri cikarildiktan sonra cizilmistir.
En cok degisim kis aylarinda siklonik sistemlerin gectigi 3-5 gunler
sUresince gozlenmistir. Subat-Mart 1985 ve Ocak 1987 ortalarinda

gozlendigi gibi zaman zaman yuksek basinc sistemi bolgede genelde



sakin ve acik hava sartlari yaratir. Sekil I.46'da 1992 icin aylik
basinc grafikleri gosterilmistir. Ruzgar verileri ile yapilan
karsilastirmalar sonucu guclU ruzgarlarin basinc degisimlerinin 2-3
gun sUreleri icinde oldugu gozUkmektedir (19 Subat, 10-12 ve 18 Mart,
12-13 ve 20 Nisan tarihlerinde oldugu gibi). Siklonik sistemin
yaklasmasi ile basincin dusUp guneybati yonunden ruzgarin ciktigia,
sistemin dogu yonuUnde bolgeden uzaklasmasi ile basincin artip rUzgarin

kuzey yonuUne dondugu gozukmektedir.

RUZGAR DALGALARI

Mersin limani, dalga hareketine glneybati ve glneydogu yonlerinden
aciktir. Acik denizde dalga yuksekligi, rUzgarin siddetine, esme
sUresine ve ruUzgarin etkili oldugu mesafeye baglidir. Kiyiya dogru
dalga yuUksekligi, kirilma ve deniz tabaninin siglasmasi ile
azalmaktadir. Mersin icin ruUzgarin etkin oldugu en uzun mesafe
firtinanin dogu Akdeniz’de Girit adasi civarinda oldugu hallerdedir.
Ancak Mersin bolgesi glneydogu ve glneyden gelen dalgalara Kibris
adasindan dolayi bir miktar korunmalidir. Siklonik sistemlerin yolu
Akdeniz'de batidan doguyadir, ve firtinanin merkezi Kibris'tan gectigi
taktirde gluneydogu yonuUnde kuvvetli rUzgarlar olusmaktadir. Bu durumda
ruzgarin etkili oldugu alan 150 deniz milidir, fakat bu durumda
dalgalar kiyiya bir engelle karsilasmadan gelebilmektedir. Sonucta
guneybati yonundeki dalgalar daha sik oldugu, ancak kiy1 guneydogudan
da kuvvetli dalga etkisine aciktir. Bu calismada, dalga ozellikleri
saptamak icin 1977-1990 yillar:i arasindaki sinoptik haritalar
kullanilmistir. Derin deniz dalga karakteristik olculen verilerle
karsilastirilmis ve dalga yUksekliginin azalma faktoru empirik olarak
bulunmustur. Derin deniz dalga karakteristikini bulmak icin kullanilan
yontem "Shore Protection Manual" (1973) da verilmistir. Bu yaklasim ve
diger benzer yaklasimlar subjektif oldugu icin bazi hatalara aciktir.
Ornegin, ruzgarin estigi alanin, ve bolgede firtinaden once mevcut

dalgararin saptanmasi zordur.
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Dalga verileri 1978-1979 seneleri arasinda Orta Dogu Teknik
Universitesi, Deniz Bilimleri EnsitusU tarafindan Erdemli’de
olcUlmUstUr. Veriler "Datawell" dalga samandirasi ile olcUlmustur.
Samandira 30 metre derinlige demirlenmistir. Kasim 1978 - Nisan 1979
aylar arasinda 2-3 metre yuksekliginde dalgalar sik olarak
oleculmustur. En yuUksek dalga yuksekligi 7 Mart 1979’ da 4 metre olarak
olcUlmUstur. Bazi firtina ve dalga tlcUm orneklerinden asagida
bahsedilmistir. Sinoptik haritalar Sekil 1.47'de ve dalga verileri
Sekil I1.48'de verilmistir.

Sekil I.47(a) Aralik 15, 1978’deki sinoptik haritay: gosteriyor.
Firtina merkezi Karadeniz'dedir. Hesaplanan dalga yuksekligi 4.5
metredir. Olculen dalga verileri Sekil I.48(a)da gosterilmistir.
Ortalama dalga yuksekligi 1 metre ve maksimum dalga yuksekligil 2.5
metredir. Bu ikisinin arasindaki oran (2.5/4.5) 0.55 dir. Sekil

1.47(b) 3 Ocak 1979’daki durumu gosteriyor. Bu durumda firtina
merkezi Ege denizindedir. Tahmin edilen dalga yuUksekligi 5.8 metredir.
Olculen dalga degerleri Sekil I1.48(b)’de gosterilmektedir. Ortalama
dalga yuUksekligi 1.8 metredir, maksimum dalga yuksekligi 2.8 metredir,
bu bize (2.8/5.8) 0.48’1ik bir oran vermektedir. Sekil I.47.(c) 7 Mart
1979’ da merkezi Kibris'in glneybatisinda olan UcUncU bir sistemi
gostermektedir. Bu durumda tahmin edilen dalga yuUksekligi 6 metredir.
Sekil I1.48 (c) de ovlcUlen dalga verileri, ortalama dalga yuksekligini
2.4 m. ve maksimum dalga yuksekligini de 4 m. olarak gosteriyor.
Maksimum dalga yuUksekliginin tahmin edilen dalga yUksekligine orani
4/6 veya 0.67 dir. Mersin civarinda olasi maksimum dalga yUksekligini
hesaplamak icin, sinoptik haritalarda yapilan arastirma , Sekil
I1.47(d) de gosterilen 18 Ocak 1985 tarihindeki firtinanin btlgeden
gecen tipik bir sert firtina oldugunu gostermistir. Izobarlar
arasindaki araliklardan hesaplanan ruzgar hizi 55 knot’'tur. RuUzgarin
etkin oldugu alan 150 deniz milidir, ve tahmin edilen dalga yuksekligi
9 metredir. Ortalama (0.55) orani kullanarak, kiyida beklenen maksimum
dalga yuUksekligi S5 metre ve ortalama dalga yuksekligi 3 metre
olacaktir. 7 Mart 1979 daki firtinada beklenen dalga periodu 10
saniyedir fakat gozlenen dalga periodu 4.5 saniyedir. 18 Ocak 1985
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firtinasinda tahmin edilen dalga periodu 12 saniyedir, bundan dolayi
gozlenecek dalganin periodu 6 saniye civarinda beklenmelidir. Bu
tahmin edilen dalga yuksekligi ve periodu Erdemli'de olcUlen verilere
gore mantikli oldugu dustnuUlmektedir. Bu hesaplanan dalga yuksekligi,
cok uzun zamanda, ornek 100 senede bir, meydana gelebilecek en yuUksek

dalga degildir, ancak 10-15 senede olabilecek dalga yuksekligidir.
HAVA VE DENI1Z SUYUNUN YUZEY SICAKLIKLARI

1981-1991 yillari arasindaki yi1llik hava degisimleri Sekil I.49 da
verilmistir. Genelde en dusuk sicaklik Subat ve Mart aylarinda olmak
Uzere 9 0C, en yUksek sicaklik ise Temmuz ile Agustos aylarinda olmak
uzere 28-30 'C dir. Ozellikle dusuk sicakliklarin derecesi ve zamaninda
yillara gore bir degisim vardir. Ocak 1983, Subat 1985aylarinda hava
sicaklig1l 2 OC'ye kadar dusmuUstur. 1984 yilinda Ocak ve Mart aylarinda
12 C gibi yuUksek sicakliklar ve Aralik ayinda ise en dusUk sicakliklar
gozlenmistir. 1987 yilinda Ocak ve Subat ayinda ortalama sicaklik 12 o
civarinda olmustur, ancak Mart ayinda sicaklik 8 OC 'yve kadar dusmus ve

yazin basina kadar ortalamanin altinda kalmistair.

1985-1990 yillari arasindaki deniz suyu yUzey sicakliklari Sekil I.50
de gosterilmistir. En dusUk sicaklik Subat - Mart arasindaki 13 °c ila
15 °C dir ve en yuksek sicaklik ise Temmuz - Agustos arasi 28 °c ila 29
°C dir. Hava sicakliklarinda oldugu gibi deniz suyuy sicakligida yillar
arasinda degismeler gostermektedir. 1985 yilinin Mart ayinda sicaklik
11 ®g 'yve dUsmUstUr, bu durum ortalamanin 3 ¢ altindadir. 1987 yilinda,
hava sicakliginda oldugu gibi, deniz yUzeyi sicakligi Mart ayinda
ortalamanin 2 °C altina dusmustur ve yazin basina kadar ortalama

degerin altinda seyretmistir.

NisPl NEM

1941-1990 yillari arasindaki nispi nem degerleri Sekil I.51'de
verilmistir. Bu sekilde aylik ortalama nispi nem degerleri

cizilmistir. Bu degerler Tablo I.2'de verilmistir.

12



1.6 FIZIKSEL VE IKLIMSEL VERILERIN OZET!

Arastirma yapilan bolgenin sahile yakin ve derinliginin az olmasi
nedeni ile deniz suyunun sicakligi, tuzlulugu ve katmanlasmasi kiyidan
gelen tatli su girdisi ve bolge ruzgarlarden etkilenmektedir. Su
kolonu Ekim ile Nisan aylari arasinda homojen bir durumdadir.
Katmanlasma, Mayils ayinda baslar ve Agustos -Eylul aylarinda belirgin
hale gelir. Katmanlasmis durumda Ust tabakanin kalinligi yaklasik 8

metredir. Bu tabakanin sicakligi Agustos ayinda 29 -30 °C civarindadir.

Calisma bolgesindeki akintilar esas itibariyle ruzgarlar tarafindan
belirlenmektedir. Kis boyunca belirgin ruzgarlar kuzeydogu-kuzeybati
yonlerinden esmekle beraber siklonik sistemlerin gecmesliyle glneybati
ve glneydogu yonuUnden de kuvvetli ruUzgarlar gelmektedir. Yaz boyunca
denizden ve karadan esen ruUzgarlar sistemi olusmaktadir. GUneybatidan
esen rUzgarlar daha kuvvetlidir. Neticede akintinin hakim oldugu yon
Kuzeydogudur. Kis aylarinda akintilar firtinalarin degisik yonlerden
gelen ruzgarlara bagimli olup degisken olmasi beklenir. Bati’dan
dogu’ya dogru olan akinti limanin dogusunda kiy1 yakinlarinda saatin
ters istikametinde donen bir anafor yaratmaktadir. Anaforun etkisinin

limanin aciklarinda kayboldugu gorulmustur.

Mersin bolgesi guUneybati ve glneydogu yonlerinden gelen dalgalara
aciktir. Mersin’e yakin Erdemli’de 4 m. yuUksekligindekil dalgalar
olculmUstUr. Son 15 senenin sinoptik haritalarini kullanarak yapilan
tahminler bolgede maksimum dalga yuksekliginin 5 m. oldugunu

gostermistir.
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I1. MERSIN KORFEZININ BIYOKIMYASAL OZELLIKLER! VE KORFEZDE KIRLENME

IT.1. KARA KOKENL! KAYNAKLARDAN KIRLENME

Mersin’in su anda kullanilmakta olan kanalizasyon sisteminin denize desar]
noktasinda bazi biyokimyasal ve kirleticl parametreler periyodik olarak
takip edilmistir. Benzer olcUmler, Mersin korfezine dokUlen Delicay ve
Muftu dereleri ile Cavuslu kanalinda da iki aylik periyotlarla yapilmistair.
Bu Raporda sunulan bulgulara ait kisaltmalar, semboller ve birimler Ek A’
da verilmistir. Ek B’ de ise bu calismada tlcUlen biyokimyasal ve kirletici
parametrelere ait analiz metodlarindan kisaca bahsedilmistir. ki aylik
araliklarla kanalizasyon atik suyunda ve Uc akarsuda olculen biyokimyasal
ve kirletici parametrelere ait sonuclarin tumu Cizelge II.1’ de

verilmistir.

pH:

Uc akarsuda olculen pH, 7.42 ile 8.96 arsinda degismektedir ve genelde
minimum degerler sonbaharda, maksimum degerler ise illkbahar baslangicinda
kaydedilmistir. Akarsularda 8lcUm noktalarinin denize yakin olmasi
nedeniyle bu noktalarda karisimdan dolayi kuvvetli bir tampon olan deniz
suyunun pH’ sina (8.2) yakin degerler elde edilmistir. Mersin kanalizasyon
desar jinin pH’ s1 ise akarsulara oranla daha dusuk slcuUlmustuUr. Mersin
desar jinda ortalama pH 7.63 olarak hesaplanmistir ve minimum deger

6.89 olarak kaydedilmistir. Aralik 1991-Ekim 1992 tarihleri arsinda
Mersin desarjinda olcUlen pH degerleri evsel atiklar icin verilen
limitleri asmamaktadir (Su Kirliligi Kontrolu Yonetmeligi, 4-Eylul-1988,
No. 19919, Resmi Gazete).

Cozunmus Oksi jen: (CO, DO):
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Uc akarsuda CozunmuUs Oksi jen konsantrasyonu 7.5-10.2 mg/L araliginda
olcUlmustur. Maksimum CozUnmUs Oksijen konsantrasyonu, kis kosullarinda
tuketimin azalmasi ve cozUnurlugun su sicakligl dustukce artmasi nedeniyle
Subat 1992 de olcUlmustur. Mersin desarjinda ortalama CozuUnmUs Oksi jen
8.5 olarak hesaplanmistir. Bu deger kanalizasyon atik sulari icin oldukca
yuksek bir degerdir ve bunun sebebi desarjin havaya acik olmasi ve havanin

oksijeninden direk olarak etkilenmesidir.

Biyokimyasal Oksijen Ihtiyaci (BOI5):

Bilindigi uzere, Biyokimyasal Oksijen lhtiyaci E?OI ), sudaki organik
maddenin biyolojik (bakteriyel) olarak parcalanmasi sirasinda gerekli
oksi jenin bir olcusudur ve BQI ’ in yUksek olmasi, stz konusu ortamda
dogal veya kirletici organik yukun fazla oldugunu gostermektedir.
Akarsularda bir y1l boyunca iki ay araliklarla UlculenSBOI degerleri
2.6 ile 3.3 mg/L arasinda degismektedir. Delicay, Cavuslu ve Muftu
derelerinden toplam Bg} yukU ise sirasiyla 2.@%10 . D.§§10 ve 1.%x10
ton/y1l olarak hesaplanmistir. Bu degerler Kuzeydogu Akdeniz'e dokulen
buyuk nehirlere ait degerlerle karsilastirildiginda oldukca dusuk
degerlerdir. Ornegin B%I yukU, Ceyhan icin 39.5%10 ton/y11l, Seyhan icin
44.9:(1(33 ton/yi1l ve Goksu icin 6.3£10 ton/y1l olarak hesaplanmistir
(Yilmaz ve dig., 1992a). Mersin kanallzasyon desar jinin ortalam% BO!
konsantrasyonu ise 186.2 mg/L olarak hesaplanmistir ve bir yillik zaman
sUresince 339 mg/L gibl oldukca yuksek degerler olculmustur. Bu desar jin
Mersin korfezine verdigl toplam BOl yuku ise 3.5110 ton/y1l olarak
hesaplanmistir. Teorik olarak bir kisinin gunde 25-70 g BOl! yukune neden
oldugu ve Mersin’ de nifusun ortalama 500.000 oldugu varsayilirsa buradan
hesaplanan ve korfeze verilen toplam BO! yukununun 4.gx10 ton/yil ile
olculen gercek degerle uyum icerisinde oldugu aciklikla gorulmektedir.
Mersin desar jinin ortalama BO! konsantrasyonu Su Kirliligi Kontrolu
Yonetmeliginde evsel atiklar icin verilen ust limite yakindir
(4-Ey1ul-1988, No. 19919, Resmi Gazete).
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Kimyasal Okstjen Ihtiyaci (KOI):

Baz1 organik maddelerin normal sartlar altinda mikroorganizmalar tara-
findan biyolojik olarak parcalanmasi (oksitlenmesi) cok guctur; ancak bu
tur maddeler yuUksek sicaklikta ve kuvvetli asidik ortamda kimyasal olarak
parcalanabilirler. Bu nedenle, Kimyasal Oksijen lhtiyaci (KOI) olarak
bilinen ve kimyasal olarak parcalanabilen organik yukuU temsil eden bu
parametre ile su ortaminda toplam kirletici organik yukun (biyolojik ve
kimyasal) seviyesi hakkinda fikir sahibi olmak sz konusudur. Uc akarsuda
vlculen KO! konsantrasyonlari 68.1-148.9 mg/L araliginda degismektedir ve
Delicay, Cavuslu ve Muftu derelerinden Mersin korfezine giren toplam Kol
yuku sirasiyla 13.9xfb ; 0.7x?0 ve 9.2*30 ton/y1l olarak hesaplanmistir.
Genelde KO! konsantrasyonu ve dolaysiyla toplam yukun, BOI'nin iki kati
olmas1 beklenir; ancak Mersin bolgesindeki akarsularda KO%{BOI oraninin
cok yuksek oldugu tespit edilmistir. Bu durum da bu akarsulara fazla
miktarda endustriyel atik desar] edildigini gostermektedir. Mersin

desar jinda ise KOl konsantrasyonunun @pl konsantrasyonunun hemen hemen
iki kati oldugu tespit edilmistir ki bu evsel ozellikteki atiklar icin
normal bir orandir. Mersin desar jindan korfeze toplam 6.ﬂx10 ton/y1l KOI’

ye esit organik yukUn verildigi hesaplanmistir.

Toplam Asili Kati (TAK):

Mersin korfezine dokUlen Uc akarsuda Toplam Asili Kati (TAK) 4.4-9.2 mg/L
araliginda olcUlmustur. Bu, 1iki aylik araliklarla sUrdurUlen izleme
calismalarinda en yuUksek TAK degerleri akarsu debilerinin artmasi
tasidiklari madde miktarinda artis nedeniyle Mayis 1992’ de kaydedilmistir.
Delicay, Cavuslu ve MUftu derelerinde Toplam Asili Kati yuku sirasiyla
4.1xldz, O.SXIE ve 6.6xf6 ton/y1l olarak hesaplanmistir. Mersin
kanalizasyon desar jinin ortalama TAK konsantrasyonu ise 100 mg/L olarak
hesaplanmistir ve bu desar jdan korfeze yilda toplam 1.3x10 ton asili kati

girmektedir.

16



Besin Tuzlari:

Bu izleme calismasinda Mersin korfezine dokulen Uc akarsuda ve su anda
faaliyette bulunan Mersin kanallzasyon desarjinda besin tuzu
konsantrasyonlari da olculmustur. Toplam inorganik fosfat4(P0 ) yukleri
Delicay, Cavuslu ve Muftu dereleri icin sirasiyla 1.32, 2.50 ve 1.33 tonsyal
olarak hesaplanmistir. Bu Uc akarsuyun toplam fosfor (organik+inorganik)
girdileri ise yine ayni sirayla 2.87, 2.50 ve 1.76 ton/y1l olarak
hesaplanmistir. Bu sonuclar, bu desarjdan korfeze verilen toplam fosforun
onemli bir kisminin cozUnmus inorganik fosfat oldugunu gostermektedir. Diger
yandan Mersin kanalizasyonundan korfeze yilda 41.9 ton inorganik fosfat ve
66.5 ton toplam fosfor girmektedir ve bu degerler akarsulardan olan girdiler

ile karsilastirildiginda oldukca fazladair.

Delicay, Cavuslu ve Muftu derelerinden korfeze olan toplam oksitlenmis

azot (N93_Ngl) girdileri ise sirasiyla 153.6, 22.7 ve 64.4 ton/y1l olarak
hesaplanmistir. Fosfor girdilerinin tersine Mersin desarjindan korfeze
giren azot miktari 1.2 ton/yi1l olarak hesaplanmis ve bu deger akarsulardan
olan azot girdileri ile kiyaslandiginda cok dusuk oldugu gozlenmistir. Buna
neden tarim alanlarinda kullanilan azotlu suni gUbrelerin akarsular

vasitasiyla korfeze tasinmasidir.

Poliaromatik Petrol Hidrokarbonlari (PAH):

Kiy1 sularinda petrol kirlenmesine en fazla kiyida bulunan petrol
rafinerileri, endustri kuruluslari ve evsel atiklar neden olmaktadir. Bu
izleme calismasinda, Mersin korfezine dokulen Uc akarsuda ve Mersin sehir
kanalizasyonunda cozUnmUs/dagilmis poliaromatik petrol hidrokarbonlari
olculmus ve korfeze girdiler hesaplanmistir. Ortalama PAH konsantrasyonu
Cavuslu ve Muftu dereleri icin 0.52 ve 0.36 pg/L olarak hesaplanmistir.
Delicay deresinde ise PAH konsantrasyonu ortalamasi 3.1 pg/L dir. Bu akarsuda
petrol kirlenmesinin yuksek duzeyde olmasinin nedeni Delicay mevklinde
rafineri bulunmasi ve irili-ufakli petrol endustrisinin bolgede faallyet

gostermesidir. Bu akarsulardan toplam petrol ve petrol uUrunleri girdisi
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5.3-290 kg/y1l araligindadir. Mersin kanallzasyon desar jinda PAH
konsantrasyonu ortalama 148 pug/L olarak olculmustur ve bu evsel atik

vasitasiyla korfeze yilda 2.8 ton petrol tasinmaktadir.

Agir Metaller: Civa ve Kadmiyum (Hg ve Cd):

Deniz ekosistemleri icin toksik olan metallerden birisi olan Civa, Mersin
korfezine dokUlen Uc akarsuda ve Mersin kanalizasyon desarjinda iki aylik
periyotlarla olcUlmUstuUr. Akarsularda Civa konsantrasyon araligi 0.6 ile 6.0
ng/L olarak, Mersin desarjinda ise konsantrasyon yuksek olup 1.9-8.4 ng/L
araliginda tespit edilmistir. Delicay, Cavuslu ve Muftu derelerinden toplam
Civa girdisi sirasiyla 159.5, 25.2 ve 216.6 g/y1l olarak hesaplanmistir.
Mersin desar jindan korfeze giren Civa, akarsulardan giren miktarlarla
kiyaslanabilecek bir seviyededir ve 70 g/yil olarak hesaplanmistir. CozUnmus
Kadmiyum konsantrasyonu Mersin korfezindeki kara kaynakli kirletici
atiklarda (akarsular ve kanalizasyon atigi) 0-2.85 ng/L araliginda
olcUlmustUr. Bununla beraber asili katiya tutunmus sekllde bulunan Kadmlyum
konsantrasyonu 0-818.4 ng/L gibi cok genis bir konsantrasyon araliginda
olcUlmustur. Delicay, Cavuslu ve Muftu derelerinden toplam Kadmiyum girdisi
sirasiyla 14.7, 0.9 ve 4.2 kg/y1l olarak hesaplanmistir. Mersin kanalizasyon
desar jinda asili katidaki Kadmiyum konsantrasyonu Ekim 1992’de 3318 ng/L
kadar yuksek olcUlmus ve bu desarjda bir yillik ortalama asili katidaki
Kadmiyum 881.8 ng/L olarak hesaplanmistir; bu da 16.7 kg/y1l kadar

Kadmiyumun korfeze bu kaynakla tasindigini gostermektedir.

Fekal Koliform (FC):

Deniz ortaminda mikrobiyolojik kirlenmenin gostergesi olan Fekal Koliform
seviyeleri de Mersin korfezine dokulen Uc akarsuda ve Mersin sehir
kanalizasyonunda bir yi1l sUre lle izlenmistir. Akarsularda FC 100 mL’ de
150-4000 araliginda sayilmistir ve genellikle maksimum degerler yaz
aylarinda elde edilmistir. Diger yandan beklendigi Uzere Mersin sehir
kanalizasyon atiklarinda 100 mL’de sayilan FC sayisi cok yuksektir ve

18



1.7x1(§l ile 1.4x18 araliginda degismektedir.

I1.2. MERSIN KORFEZ! KIYI SULARININ BlYOKIMYASAL OZELLIKLERI:

Mersin korfezinde belirli istasyonlarda periyodik deniz-saha calismalari
yapilarak bazi biyokimyasal ve kirleticl parametreler olculmustur. 1991-1992
yillarinda 5 kez deniz-saha calismasi yapilmis ve Sekil II.1.' de gosterllen
istasyonlarda toplanan su orneklernde olcumler yapilmistir. Sekilden
gorulecegi Uzere bir grup istasyon su anda faaliyette olan Mersin
kanallzasyonu bolgesinde, diger bir grup istasyon lse ileride yapimi
planlanan derin deniz desarj1 icin tasarlanan yer olan Cavuslu kanali onunde
ve/veya Karaduvar bolgesinde bulunmaktadir. Mersin korfezinde yapilan saha

calismalarina ait tarihler asagida verilmistir.

5/Aralik/1991 (Kis donemi)
29/Nisan/1992 (llkbahar donemi)
29/May/1992 (llkbahar donemi)
18/August/1992 (Yaz donemi)
2/Ekim/1992 (Sonbahar donemi)

Bir saha calismasinda yeterli bilgi edinilememesl nedeniyle llkbahar
doneminde iki saha calismasi yapilmistir. Bu denlz-saha calismalarinda elde
edilen hidrografik, biyokimyasal ve kirletici parametrelere ait sonuclar
Cizelge 11.2., II.3., II.4., II.5. ve II.6.’ da verilmistir.

Biyokimyasal ve Kirletici Parametrelerin Mersin Korfezinde Dagilimi:

pH:

Bu izleme calismasi boyunca Mersin korfezi kiyi sularinda pH 8.00 ile 8.36

arasinda degismektedir ve bu degerler acik su degerleri ile uyum
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icerisindedir. Bilindigi uUzere deniz suyu cok kuvvetli bir tampondur; bu
nedenle karasal kaynaklardan buyuk hacimlerde kuvvetll asidik ve/veya bazik
ati1k verilmedikce deniz suyunun pH' si1 etkilenmemektedir. Bolum II.1.'de
tartisi1ldigl Uzere Mersin korfezine desarji olan akarsular ve kanalizasyon
sularinin pH' s1 kuvvetli asidlk ve/veya bazik seviyede degildir ve korfez

sularinin pH sini etkilememektedir.

Toplam Asili Kati (TAK):

Mersin korfezinde olculen Toplam Asili Katinin mevsimsel dagilimi Sekil
11.2.’ de bar grafikler halinde gosterilmistir. Genelde TAK korfez kiyi
sularinda 2.6-120 mg/L araliginda olculmustuUr ve en yuksek degerler Mersin
kanalizasyonunun etki alanindaki istasyonlar (M18, M19, M20 ve M24 gibl) ile
Karaduvar bolgesinde Cavuslu kanalinin etkisindekl kiyiya yakin istasyonlarda
(M1, M2, M3, M4) elde edilmistir. Bu noktalar disinda olculen TAK degerleri
5-20 mg/L arasinda degismektedir ve Kuzeydogu Akdeniz kiy1 sularinda olculen
degerlerle kiyaslanabilir seviyededir. Ancak bilindigi Uzere Akdeniz’in acik
sularinda TAK konsantrasyonu oldukca dusuUktur ve ortalama 2 mg/L
seviyesindedir (Berman ve dig., 1984; Yilmaz ve dig., 1992b). Mersin
korfezinde ayni noktalarda yapilan ve 1sik gecirgenligl ve dolaysiyla asili
katinin miktarinin bir gostergesi olan Secchi disk derinligi olcumleri 0.5
ile 4 m arasinda degismektedir. Bu degerler acik su degerleri (25-30 m),
(Yilmaz et al., 1992b) ile karsilastirildiginda oldukca dusuktur.

Cozunmus Oksijen (DO, CO):

Deniz ortaminda suda cozUnmUs oksijen hemen hemen tuUm deniz canlilari icin
hayati onem tasimaktadir. Ornegin baliklar okslijensiz bir ortamda
yasayamazlar ve mikroorganizmalarin ortamda bulunan organik maddeyl
parcalamalari (oksitlemeleri) imkansizlasir. Mersin korfezinde yapilan
osinografik olcumler cozunmus oksljen konsantrasyonunun 5.29 ile 11.90 mg/L
arasinda degistigini gostermistir. Korfezde olculen cozunmus oksi jen

bulgulari mevsimsel bazda Sekil II1.3.’ de sunulmustur. Kis ve ilkbaharin ilk
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aylarinda su kolonunda dusey karisimin etkili olmasi nedenlyle ctzUnmus
oksi jen konsantrasyonu hem yuzey hem de yuzey alti sularda bagil olarak
yuksek olcUlmustur. Ozellikle Nisan 1992’ de 8 mg/L’ nin Uzerinde olculen
degerler genelde deniz suyundaki doygunluk degerlerine ulasmaktadir ve bu
yuksek degerlere atmosferik girdinin yanisira denizdeki birincil uretimde
olusan oksijen neden olmaktadir. Yaz ve onu takip eden sonbahar mevsiminde
su kolonunda sicaklik farklilasmasi nedeniyle tabakalasma olmaktadir ve bu
tabaka bol oksijenli yuUzey sularindan dip sulara oksijen tasinmasini
engellemektedir. Bu nedenle Cizelgelerdeki bulgulardan gorUlecegl Uzere
vzellikle kanallzasyon desar j1 ve akarsularin etki alanindaki istasyonlarda
cozUnmUs oksijen konsantrasyonu derinlikle azalmaktadir. Yaz aylarinda ise
yuzey sularindaki cozunmus oksijJen degerleri su sicakliginin yuksek

olmasindan dolay1 oksijenin cozunurlugunun azalmasi nedeniyle dusuktur.

Biyokimyasal Oksijen Ihtiyaci (BOI5):

Mersin korfezi kiyi sularinda Biyokimyasal Oksijen lhtiyaci genelde 5 mg/L’
nin altinda slculmustur ve olcum araligi <0.1 mg/L ile 10.3 mg/L arasinda
degismektedir. En dusuk BO! degerleri Aralik 1991 doneminde, en yuksek
deperler ise genelde biyolojik olarak parcalanabilir organik maddenin en
fazla oldugu yaz aylarinda -Agustos 1992’ de- olculmustur. Beklendigl Uzere
en yuksek degerler Mersin sehir desarjinin etkisi altindaki M18, M19, M20,
M23, M24 istasyonlari ile yine karasal girdilerin etkisi altindaki ve
Karaduvar bolgesinde yer alan M1, M2, M3 ve M4 istasyonlarinda tlcUlmustur.

Kimyasal Oksijen Ihtiyaci (KOI):

Aralik 1991-Ekim 1992 tarihleri arasinda Mersin korfezi kiyi sularinda
olculen Kimyasal Oksijen lhtiyaci bulgulari mevsimsel bazda Sekil II.5.' de
sunulmustur. 23.9 mgz? /L’ ye varan yuksek KOl degerlerinin elde edildigi
Mersin korfezinde genellikle karasal kaynaklarin (ozellikle sehir
kanalizasyonunun) etki alanindakl istasyonlarda (M18, M19 ve M20) Kot
degerleri yuksektir. 0.52 mg/L gibi minimum KO! degerleri ise genelde kiy:
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etkisinden uzak istasyonlarda olcUlmuUstur.

Inorganik Fosfat(O—PO4h

Mersin korfezl kiy1l sularinda olcuUlen ctzunmus inorganik fosfatin mevsimsel
dagilimi Sekil II.6.' da sunulmustur. Genelllkle evsel atiklarin etkisindeki
istasyonlarda (M18-M30), fosfat degerleri butun yil boyunca bagil olarak
yuksektir. Cavuslu kanalinin etki alanindaki istasyonlarda da konsantrasyon
seviyelerl acik sularinkine oranla oldukca yuksektir. Mersin korfezl kiyi
sularinda inorganik fosfat 0.02 uM ile 20.32 pM araliginda olculmustur.
Bilindigi uzere Dogu Akdeniz sulari besin tuzlarinca (Fosfat ve nitrat) cok
fakirdir ve ozellikle acik sularda Uretken ylUzey tabakasinda iorganik fosfat
0.02-0.03 puM gibi olcum limitlerine dusmektedir. Dogu Akdenlz’ de fosfat
biricil Uretimi sinirlayan besin tuzu olarak belirlenmistir (Krom, ve dig.
1991).

Toplam Oksitlenmis Azot (NO_ + NOZk

3
Bolum II.1’ de bahsedildigi gibi kiyisal alanlarda yUzey sularinin besin
tuzu ihtiyaci karasal kaynaklar (genelde akarsular) ve kismen de deniz
ortamindaki rejenerasyon proseslerinden saglanmaktadir. Sekil II.7’ de
Aralik 1991-Ekim 1992 tarihleri arasinda Mersin korfezinde olcuUlen toplam
oksitlenmis azot degerleri verilmistir. Bagil olarak en yuksq¥ N91+N0
konsantrasyonlari Karaduvar bolgesinde Cavuslu kanalinin etkisindeki
istasyonlarda olculmustur. Mersin sehir kanalizasyonunun etkisi altindaki
istasyonlarda da bagil olarak yuksek degerler elde edlilmistir ancak Bolum
11.1." de stz edildigl gibil Mersin sehir desarjindan bagil olarak dusuk
seviyede azot girdisi oldugundan bu bolgede deniz suyundaki toplam
oksitlenmis azot degerleri Karaduvar bolgesindekl degerlerden daha dusuktur.
Cizelgeler I11.2.-11.6" dan gorUlecegl Uzere Mersin korfezi kiyi sularinda

toplam oksitlenmis azot konsantrasyonu 0.07-36.20 pM araliginda olculmustur.
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Fekal Koliform (FC):

Mersin korfezi kiyl sularinda mevsimsel bazda olculen Fekal Koliform
analizleri bu korfezin cok fazla evsel atiga maruz kalmasi nedeniyle
mikrobiyolojik acidan kirlenmis durumda oldugunu gostermektedir. Sekil II.8.
secilmis istasyonlarda olculen Fekal koliform bakteri sayilarinin mevsimsel
dagilimini vermektedir. Dunya Saglik Teskllati’'nin (WHO), yuzme veya genel
olarak yakin kiyi sulari icin verdigi 1limit 100 mL’ de 100 adettir ve bu
limit Su Kirliligi Kontrolu Yonetmeliginde yuksek tutulmustur ve zaman zaman
degisikliklere ugramistir (Su Urunleri Tuzugu). Fekal Koliform Mersin
korfezl kiy1 sularinda 100 mL de <10 gibi cok dusuk degerler ile 3.000. 000
kadar buyUk degerler arasinda degismektedir. En yuksek degerler Mersin sehir
desarjina en yakin istasyonlarda olculmustur. Nadiren WHO limitini asan
degerler Karaduvar bolgesinde de slcuUlmustur ve karasal kaynakli mikro-

biyolojik kirlenmeyl gostermektedir.

I1.3. T-90 DENEY! VE RODAMIN-B BOYA IZLEME CALISMASI

Mersin korfezinde evsel atiktan kaynaklanan Fekal Koliformlarin kaynaktan
ciktiktan sonra % 90’ ninin olmesi icin gerekli zaman olarak bilinen T-90
vlcUmleri ve kanallzasyon atiklarinin aninda izlenmesinl saglayan Rodamin-B
boya calismasi Ekim 1992 tarihinde yapilmistir. Bu calismada, 2 kg boyanin %
40 11k asetik asit lcerisindeki Rodamin-B cozeltisi(5 L) Mersin kanalizasyon
desar jinin denize dokuldugu noktada yuzeye ani olarak bosaltilmistir. Daha
sonra Rodamin boyasi sadece bu boyaya hassas olcumler yapablilen in situ
florometre ile gorsel olarak secilmis istasyonlarda izlenmistir. Rodamin-B
boya izlemesine ait sonuclar Sekil II.9." da verilmistir. Boya

calismasinin yapi1ldigl istasyonlarin koordinatlari Decca Trisponder
Navigasyon sistemi kullanilarak aninda saptanmistir. Sekil I1.9a.’ dan
gorUlecegi Uzere ikl lstasyon arasindaki zaman farki 4-19 dakika arasinda
degismektedir. Her istasyonda yerinde yapilan floresans olcUmlerine

paralel olarak farkli derinliklerden su orneklerl toplanmis ve

bu orneklerde aninda Fekal Koliform analizleri yapilmistir. Ayrica su

ornekleri Enstitu laboratuvarlarina tasinarak laboratuvar tipl
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Spektroflorometre ile de Rodamine-B konsantrasyonlari saptanmis ve in situ
florometre sonuclari kalibre edilmistir. Rodamin-B boya calismasinda elde
edilen konsantrasyon degerleri Sekil II.9b’' de harita Uzerinde
gosterilmistir. Bu boya korfezde ancak ikl bucuk saat sure ile takip
edilebilmistir ve bu sUre sonunda boyanin deniz suyundaki konsantrasyon
seviyesi florometrik olarak takip edilemez seviyeye dusmustur. Sekil
I1.9b."' den gorulecegl Uzere boya denize bosaltildiktan sonra ikl kola
ayrilmistir ve ilk olarak doguya dogru yonelen boya izlenmistir. lkincl ve
birinciye oranla daha zayif olan ikici kol once batiya sonra kuzeybatiya
dogru yonelmistir. Boya izleme calismasi desarjin batisinda R8
istasyonunda, dogusunda R7, R10, R14 ve R15 istasyonlarinda seyrelme faktoru
104 oluncaya kadar sUrdurulmUstur. Aninda yapilan Fekal Koliform olcuUmleri
de yaklasik ayni seyrelme faktoru ile benzer dagilimi gostermistir ve bu

sonuclar Sekil II.9c.’ de harita Uzerinde sunulmustur.

Ekim 1992 deniz-saha calismalari cevresel kosullarinda yapilan ve bolge

Fekal Koliformunu karakterize edecek olan T-90 testinde, Fekal

koliformlarin boyanin seyrelme egllimine paralel olarak dagildigini
gostermistir. Ancak bu calismada elde edilen korelasyon, boyanin boyasiz deniz
suyu lle karisiminin boya konsantrasyonunu etkilemesi ile degisik sayida

Fekal Koliform iceren sularin karisiminin Fekal Koliform sayilarini ayni
sekilde etkilememesi ve Fekal Koliformlarin zamanla parcalanarak sayica
azalmasi nedeniyle tam anlamiyla yeterli degidir. Bu nedenle desar jin
dogusunda Fekal Koliform degerlerinde dalgalanmalar gorUlmektedir. Sonuc
olarak bu deney sirasinda elde edilen bulgulara dayanilarak T-90 degerinin

(Ekim ay1 icin) 1-2 saat araliginda oldugu hesaplanmistir.

Bolum II1.2." de tartisildigil ve Sekil II.10.' da gosterildigi gibi Mersin
korfezinde Fekal koliformun dagilimini ozellikle kanalizasyon atiklarindan
ve akarsulardan girdiler ile deniz ortamindaki fiziksel ve biyokimyasal
prosesler etkilemektedir. T-90 degeri, Fekal Koliform ve korfezdeki akinti
degerleri kullanilarak indirek olarak tekrar hesaplanmistir. Eger korfezde
akintinin ortalama 20-50 cm/sn oldugu varsayilirsa (Bolum I.), ve genelde
Fekal Koliform sayilari kanalizasyon desar jindan hemen hemen 500-1000 m

uzakliktakl noktalarda sifira yaklasiyorsa T-90 degerinin korfezde >1 saat
1le (1.5 saat arasinda olmasi gerekmektedir ve yapilan hesaplarda da bu

sonuc elde edilmistir.

24



Referanslar:

Berman, T., D.W. Townsend, S.Z. El Sayed, C.C. Trees and Y. Azov, 1984.
Optical transparency, chlorophyll and primary productivity in the Eastern

Medlterranean necar Israell coaslt. Oceanologica Acta, 7(3):367-371.

Krom, M.D., N.Kress, S.Brenner, 1991. Phosphorus limitation of primary
productivity in the eastern Mediterranean, Limnology and Oceanography,
36(3):424-432.

Resmi Gazete, 1988. Regulatlions on Water Quality Control, No. 19919,
4/September/1938.

Shore Protection Manual, (1973) U.S.Army Coastal Engineering Research
Center, Vol.1, Washington D.C.

Turkiye Limanlar Meteorolojik Durumu, 1984, Office of the Turkish
Navy, Istanbul.

UNEP, 1989. Slate of the Mediterranean Marine Environment, MAP Technical
Reports Series, No.28, Athens, 1989,

Yilmaz, A., S. Yemenicioglu, 0. Basturk, S. Tugrul, C.Saydam, and 1.
Salihoglu, 1992a. State of the Turklish Coast of Lhe Medliterranean by
Land-based Sources, XXX111° Congres-Assemblee Pleniere de la C.1.E.S.M.,
Triesle, 12-17 Octobre, 1992. In: Rapp. Comm. int. Mer. Medil., 33, 1992
p. 189 (Abstracl only).

Yilmaz, A., D. Ediger, 0. Basturk, and S. Tugrul, 1992 b. Phytoplankton
fluorescence and deep chorophyll maxima In the Northeastern Mediterranean

Oceanological Acta (in press).

29



APPENDIKS A

Sembol Birim Aciklama

E g Sicaklik

S O/oo,ppt,psu Tuzluluk

SD m Secchi Disk Derinligi

pH = Asitlik-Bazlik

T&S mg/L. Toplam Asi1l1 Kata

Do mg/L CozUnmUs Oksi jen

BODS mg/L Biyokimyasal Oksijen Ihtiyaci (5 gunluk)
¥*

CoD mg/L Kimyasal Oksijen lhtiyac1

0—P04—P 1M Orto-fosfat

N03+N02—N M Toplam Oksitlenmis Azot (Nitrat + Nitrit)

FC #/100mL Fekal Koliform

Tot-P uM Toplam Fosfor (Organik + Inorganik)
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PAH e/l Poliaromatik Petrol Hidrokarbonlari

Hg ng/L Suda Toplam Civa
Cd ng/L Suda Toplam Kadmiyum
CdTSS ng/L Asi1l1 Katida Kadmiyum

¥ Deniz suyunda COD asili katida olcUlmustur. Bunun nedeni deniz suyundaki

klorun bu deney sirasinda reaksiyonlari etkilemesidir,
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METODLAR :

Parametre

Sembol

APPENDIKS B

Referans

Dissolved
Oxygen

Total
Sunpended
Sediment

o-Phosphate

Nitratet
Nitrite

Fegcal
Coliform

Blochemical
Oxygen Demand

Chemical
Oxygen Demand

Petroleum
Hydrocarbons

Mercury

Cadmium

Total
Phosphorus

TSS

POA-P

NO3'N02

FC

BODj

coD

DDPH
(PAI)

Hg(water)

Cd(water)

Cd(sed)

Metod Duyarlilik
Siniri

Winkler 3

Titratlion

Gravimetric 0.1 mg

Phospho-molybdate
complex formation
Mitoanalyzer

0.02

Cd-Cu reduction
hzo-dye formatlion
Mutoanalyzer

0.05 i

Hembrane 93%
Flltration

ITncubation at

20" /Sdayn 0.1 mg/lL
Winkler Tiratlionor

DO probe

Oxldation with
KECI-ZOT '”2504
Titrimetric 0.1 mg/t.

n-hexane extractlon

Fluoromeltric 0.01pg/nL
Cold vapor, NAAS 0.25ng
Arqua Regia 0.02ng
digention

Flamelena AAS

ot NOy digestion 0.02ng

Feraulphate 0.1
oxidation, phoapho
mollbdate complex

formatjion

Spectrophotometry
or Auboanalyzer
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TABLO I.1 En hizli ruzgarlar (wind gust) 1992

Wind speeds greater than 10 m/s are listed below.

Date

27.1.92
30.1.92
27.1.92

J.2.92
9.2.92
20.2.92
22292
295292

NN

1:3 ¢
15,
18.
19.
21 s

« 92
.92
.92
.92
+ 92
22.3.92
28.3.92
29.392

30.3.92
31.3.92

W wwww

Speed

11.
) i
10.

152
14,
18
124
14.

11.
10.
12 5
12
14.
L
12.
14.
19.
1.0

(For

4

NS I Ve

NGO W,

Lo O

~J

Direction

ENE
NE
ENE

ENE
ENE
SSW
NE

ENE

NNE
SW
S5W
WHNW
SW
NW
NE
SSW
W
SW

Date

8.4.92
12.4.92
XS 4292
20.4.92
21.4.92

19.8.92
23.8.92

20.9.92

5.30.92

15,
20.
17.
21,
11.

10.
14.
12.
10.
12.

19.
11 .
12.

11.
10,

1l.
10

11.

6.6

Speed

Neddo

c O NN Qe

~

= 0

Direction

W

SSW
SSW
SSW
SSW

NE
NE
ENE
WSW
WSW

NNW
SSW
SW

SSW
SSW

SW
SSW

SW

SSW

October, maximum observed wind speed is given)
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TABLO I.1 En hizl: ruzgarlar (wind gust) 1992

Wind speeds greater than 10 m/s are listed below.

Date

27.1.92
30.1.92
27.1.92

3.2+92
92492
20.2.92
22.2.92
29.2.92

NN N

%
15 .
18.
19,
21.

.92
.92
.92
+92
.92
22.3:92
28.3.92
29.392
30.3.92
31.3.92

W wwww

Speed

11,
i i
10.

12.
14.
18.
12.
14.

3 E
10,
1.2
12.
14.
1l 5
12,
14.
19.
L1y

(For

4
9
2

2]

N O

NWaNowo oo a

October, m

Direction

ENE
NE
ENE

ENE
ENE
S5W
NE

ENE

NNE
SW
S5W
WNW
SW
NW
NE
SSW
W
SW

129

Date
8.4.92
12.4.92

13.4.92
20.4.92

20.9.92

5.10.92

Speed

15
20
1.
2 .
11.

10.
14.
12
10.
12

19
11.
12.

11.
18

1)
10.

1ds

6.6

0
7
7
4
7

QNN Ne

~J

Direction

W

55w
SSW
SSw
SSW

NE
NE
ENE
Wsw
WSW

NNW
SSW
SW

SSW
SSW

SW
SSW

SW

SSW

aximum observed wind speed is given)



1941
1942
194\2!

194
19 70
-Z" 76
M 17
449 66
1950 67
1951 70
1952 75
1953 78
1954 80
1955 89
1956 73
1957 61
1958 7.
1959 75
1960 73
1961 65
1962 80
1963 80
1964 56
1965 70
1966 82
1967 71
1968 76
1969 74
1970 T
1971 62
1972 70
1973 59
1974 66
1975 72
1976 75
1977 66
1978 76
1979 71
1980 69
1981 74
1982 66
1983 66
1984 80
1985 72
1986 69
1987 78
1988 65
1989 58
1990 61

DGZOI

a5
68
71
69
78
73
77
67
65
77
79
76
75
79
74
66
74
61
74
72
80
77
75
78
78
71
77
70
79
71
68
69
67
74
69
74
73
70
68
70
59
77
72
72
77
73
71
55
93

‘Aar
71
71
65
71
61
75
75
63
70
68
73
68
63
70
74
70
61
74
61
73
67
71
79
78
T
72
79
75
79
77
72
74
67
79
T
72
73
74
71
69
68
67
83
76
62
68
75
73
70
70

ortalamg nispi nen oranlari 1941

Apr
71
71
73
62
70
71
66
76
41
69
71
65
77
76
72
75
62
69
63
78
80
87
79
71
75
73
80
81
69
71
81
15
73
72
70
79
76
75
69
69
66
72
82
80
76
74
74
75
70
74

May Jun
71 77
72 70
72 74
69 75
73 70
76 73
72 78
72 73
69 74
78 67
73 74
68 68
73 +5
73 77
72 73
75 68
71 71
70 72
73 73
67 75
BO 80
82 82
78 75
78 76
72 72
72 75
75 70
74 72
75 73
74 74
73 74
78 78
71 72
77 76
72 78
76 77
75 78
75 70
76 72
71 75
70 74
73 73
82 80
78 82
77 77
74 76
78 79
78 82
A 79
71

72

130

Jul
77
72
69
73
71
69
76
73
75
71
71
77
73
T
73
68
74
75
76
78
81
91
76
76
75
76
71
74
72
78
77
80
7 4
72
77
76
76
73
70
78
75
74
85
79
69
80
78
77
79
79

Aug
70
73
74
72
70
71
69
75
71
66
68
72
73
76
72
69
71
71
71
73
79
90
72
i
74
80
72
75
76
71
74
79
74
72
76
75
74
¥
75
70
72
79
86
72
74
80
68
78
79
74

-1990
Sep Oct
67 61
67 42
56 68
68 70
68 63
64 68
65 63
68 59
66 67
73 63
66 69
68 66
66 62
70 73
71 64
55 53
72 62
71 63
60 63
75 73
76 75
77 81
70 12
68 65
70 61
71 67
70 70
71 73
67 70
70 65
74 67
78 74
69 67
65 74
64 64
73 74
73 64
69 78
66 66
61 62
64 64
73 68
80 73
25 55
65 65
T2 64
62 58
68 72
66 67
67 59

Nov
68
76
69
72
70
65
78
56
60
67
73
69
70
88
64
58
69
57
67
70
84
79
75
67
68
68
72
74
69
76
72
69
65
67
67
67
65
56
64
60
62
62
80
70
73
66
64
70
70
64

Dec
71
64
68
65
76
73
74
69
67
65
67
75
67
92
76
60
69
75
64
70
86
82
69
69
73

.75
78
77
75
71
70
55
69
72
68
75
71
72
69
60
73
66
75
61
68
64
66
72
T
59
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TRELD 11.1. Merzin Kanalizazvonunda ve Uc irmakta alcylen

Kirleticiler we birakimyazal parametre]eor
Date:3-12-1971
Sta. No. pll no nOng  ©on 185 o-POg NOy1NO,  Tat-P  PAl 1y co Cd-T88 rg
(mg/LL) (mg/L) tma/L) (mg/l) (it 0ty Q) ra/ly tngsi) (hg/L) (ng/L) N/ 100mL)
Del icay 7.67 1.6 3.3 102.7 6.9 0.04 253.4 === 11.74 0.9 1.52 20.9 1080
Cavuslu 7.61 4.7 1.9 117.8 3.2 20.3 A12.2 —— 0.87 0.4 0.19 HN.D. so8
Muftu D, B.20 9.% 2.8 237.7 3.1 0,046 131.8 —— 0.11 2.0 NH.D. N.D., 540
Mersin . 7.63 9.4 337.0 753.3 198B.0 1.37 e -=-= 331.48 2.0 0.2 N.D. 1372x10°
Date127-2-1972
Delicay 8.51 11.7 3.7 54.0 3.1 0.18 1%8.0 1.95 0.70 1.5 .50 N.D. 150
Cavuslu B.0o8 12.7 2.9 51.1 4.0 4,72 171.0 5.40 .56 1.1 0.0 13,7 230
Huftu D, B.%6 9.5 2.3 103.0 1.2 0.561 75.4 0.83 1.07 1.4 0.0 N.D. 20
Hersin D. 7.37 8.7 175.0 a78.7 63.0 43.70 153.3 1646.00 253,14 2.5 1.31 138.4 Boonvo
Date:11-5-1972
Delicay B.14 10,2 2.2 367.4 9.8 0.18 72.98 n.53 .18 2.2 2.85 14,9 1877
Cavuslu 7.67 4.8 B.2 e 7.1 10.8% 76.87 13.70 0.62 1.1, 1.19 N.D. 1776
Muftu D, B.48 1o0.1 1.6 174.0 24.3 0.84 ar.7o 1.50 0.08 1.5 0.71 9.9 ann
Mersin D. 7.38 8.5 132.0 193.6 10}4.3 182.00 151.20 193.50 157.94 1.9 4.41 238.1 222x10%
Date:7-8-1972
Sta. No. pll B0 PORg  Cop 1S 0-F0, NO,4NO, Tot-P FAH |ig td  cCd-188  re
(mg/L) (mg/L) (mg/L) (mg/L) ity (1) QM) Ggig/L) (ng/L) (ng/L) {(ng/L) (N/100mLY .
Dellcay BLoa 10,4 1.7 272.0 =] 0.24 34.72 0.42 0.52 -—-- 0.96 12.% A2%50
Cavuslu 7.8 ———— ——= 110.%9 3.4 b.60 B7.40 ?.30 0.85 4.4 0.87 29.5 4000
Muftu D, B.461 (1.2 0.9 1414.0 | § B 0.14 75.70 0.30 0.20 2.3 1.08 H.D. 1320
Mersin D. 7.36 7.9 18.5 Jz20.0 12%.0 124.8 S5.60 128.0 21.91 4.y 1.49 398.2 4500000
Datet279-7-1992
Nelicay 7.76 B.0 1.7 63.3 3.0 1.20 132.30 1.%0 0.4% 2.0 0.92 A7.A 1100
Cavuslu 7.42 1.8 1.4 37.46 2.8 3.00 144,40 .00 0.14 3.3 0.5 208.9 SAn
Haftu D. A.26 11.9 1.6 77.0 2.4 1.460 6.0 == 0072 3.9 .77 7.4 &80
Mersin D. 6.87 0.1 —— az7.0 AA.0 12.80 B.80 44,00 BA.79 3.2 2.40 1198.1 17000
Date127-10-1992
Delicay 0.18 B.1 3.7 32.2 1.0 0.55 13.50 0.70 1.96 ~—— 1.16 ©18.4 12%0
Cavuslu 7.50 4.1 2.3 4.1 3.9 2.00 A5.60 2.25 0.0 2.4 1.22 26%.4 750
Huftu D. B.21 g.4 5.5 21.1 12.5 0.2% 55.70 0.%0 0.87 4.0 1.00 331.8 4650
Hersin D. 7.22 8.0 266.9 273.3 70.7 42,00 ' B.40 52.00 15.86 8.4 2.0% 3318.0 2700000
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I.1 INTRODUCTION
The present Report provides an evaluation of the physical, chemical
and bio-chemical oceanographic investigations conducted in the Bay of

Mersin in relation to the proposed marine outfall project.

The scope of the studies included determination of the following:

1) physical and chemical characteristics of the water in the vicinity
of the Mersin harbor;

2) prevailing currents;

3) climatological characteristics of the region, including wind waves.
The physical data are presented in Sec.I, and the chemical and

bio-chemical data in Sec.1I.

The water properties and the currents were determined in the field.
The wind wave characteristics were determined using hindcasting
techniques and waves measured near Mersin (at Erdemli) during 1978-79.
The climatolical characteristics of the region, which include the sea
and air temperatures, winds, barometric pressure and relative

humidity, were determined from meteorological data for Mersin.

I.2 CRUISE DATES, INSTRUMENTATION AND DATA PROCESSING

Data in the field were collected at the stations shown in Fig.I.1 on
the following dates:

1. December 5, 1991. (physical and chemical parameters).

April 29, 1992. (chemical parameters).

May 29, 1992. (physical and chemical parameters)

August 18, 1992. (physical and chemical parameters)
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October 2-3,1992. (physical and chemical parameters)

Instrumentation.
Temperature and salinity were measured using a Sea Bird model 9 CTD
profiling system. The probe measures the depth, temperature and

conductivity simultaneously at a rate of 24 data points per second as



it is lowered into the water column. The temperature sensor has an
accuracy of 0.01°C and the conductivity sensor of 0.001 Siemens. The
probe can either transmit data to a deck unit on board, or the data
can be stored in a memory unit and processed later. In this study the
second option was used. After each cruise, the data for each station

were bin averaged in 1 m bins.

The Decca trisponder system was used for positioning the boat and for

obtaining the locations of the current meters.

The currents were measured using Aanderaa recording current meters.
This is a self contained battery powered instrument that records data
on magnetlic tape automatically at preset sampling intervals. After
recovery of the current meter, the data are read by a tape reading

unit, and converted to engineering units.

I.3 TEMPERATURE, SALINITY AND DENSITY PROFILES
Temperature, salinity and density profiles for the four cruises are

given In the following filgures:

Dec 1991 cruise Fig.1.2
May 1992 cruise Flg.1.3
August 1992 crulse Fig.I1.4
October 1992 cruise Fig.I1.5

For each cruise, two sets of profiles are given. In the first set,
profiles of temperature and salinity are plotted, while in the second
set, profiles of temperature and the density parameter sigma-t are
given. The temperature is shown by the solid line and the salinity or
density by the dashed line. At the very shallow statlions only one
value, at 1 m depth, is given.

The December data indicates verticaly uniform distribution of
salinity, and slightly lower temperatures near the bottom than at the
surface. This is attributed to the vertical mixing of the relatively

shallow water column due to winds and surface cooling. The density



profiles indicate a near homogenous structure in the upper 5-6 m of

the water column, and an increase in density below that depth.

In the 29 May cruise, the surface salinities are lower and the surface
temperatures are warmer than in December, indicating the effect of
fresh water inflow during the spring season from the rivers and of
radiational heating. The surface salinities are quite low, about 34
ppt, at the stations M-5,M-6 and M-7, which are located close to the
shore on the east side of the harbor. At stations away from the shore,
such as M-31 and M-32, the temperature indicates an Increase of about
4°C from the bottom to the surface. At these stations, the salinty
increases from about 37 ppt at the surface to 39 ppt at the bottom,
which indicates that the fresh water input spreads out over the
saltier water in the entire study area. The density profiles indicate
the beginning of the development of a two-layer structure of the water
column, consistent with the increased radiation in the spring and

summer months.

In August, the surface temperature has increased to about BOOC . The
upper 7 m of the water column has uniform temperature and salinity
distribution. The density profiles also exibit a two layer structure,
with a density of 24 sigma-t units in the upper 7 m, and a gradual

increse to about 25.8 sigma-t units towards the bottom.

In October, the distribution of salinlity is vertically uniform, while
the temperature 1s greater near the surafce. This is due to the
effect of mixing of the water column due to winds and subsequent
warming of the surface after the end of the storm. The density

profiles indicate a uniform vertical distribution.

Profiles of temperature, salinity and density at station M-32 are
shown in Fig.I.6 for all four cruises to illustrate the changes
through the year (station M-18 is used for the December cruise).
Taking the beginning of the cycle in the fall season, it is seen that

the water column in this shallow region near the coast maintains a



vertically well-mixed state from October through April. The strong
winds of the winter storms and the cooler air temperatures both result
in mixing the water column vertically, resulting in a uniform vertical
structure. With the beginning of the warming season in spring, the
surface waters become lighter and the water column begins to attain a
two-layer structure. With continued heating through the summer, and
due to the relatlively weaker winds, the two-layer structure becomes
well established during August and continues till the end of
September.

1.4. CURRENT MEASUREMENTS

Current measurements, using moored current meters, were carried out
during 22 April-12 May, 1992, and 22 July-13 August, 1992.

The deployment locations for April are shown in Fig.I1.7, and for July
in Fig.I1.8. The current meter stations are identified by the serial
number of the instrument at that station. The deployment depths are

given below:

April 1992 (Fig.I1.6):

RCM 4819 total depth: Sm, current meter depth: 2.5m
RCM 2905 total depth 6ém current meter depth: 2.5m
RCM 6625 total depth 8.5m current meter depth: 5.0m
RCM 6687 total depth 10m current meter depth: 5.0m

July 1992 (Flg.I.7):
RCM 2905 total depth 11.5m current meter depth: 6.0m
RCM 6625 total depth 11.5m current meter depth: 6.0m

The sampling interval was set at 10 minutes for the April deployment
and 20 minutes for the July deployment. In both cases, the data were
averaged to obtain hourly values, and these values were used in
subsequent plotting of the data. In evaluating the current data,
reference 1ls made to the wind veloclty vectors, which are presented in
Sec.1.5. The current data are given In three differnt forms:

1- current speed time series,



2- current velocity vector time series, and

3- progressive vector dlagrams.

April-May currents.

Figs.I1.9-1.10 show the time series of the current speed for the
measurement period between 22 April - 12 May for the four stations.
The avearge speeds are glven below:

RCM 6625 14.9 cm/s

RCM 6687 21.6 cm/s

RCM 4819 23.5 cm/s

RCM 2905 28.8 cm/s.
The time series of temperature and salinity at the current metere

station CM 6687 are shown In Fig. I.11.

The current velocity vectors time series are shown in Figs.I.12-1.15.
In these figures, the hourly average current velocity is plotted as an
arrow, the length indicates the speed (1 cm = 20 cm/sec) and the
direction of the arrow is the direction towards which the current is
flowing, using the usual convention for direction: north towards the

top, east to the right of the figure.

A comparison of the currents, for this deployment period, with the
wind (cf:Sec.1.5) shows that the currents on the west side of the
harbor are in good agreement with the wind, while the currents on the

east side exibit considerable variability in direction.

On the west side of the harbor, at CM 6625 (Fig.I1.12) and CM 6687
(Fig.1.13), the current velocity vectors are seen to posess a
predominant component towards northeast. The wind velocity vector time
series for April and May 1992 (cf:Sec.1.5) shows that during the
period 22 April - 3 May the winds were alternately from the southwest
and the northeast sectors, but the stronger winds were from the
southwest (towards the northeast). The current direction during this

period (Figs.I.12-1.13) is also predominantly towards the northeast



indicating that the currents in this region are in good agreement with
the wind. Between 4-7 May the wind record indicates winds from

varying directions, probably related to the passage of a weak cyclonic
sysytem. In this period, (day 12-15,Figs. [.12,1.13) the currents on
the west side of the harbor the current displays changes in direction

and speed, consistent with the changing winds.

On the east side of the harbor, at CM 4819 (Fig.I.14) and CM 2905
(Fig.I.15), the current does not indicate a predominant flow
direction. In the first five days of the measurements the current
flows mainly towards the west, which is opposite to the direction
obseved on the west side of the harbor and also against the wind
direction during this period. The direction of the curernt after the
fifth day till the end of the data exibits considerable variablity,
with no apparent relation to the wind. To investigate the flow
patterns in the region as a whole, the current velocity for each
current meter is plotted in the form of progressive vector diagrams.
These diagrams are obtained by plotting the hourly averge velocity
vectors consecutively. At CM 6625 (Fig. I.16) the flow direction is
towards the east-northeast for the first 13 days and then becomes
variable. At CM 6687 (Fig.I1.17), which is further offshore, the
current is towards the northeast, with only small variations. These
directions are in good agreement with the wind direction, and indicate
that the currents are due to the winds from the south and south west
and are not significantly influenced by the relatively weak winds from
the north which occur cyclically between the southerly winds. On the
east side, at CM 4819 (Fig.I.18) the current is towards the west for
the first six days of the data and then undergoes several reversals in
direction as indicated by the loops after the sixth day. At CM 2905
which is offshore of CM 4819, the flow initially has a westerly
direction, and changes to northeast after the sixth day (Fig.I.19).

Several reversals are also observed, as indicated by the loops.

The current patterns discussed above indicate the existence of

ananticlockwise eddy located on the eastern side of the harbor,



resulting in a reverse flow as compared to the flow offshore of the
harbor. Both current meter stations on the east side of the harbor
were apparently influenced by the eddy circulation and exibited
different flow patterns than the stations on the west side of the
harbor. Stations for current measurements during the summer were
therefore placed slightly further offshore in order to determine the

currents outside the eddy.

July-August currents.

‘Current measurements at the stations shown in Fig.I.7 were carried out
during the period 22 July - 13 August. The stations were deeper by
about 2 m than the April deployment. When the current meters were
taken out it was seen that the instruments were covered by marine
growth which had almost stopped the movement of the rotor in the last
part of the measurement period. The time series of the speeds are
shown in Fig.1.20 It is seen that the speeds begin to progressively
decrease after about 12 days, due to the effect of the marine growth.

The average speeds, using only the first 12 day data are:

RCM 6625 22.6 cm/s
RCM 2905 24.0 cm/s.

The wind data for July and August (cf:Sec.1.5) show the pattern of the
sea-breeze typical of the region during the summer. The wind is from
the southwest during the afternoon, and from northeast during night
time. The current velocity vector time series are shown in Figs. I.21
and I.22, and the progressive velocity vector diagrams in
Figs.1.23-1.24. The time series of temperature and salinity for CM
6625 are given in Fig.I1.25. It is seen that the currents at both
stations are similar, indicating that the locations were subject to
the same flow and outside the influence of the eddy. The current also
fluctuates with the changes in the wind, however, the dominant flow
direction is towards the northeast. This is consistent with the wind

data, which shows that the sea breeze is stronger than the land



breeze.

The current data may be summarized as follows. The currents are
essentially driven by the wind in this nearshore and shallow region of
the coast. The dominant current direction offshore of the harbor was
easterly in both measurements, however, several reversals were also
observed. A small scale anticlockwise eddy exists on the east side of
the harbor near the shore, probably generated by the shear of the
easterly current on the water mass between the east breakwater and the
shore. The eddy was not observed in the July-August measurement set,
when the current meter station on the east side of the harbor was
located further offshore, indicating the eddy is limited in extent to
approximately the location of the current meter stations in the July
measurement. The current speeds were approximately 20 - 25 cm/s,
except at CM 6625 in the April deployment, when the average speed was
15 cm/s.

1.5 CLIMATOLOGICAL CHARACTERISTICS

Winds.

The wind regime in the region is dominated by the passage of cyclonic
systems from approximately October until April and a sea breeze - land
breeze pattern during the rest of the year. During the winter, the
wind direction and speed are dependent on the track of the cylonic
system over the region, while in the summer the sea breeze
(southwesterly) is the dominanat wind. The region is also subject to
occasional outbreaks of a strong wind from the northeast, known
locally as Porayz. The hourly average wind velocity vectors for the
year 1992 (January-October) are given in Fig.1.26, and illustrate the
features discussed above. During January of this year the winds were
generally weak, which is not generally the case. Storms with strong
southwest winds are observed from about the middle of February till
May. The summer wind regime begins to appear in June, and continues

through October.



The wind gust data for 1992 is glven in Table I.1. During the winter,
the dominant directions of the strong winds are northeast and
southwest, while in the summer the stong winds are from the southwest.
In May, three observations of wind exceeding 10 m/s from the northeast
and east-northeast are seen. The per cent frequency of wind
directions on a monthly basis for 1992 is given in Fig. I.27. Calm
conditions are assumed for wind speed (V) less than 1 m/s. This

number is shown for each month on the figure.

The longer term characteristics of the wind are illustrated by the
‘'wind veloclity vectors for the period 1977-1991, plotted in Figs. I.28-
1.42. In these flgures, observations taken three times during the day
(07:00,14:00 and 21:00 hrs) have been used. In addition to the general
winter and summer wind patterns discussed above, significant
differences are seen on an interannual basis. The percent frequency
of wind direction for each year is given in Fig.I1.43. It is seen from
this figure that on an annual basis, winds from the NE-NW and from the
SW are dominant. The wind frequency on a monthly basis is glven in
Fig.I.44. Winds from the NE-NW sector are dominant during winter
(November-March), while southwesterly winds dominatr during the summer
months. It is worth noting that while the relative frequency of winds
from the southwest during the winter is low, strong winds are observed
from the SW-SE sector during winter, as seen in the wind gust data
given in Table I.1. These winds are seen more clearly on synoptic
maps. A publication of the Turkish Navy (1984) gives the following
dates and wind directions for storms, defined as wind speed greater
than 16 m/sec :

3 March 1953 N

27 January 1959 SW

13 January 1968 SW.

Barometric pressure.
Typical records of the barometric pressure for four years between 1981
and 1990 are shown in Fig.I1.45. In this figure, the pressure lis

plotted after substracting the mean in order to emphasize the



fluctuations. The highest fluctuations occur during the winter
months, associated with the passage of cyclonic systems of duration
3-5 days. However, occassionally a high pressure system settles over
the region for longer periods, as in February-March 1985 and in
mid-January, 1987, resulting in clear and generally calm conditions.
The barometric pressure for 1992 is plotted on a monthly basis in
Fig.1.46. Comparison with the wind data shows that the stronger winds
(such as on 19 February, 10-12 and 18 March, 12-13 and 20 April) occur
when the pressure fluctuations occur within an interval of 2-3 days.

A decreasing trend In the pressure 1s accompanied by winds from the

" southwest as the cylonic system approaches, and an increasing trend in
the pressure is accompanied by northerly winds as the system travels

towards east away from the region.

Wind waves.

The coast of Mersin is open to wave action from the SW-SE sector. The
wave height in deep water depends upon the strength and duration of
the wind, and the fetch length (the distance over which the wind is
effective in generating waves). Near the shore, the wave height is
modified due to shoaling, breaking and refraction. In the case of
Mersin, the longest fetch exists when the storm system is located in
the eastern Mediterranean in the region of Crete. However, the coast
of Mersin is partially sheltered from waves from the southwest and
south by the 1sland of Cyprus. The track of cyclonic systems over the
Mediterranean is from west to east, resulting in strong winds from the
southeast if the center of the storm passes over Cyprus. In this case
the fetch is abou 150 nautical miles, however the waves can approach
the coast without any obstruction. Thus, while waves from the SW are
more frequent, the coast is open to severe wave action from southeast
also. The wave characteristics for the study region in the present
study have been determined by utilising synoptic maps between 1977 and
1990 to determine the winds over the sea during storms, the fetch
length and the duration of the storms. The deep water wave
characteristics were compared with measured wave data to obtain an

empirical reduction factor for the wave height. The method used for
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predicting the deep water wave characteristics is given in the Shore
Protection Manual (1973). This approach, and other similar empirical
approaches are subjective and open to errors. For example, defining
the fetch 1s a matter of Judgement of the operator, and the effect of
the existing waves present in the region before the storm is difflcult

to account for accurately.

The measured wave data were from measurements made by the Institute of
Marine Sciences during 1978-1979 at Erdemli, which is 35 km west of
Mersin. The measurements were obtained using a Datawell wave rider

" bouy. The bouy was anchored in 30 m depth. Waves of 2 - 3 m helght
were recorded frequently during the period November 1978- April 1979.
The maximum recorded wave was 4 m high, in March, 1979. Some examples
of the storms and the wave records are given in the following. The
synoptic maps are given in Fig.I1.47 and the measured wave records in

Fig.I.48.

Fig.I1.47(a) shows the synoptic map for 15 December, 1978. The storm
centre is located over the Black Sea. The empircally calculated wave
height for thils case is 4.5 m. The measured wave record is glven in
Fig.1-48(a). The average wave helght 1s about 1 m and the maximum
wave helght is 2.5 m. The ratio between the two (2.5/4.5) 1s 0.55.
Fig.1.47(b) shows the situation for 3 January 1979. In this case the
low 1s located in the Aegean sea. The predicted wave height is 5.8
m. The measured wave record 1s shown in Fig.I.48(b). The average wave
height 1s about 1.8 m, and the maximum wave height is 2.8 m, giving a
ratio of 2.8/5.8 or 0.48. The third case shown is for a system with
its centre located southwest of Cyprus, Fig.I1.47(c), for 7 March,
1979. In this case the predicted wave helght is 6 m. The measured
wave record, Fig.I.48(c) shows the average wave height was about 2.4
m, and the maximum wave height was 4 m. The ratio of the maximum
measured wave helght to the predlicted helght is 4/6, or 0.67.

In order to determine the probable maximum wave height that can be
expected to occur at the study region, a search of the synoptic maps

showed that the storm system shown in Fig.I1.47(d) for 18 January 1985
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is typlical of the severe storms that pass through the reglon. The
wind speed in such a system (computed from the spacing between the
isobars) is about 55 knots. With a fetch of 150 nautical miles, the
predicted significant wave height is 9 m. Using an average ratio of
0.55, the maximum wave height near the coast would be about 5 m, and
the average wave height about 3 m. As for the period, the measured
wave period for the 7 March 1979 storm was 4.5 sec, while the
predicted period was 10 sec. The predicted period for the 18 January
1985 storm 1s 12 sec., thus the wave perlod at the site can be
expected to be about 6 sec. These estimates of the height and period
are belleved to be reasonable in view of the measured data at Erdemli.
However, it should be noted that this is not the absolute maximum wave
height that may occur under extreme coditions, such as in a 1 in 100
year storm, but is a wave height that can be expected to occur once

every 10 tO 15 years.

Air and sea surface temperatures.

The annual variation of air temperature for the years 1981-1991 is
given in Fig.1.49. In general, the lowest temperatures are about 9%
and occur in February-March, while the highest temperatures are
between 280C—300C, and are observed during July and August. There is,
however significant interannual varlablility, particularly in the value
and the time of occurence of the lower temperatures. The air
temperature fell to about ZOC in January, 1983, and In February, 1985.
In 1984, relatively high air temperatures, about 12°C were observed
during January-March, and the lowest alr temperature occured in
December. In 1987, the temperature averaged about 120C in January and
February, but decreased to about SOC in March, and remained below the

average temperature till the beginning of the summer season.

The sea surface temperatures for the years 1985-1990 are shown in
Fig.1.50. The lowest temperatures range between 13°c-15°C and occur
in February-March, while the highest temperatures of 28°c-29°C are
observed in July and August. As in the air temperatures, considerable

interannual variability exists in the sea surface temperatures. In

12



1985, the temperature falls to about 110C in March, about 3OC below
the average. In 1987, consistent with the air temperature for this
year, the sea surface temperature dropped by about 2°C in March
relative to its value In January-February, and similar to the air
temperature for this year, remalned below the average value till the

beginning of the summer.

Relative humidity.

The realtive humidity for the years 1941-1990 is shown in Fig.I.51.
In this figure, the average relative humidity for each month is
plotted. These values are listed in Table.I.2.

I.6 SUMMARY OF PHYSICAL AND CLIMATOLOGICAL DATA

The water temperature, salinity, and density stratification of the
study area, due to its proximity to the coast and shallow depth, are
effected by local inputs of fresh water, and the intensity of vertical
mixing caused by winds and surface cooling. The water column is
well-mixed during October through April. Stratification begins in
May, and becomes well established in August-September. The thickness
of the surface mixed layer is about 8 m at that time. The temperature
of the mixed layer is about 29°C-30°C in August.

The currents in the study reglon are essentlially governed by the
prevalling winds. During the winter, the wind is predominantly from
the NE-NW sector. There are, however, strong winds from the SW-SE
sector also, assoclated with the passage of cyclonlc systems. During
summer, a sea-breeze land-breeze system prevalls, with the stronger
winds coming from the southwest. Thus, the predominant current
direction is towards the northeast during the summer. During the
winter, the currents will be of variable directions, depending on the
winds. The easterly current generates an ananticyclonic eddy on the
east side of the harbor close to the shore. The offshore extent of
the eddy 1s approximately the same as the offshore extent of the

harbor structure.
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The region is open Lo wave actlon from the SW-SE sector. Waves of 4 m
height have been measured at a site near the study area (at Erdemli).
The maximum wave at the site, based on hidcasting using synoptic

charls for Lhe pasl 15 years, ls estlimaled as 5 m.
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I1. BIOCHEMICAL CHARACTERISTICS AND POLLUTION STATUS OF MERSIN BAY

II.1. POLLUTION FROM LAND-BASED SOURCES

Periodic analysis of the effluents from the existing outfall system of
Mersin was carried out; selected blochemical and pollutlion parameters
were measured in the wastewaters given to the sea. Simlilar
measurements were also conducted in the three creeks flowing into the
Bay, namely Delicay, Muftu, and Cavusoglu (canal) on a bimonthly
basis. Abbreviations, symbols and the units used in the presentation
of the results are given in Appendix A. Appendix B covers the brief
descriptions of the analytical methods followed during the
measurements of blochemical and pollution parameters in the present
work. The concentrations of the biochemical and pollutional parameters

determined in the wastewaters and the creeks are given in Table II.1.

pH

The pH in the fresh waters of the creeks was recorded to range between
7.42 and 8.96; the minimum and maximum values were measured in the
autumn months and the early spring, respectively. Since the river
waters are mixed with sea water the final pH of the polluted river
waters 1s expected to be buffered by sea water with a pH level of
about 8.2. The pH of the Mersin effluents discharged directly into the
receiving seawater was relatively low, with an average value of 7.63;
the minimum level was determined to be 6.89. The pH values determined
in the wastewaters from the Mersin outfall system in December 1991 and
October 1992 are within the limits set for domestic effluents
(Regulations on Water Quality Control, 4/September/1988, No. 19919,

Resmi Gazete).

Dissolved Oxygen (DO):

The concentrations of dissolved oxygen measured in three creeks were

in the range of 7.5-10.2 mg/L. The highest values were recorded in
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February 1992, because of the increase in the solublity of oxygen in
cool winter months as well as a decrease in its consumption during
unfavourable winter conditlons. The Dissolved Oxygen content of Mersin
effluent was 8.5 mg/L on average, which was quite high for a waste
water. Unexpectedly high DO measured in the effluents may have
resulted from the aeration of wastewaters since it is open to

atmosphere.
Biochemical Oxygen Demand (BOD5):

"As is well known, the Biochemical Oxygen Demand (BODSJ is a measure of
the amount of oxygen required by bacteria and other microorganisms to
oxidize the biodegradable organic matter in water; thus the larger
BOD5 levels in water represent the amount of blodegradable organic
matter of man-made origin entering the fresh waters. The BOD5 was

observed to range from 2.6 to 3.3 mg/L in the creek waters. The total
2

BOD5 lgads from Deéicay, Cavuslu and Muftu creeks were 2.6x10°,
0.3x10” and 1.9x10" tons/year, respectively. These loads are much
lower than the inputs from the major rivers to the coastal waters of
the Northeastern Mediterranean. The total organic loads of the major
rivers in the area have been estimated to be 39.9x103 tons/year for
the Ceyhan, 44.9x103 tons/year for the Seyhan and 6.3x103 tons/year
for the Goksu rivers (Yilmaz et al., 1992a). The average BOD5
concentration was determined as 186.2 mg/L for the existing Mersin
discharge (Central discharge) and the maximum value was as high as 339
mg/L. It may be estimated that the existing sewerage system Introduces
a BOD5 load of 3.5x103 tons/year to the Bay. The theoretical domestic
BOD load produced by the present population in the Mersin area,
assuming a BOD load of 25-70 g/capita/day (UNEP, 1989) and an average
population of 500.000 is approximately 4.5x103 tons/year, very
similar to the estimate from our measurements. The average BOD5
concentration for the Mersin effluent 1s close to the upper limit
imposed for domestic effluents by the "Regulations for Water Quality
Control” (4/September/1988, No. 19919, Resmi Gazete).

Chemical Oxygen Demand (COD):
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Organic matter from various origins may be resistant to blochemical
oxidation by microorganisms under the natural conditions of the
receiving water environments but can be oxidized chemically at
elevated temperature under strong acldic conditions. Therefore, the
measurement of the quantity of chemically oxidizable organic matter in
waters, the so-called Chemical Oxygen Demand (COD), glves us valuable
information on the total organic content of water as well as the
percentage that is blochemically degradable in the marine environment
over a period of several days. The COD concentrations of the three
creek waters were observed to vary between 68.1 and 148.9 mg/L ; the
"total COD loads calculated for Delicay, Cavuslu and Muftu creeks were
13.9x103, 0.7}-(103 and 9.2x103 tons/year, respectively. The COD
concentrations (thus loads) were expected to be twice the BOD5
concentrations (and loads), but the high COD/BODS ratios in the creek
waters discharged into Mersin Bay indicate large quantities of
industrial wastewaters to have been given to the rivers. The average
COD content of Mersin effluent was approximately twlce its BOD
content, approaching the general ratlo observed in domestlc

wastewaters. The total COD load was calculated as 6.4x103 tons/year

for the central Mersin effluent.
Total Suspended Solid (TSS):

The concentration of total suspended solids (TSS) was observed to

range from 4.4 to 9.2 mg/L in the water samples from the creeks; the
largest values were measured in May 1992 when the flows of the creeks
were relatively high. The total loads were 4.1x102, 0.5x102, and

6.6x102 tons/year for Dellcay, Cavuslu and Muftu creeks respectively.
The average concentration was calculated to be about 100 mg/L for the
central Mersin effluent, corresponding to an input of 1.9x103 tons of

TSS per year to the shallow waters of the Bay.
Nutrients:

Nutrient inputs from land-based sources to the Mersin Bay were
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calculated for the three creeks and existing Mersin central effluent
using the average concentrations determined in the effluents and their
daily flows. The total inorganic phosphate loads of Delicay, Cavuslu
and Muftu creeks were 1.32, 2.50 and 1.33 tons-P/year, respectively.
The corresponding total phosphorus loads of the creekss were 2.87,
2.50 and 1.76 tons/year, indicating that a remarkable fraction of the
total phosphorus 1s introduced as dissolved lnorganic phosphate. The
inorganic phosphate and total phosphorus discharges from the Mersin
sewerage system were 41.9 and 66.5 tons/year respectively, much larger
than the total of inputs from the creeks. On the other hand, total

" oxidized nitrogen inputs from the creeks were estimated to be as high
as 153.6, 22.7 and 64.4 tons/year for Dellcay, Cavuslu and Muftu,
respectively, whereas the the input from the Mersin outfall system was
approximately only 1.2 tons/year. This high quantity of nitrogeneous
material could be attributable the usage of artificial fertillizers in

farming areas.

Polyaromatic Petroleum Hydrocarbons (PAH):

Coastal refineries, industrial and munlicipal wastes are the major
land-based sources of petroleum pollution in the coastal marine
environment. The three creeks and the Mersin effluent were monitored
periodically for the estimation of the dissclved/dispersed
polyaromatic petroleum hydrocarbon input from these sources to the
Mersin Bay. The average concentrations of PAHs were 0.52 and 0.36 pg/L
for the Cavuslu and Muftu creeks. The concentration of PAH was as high
as 3.1 pg/L  in the fresh waters of Dellcay creek, probably
originating from the petroleum related industries located 1in the
Delicay region. The total inputs from these creeks were in the range
of 5.3-290 kg/year. The concentration was as high as 148 pg/L in the
Mersin effluent; thus, 2.8 tons of peroleum hydrocarbon of domestic
origin are being discharged annually to the Bay via this source..

Heavy Metals; Mercury and Cadmium (Hg and Cd):

Mercury, one of the toxic metals for marine ecosystems, was measured
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periodically in the water samples taken from the creeks and the
Mersin domestic effluent. The concentration ranged from 0.6 to 6.0
ng/L in the creek waters and it was 1.9-8.4 ng/L for the Mersin
effluent. The total mercury loads were estimated as 159.5, 25.2 and
216.6 g/year for Delicay, Cavuslu and Muftu creeks, respectively. The
input from the sewerage outfall system was about 70 g/year, within the
range of the creeks’ loads. The concentration of dissolved cadmium in
the effluents, ranging from undetectable levels to 2.85 ng/L, were low
whereas the concentrations in the TSS showed signiflicant varlations
from undectable concentrations to a level of 818.4 ng/L In the creek

" waters. The total loads were estimated as 14.7, 0.9 and 4.2 kg/year
for Delicay, Cavuslu and Muftu creeeks, respectively. The
concentration in the TSS from the Mersin effluent was measured to be
as high as 3318 ng/L 1n October 1992; from an average value of 881.8
ng/L for the effluent, providing 16.7 kg of Cadmium per year to the
Bay.

Faecal Coliform (FC):

Faecal Coliforms, indicator organisms of microbial pollution in the
marine environment, were also counted in the effluents collected at
fixed locations of the three creeks and the Mersin outfall system. The
number of Faecal Coliforms in 100 mL of water was in the range of
150-4000 for the three creeks, with the maximum values obtained in the
summer months. On the other hand, as expected, the FC counts were very
large for the Mersin effluent, rangling between 1.7x104and 1.4)(109

individuals in 100 mL of wastewater.
I1.2 BIOCHEMICAL CHARACTERISTICS OF COASTAL WATERS OF MERSIN BAY

The biochemical and some pollution parameters were measured in sea
water samples collected at limited number of stations. As can be seen
from Figure II.1., two statlion grids were visited five times during
1991-1992; the one was In the vicinity of the existing Mersin Outfall

and the other was across to the proposed outfall pipe and/or Cavuslu
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Canal in Karaduvar region. The dates of the field studies in the

Mersin Bay waters are listed below:

5/December/1991 (winter period)
29/April/1992 (spring period)
29/May/1992 (spring perlod)
18/August/1992 (summer period)
2/0ctober/1992 (autumn period)

Two crulses were performed during the spring perlod to ensure that
" complete information was obtained. The results of hydrographical,
biochemical and pollution parameters are glven in Tables II.2., II.3.,

IT1.4., II.S. and II.6.

Distribution of Biochemical Parameters in Mersin Bay:

pH:

The pH of sea water in the Mersin Bay was observed to vary from 8.00
to 8.36 throughout the whole sampling perlod, indicating that the
measured pH values are very similar to those from offshore waters. As
is well known, sea water 1s a strong buffer and thus, its pH can only
be changed significantly if a large volume of polluted waters with
very low or very high pH values (due to strong acidic or basic
pollutants) are providedto the receiving marline environments. As
discussed in Sec. II.1. there are no acidic and/or basic waste

water discharges into the Mersin coastal waters from land-based

sources.

Total Suspended Solids (TSS):

The seasonal varlatlions of Total Suspended Sollds (TSS) in the study
area are presented in Figure 11.2. as bar graphlics. In general, TSS
ranged between 2.6 and 120.0 mg/L and relatively high values were
observed in the vicinity of the existing outfall; e.g. Stations M18,
M19, M20 and M24 and in the coastal stations of the Karaduvar grid,
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M1, M2, M3, M4. Most values were in the range of 5-20 mg/L, and were
simllar Lo our prevlous measurements In the coastal waters of
Northeastern Mediterranean. The TSS concentrations for offshore
waters, as low as as 2 mg/L, are close to data from the other reglons
of the Eastern Medliterranean, resulting in penetration of solar light
to depths (Berman et al., 1984; Yilmaz et al.,1992b). However, the
relatively high concentrations of TSS determined in the Mersin Bay led
to measures of Secchi Disc Depths, ranging between 0.5 and 4m at the
same locatlions. These values are very low when compared to Secchl Disc
Depths exceeding 25-30m in the offshore waters of the Northeastern
Mediterranean for most of the year (Yilmaz et al., 1992b).

Dissolved Oxygen (DO):

Dissolved oxygen in sea water is very important for all aerobic
organisms in marine environments; e.g. fishes cannot survive or
aerobic decomposition of organic matter by microorganisms in water and
sediment layers stops when the oxygen concentratlon in water decreases
below certain levels. The oceanographic investigation carried out in
1991-1992 showed that the Dissolved Oxygen (DO) ranged between 5.29
and 11.90 mg/L in the waters of Mersin Bay. The seasonal distribution
of DO in the study area is given in Figure II.3; during the mixing
seasons, winter and early spring, the concentrations of DO in
subsurface waters were observed to be relatively high at all locations
visited in the bay. The values exceeding 8 mg/L that were obtained
during the April 1992 cruise were very close the saturation values of
DO in seawater probably due to both atmospheric input and productlion
by photosynthetic organisms. During the summer-autumn period, the
thermocline established in subsurface waters prevented the diffusion
of DO from the surface to the depths. Thus, DO decreased remarkably
with depth at the stations affected directly by wastewater discharges
of terrestrlal origin. The DO concentration In the surface waters
decreases with the increase in the water temperature during the summer
due to the poor solubility of atmospheric oxygen in water at higher

temperature.
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Biochemical Oxygen Demand (BODj):

The Biochemical Oxygen Demand (BODS) measured in the subsurface waters
of the Mersin Bay was generally less than 5 mg—02/L, ranging from
undetectable levels (<0.1 mg/L) to 10.3 mg—Oz/L. The lowest BODS
values were obtained in December 1992 and the highest values appeared
in August 1992 when the oxygen demand of microorganisms lncreased
substantially in parallel to the Increase in the biodegradable organic
matter content of the sea water. As expected the largest BOD5 values
were recorded at the locations under the direct influence of the

"Mersin effluent ( Stations M18, M19, M20 M23, M24) and at stations M1,
M2, M3 and M4 in the Karaduvar region (Flgure I1.4.).

Chemical Oxygen Demand (COD):

The Chemical Oxygen Demand (COD) measured in Mersin Bay in the period
December 1991 - October 1992 are presented In Figure II1.5. The maximum
COD concentrations, as large as 23.9 mg—Oa/L, were observed in August
1992 at stations M18, M19 and M20 which were close to the existing
outfall system. The minimum COD values, as low as 0.52 mg/L, appeared

at offshore stations.
Inorganic Phosphate (0—P04—P):

The seasonal distribution of dissolved inorganic phosphate are
displayed in Figure II.6. At the polluted locations , e.g. Statlons
M18-M30, the phosphate concentrations were relatlively high throuhout
the year. In the region Influenced by the fresh waters of Cavuslu
creek the concentrations were also higher than in the less polluted
locations. The level of inorganic phosphate concentrations was found
to range between 0.02 pM and 20.32 pM in the coastal waters of the
Mersin Bay. The eastern Medlterranean Sea 1s known to be Impoverlshed
in primary nutrient elements (phosphate and nlitrate) and particularly
the phosphate concentration diminishing below 0.02-0.03 pM levels in

the surface waters of the open waters, is very likely to limit
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phytoplankton production in the Levantine Basin (Krom et al., 1991).
Total Oxidized Nitrogen (N03+N02—N) :

As previously mentlioned 1n Sec. II.1., the nutrient inputs to the
surface waters of the coastal regions originate primarily from
terrestrial sources and partly from regenerative processes within the
system. Filgure I1.7. shows the seasonal varlatlon of total oxldlzed
nitrogen (nitrate + nitrite) in Mersin Bay in the period from December

1991 to October 1992.

Relatively high concentrations of nitrate + nltrite in sea water were
observed in the Karaduvar region where the Cavuslu creek carries the
highest nitrogenous material when compared with the other creeks and
the Mersin effluent. At the stations located near the existing
sewerage outfall the concentratlons In subsurface seawater were also
relatively high. As shown in Tables II1.2. - II1.6, the concentrations
of total oxidixed nitrogen ranged between 0.07 and 36.20 pM in the Bay

waters.
Faecal Coliform (FC):

The Faecal Coliform bacteria analysis carried out in the waters of the
Mersin Bay on a seasonal basis showed that the Bay waters were
microbially polluted due to the input of large quantitles of the
domestic waters into the Bay. Figure II.8. shows the seasonal
distributions of Feacal Coliform counts determined at selected
stations in the Mersin Bay. The FC limit given by the World Health
Organization (WHO) for bathing waters or/and for very near coastal
waters 1s 100 #/ 100 mL of sea water though this 1imit has often been
altered by national authorities. In the Mersin Bay the FC ranged from
insignificant numbers (<10) to levels as large as 3.000.000 #/100 mL
of sea water. The highest counts were obtained in the vicinity of the
existing outfall. Occasionally the FC determined in the Karaduvar
region also exceeded the WHO limit, Indicating microbial pollution of
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fresh water orlgin.
II.3 T-90 DETERMINATION AND RHODAMINE DYE TRACING

In order to determine the time necessary for the decay of 90% of FC of
domestic origin in the receiving bay waters, T-90 measurements
together with a Rhodamine-B dye tracing experiment were carried out in
the vicinity of the existing outfall in Mersin Bay in October 1992. In
this work, 5 liters of Rhodamine-B solution containing 2 kg of dye
dissolved in acetic acid was introduced instantaneously to the surface
“waters of the bay at the discharge point of Mersin domestic waters.
Then the cloud of dye was followed using a sensor sensitlve only to
the dye (in situ fluorometer probe)giving the real time concentrations
at selected stations. The data obtained in situ and calibrated later
are deplicted in Figure II.9. The location of all the statlons where
the dye concentrations were measured were determined by using a Decca
Trisponder Navigation system . As can be seen from Figure II.9a, the
time Intervals between the measurements at two different stations were
in the range of 4-19 minutes. At each station, sea water samples were
also taken for the further fluorometric analyses with a bench type
Spectrofluorometer and for the determination of Faecal Coliform in the
same samples. The results of laboratory fluorescence measurements are
shown in Figure II1.9b . The dye patch could be followed for about two
and a half hour until it became too diluted for fluorometric analysis.
As can be seen from Figure II.9b, the dye became broken up into two
patches. The maln branch flowing iIn the east direction was monitored
first. The second branch was directed first towards the west and then
to the north-west direction (Figure II.9b.). The dye clouds were
monitored until a dilution factor of 104 appeared at St. R8 in the
west and Sts. R7, R10, R14, R15 iIn the eastern side of the outfall.

A simlilar dilution trend in the FC values was obtalned from the direct
FC measurements in sea water; the results are depicted in Figure
IT1.9c. In determining the T-90 values for FC in the sea waters under
the environmental factors of October 1992, the FC data should show a
decreasing trend in parallel to the dilution in the dye

24



concentrations. However, the correlation is not strong due to
contamination of the dye-containling waterparcels with the surrounding
waters having varlous levels of FC and decay of FC durlng thelr
transport from source to the nearby area. Accordingly, at the eastern
side of the existing outfall, a fluctuation appeared in the Faecal
Coliform counts in the west-east directlon. Nevertheless, T-90 value
estimated from the data was in the range of 1 to 2 hours (for
October).

As discussed in Sec. II.2. and deplicted in Figure 1I1.10, the

" distribution of Faecal Coliform is determined by a number of domestic
discharges In various flows as well as the flow of the creeks and the
physical and blochemical processes interacting in the area. The Faecal
Coliform and current measurements should be considered together in
order to recalculate the T-90 value, and if the mean current is
approximately 20-50 cm/sec, (Sec. I1.), and if the distance between

the maln source and the station where the number of Feacal Collforms
are close to zero is in the range of 500-1000 m, the T-90 value can be
recalculated to lie in the range of e.g. >1 hour and <1.5 hours for

the Mersin Bay.
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APPENDIX A

ABBREVIATION

Symbol Unlt Remark

s Temperature

O/oo,ppt,psu Salinity
SD m Secchi Disc Depth
‘pH = Acldlity
1S5S mg/L Total Suspended Solid
DO mg/L Dissolved Oxygen
BOD5 mg/L Biochemical Oxygen Demand (5 days)
CoD mg/L Chemical Oxygen Demand
o—POQ—P uM Ortho-phosphate
N03+N02~N 1M Total Oxidized Nitrogen (Nitrate+Nitrite)
FC #/100mL Faecal Coliform
Tot-P UM Total Phosphorus (Organic + Inorganic)
PAH ug/L Polyaromatic Petroleum Hydrocarbons
Hg ng/L Total Mercury In water
Cd ng/L Total Cadmium in water
CdTSS ng/L Total Cadmium in suspended solid

* because of the high chloride content of seawater, COD was measured in the

particulate fraction by filtering

seawater through glass fiber filters.
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METHODOLOAGY @

Parametor Symbol
Dimsmolved Do
Oxygen

Total TSS
Sunpended

Sediment

o-Phoaphate roa-p
Nitratet NO31HOD,
Nitrite

Feacal FC
Coliform

Blochemical RODg

Oxygen Demand

Chemical coD
Oxygen Demand

Petroleum DDPH
Hydrocarbonn (PR

Mercury Hg(walter)
Cadmlium Cd(waker)
Cd(sed)
Tolnl T=p
Phosphorun

APPENDIX B

ontline of
Method

Winkler
Titraltlon

Gravimetric

Phonpho-molybdate
complex formatlon
Autoanalyzer

Cd-Cu reduction
Nzo-dye formatlon
hubtoanalyzer

Hembrane
Flltration

Tneubation at
20°C/S5dayn

Winkler Tirationnr
DO probe

Ooxidatlion with
K2C|'207 ' ”2304
Titrimetric

n-hexane extractlon
Fluoromelric

Cold vapor, AAS

Aqua Regia
digention
Flamelenn AAS

ot NO3 digestion

Peraanlphate
oxtdation, phonpho
molibdate complex
formation

Spectrophntometry
or Aulboanalyzer

28

NDetnction

Jm

0.1 mg
0.02
0.05 i
93%

0.1 mg/T
0.1 mg/tL

0.01pg/t,

0.25ng

o

.02nqg

0.02ng

0.1

Reference

Strickland
and Parsona, 1972

APHTA, AWWA, WPCF
Standard Methodn
1980

Strilckland
and Parnona 1972
Grasmhoff, 1976

Strickland
and Paraona 1972
Graanphoff, 1976

APHA, AWWA, WPCF
1900

Strieckland
and Pareonn, 1972

APHA, AWWA, WPCF
1980

UNRSCO, 1984
UNEP, 1986

Yemenlcliogla, 1980

Fdiger et al.,
1974

"

Strickland and
Parmonna, 1972
FAO Flnherlen
Tech.Rep.
No:137,1975
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Fig.I.47(b) Surface synoptic map, 3 Jan 1979
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Wind speeds greater than 10 m/s are listed below.

Date

27:.1.92
30.1.92
27.1.92

Ba: 2692
9.2.92
20.2.92
22.2.92
29.2.92

NN

13,
15.
18.
19
20

92
.92
+92
.92
92
22+34'92
28.3.92
29.:392

30+:392
3J1.3.92

(7% I O [ % S (% [ U6 T 6 1 % |

Mersin Wind Gust Data, 1992

Speed

L1
11
10.

12
14.
.8
125
.0

18

14

11.
1.0,
12 .
12+
14.
E
12,
14.
19 .
85 I

(For

A
9
2

5]

9

2

Table I.1.

Direction

ENE
NE
ENFE

ENT
ENE
SSW
NE

ENE

NNE
SW
SGW
WHW
SW
NW
NE
SSW
W
5W

Date

8.4.92

124,
134

5.10.

92
92

w2
+'92

92
92

«92

92

Speed

15.0
20
17T
21.
1 [

~N e N

10
14,
1.2
1.0
12

SO d NN

19.7
1140
12.0

11.7
10.2

11.
10.

-0

11:2

6.6

Direction

W

S5W
SS5W
SSW

S5SW

NE
NE
ENE
WSW
WSW

NNW
S55W
SW

SSW
SSW

SW
SSW

SW

SSW

October, maximum observed wind speed is given)

1.29



1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Table 1I.2.

Mersin monthly average relative humidity(%), 1941-1990

Jan
73
74
78
70
72
70
76
77
66
67
70
75
78
80
89
73
61
71
75
73
65
80
80
56
70
82
71
76
74
77
62
70
59
66
72
75
66
76
71
69
74
66
66
80
72
69
78
65
58
61

Feb
75
75
68
71
69
78
73
77
67
65
77
73
76
75
79
74
66
74
61
74
72
80
77
75
78
78
71
77
70
79
71
68
69
67
74
69
74
73
70
68
70
59
T
72
72
77
73
71
55
73

Mar
74
71
65
71
61
75
75
63
70
68
73
68
63
70
74
70
61
74
61
73
67
71
79
78
71
72
79
75
79
77
72
74
67
79
71
72
73
74
71
69
68
67
83
76
62
68
75
73
70
70

Apr
71
71
73
62
70
71
66
76
71
69
73
65
77
76
T2
75
62
69
63
78
80
B7
79
7.
75
73
80
81
69
71
81
75
73
72
70
79
76
75
69
69
66
72
B2
80
76
71
74
75
70
74

May
Ti
72
72
69
73
76
12
2
69
78
73
68
73
73
72
75
71
70
73
67
80
82
78
78
72
72
15
74
15
74
73
78
rE!
77
12
76
75
15
76
71
70
T3
82
78
77
74
78
78

8

71

Jun
77
70
74
75
70
73
78
73
74
67
74
68
75
77
73
68
71
72
73
75
80
82
75
76
72
75
70
72
73
74
74
78
72
76
78
77
78
70
72
75
74
9
80
82
77
76
79
82
79
72

130

Jul
77
72
69
73
L
69
76
73
75
71
71
77
73
77
73
68
74
75
76
78
81
91
76
76
75
76
71
74
T2
78
77
80
77
72
77
76
76
73
70
78
75
74
85
79
69
80
78
77
79
79

Aug
70
13
74
72
70
71
69
75
71
66
68
72
73
76
12
69
71
|
T
73
79
90
72
4 |
74
80
72
15
76
71
74
79
74
72
76
78
74
71
75
70
72
79
86
72
74
80
68
78
79
74

Sep
67
67
56
68
68
64
65
68
66
73
66
68
66
70
71
55
72
71
60
75
76
T
70
68
70
71
70
71
67
70
74
78
69
65
64
73
73
69
66
61
64
73
80
75
65
72
62
68
66
67

oct
61
72
68
70
63
68
63
59
67
63
69
66
62
73
64
53
62
63
63
73
75
81
T2
65
61
67
70
73
70
65
67
74
67
74
64
74
64
78
66
62
64
68
73
55
65
64
58
72
67
59

Nov
68
76
69
72
70
65
78
56
60
67
73
69
70
88
64
58
69
57
67
70
84
79
75
67
68
68
72

74

69
76
72
69
65
67
67
67
65
56
64
60
62
62
80
70
73
66
64
70
70
64

Dec
71
64
68
65
76
73
74
69
67
65
67
75
67
92
76
60
69
75
64
70
86
82
69
69
73

.75
78
77
75
71
70
55
69
72
68
75
71
72
69
60
73
66
75
61
68
64
66
72
71
59
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Figure II.2. The seasonal variatlon of Total Suspended Sediment
(TSS, mg/L) In Mersin Bay durlng December 1991-October 1992.
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Table 11.1.Follutants and blochemical parameters measured at three rivers and Mersin sewerage outlet,

Date1d-(2-1991

Sta. No. pH 1o nooe  Cab 168 o-P0, Ny +NO,  Tot-P  PAN Hg Cd Cd-T188 FC
(ma/L) (mg/L) (ma/L) (mg/L) (aM) ()14} (M) (pg/L) tng/L) (ng/L) (ng/L)  (#/100mL)
Dellcay  7.47 7.5 3.3 102.7 4.9  0.06 27%3.4 == 11.76 0.% 1.52 20.%9 1obo
Cavualu 7.4 4.9 1.9 117.8 3.2 20.3 412.2 ey 0.89 0.4 0.1%9 N.D, so8
Muftu D. B.2B 9.7 2.8 23%9.7 3.1 0.04 131 .8 e 0.41 3.0 N.D, N.D. 540
Mersin D. 7.63 9.4 339.0 753.3 198.0 1.37 - ===~ 3%4.68 2.0 0.2 N.D. 1372x108
Nate127-2-1992
Delicay B8.%1 1.7 3.7 ©54.0 a.d 0.18 150.0 1.95 0,70 1.5 0.%0 N.D. 1%0
Cavumlu .08 12.7 2.0 1.1 5.0 4.72 171.0 5,40 0.% 1.1 0,40 13.% 230
Muftu D, 0.7 9.5 2.3 103.0 1.2 0.41 73.4 0.83 1.07 1.4 a.10 N.D. 720
Mersin D. 7.3% B.7 175.0 398.7 43.0 43.70 153.3 166.00 233,14 2.% 1.31 138.4 BOOBY0
Daterl)-5-1992
Delicay B.14 10.2 2.2 249.4 9.8  0.48  72.%0  0.%3  23.1% 2.2  2.0% 4.9 1877
Cavuslu 7.6 4.8 8.2 —eeea 9.1 10.8% 96.87 13.70 0.62 1.1, 1.19 N.D. 1776
Muftu D. B8.48 (0.1 1.6 174.,0 24.3 0.86 34.70 1.50 .08 1.5 0.71 7.9 a08
Hersin D. 7.38 A.5 132.0 193.6 101.3 182.00 1%1.20 173.50 157.84 1.9 A.41 238.1 222x10°%
Date17-8-1972
Sta. No. pH Do nobg  COD 158 o-F0, ND,#NDI Tot-P PAN Hag Cd Cd-188 FC
tmg/L) (mg/L) tmg/L) (mg/L) (M) (M) (MY (pa/L) (ng/L) (na/L) tng/L)  (R/100mL)
________ ezl gooets TiloER ETE = el e SRR e fe it et
Dellcay 8u0a 10.4 1.7 272.0 2. 0.24 35.72 .42 0.%2 --- 0.98 A2.% A2%0
Cavusiu  7.48 ———=  —== 110.9 3.4 6.60 B7.40 9.30 0.85 4.4 0.87 29.% 4000
Muftu D. B.461 11,2 0.9 144.0 11.9 0.16 73.70 0.30 0.20 2.3 1.06 N.D, 1320
Mersin D. 7.34 7.9 18.% 320.0 12%.0 124.8 5.40 128.0 21.91 4.1 1.49 398.2 AT00000
Date29-9-1992
Delicay 7.76 B.8 1.9 63.3 3.0 1.20 1232.30 1.%0 0.45% 2.0 0.92 47.4 1100
Cavuslu 7.42 4.8 1.4 39.4 2.8 3.00 144.40 4.00 0.14 3.3 0.53 208.% 380
Muftu D. B.26 11.9 1.4 79.0 2.6 1.60 .40 —-== 0,02 3.9 0.77 7.4 680
Mersin D. 6.87 8.1 -— 87.0 44,0 12.80 B.B0 44,00 BA.79 3.2  2.40 11%8.1 17000
Dater27-10-1992
‘Deilcay 8.18 8.1 3.9 32.2 {.0 0.55 43.50 0.70 1.946 --- 1.14 B18.4 1250
Cavuslu 7.50 6.1 2.3 16.1 3.9 2.00 A45.60 2.23 0.06 3.4 1.22 26%.4 730
Muftu D. B.21 B.4 5.5 24.1 12.% 0,29 : 85.70 0.%0 0.87 4.0 1.00 031.8 650
Mersin D, 7.22 8.8 264.3 2733 70.7 A2.00 B8.60 52.00 1%.86 B.4 2.0% 3318.0 2700000
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