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1.1GIRIS
OrtaDoguTeknikUniversitesiDenizBilimleriEnstitusu,yap1lmas1
planlananMel-sindenizdesarjlamilgiliolarak.MersinKorfezinde
osinografikarastlrmalaryapmlstlr.Burapordafiziksel,kimyasalve

biokimyasalosinografikcal1sma1ar1nbulgularlve degerlendirmeleri
verilmistir.
Cal1sma1ar1nkapsammdaasag1daverilenarastlrmalarbu1unmaktad1r1
1)Bblgedenizsuyununfizikselve kimyasalGzellikleri,
2)Ak1nt11ar1,
3)Bblgeniniklimozellikleri,ve ruzgardalgalarl.
FizikselverilerB'cs1Um—l’de,kimyasalve bio—kimyasa1veriler
Bo‘lUm—Z'deverilmistir.

Ak1nt11arve denizsuyununozelliklerlbolgedeyap11anolcumlerile
saptanmlstlr.RuzgardalgalaruunGzellikleriempiriktahminetme
ycsntemlerileMersin’eyakm(Erdem1'1'de)1978-1979seneleriaras1nda
yap1lm1solcumlerikullanarakeldeedilmistir.Bolgeninhavave deniz
suyus1cak11k1ar1,ruzgar,barometrikbas1ncve nemoran1ar1gibi
iklimselozellikleriMersinmeteorolojikverilerindensaptanmstlr.

1.2SEFERTARIHLERI,CIHAZLARVEVER1ISLEMEYUNTEMLERI
VerilerSekilI‘1’degijsterilenistasyonlardaasagldakitarihlerde
a11nm1st1r.

1. 5 /\ra11k1991(fizikselve kimyasalparametreler)
2. 29Nisan 1992[kimyasalparametreler)3. 29Mayls1992(fizikselve kimyasalparametrelerl



4. 18Agustos1992(fizikselve kimyasalparametreler)
5. 2-3Ekim 1992(fizikselve kimyasalparametreler)
CIHAZLAR
Slcakllkve tuzlulukSeaBirdmodel9CTDprobsistemiile
olculmustur.Probsu kolonundanasag1yaindirilirkenderinligi,
s1cak11g1VCiletkenliigisaniyede24verialarakolcer.S1cak11k
olcerindogrulugu0.0010Cve iletkenlikijlcerinkiise0.001
Siemenstir.Cihazistenildigitaktirdeverilerigemidekibilgisayara
gonderebilirveyahaf1zas1ndasaklay1pdahasonra islenebilir.Bu
callsmadaikincisecenekku11an11m1st1r.Denizcallsmalarlndansonra
heristasyonunverilerininbirermetrearahklarlaortalamadegerleri
hesaplanmlshr.

Gemininkonumunuve ak1nL1tslcumistasyonlarmmyerlerinibelirlemek
icinDeccaTrispondersistemiku1lan11m1st1r.

Ak1nt11arAanderaaak1nt1olceriile zjlculmustur.Bucihazotomatik
olarakverileri,ayarlanrmstjrneklemearallklarxnda,bataryasl
yardlmlylamanyetikkasetlerekay1teder.Ak1nt1olcerdenizden
c1kar11d1ktansonra verilerokunurve muhendislikdegerlerine
cevirilir.

1.3SICAKLIKTUZLULUKVEUZGULACIRLIKPROFILLERI

Yapllandortseferdes1cakl1ktuzlulukve ozgulag1r11ksonuclan
asagldabelirtilensekillerdeverilmistirl

Ara11k1991 SekilI.2
Mayls1992 Sekil1.3
AgusLos 1992 Sekil1.4
Ekim 1992 Sekil1.5



Hersefericiniki grupprofillerverilmistir.Birincigruptas1cak11k
ve tuzlulukcizilmistir.Ikincigruptas1cak11kve ozgulag1r11k
parametresisigma—tdegerleriverilmistir.S1cak11kduzcizgiile
gbsterilmistir.Ozgulag1r11kve tuzluluknoktallcizgiile
gosterilmistir‘Slgistasyonlardaancakblr metrederinlikicinbir
degerverilmisllr

Arallkay1verilerindetuzluluksu kolonundahomojenbirdag111m
gostermektedir;diptekis1cak11kyuzeys1cakl1g1ndanbiraz daha
dUsUkLur.Buslgsularda,yuzeysogumaslVe ruzgarlaryuzunden,suyun
dikolarakkarxsmlsoldugunugostermektedir.Uzgulag1r11kgrafikleri
su kolonununHst5-6metrcsindeesitderinedogruartanbirdag111m
11,05:LcnnnkLI)<l'II.

29MaylsseforindcyuzeysulardaLuzlulukdegerlerindeArallkseferlne
gdrebir azalmagorulmustur,yuzeyslcakllglndaiseArallkseferine
oranlaartls gorulmustur.Cunkuilkbaharda,denlzsuyunanehlrlerden
tatl1 su girdisininve 1s1nman1netkisinlnsonucnndaolmustur.Liman1n
dogusundaklyxyayakxnM—5,M~6ve M—7istasyonlarlndayuzeytuzlulugu
oldukcadusuk,yak1as1k34pptseviyesindedir.K1y1danuzakolanM-31
ve Mv32gibiisLasyonlardas1cak11ktabandanyuzeye4Cartls
gostermektedir.Buistasyonlardatuzlulukyuzeyde37ppttabandaise
39pptciVar1ndnd1r.BununnedeniCallsmaa1an1ndatatll suyuntuzlu
su Uzerineyay11mas1d1r.Uzgulag1r11kverilerisu kolonundaiki
kaLman11bir yap1n1nolusmayabaslad1g1n1gdstermektedir.Builkbahar
ve yazaylarlndakiartan1s1nmaile uyumludur
Agustosaylndayuzcyslcakllgl30Cyekadarartmlstlr.Sukolonundaki
ust7 metredetuzlulukve s1cakl1ktahomojenbirdag111m
gorulmektedir.Uzgulag1r11kverilerideaynliki kaLmanyap1s1n1
ortayaclkarmlstlr.Ust7metredekiozgulag1rl1kdegeri24
sigma—t‘dirve dibedogru25.8sigma—tseviyesinekadarartmaktadlr

Ekimaylndatuzlulukverileridikeydehomojendag1l1mgostermektedir
ancaks1cakl1kyuzeydedahafaz1ad1r.Bununsebebisu kolonunun



kuvvetliruzgarlardankansmasxve dahasonra gunes1s1n1ar1
tarafmdan1s1nmas1d1r.Ozgulaglrllkverileridikeydeesitdag111m
gostermektedir.

M—32istasyonundakis1cak11ktuzlulukve ozgu1ag1r11kverileriSekil
1.6dabutunseferlericiny1111kdegisimigostermekicinVerilmistir
(ArallkseferiicinM—l8istasyonuku11an11m1st1r.).SekilL6’dan
sahileyak1nbus1gbolgelerdekisu kolonununEkimile Nisanaylarl
araslndakarlsmlsve homojenoldugugdrulmektedir.Bununnedenik1s
f1rt1na1ar1n1nkuvvetliruzgarlarive sogukhavan1netkisiyledikeysu
kolonununiyikar1sm1sbir durumagelmesive béylecedikeydeesit
dag111m11bir yap}ortayac1kmas1d1r.Ilkbahardahava1ar1n1s1nmas1y1a
yuzcysuyudnhnhnfifhir halegeliyorve su kolonuiki katmanyaplsx
gdstermeyebas]1yor‘Yazay1ar1ndasuyundahada1s1nmas1ve

rUzgar1ar1nazalmasldo1ay1s1ylaiki seviyelibuyap1Agustosaylnda
dahabelirginolurve budurumEkimaylnakadardevameder

1.4AKINT1ULCUMLERI
Ak1nt1olcumleri,istasyonlardayerlestirilenak1nt1dlcerlerile,22
Nisan— 12Mayls1992ve 22Temmuz— I3Agustos1992tarihleri
araslndayapllmlstlr
lstasyonyerleriNisanicinSekilI.7’de,TemmuzicinSekilI.8’de
gosterilmistir.Ulcumistasyonlar1cihazlarxnserinumara1ar1ile
belirlenipderinlikleriasagldaverilmistir

Nisan1992(Sekil1.7)
RCM4819 toplamderinlikz Sm. akxnt1olcumderinligiz2.5m.
RCM2905 toplmnderinlik: 6m. ak1nt1olcumderinligiz2.5m.
RCM6625 Loplamderinlik: 8.SnLak1nt1olcumderinligi:5.0m.
RCM6687 toplamderinlikz 10nLak1nL1Olcumderinligiz5.0m.



Temmuz1992(Sekil1.8)
RCM2905toplamderinlikz11.5m.ak1nt1olcumderinligiz6.0m.
RCM6625toplamderinlik:11.5m.ak1nt1olcumderinligiz6.0m.
Nisan’daolcumler10dakikadabir,Temmuz’da20dakikadabiryap11m1s.
herikisindedesaatlikverilerortalamaa11narakbulunmusve bu
degerlergrafiklerdeku11an11m1st1r.Ak1nt1verilerinin
degerlendirmesinderuzgarh1z1vektorleride(Bolum1.5)dikkate
a11nm1st1r.VerilerUcdegisiksekildegosterilmistir
1. Ak1nt1h1z1zamanserileri
Z. Ak1nL1h1z1vektbrzamanserileri,ve
3. IlerleyenvektorSemasL

NISAN—MAYISAKINTILARI

Sekil1.9ve I 10,22Nisan— 12Maylstarihleriaras1ndayapllan
ak1nt1h1zolcumlerininzamanserilerinigostermektedir.Ortalama
ak1nt1hJz1ar1asagldaverilmistih

RCM662514.9cm/5
RCM668721.6cm/S
RCM481923.5cm/s
RCM290528.8cm/s

Ak1nt1OlcumistasyonuCM6687’nins1cak11kve tuzlulukzamanserileri
SekilI.11’deverilmistir

Ak1nt1h1z1vekLbrzamanserileriSekilI.12—I.15’deverilmistir.Bu
grafiklerdesaatlikortalamaakxntlh1z1oklagosterilmistir.Okun
uzunluguh1z1ngostergesio1arak,(1cm= 20cm/s)ve okunyonu
ak1nt1n1naklsyonunugostermektedir.Kuzeygrafiginyukar1s1nadogru,
dogugrafiginsaglnadogrudun
Buak1nt1olcumdonemiicinlimanlnbatlslndakiak1nt11ar1nruzgarla
uyumluoldugu,bununyanls1ra 1iman1ndogusundakiak1nt11ar1n



yonlerindedegismeleroldugugdzlenmistir
LimanlnbaL1s1nda,CM6625ve CM6687'n1nak1nL1h1z1vektbrlerlnln
kuzeydoguyonundebelirginbir bileskesioldugugozlenmistir(Seki1
1.12ve 1.13).Nisanve Mayls1992icinruzgarh1z1vektoruzaman
serileri(Bolum1.5),22Nisan—3May1starihleriaras1ndaruzgarln
gUneybat1ve kuzeydogubolgelerindendegismeliolarakestigini,ancak
dahakuvvetliruzgar1ar1nguneybatldan(kuzeydoguyadogru)estigini
gostermektedir.Budonemdekiak1nt1yonuhakimolarakkuzeydoguya
dogrudur,ve bugbzlemruzgarlauyumludur(Seki11.12—I.13).4-7Mayls
tarihleriarasJndadegisikydnlerdenesen ruzgarlargdzlenmis,aynl
zamanlarda[gun12-15,Sekil1.12-1.13)limanlnbatlslndaki
ak1nt1lardada(ruzgarabagl1olarak)yonve h1zdegisiklikleri
gdzlenmektedin
Liman1ndogusundaak1nt11ardahakimbir yonbulunmamaktadlr(CM481%
Sekil1.14ve CM2905,Sekil1.15).11kbesgunkuolcumlerdeak1nt1
basllcabat1ybnundedirve bu11man1nbatxslndakiak1nt1ve ruzgar
ydnununtersindedir.BundansonrakiVerilerdeak1nt1yonudegisken
olupruzgarlabelirginbir iliskigozlenmemektedir.Bblgesel
ak1nt1lar1bir butunolarakinceleyebilmekicinak1nt1h1Z1her
istasyonicinilerleyenvektorsemas1seklindecizilmistir.Bu
grafiklersaatlikortalamah1zvektdrlerinins1ray1acizilmesiyle
olusturulmustur.CM6625icin(sekil1.16)aklsyonuilk 13gunicin
dogu—kuzeydoguyonunde,dahasonra degiskendihK1y1dandahauzakCM
6687icin[Sekil1.17)ufakdegisiklerlekuzeydoguyonundedir.Bu
gozlemlerruzgarlauyumludur,ve ak1nt11ar1nguneyve guneybatldan
gelenruzgarlarabaglloldugunu,guneyruzgar1ar1araslndaperiodik
olarakgbrulen2ay1fkuzeyruzgarlarlndanetkilenmedigini
gostermektedir.Dogutaraflnda(CM4819Sekil1.18)ak1nt1ilk6gun
bat1yadogrudur,dahasonra yondedegismelerigozlenmektedir.Klyldan
dahauzakLaolanCM290S'deakxntlbastageneldebat1yonundedir
alt1nc1gundensonra kuzeydoguyadogruybndegistirmistir(bak1n1z
Sekil1.19).Yondegismeleriburdadagozlenmistir



Yukar1daan1at1]anak1nt11arlimanlndogusundasaatintersybnunde
donenbiranaforunolustugunugostermektedirve bununsonucuk1y1ya
yak1nak1nt1aclktakiak1nt1yatersbir ak1nL1olusturmustur.Limanln
dogusundakiolcumistasyonlar1n1nikisinindebuanafordanetkilenmesi
sonucu ak1ssemalar1limanlnbatlslndakilerdenfark11c1km1st1r.Bu
nedenile yaz1nak1nt1olcumistasyonlarl.anaforund1s1ndaki
ak1nt11ar1belirlemekicindahaac1g1nayerlestirilmistir
TEMMUZ-AGUS'I‘OSAKINTILARI

SekilI.7,22Temmu2—13Agustostarihleriarasxndayapllanak1nt1
olcumleriistasyonlarlnlgostermektedir.IstasyonlarNisan- Mayls
ay1ar1nkinden2 metredahaderinekonmustur.Ak1nt1dlcerlerdenizden
c1kar11d1g1zaman cihazlarlnustununbolmiktardayosunve deniz
organizma1ar1ile kap1and1g1gorulmustur.BuolusumOlcumlerinson

Zamanlarlndapervane’ninhareketineengelolmustur.H1z1nzaman
serilerigrafigindende (Sekil1.20)goruldugugibi,12’incigunden
sonra h12gittikceazalmaktadlr.11konikigunlukverilerikullanarak
ortalamahlzlarasagldabelirtilmistir

RCM6825 226cm/S
RCM2905 2¢Ocm/S

Tennnuzve Agustosruzgarverileri(Bolum1.5)bolgeninyazlntipik
ruzgaro1usum1ar1n1desteklemektedir.Ruzgarogledensonra

guneybat1dan,geceleyinkuzeydogudanesmektedir.Ak1nt1h1zvektbr
zamanserileriSekil1.21ve I.22'de,ilerleyenh1zvektorsemas1
Sekil1.23ve I.24'de,CM6625ici?slcaklxkve tuzlulukzaman
serileriSekilI.25’degosLer11misLir.Herikiistasyondakiolcumlerin
aynto1mas1,dongunund1s1ndaka11payn1ak1samahruzka1d1klar1n1n
gostergesidir.Ak1nt1ruzgarladegismekleberaberesas itibarlyla
kuzeydoguybnundedir.Busonucruzgarverilerlnlndenlzdenesen

ruzgarlnkaradanesenindendahagucluoldugugozlemiyleuyumludur



Ak1nt1verilerisu sekildeozetlenebilirzk1y1yayak1nve s1golanbu
bdlgedeak1nt11ar1nolusmaslnlnhakimetkenruzgardlr.Liman
aC1k1ar1ndaherikiolcumddnemindedeak1nt1n1n[birkac
degisikliklereragmen)genelolarakdoguyadogruoldugugczlenmistir
Limanlndogusundak1y1yayak1nbolgedeufakOlceklive saatydnunun
tersindebir anaforunmeydanageldigigozlenmistir.Temmuz- Agustos
olcumlerindebuanaforgdzlenmemistir.Nedenidebudoneminak1nt1
dlcumistasyon1ar1n1ndncekindendahaaclktaoldugudusunulmektedir
Bugozlem,1iman1ndogusundakianaforunyaklaslkolarakTemmuzdaki
ak1nt1Olcumistasyonmevkisiile s1n1r11oldugunugostermektedir
Ak1nt1h1z1ar1isegenelolarak20-25cm/sseviyesindedir,ancak
NisandakiCM6625(Batldalgaklranlnaen yak1nolan)istasyonunda
ortalamah1z15cm/solarakolculmustun

1.5IKLIMSELUZELLIKLER
RUZGARLAR
BolgedekiruzgardurumuEkimile Nisanaras1ndasikloniksistemlere
ve y111ngerikalanay1ar1ndadadenizve karadanesen ybresel
ru2garlar1ndurumunabaglldlr.K15boyuncarUzgar1nyonuve h1z1
yoredekisikloniksistemleringecisyonunebag11d1r,yazdonemindeise
denizdenesen (guneybatlyonunde)ruzgarlarbelirleyicidir.Bolgede
zamanzaman esen guclukuzeydoguruzgarlarxda(Poyrazad1y1a
bilinen)mevcuttur.1992icin(Ocak—Ekim)saatlikortalamaruzgarh1z1
vektbrleriSekilI.26'daverilmistir.Buy11Ocakay1boyunca
ruzgarlarlnhafifoldugugozlenmeklebirliktegeneldeboyleo1mad1g1
bilinmektedir.GucluguneybatlruzgarlarlSubat'1nortaslndanMay1§akadargozlcnmis‘YazruzgarlarliseHaziran'danEkim'ekadardevam
etmistin

1992icinen h1z11esen ruzgarverileriTabloI.1’deverilmistir.K15
boyuncahakimruzgarlarkuzeydoguve guneybaL1dan,yazboyuncada
guneybatldanesmektedir.May1say1ndaucdefakuzeydoguve

dogu—kuzeydoguyonundenesen ruzgarlar1nh1z1n1n10m/s'yigectigi



gozlenmistir.1992’deruzgaryonununayllkfrekansyuzdesiSekil
I.27’degusterilmistir.Ruzgarh1z1n1n1m/s’dendusukolduguzamanlar
(sakin)olarakkabuledilmisve busaylherayicinbelirtilmistir
1977-1991y111ar1aras1ndakiruzgarvektbrh1z1grafikleri(Sek11
I 28—I.42)uzun vadeliruzgarkarakteristiginibelirlemektedir.Bu
grafiklerdegunboyunca3 defayap1lanOlcumler(07:00,14:00ve

21:00)kul1an11m1st1r.Ruzgar1nyazve k1sdonemlerindeki
fark11l1k1ar1n1nyan1s1ra y111aragnrededegisiklikler
gczlenmektedir.Hery11icinruzgaryonununfrekansyuzdesiSekil
I.43’deverilmistir.Burdandagozuktugugibikuzeydogu,kuzeybat1ve

guneybat1ybnlerindenesen ruzgarlarhakimdlr.Ay11kruzgar
frekanslarldaSekilI.44'degosterllmistir.Kuzeydoguve kuzeybat1
bolgelerindenesen ruzgarlarklsaylarlnda(Kaslm—Mart),

guneybatldanesenlerdeyazaylarlndabelirgindir.K1s1nguneybatldan
esen ruzgarlarlnseyrekoldugugbrulmekleberaberguneydoguve

gUneybat1bolgelerindendekuvvetliruzgarlargbzlenmistir.Bu
gozlemlerTable1.1i1edesteklenmektedir.Buruzgarlarsinoptik
haritalardadahabelirginolarakgézukmektedir.TurkDeniz
Kuvvetlerininbiryay1n1nda(1984)asagldakitarihve f1rt1nayonleri
derlenmistir.Flrtlnadanruzgarh121n1n16m/s‘denyuksekoldugu
hallera11nm1sL1r

3Hart1953 Kuzey
27Ocak1959 Guneybatl
13Ocak1968 Guneybatl

BAROMETRIKBASINC

1981— 1990y1llar1araslndakibazltipikbaslncgrafikleriSekil
I.4S‘degosterilmistir.Bugrafiklerde,basxncdegisimlerinin
gozlenebilmesiicinortalamadegericlkarlldlktansonra cizilmistir
Encokdegisimklsaylarlndasikloniksistemleringectigi3-5gunler
suresincegozlenmistir.Subat—Mart1985ve Ocak1987ortalar1nda
gozlendigigibizamanzamanyuksekbasxncsistemibdlgedegenelde



sakinve aclkhavasartlarlyaratlr.SekilI.46’da1992‘minayllk
baslncgrafiklerigtisterilmistir.Ruzgarverileriile yapllan
karsllastlrmalarsonucu gucluruzgarlarlnbaslncdegisimlerinln2-3
gunsureleriicindeoldugugbzukmektedir(19Subat,10-12ve 18Mart,
12-13ve 20Nisantarihlerindeoldugugibi).Sikloniksistemin
yaklasmas1ile basmclndusupguneybat1ytjnundenruzgarlnc1kt1g1,
sistemindoguyonundebolgedenuzaklasmas1lle basmclnart1pruzgarln
kuzeyybnunedondugugbzukmektedir.
RUZGARDALGALARI

Mersinlimanl,dalgahareketineguneybat1ve guneydoguyonlerinden
ac1kt1r.Ac1kdenizdedalgayuksekligi,ruzgarlnsiddetine,esme
suresineve ruzgarmetkili oldugumesafeyebag11d1r.K1y1yadogru
dalgayuksekligi,k1r11mave deniztabanmlns1glasmas1ile
azalmaktadlr.Mersinicinruzgarmetkinolduguen uzun mesafe
f1rt1nan1ndoguAkden‘1z'deGiritadaslcivanndaolduguhallerdedir.
AncakMersinbolgesiguneydoguve guneydengelendalgalaraK1br1s
adas1ndando1ay1bir miktarkorunrna11d1r.Slkloniksistemlerinyolu
Akden'1z’debat1dandoguyadlr,ve f1rt1nan1nmerkeziK1br1s'tangectlgi
taktirdeguneydoguyonundekuvvetliruzgarlarolusmaktadu‘.Budurumda
ruzgarlnetkili oldugualan150denizmilidir,fakatbudurumda
dalgalark1y1yabir engellekarsuasmadangelebilmektedir.Sonucta
guneybatlyonundekidalgalardahas1koldugu.ancakk1y1guneydogudan
dakuvvetlidalgaetkisineac1kt1r.Bucahsmada,dalgadzellikleri
saptamakicin1977-1990y111ar1arasmdakisinoptikharitalar
ku11an1lm1st1r.Derindenizdalgakarakteristikclculenverilerle
karsllastlrllmlsve dalgayuksekligininazalmafakttjruempirikolarak
bulunmustur.Derindenizdalgakarakteristikinibulmakicinkullarulan
ycntem"ShoreProtectionManual"(1973)daverilmistir.Buyak1as1mve

digerbenzeryaklaslmlarsubjektifolduguiclnba21hatalaraac1kt1r.
Urnegin,ruzgamnestigialan1n,ve bclgedef1rt1nadenOncemevcut
dalgarar1n saptanmaslzordur.
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Dalgaverileri1978-1979seneleriaras1ndaOrtaDoguTeknik
UniversitesLDenizBilimleriEnsitusutaraflndanErdeml1‘de
olculmustur.Veriler"Datawell"dalgasamand1ras1ile nlculmustur
Samandlra30metrederinligedemirlenmistir.Kas1m1978—Nisan1979
aylararas1nda2-3metreyuksekligindedalgalars1kolarak
olculmustur.Enyuksekdalgayuksekligi7 Hart1979’da4 metreolarak
olculmustur.Baz1f1rt1nave dalgaolcumorneklerindenasaglda
bahsedilmistir.SinoptikharitalarSekilI.47’deve dalgaverileri
SekilI.48'deverilmistir.

SekilI.47(a)Aral1k15,1978'dekisinoptlkhar1tay1gdsteriyor
F1rt1namerkeziKaradeniz'ded1r.Hesaplanandalgayuksekligi4.5
metredir.UlculendalgaverileriSekilI.48(a)dagosterilmistir
Ortalamadalgayuksekligi1metreve maksimumdalgayuksekligl2.5
metredir.Buikisininaraslndakioran (215/4.5)0155dir. Sekil
I.47(b)3 Ocak1979’dakidurumugosteriyor.Budurumdaf1rt1na
merkeziEgedenizindedir.Tahminedilendalgayuksekligi5.8metredir.
UlculendalgadegerleriSekilI.48(b)'degbsterilmektedir.Ortalama
dalgayuksekligi1.8metredir,maksimumdalgayuksekligi2.8metredir,
bubize(2.8/5.8)O.48’1ikbir oran vermektedir.SekilI.47.(c)7Mart
1979'damerkeziK1br1s'1nguneybatlslndaolanUcuncublr sistemi
gdstermektedir.Budumnndatahminedilendalgayuksekligi6metredir
Sekil1.48(C)dedlculendalgaverileri,ortalamadalgayuksekligini
2.4m. ve maksimumdalgayuksekliginide4m. olarakgbsteriyor
Maksimumdalgayuksekliginintahminedilendalgayuksekligineoranl
4/6veya0.67dir. Mersincivar1ndaolaslmaksimumdalgayuksekligini
hesaplamakicin,sinoptikharitalardayapllanarast1rma. Sekil
I.47(d)degosterilen18Ocak1985tarihlndekif1rt1nan1nbolgeden
gecentipikbir sert f1rt1naoldugunugostermistir.Izobarlar
aras1ndakiarallklardanhesaplananruzgarh1z155knot'tur.Ruzgar1netkinoldugualan150denizmilidir,ve tahminedilendalgayuksekligi
9metredir.Ortalama(0.55)oran1 kullanarak,k1y1dabeklenenmaksimum
dalgayuksekligi5metreve ortalamadalgayuksekligi3metre
o1acakt1r.7 Mart1979dakif1rt1nadabeklenendalgaperiodu10
saniyedirfakatgozlenendalgaperiodu4.5saniyedir.18Ocak1985
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f1rt1nas1ndatahminedilendalgaperiodu12sanlyedir,bundando1ay1
gdzlenecekdalganlnperiodu6sanlyecivar1ndabeklenmelidir.Bu
tahminedilendalgayuksekligive perioduErdem1i‘deOlculenverilere
gdremant1k11oldugudusunulmektedir.BuhesaplanandalgayuksekligL
cokuzun zamanda,Ornek100senedebir,meydanagelebileceken yuksek
dalgadegildir,ancak10-15senedeolabilecekdalgayuksekligidin
HAVAVEDENIZSUYUNUNYUZEYSICAKLIKLARI

1981-1991y11lar1araslndakiy1111khavadegisimleriSekil1.49da
verilmistir.Geneldeen dusuks1cak11kSubatve Martaylarlndaolmak
uzere90C,en yukseks1cak11kiseTemmuzile Agustosay1ar1ndaolmak
uzere28-30DCdinUzellikledusuks1cak11k1ar1nderecesive zaman1nda
ylllaragbrebir degisimvardlr.Ocak1983,Subat1985ay1ar1ndahava
s1cak11g12°C'yekadardusmustur.1984y111ndaOcakve Martay1ar1nda12Cgibiyukseks1cak11k1arve Ara11kay1ndaiseen dusuks1cak11k1ar
gozlenmistir.1987y111ndaOcakve Subatay1ndaortalamas1cak11k12CCcivar1ndaolmustur,ancakMartay1ndas1cakl1k8OC‘yekadardusmusve
yaz1nbaslnakadarortalamanlnaltlndakalmlstlr

1985-1990y111ar1aras1ndak1denizsuyuyuzeys1cak11klar1Sekil1.50
degdsterilmistir.Endusuks1cak11kSubat—Martaraslndakl13OC11a
15OCdir ve en yukseks1cak11kiseTemmuz—Agustosaras1 28OC11a29
CCdir. Havaslcakllklarlndaoldugugibidenizsuyuys1cak11g1day111araras1ndadegismelergostermektedir.1985y111n1nMartaylndaslcakllk
11°c’yedusmustur,budurumorta1aman1n3 ‘Ea1t1ndad1r.1987y1l1nda,havas1cak11g1ndaoldugugibi,denizyuzeyis1cak11g1Martay1nda
orta1aman1n2OCaltlnadusmusturve yaz1nbas1nakadarortalama
degerinaltlndaseyretmistih
NISPINEM

1941-1990y111ar1araslndakinispinemdegerleriSekilI.S1’de
verilmistir.Busekildeayl1kortalamanispinemdegerlericizilmistir.BudegerlerTabloI.2’deVerilmistir
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1.6FIZIKSELVEIKLIMSELVERILERINOZETI
Arastlrmayap11anbolgeninsahileyak1nve derinligininaz o1mas1
nedeniile denizsuyununs1cakl1g1,tuzluluguve katman1asmas1k1y1dan
gelentat11su girdisive bolgeruzgarlardenetkilenmektedir.Su
kolonuEkimileNisanaylarlaras1ndahomojenbir durumdad1r
Katmanlasma,May1say1ndabaslarve Agustos—Ey1U1aylarlndabelirgin
halegelir.Katmanlasmlsdurumdaust tabakan1nkal1n11g1yaklaslk8
metredir.Butabakan1ns1cak11g1Agustosay1ndaZ9-30OCc1var1ndad1n

Callsmabolgesindekiak1nt11aresas itibariyleruzgarlartaraf1ndan
belirlenmektedir.K15boyuncabelirginruzgarlarkuzeydogu—kuzeybat1
yonlerindenesmekleberabersiklonlksistemleringecmeslyleguneybat1
ve guneydoguyonundendekuvvetliruzgarlargelmektedlr.Yazboyunca
denizdenve karadanesen ruzgarlarsistemiolusmaktadir.Guneybat1dan
esen ruzgarlardahakuvvetlidir.Neticedeak1nt1n1nhakimolduguyon
Kuzeydogudur.K15ay1ar1ndaak1nt1larf1rt1nalar1ndegisikyonlerden
gelenruzgarlarabag1m11olupdegiskeno1mas1beklenir.Bat1’dan
dogu‘yadogruolanak1nt11iman1ndogusundak1y1yak1n1ar1ndasaatin
ters istikametindedbnenbir anaforyaratmaktadlr.Anaforunetklslnln
1iman1naclklarlndakayboldugugcrulmustur
Mersinbolgesiguneybatxve guneydoguybnlerindengelendalgalara
ac1kt1r.Mersin'eyak1nErdem1i’de4 m. yuksekligindekidalgalar
o1cu1mUstur.Son15seneninsinoptikharita1ar1n1kullanarakyap11an
tahminlerbolgedemaksimumdalgayuksekligininSm. oldugunu
gbstermistin
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II. MERSINKURFEZININBIYOKIMYASALUZELLIKLERIVEKURFEZDEKIRLENME
11.1.KARAKUKENL1KAYNAKLARDANKIRLENME
Mersln'1nsu andakullanllmaktaclankanallzasyonslstemlnlndenlzedesarj
noktaslndabazlblyoklmyasalve klrletlclparametrelerperiyodlkolarak
takipedilmlstlr.Benzerdlcumler,MerslnkdrfezlneddkulenDellcayve
Muftuderelerllle Cavuslukanallndadalklayllkperlyotlarlayap1lm1st1r
BuRapordasunulanbulgularaalt klsaltmalar,sembollerve blrlmlerEkA‘
daverllmlstlr.EkB‘delsebucallsmadaolculenbiyoklmyasalve klrletlcl
parametrelerealt anallzmetodlar1ndankxsacabahsedllmlstlr.Iklay11k
ara11k1ar1akanallzasyonatlksuyundave Ucakarsudaolculenblyokimyasal
ve kirleticiparametrelerealt sonuclarlntumuClzelge11.1’de
verllmistlr

pH:
UcakarsudaOlculenpH,7.42lle 8.96ars1ndadeglsmektedlrve genelde
mlnlmumdegerlersonbaharda,makslmumdegerlerlsellkbaharbaslang1c1nda
kaydedllmlstlr.AkarsulardaOlcumnoktalarlnlndenizeyaklnolmasl
nedenlylebunoktalardakar1s1mdandolaylkuvvetllblr tamponolandenlz
suyununpH’slna (8.2)yaklndegerlereldeedllmlstlr.Merslnkanallzasyon
desarJ1n1npH’s1 lseakarsularaoranladahadusukolculmustur.Mersln
desarjlndaortalamapH7.63olarakhesap1anm1st1rve mlnlmumdeger
6.89olarakkaydedllmlstir.Arallk1991—Eklm1992tarlhlerlarslnda
MersindesarjlndaolculenpHdegerlerlevselatlklarlclnverilen
llmltleriasmamaktad1r(SuKlrllllglKontroluYdnetmellgl,4—Eylu1-1988,
No.19919,ResmlGazeteL

CozunmusOksijen:(C0,D0):
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UcakarsudaCozunmusOksijenkonsantrasyonu7.5—10.2mg/Larallglnda
Olculmustur.MaksimumCozunmusOksijenkonsantrasyonu,k1skosu11ar1nda
tuketiminaza1mas1ve cozunurlugunsu s1cak11g1dustukceartmaslnedenlyle
Subat1992'deolculmustur.MerslndesarjlndaortalamaCdzunmusOksljen
8.5olarakhesap1anm1st1r.Budegerkanallzasyonatlksu1ar1lcinoldukca
yuksekbirdegerdirve bununsebebldesarjlnhavayaacxko1mas1ve havanln
oksijenindendirekolaraketkilenmesldlr.

BiyokimyasalOksijenIhtiyact(B015):
Bilindigiuzere,BiyoklmyasalOksijenIht1yac1(SE011,sudakiorganlk
maddeninbiyolojik(bakteriyel)olarakparcalanmaslslraslndagerekll
oksijenlnbirtslcusudurve B91‘ inyukseko1mas1,s02konusuortamda
dogalveyakirleticiorganikyukunfazlaoldugunugbstermektedir.
Akarsulardabiry1lboyuncaikl ayarahklarlao1cu1en5B0Idegerleri
2.6lle 3.3mg/Laraslndadeglsmektedlr.Delicay,Cavusluve Muftu
derelerindentoplamB(%Iyukuises1ras1yla2.6-%<10. O.?‘x10ve 1.%x10ton/y11olarakhesap1anm1st1r.BudegerlerKuzeydoguAkden1z'edokulen
buyuknehlrlereait degerlerlekars11ast1r11d1g1ndaoldukcadusuk
degerlerdlr.UrneginBtglyuku,Ceyhanlcln39.9:;<10ton/y11.Seyhanlcln
44.9x1(?ton/y11ve Goksulcln6.3x:i0ton/y11olarakhesaplanmlsmr
(Y1lmazve dig.,1992a).Mersinkanalizasyondesarj1n1nortalamasB01
konsantrasyonuise186.2mg/Lolarakhesaplanmlstlrve blry1111kzaman

suresince339mg/Lgibioldukcayuksekdegerlerolculmustur.Budesarjm
MersinkorfezlneverdlgltoplamBOIyukulse3.é;(10ton/y11olarak
hesaplanmlstlr.Teorikolarakbirkislnlngunde25-70gB01yukuneneden
olduguve Mers1n'denifusunortalama500.000olduguvarsay1l1rsaburadan
hesaplananve korfezeverllentoplamBOIyukununun4.gx10ton/y11lle
olculengercekdegerleuyumlcerislndeolduguac1k11k1agcsrulmektedlr.
MersindesarjlnlnortalamaB01konsantrasyonuSuKlrllliglKontrolu
Yunetmeligindeevselat1k1arlclnverllenust limiteyak1nd1r
(4-Ey1u1—1988,No.19919.ResmiGazetel.

15



KimyasalOksijenIhtlyaci(K01).-
Ba21organikmaddelerlnnormalsartlara1t1ndamlkroorganizmalartara-
f1ndanbiyolojikolarakparca1anmas1(oksitlenmesl)cokguctur;ancakbu
turmaddeleryukseks1cak11ktave kuvvetllasidlkortamdakimyasalolarak
parcalanablllrler.Bunedenle.KimyasalOksijenIhtiyacl(K01)olarak
bilinenve kimyasalolarakparcalanabilenorganikyukutemslledenbu
parametreile su ortam1ndatoplamkirletlciorganikyukun(b1yo1oj1kve

kimyasal)sevlyesihakk1ndaflkirsahiblolmaksozkonusudur.Ucakarsuda
olculenK01konsantrasyonlarl68.1—148.9mg/Lara11g1ndadegismektedirve

Dellcay.Cavusluve MurtuderelerindenMersinkorfezlneglrentoplamKOI
yukus1ras1y1a13.9xfb, 0.7x?0ve 9.2§3oton/y11olarakhesaplanmlstlr
GeneldeKOIkonsantrasyonuve do1ays1y1atoplamyukun,BOI'niniklkat1
o1mas1beklenlr;ancakMerslnbolgesindekiakarsulardaK0¥{BOIoran1n1n
cokyuksekoldugutespltedllmlstir.Budurumdabuakarsularafazla
miktardaendustriyelat1kdesarjedlldiginlgustermektedlr.Mersln
desarjlndalseKOIkonsantrasyonunungplkonsantrasyonununhemenhemen
lkikatloldugutespitedilmistirkl buevselozelllktekiat1klaricin
normalbirorandlr.MerslndesarJ1ndankorfezetoplam6.2x10ton/y11K0?
yeesltorganlkyukunverlldiglhesaplanm1st1r.

ToplamAs?iKa?(TAK%
MersinkorfezinedokulenucakarsudaToplamAS111Katl(TAK)4.4—9.2mg/L
ara11g1ndaolculmustur.Bu,ikiay11karallklarlasurdurulenlzleme
cal1sma1ar1ndaen yuksekTAKdegerlerlakarsudebilerinlnartmas1
tas1d1k1ar1maddem1ktar1ndaartlsnedenlyleMayls1992'dekaydedilmistlr
Delicay,Cavusluve MuftuderelerlndeToplamAS111Katlyukus1ras1y1a
4.1x1(?,0.5x15ve 6.6xf6ton/y11olarakhesap1anm1st1r.Mersln
kanalizasyondesarJ1n1nortalamaTAKkonsantrasyonulse 100mg/Lolarak
hesap1anm1st1rve budesarjdankorfezey11datoplam1.ax10tonas111katl
girmektedlr.
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BesinTuzlarh

BuizlemecallsmaslndaMersinkorfezlnedokulenucakarsudave su anda
faaliyettebulunanMersinkanallzasyondesarJ1ndabesintuzu
konsantrasyonlarxdaolculmustur.Toplamlnorganlkfosfat4(P0)yuklerl
Delicay,Cavusluve Muftuderelerlicln51ras1y1a1.32,2.50ve 1.33ton/y1l
olarakhesaplanm1st1r.BuUcakarsuyuntoplamfosfor(organlk+1norganlk)
girdilerilseyineayn1sxrayla2.87,2.50ve 1.76ton/y11olarak
hesap1anm1st1r.Busonuclar,budesarjdankorfezeverllentoplamfosforun
dnemliblrk1sm1n1ncozunmusinorganikfosfatoldugunugostermektedlr.Diger
yandanMerslnkanallzasyonundankorfezey1lda41.9toninorganikfosfatve

66.5tontoplamfosforglrmektedlrve budegerlerakarsulardanolangirdiler
llekars1last1r1ld1g1ndaoldukcafazlad1r

Dellcay,Cavusluve Muftuderelerlndenkbrfezeclantoplamoksltlenmis
azot(NQ}—N%)girdllerllses1ras1y1a153.6,22.7vs 64.4ton/y11olarak
hesaplanm1st1r.FosforgirdllerlnlnterslneMerslndesarjlndankorfeze
girenazotmlktar11.2ton/y11olarakhesaplanmxsve budegerakarsulardan
olanazotglrdllerille k1yasland1g1ndacokdusukoldugugozlenmlstlr.Buna
nedentarxmalanlarlndakullanllanazotlusunigubrelerlnakarsular
vas1tas1y1akdrfezetaslnmasldlr

PoliaromatlkPetrolHidrokarbonlari(PAH):

K1y1sular1ndapetrolkirlenmesineen fazlak1y1dabulunanpetrol
raflnerlleri,endustrikuruluslarxve evselat1k1arnedenolmaktad1r.Bu
lzlemecallsmaslnda,MerslnkorfezlnedokulenUcakarsudave MerslnSehlr
kanalizasyonundacozunmus/dag1lm1spollaromatlkpetrolhldrokarbonlarl
Olculmusve korfezeglrdllerhesaplanmlstlr.OrtalamaPAHkonsantrasyonu
Cavusluve Muftuderelerllcln0.52ve 0.36ug/Lolarakhesap1anm1st1r
DellcayderesindelsePAHkonsantrasyonuorta1amas13.1pg/Ld1r.Buakarsuda
petrolklrlenmesinlnyuksekduzeydeo1mas1n1nneden!Dellcaymevkllnde
raflnerlbu1unmas1ve lrlli-ufakl1petrolendustrlslnlnbolgedefaallyet
gostermesidir.Buakarsulardantoplampetrolve petrolurunlerlgirdisl
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5.3—290kg/y11arallglndadlr.Mersinkanallzasyondesarj1ndaPAH
konsantrasyonuortalama148pg/Lolarakolculmusturve buevselatlk
vas1tas1ylakorfezey11da2.8tonpetroltaslnmaktadlr

AgirMetaller:Civave Kadmiyum(Hgve Cd):
DenizekosistemlerlicintoksikolanmetallerdenbirislolanCiva,Mersin
korfezinedokulenucakarsudave Mersinkanallzasyondesarjlndaiklay11k
perlyotlarlaolculmustur.AkarsulardaClvakonsantrasyonara11g10.6ile6.0
ng/Lolarak,MersindesarJ1ndaisekonsantrasyonyuksekolup1.9-8.4ng/L
ara11g1ndatespitedilmistir.Delicay.Cavusluve Muftuderelerindentoplam
Civagirdisis1ras1yla159.5,25.2ve 216.6g/y11olarakhesap1anm1st1r
MerslndesarjlndankorfezegirenClva,akarsulardangirenmiktarlarla
k1yas1anabilecekbirseviyededirve 70g/y11olarakhesap1anm1st1r.Cdzunmus
KadmiyumkonsantrasyonuMersinkdrfezindeklkarakaynakllkirletlcl
atlklarda(akarsularve kanalizasyonat1g1)0—2.85ng/Lara11g1nda
olculmustur.Bununlaberaberas111katlyatutunmussekildebulunanKadmlyum
konsantrasyonu0-818.4ng/Lglbicokgenlsbirkonsantrasyonarallglnda
olculmustur.Delicay,Cavusluve MuftuderelerindentoplamKadmiyumgirdlsi
s1ras1y1a14.7,0.9ve 4.2kg/y11olarakhesaplanmlstlr.Mersinkanalizasyon
desarj1ndaas111kat1dakiKadmiyumkonsantrasyonuEklm1992'de3318ng/L
kadaryuksekolculmusve budesarjdab1ry11l1kortalamaas111kat1daki
Kadmiyum881.8ng/Lolarakhesaplanmlstxr;buda16.7kg/y11kadar
Kadmiyumunkbrfezebukaynaklatas1nd1g1n1gostermektedir.

FekalKoliform(FC):
DenizortamlndamikrobiyolojikkirlenmeningostergesiclanFekalKoliform
seviyelerideMersinkorfezineddkulenucakarsudave Merslnsehir
kanalizasyonundabiry1lsureile lzlenmistir.AkarsulardaFC100mL'de
150-4000ara11g1ndasay11m1st1rve genelllklemaksimumdegerleryaz
aylarlndaeldeedllmistir.DigeryandanbeklendlgiuzereMerslnsehlr
kanalizasyonatlklarlnda100mL'desayllanFCsay1s1cokyuksektlrve
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1.7x16lile 1.4x18arallglndadeglsmektedlr.

11.2.MERSINKORFEZIKIYISULARININBIYOKIMYASALUZELLIKLERI:
Mersinkorfezlndebelirliistasyonlardaperlyodlkdeniz—sahaca11sma1ar1
yapllarakbaz1biyokimyasalve kirleticiparametrelerolculmustur.1991-1992
ylllarlndaSkezdenlz-sahaca11smas1yapllmxsve SekllII.1.’degosterilen
lstasyonlardatoplanansu orneklerndeolcumleryap11m1st1r.Sekilden
gorulecegiuzerebirgrupistasyonsu andafaaliyetteolanMersln
kanallzasyonubdlgesinde,digerblrgruplstasyon1seilerldeyap1m1
planlananderindenlzdesarjllclntasarlananyerolanCavuslukanallOnunde
ve/veyaKaraduvarbdlgesindebu1unmaktad1r.Merslnkdrfezindeyapllansaha
ca11sma1ar1naait tarihlerasag1daverilmlstir

S/Ara11k/1991(K13ddnemi)
29/Nisan/1992(Ilkbahardonemi)
29/May/1992(llkbahardbnemi)
18/August/1992(Yazdbneml)
2/Ekim/1992(Sonbaharddneml)
Birsahacallsmaslndayeterlibllgledinllememesinedenlylellkbahar
donemindeikisahacal1smas1yapllmlstlr.Budenlz-sahacallsmalarlndaelde
edilenhidrografik,biyokimyasalve kirletlclparametrelerealt sonuclar
CizelgeII.2.,II.3.,11.4.,II.5.ve II.6.’daverilmistir

Biyokimyasalve KirletictParametrelerinMersinKorfezindeDagilimi:
pH:
Buizlemeca11smas1boyuncaMerslnkorfezik1y1su1ar1ndapH8.00ile 8.36
araslndadegismektedirve budegerlerac1ksu degerleriile uyum
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lcerisindedir.Bllindigluzeredenlzsuyucokkuvvetllbir tampondur;bu
nedenlekarasalkaynaklardanbuyukhaclmlerdekuvvetllasldlkve/veyabazlk
at1kverilmedlkcedenlzsuyununpH‘51 etkllenmemektedir.BolumII.1.'de
tart1s11d1g1uzereMerslnkorfezinedesarj1olanakarsularve kanalizasyon
sular1n1npH’s1 kuvvetllasidikve/veyabazikseviyededegildirve korfez
sularlnlnpH’s1n1 etkllememektedlr

ToplamAsiliKati(TAK):
MersinkorfezindedlculenToplamAS111Kat1n1nmevslmseldag111m1Sekil
11.2.‘debargrafiklerhalindegosterllmlstlr.GeneldeTAKkorfezk1y1
sularlnda2.6-120mg/Lara11g1ndaolculmusturve en yuksekdegerlerMersin
kanallzasyonununetkialanlndakiistasyonlar(M18,M19,M20ve M24gibllile
KaraduvarbolgesindeCavuslukana11n1netklsindeklk1y1yayaklnistasyonlarda
(M1,M2,M3,M4)eldeedilmlstlr.BunoktalardlslndaolculenTAKdegerleri
5-20mg/Laraslndadegismektedirve KuzeydoguAkdenlzk1y1sularlndaolculen
degerlerleklyaslanabillrsevlyededlr.AncakbllindigluzereAkden12'1naclk
sularlndaTAKkonsantrasyonuoldukcadusukturve ortalama2mg/L
sevlyesindedlr(Bermanve d1g.,1984;Y11mazve d1g.,1992b).Mersin
kbrfezindeayn1noktalardayap11anve 1s1kgecirgenligive dolayslylaas111
kat1n1nm1ktar1n1nbirgdstergesiolanSecchldiskderlnllglolcumleri0.5
ile 4maras1ndadegismektedlr.Budegerlerac1ksu degerlerl(25-30m),
(Yxlmazet al.,1992b)ilekars1last1r11d1g1ndaoldukcadusuktur.

CozunmusOksijen(DC,Co):
Denizortam1ndasudacozunmusoksijenhemenhementumdenizcan111ar1icin
hayatlonemtas1maktad1r.Urneginballklaroksijensizblr ortamda
yasayamazlarve mikroorganizmalarlnortamdabulunanorganikmaddeyi
parcalamalarx(oksitlemelerl)imkanslzlaslr.Mersinkorfezlndeyap1lan
oslnografikdlcumlerCozunmusoksljenkonsantrasyonunun5.29ile 11.90mg/L
aras1ndadegistiglnigostermistir.Korfezdeolculencozunmusoksljen
bulgular1mevsimselbazdaSekilI1.3.’desunulmustur.K15ve llkbaharln11k
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ay1ar1ndasu kolonundaduseykar1s1m1netkllio1mas1nedenlyleCozunmus
oksljenkonsantrasyonuhemyuzeyhemdeyuzeya1t1sulardabagxlolarak
yuksekolculmustur.UzellikleNisan1992'de8mg/L3ninuzerlndedlculen
degerlergeneldedenizsuyundakidoygunlukdegerlerineulasmaktadlrve bu
yuksekdegerlereatmosferlkgirdlninyan1s1radenizdeklblrlnclluretimde
olusanoksijennedenolmaktadlr.Yazve onutaklpedensonbaharmevslmlnde
su kolonundas1cak11kfarkl1lasmas1nedeniyletabakalasmaolmaktadlrve bu
tabakaboloksijenliyuzeysu1ar1ndandipsularaoksijentas1nmas1n1
engellemektedir.BunedenleClzelgelerdeklbulgulardangorulecegluzere
ozelliklekanallzasyondesarJ1ve akarsularlnetkialanlndakilstasyonlarda
cozunmusoksijenkonsantrasyonuderinllkleazalmaktadxr.Yazaylarlndalse
yuzeysularxndaklcozunmusoksljendegerlerisu s1cak11g1n1nyuksek
olmasxndandolay1oksijenincuzunurlugununaza1mas1nedenlyledusuktur.

BiyokimyasalOksijenIhtiyaci(B015):
Mersinkdrfezik1y1sularlndaBiyokimyasalOksijenIhtlyaclgenelde5mg/L’
ninaltlndaolculmusturve olcumara11g1<O.1mg/Llle 10.3mg/Laraslnda
degismektedir.EndusukBOIdegerleriAra11k1991doneminde,en yuksek
degerlerisegeneldeblyolojlkolarakparcalanabllirorganikmaddeninen

fazlaolduguyazay1ar1nda—Agustos1992‘de—olculmustur.Beklendlgluzere
en yuksekdegerlerMersinsehirdesarj1n1netkislaltlndakiM18,M19,M20,
M23,M24istasyonlar1lleyinekarasalgirdilerinetklsialtlndakive

KaraduvarbolgesindeyeralanM1,M2.M3ve M41stasyon1ar1ndaolculmustur

KimyasalOksijenIhtiyaci(KOI):
Arallk1991—Ek1m1992tarihleriaras1ndaMerslnkbrfezik1y1sularlnda
olculenKimyasalOksljenIht1yac1bu1gu1ar1mevslmselbazdaSekllII.5.’de
sunulmustur.23.9mg}?/L’yevaran yuksekK01degerlerinlneldeedildlgi
Mersinkbrfezindegenelllklekarasalkaynaklarxn(bzelliklesehir
kanalizasyonunun)etklalanlndakilstasyonlarda(M18,M19ve M20)K01
degerleriyuksektir.0.52mg/LgibiminimumK01degerlerllsegeneldek1y1
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etkislndenuzakistasyonlardaolculmustur

InorganikFosfat(0-PO4h
Mersinkorfezik1y1sular1ndaolculencozunmuslnorganikfosfat1nmevslmsel
dag1l1m1SekilII.6.'dasunulmustur.Genelllkleevselat1klar1netklslndeki
istasyonlarda(M18—M30),fosfatdegerleributuny11boyuncabag11olarak
yuksektir.Cavuslukana11n1netkialanxndakilstasyonlardadakonsantrasyon
seviyelerlac1ksularlnklneoranlaoldukcayuksektlr.Mersinkorfezlk1y1
sular1ndainorganlkfosfat0.02uMile 20.32uMarallglndaolculmustur
BilindigiuzereDoguAkdenizsular1besintuz1ar1nca(Fosfatve nltrat)cok
fakirdirve ozellikleac1ksulardauretkenyuzeytabakas1ndaiorganikfosfat
0.02-0.03pMgibiUlcumllmltlerinedusmektedlr.DoguAkdenlz'defosfat
biricilUretlmlslnlrlayanbesintuzuolarakbellrlenmlstir(Krom,vedig.
1991L

ToplamOksi?enn?sAzot(NO+ N02»3
Bolum11.1’debahsedildlgiglbik1y1sa1alanlardayuzeysu1ar1n1nbesin
tuzulhtiyaclkarasalkaynaklar(geneldeakarsular)ve klsmendedeniz
ortamlndakirejenerasyonproseslerlndensag1anmaktad1r.SekilII.7’de
Ara11k1991—Ek1m1992tarlhleriaraslndaMerslnkorfezindeblculentoplam
oksltlenmisazotdegerlerlverilmlstlr.Bagxlolarakenyuks§¥N%4N0konsantrasyon1ar1KaraduvarbolgeslndeCavuslukana11n1netklsindeki
lstasyonlardaolculmustur.Mersinsehlrkanallzasyonununetkisialtlndakl
istasyonlardadabag11olarakyuksekdegerlereldeedllmistirancakBolum
II.1.'desozedlldigigibiMersinsehirdesarjlndanbag1lolarakdusuk
seviyedeazotglrdisioldugundanbubolgededenizsuyundakltoplam
oksitlenmisazotdegerlerlKaraduvarbblgesindekidegerlerdendahadusuktur.
CizelgelerII.2.—II.6'dangorulecegluzereMersinkbrfezik1y1su1ar1nda
toplamoksitlenmlsazotkonsantrasyonu0.07—36.20pMarallglndaolculmustur.
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FekalKoliform(FC):
Merslnkorfezlk1y1sularlndamevslmselbazdaolculenFekalKollform
anallzleribukorfezincokfazlaevselatlgamaruzkalmaslnedeniyle
mikrobiyolojikac1dankirlenmisdurumdaoldugunugostermektedlr.SekilII.8.
secllmisistasyonlardaclculenFekalkollformbakterlsay11ar1n1nmevsimsel
dag111m1n1vermektedir.DunyaSag11kTesk11at1’n1n(WHO),yuzmeveyagenel
olarakyak1nk1y1su1ar1Xcinverdigllimit100mL’de100adettlrve bu
limitSuKirliligiKontroluYonetmellglndeyuksektutulmusturve zamanzaman

degisikllklereugramlstlr(SuUrunlerlTuzugu).FekalKoliformMersin
korfezlk1y1sularlnda100mLde(10glbicokdusukdegerlerile 3.000.000
kadarbuyukdegerleraraslndadegismektedir.EnyuksekdegerlerMersinsehir
desarjlnaen yak1nlstasyonlardaUlculmustur.NadirenWHOlimitiniasan

degerlerKaraduvarbolgeslndedeolculmusturve karasalkaynak11m1kro—
biyolojikklrlenmeylgostermektedin

11.3.T-90DENEYIVERODAMIN-BBOYAIZLEMECALISMASI
MersinkorfezlndeevselatlktankaynaklananFekalKo11formlar1nkaynaktan
clktlktansonra %90'n1n1nolmesiloingerekllzamanolarakbillnenT-90
olcumlerive kanallzasyonat1k1ar1n1nan1ndalzlenmeslnlsaglayanRodamin-B
boyaca11smas1Eklm1992tarihindeyap11m1st1r.Buca11smada,2kgboyan1nZ
4011kasetikaslt icerisindekiRodamln-Bcozelt1s1(5L)Merslnkanallzasyon
desarjlnlndenlzeddkuldugunoktadayuzeyeaniolarakbosa1t11m1st1r.Daha
sonra Rodamlnboyasxsadecebuboyayahassasolcumleryapabilenin situ
florometrellegorselolaraksecilmlslstasyonlardalzlenmlstlr.Rodam1n—B
boyaizlemesinealt sonuclarSekllII.9?daverilmlstlr.Boya
ca11smas1n1nyap11d1g11stasyon1ar1nkoordinatlarxDeccaTrisponder
Navigasyonsistemlku11an11arakan1ndasaptanm1st1r.SekilII.9a.'dan
gdrulecegiuzerelkl lstasyonaras1ndak1zamanfark14-19daklkaaraslnda
degismektedir.Heristasyondayerindeyapllanfloresansolcumlerine
paralelolarakfarklxderinliklerdensu orneklerltoplanmlsve
buorneklerdean1ndaFekalKoliformanallzlerlyap11m1st1r.Ayr1casu
orneklerlEnstitu1aboratuvar1ar1natas1naraklaboratuvartlpi
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Spektroflorometrelle deRodam1ne—Bkonsantrasyon1ar1saptanmxsve insitu
florometresonuclarlkallbreedllmistlr.Rodamin-Bboyaca11smas1ndaelde
edilenkonsantrasyondegerleriSekilII.9b’deharitauzerinde
gosterilmistlr.Buboyakorfezdeancaklklbucuksaatsure11etakipedilebilmistirve busuresonundaboyanlndenizsuyundakikonsantrasyon
seviyeslflorometrikolaraktakipedllemezsevlyeyedusmustur.Sekil
II.9b.’dengorulecegluzereboyadenlzebosaltlldlktansonra iklkola
ayr11m1st1rve ilk olarakdoguyadogruyonelenboyaizlenmlstir.Ikinclve

birlnciyeoranladahazay1folaniklclkolOncebatlyasonra kuzeybat1ya
dogruyonelmistlr.BoyaizlemecallsmasldesarjlnbatlslndaR8
istasyonunda,dogusundaR7,R10,R14ve R15lstasyonlarlndaseyrelmefaktdru
104oluncayakadarsurdurulmustur.Anlndayap11anFekalKoliformOlcumleri
deyaklaslkayn1seyrelmefaktoruilebenzerdag1l1m1gostermistlrve bu
sonuclarSekilII.9c.'deharitaUzerindesunulmustur.
Ekim1992deniz—sahaca11sma1ar1cevreselkosu11ar1ndayap11anve bulge
FekalKoliformunukarakterlzeedecekolanT-90testinde,Fekal
ko11form1ar1nboyan1nseyrelmeegillmineparalelolarakdag11d1g1n1
gostermistir.Ancakbucallsmadaeldeedllenkorelasyon,boyan1nboyasxzdenlz
suyulle kar1s1m1n1nboyakonsantrasyonunuetkllemesliledeglslksay1daFekalKoliformicerensu1ar1nkar1s1m1n1nFekalKoliformsay11ar1n1ayn1
sekildeetkilememeslve FekalKoliformlarlnzamanlaparcalanaraksay1ca
aza1mas1nedeniyletaman1am1y1ayeterlldegldir.Bunedenledesarjxn
dogusundaFekalKoliformdegerlerindedalgalanmalargorulmektedir.Sonuc
olarakbudeneyslraslndaeldeedllenbulgularadayanxlarakT—90degerinin(Eklmay1ic1n)1-2saatara11g1ndaolduguhesaplanmlstlr
BolumII.2.'detart1s1ld1g1ve SekllII.10.’dagdsterildigigibiMersin
kbrfezindeFekalkollformundag111m1n1ozelliklekanalizasyonat1k1ar1ndan
ve akarsulardanglrdilerile denlzortam1ndak1fizlkselve blyokimyasal
prosesleretkilemektedir.T—90degerl,FekalKoliformve korfezdekiak1nt1
degerlerikullanllarakindirekolaraktekrarhesap1anm1st1r.Egerkorfezde
ak1nt1n1nortalama20-50cm/snolduguvarsay111rsa(Bdlum1.),ve geneldeFekalKoliformsay11ar1kanallzasyondesarjxndanhemenhemen500-1000m
uzakllktakinoktalardas1f1rayaklaslyorsaT—90degerlninkorfezde>1saat
ile <1.5saatarasxndao1mas1gerekmektedirve yap11anhesaplardadabu
sonuceldeedllmlstlr
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APPENDIKSA

Sembol Birim Aclklama

T 0C S1cakl1k

S O/oo,ppt,psuTuzluluk

SD m SecchiDiskDerinligi
pH — Asit1'1k—Bazl1k

TSS mg/L ToplamAS111Katl

DO mg/L CdzunmusOksijen

BODSmg/L BiyokimyasalOksijenIhtiyacl(5gunluk)
COD‘!mg/L KimyasalOksijenIhtiyacl
o—PO4-P;1M Ort0—f0sfat

NO3+NO2—NuM ToplarnOksitlenmisAzot(Nitrat+ Nitrit)
FC it/100mL FekalKoliform

Tot—P uM ToplamFosfor(Organik+ Inorganik)
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PAH ug/L

Hg ng/L

Cd ng/L

CLITSSng/L

PoliaromatikPetrolHidrokarbonlarl

SudaToplamCiva

SudaTop1amKadmiyum

AS111KatldaKadmiyum

* DenizsuyundaCODas1l1katldaolculmustur.Bununnedenidenizsuyundakiklorunbudeneyslraslndareaksiyonlarletkilemcsidir.

27



METODLAR!

ParametreScmbol

APPENDIKSB

Referans

Disnolved
Oxygen
Total
SunpendodSediment
o-Phosphate

NitrateiNitrite

FeacalCoiiform
Biochemical
OxygenDemand

Chemical
OxygenDemand

Petroleum
Hydrocarbons
Hercury
Cadmium

Total
Phosphorus

TSS

P04-P

NOJFNOZ
FC

nous

COD

nnpn
(rnn)

Hg(water)
Cd(water)
Cd(oed)

Metod Duyar1111k
S1n1r1

wlnkier JpnTitration
Crnvimotrlc 0 I mq

PhoHpho~moiybdntecomplexformation
Autoanalyzer
Cd—Cnreduction
Azoodyoformation
Autoanalyznr
Hemhrnnn
Filtration

Incubationat
2n”C/SdnynwlnklnrTlrntionorDOprobe
Oxidationwith
K2Cr2O7|H2SO4Titrimetric
n—hoxnn@extractionFlnoromotric
Coldvnpor,AA5
Aqua?qqindiqentionFlamelnnnAAS
HotH03digestion
PnrnulphateoxidaL|on,phonphomoiihdntecomplexformation
spectrophotometryor Antonnalyzqr
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0.02uH

0.05pH

0.] mg/I.

0.1mg/L
0.0lpg/L
0.25ng
0.02nq
0.02ng

0.1)!"

StricklandandParaona,1972
ANITA,AWWA,WPCF
StandardMethods1980
StricklandandParsons1972
Grnanhoff,1976
StricklandandParnonn1972
Crnnnhoff,1976
APHA,AWWA,WPCF
1980
StricklandandFar9onn,1972

APHA,AWWA,WPCF
1980
unmsco,1984
unnr,1986

Yemenicioglu,198O
Edigerat al.,1974

Stricklandand
Paraonn,1972;FAOFinheries
Tech.R9p.No:137,]975
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TABLO1.1Enh1z11ruzgarlar(windgust)1992

windspeedsgreaterthan10m/sare listedbelow.
Date
27.30.'27.

1.921.921.92
3.2.929.2.9220.22.29.
13.15.18.19.21.22.28.29.30.31.

.92.92.92f\J.\Jl\J.92.92.92.92.92.92.923923.923.92LJLJL-It.JL-ILJLJ
Speed
11.11.10.
12.14.18.12.14.
11.10.12.12.14.11.12.14.19.11.

(For

492

C..".\JC3‘~DL'l
\.'(JC\\l®\.DO".ZJ':JA

Direction
ENENEENE
ENEENESSWNEENE
NNESWSSWWNWSW1114NESSWWSW

Date
8.4.9212.4.9213.4.9220.4.9221.4.92

19.8.9223.8.92
20.9.92
5.10.92

Speed
15.20.17.21.11.
10.14.12.10.12.
19.11.12.
11.10.
11.10.
11.
6.6

CON!U1\I.\J.\J\O\4‘>\X\lO
Direction
WSSWSSWSSWSSW
NENEENEWSWWSW
NNWSSWSW
SSWSSW
SWSSW
SW
SSWOctober,maximumobservedwindspeedis given)
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TABLO1.1Enh1211ruzgarlar(windgust)1992

Date
Windspeedsgreaterthan10m/sare listedbelow.

27.1.9230.1.9227.1.92
3.2.929.2.9220.22.29.
13.15.18.19.21.22.28.29.(all.-J(;.Jl.ll¢ll—J
.\ln’\JlU
3392

.92.92.92

.92.92.92.92.92.9292
30.3.9231.3.92

SpeedDir
11.4 ENE11.9 NE10.2 ENE
12.5 ENE14.9 ENE18.8 SSW12.2 NE14.8 ENE
11.4 NNE10.0 SW12.8 SSW12.0 WNW14.9 SW11.8 NW12.7 NE14.6 SSW19.3 W11.7 SW

(ForOctober,

ection Date
8.4.9212.4.9213.4.9220.4.92

20.9.92
5.10.92

Speed
15.020.717.721.411.7
10.14.12.10.12.U1\I.\J:\J‘~D19.11.12.0Ox!
11.710.{U
11.10.)-4O11.2
6.6

Direction
WSSWSSWSSWSSW
NENEENEWSWWSW
NNWSSWSW
SSWSSW
SWSSW
SW
SSWmaximumobservedwindspeedis given)

129
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7‘/131.0I

'687169787377676577737675797466746174728077757878717770797168696774697473706870597772727773715573

‘?at7171657161757563706873686370747061746173677179787172797579777274677971727374716968678376626875737070

ortalamanispinemoranlar11941
Apr7171736270716676716971657776727562696378BO8779717573808169718175737270797675696966728280767174757074

MayJun71 7772 7072 7469 7573 -7076 7372 7872 7369 7478 6773 7468 6873 7573 7772 7375 6871 7170 7273 7367 7580 8082 8278 7578 7672 7272 7575 7074 7275 7374 7473 7478 7871 7277 7672 7876 7775 7875 7076 7271 7570 7473 7382 8078 8277 7774 7678 7978 8271 7971 72
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Jul777269737169767375717177737773687475767881917676757671747278778077727776767370787574857969so78777979

Aug7073747270716975716668727376726971717173799072717480727576717479747276757471757072798672748068787974

—199o

SepOct67 6167 7256 6868 7068 6364 6865 6368 5966 6773 6366 6968 6666 6270 7371 6455 5372 6271 6360 6375 7376 7577 8170 7268 6570 6171 6770 7071 7367 7070 6574 6778 7469 6765 7464 6473 7473 6469 7866 6661 6264 6473 6880 7375 5565 6572 6462 5868 7266 6767 59

Nov6876697270657856606773697O88645869576770847975676868727469767269656767676556646062628070736664707064

Dec7164686576737469676567756792766069756470B682696973_75787775717055697268757172696073667561686466727159
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1.1 INTRODUCTION
ThepresentReportprovidesan evaluationof thephysical,chemical
andbio—chemicaloceanographicinvestigationsconductedin theBayof
Mersininrelationto theproposedmarineoutfallproject
Thescopeof thestudiesincludeddeterminationof thefollowing:
1)physicalandchemicalcharacteristicsof thewaterin thevicinityof theMersinharbor;
2)prevailingcurrents
3)climatologicalcharacteristicsof theregion,includingwindwaves
Thephysicaldataare presentedinSec.I,andthechemicaland
bio—chemicaldatainSec.IL

Thewaterpropertiesandthecurrentswere determinedin thefield.
Thewindwavecharacteristicswere determinedusinghindcasting
techniquesandwavesmeasurednear Mersin(atErdemli)during1978-79.
Theclimatolicalcharacteristicsof theregion,whichincludethesea
andair temperatures,winds,barometricpressureandrelative
humidity,were determinedfrommeteorologicaldataforMersin.

I.2 CRUISEDATES,INSTRUMENTATIONANDDATAPROCESSING
Datain thefieldwere collectedat thestationsshowninFig.I.1on
thefollowingdates:
1. DecemberS,1991.(physicalandchemicalparametersL

April29, 1992.(chemicalparameters)
May29, 1992.(physicalandchemicalparameters)
August18,1992.(physicalandchemicalparameters)w~=s-=_~October2-3,1992.(physicalandchemicalparameters)

Instrumentation.
Temperatureandsalinitywere measuredusinga SeaBirdmodel9CTD
profilingsystem.Theprobemeasures thedepth,temperatureand
conductivitysimultaneouslyat a rateof24datapointspersecondas



it is loweredintothewatercolumn.Thetemperaturesensor hasan
accuracyof0.01°Candtheconductivitysensor of0.001Siemens.The
probecan eithertransmitdatato a deckuniton board,or thedata
can bestoredina memoryunitandprocessedlater. Inthisstudythe
secondoptionwas used.Aftereachcruise,thedataforeachstation
were binaveragedin 1mbins

TheDeccatrispondersystemwas usedforpositioningtheboatandfor
obtainingthelocationsof thecurrentmeters

Thecurrentswere measuredusingAanderaarecordingcurrentmeters
Thisis a selfcontainedbatterypoweredinstrumentthatrecordsdata
on magnetictapeautomaticallyat presetsamplingintervals.After
recoveryof thecurrentmeter,thedataare readbya tapereading
unit,andconvertedtoengineeringunits

1.3 TEMPERATURE,SALINITYANDDENSITYPROFILES
Temperature,salinityanddensityprofilesforthefourcruisesare

givenin thefollowingfigures
Dec1991cruise Fig.I.2
May1992cruise Fig.I.3
August1992cruise Fig.I.4October1992cruise Fig.I.5
Foreachcruise,twosetsofprofilesare given.Inthefirst seh
profilesoftemperatureandsalinityare plotted,whilein thesecond
set,profilesof temperatureandthedensityparametersigma—tare

given.Thetemperatureis shownbythesolidlineandthesalinityor

densitybythedashedline. Attheveryshallowstationsonlyone

value,at i mdepth,is given.
TheDecemberdataindicatesverticalyuniformdistributionof
salinity,andslightlylowertemperaturesnear thebottomthanat the
surface.Thisis attributedto theverticalmixingof therelatively
shallowwatercolumnduetowindsandsurfacecooling.Thedensity



profilesindicatea near homogenousstructurein theupper5-6mof
thewatercolumn,andan increaseindensitybelowthatdepth.
Inthe29Maycruise,thesurfacesalinitiesare lowerandthesurface
temperaturesare warmerthaninDecember,indicatingtheeffectof
freshwaterinflowduringthespringseason fromtheriversandof
radiationalheating.Thesurfacesalinitiesare quitelow,about34
ppt,at thestationsM—5,M—6andH-7,whichare locatedcloseto the
shoreon theeastsideof theharbor.Atstationsawayfromtheshore,
suchas M—31andM-32,thetemperatureindicatesan increaseofabout
4°Cfromthebottomto thesurface.Atthesestations.thesalinty
increasesfromabout37pptat thesurfaceto 39pptat thebottom,
whichindicatesthatthefreshwaterinputspreadsoutover the
saltierwaterin theentirestudyarea. Thedensityprofilesindicate
thebeginningof thedevelopmentofa two—layerstructureof thewater
column,consistentwiththeincreasedradiationin thespringand
summermonths

InAugust,thesurfacetemperaturehasincreasedto about30°C. The
upper7 mof thewatercolumnhasuniformtemperatureandsalinity
distribution.Thedensityprofilesalsoexibita twolayerstructure,
witha densityof24sigma-tunitsin theupper7m,anda gradual
increseto about25.8sigma-tunitstowardsthebottom.

InOctober.thedistributionofsalinityis verticallyuniform,while
thetemperatureis greaternear thesurafce.Thisis dueto the
effectofmixingof thewatercolumnduetowindsandsubsequent
warmingofthesurfaceaftertheendofthestorm.Thedensity
profilesindicatea uniformverticaldistribution.

Profilesof temperature,salinityanddensityat stationM—32are
showninFig.l.6forall fourcruisesto illustratethechanges
throughtheyear(stationM-18is usedfortheDecembercruiseL
Takingthebeginningofthecyclein thefall season,it is seen that
thewatercolumnin thisshallowregionnear thecoastmaintainsa



verticallywe1l—mixedstatefromOctoberthroughApril.Thestrong
windsof thewinterstormsandthecoolerair temperaturesbothresult
inmixingthewatercolumnvertically,resultingin a uniformvertical
structure.withthebeginningof thewarmingseason inspring,the
surfacewatersbecomelighterandthewatercolumnbeginsto attaina

two-layerstructure.withcontinuedheatingthroughthesummer,and
dueto therelativelyweakerwinds,thetwo—layerstructurebecomes
wellestablishedduringAugustandcontinuestill theendof
September.
1.4. CURRENTMEASUREMENTS
Currentmeasurements,usingmooredcurrentmeters,were carriedout
during22April-12May,1992,and22July-13August,1992.
ThedeploymentlocationsforAprilare showninF1g.I.7,andforJuly
inFig.I.8.Thecurrentmeterstationsare identifiedbytheserial
numberof theinstrumentat thatstation.Thedeploymentdepthsare

givenbelow:

April1992(Fig.I.6hRCM4819 totaldepth:Sm,currentmeterdepth:2.5m
RCM2905 totaldepth6m currentmeterdepth:2.5m
RCM6625 totaldepth8.5mcurrentmeterdepth:5.0m
RCM6687 totaldepth10mcurrentmeterdepth:5.0m

July1992(Fig.I.7hRCM2905 totaldepth11.Smcurrentmeterdepth:6.0m
RCM6625 totaldepthl1.5mcurrentmeterdepth:6.0m

Thesamplingintervalwas setat 10minutesfortheAprildeployment
and20minutesfortheJulydeployment.Inbothcases,thedatawere
averagedto obtainhourlyvalues,andthesevalueswere usedin
subsequentplottingofthedata. Inevaluatingthecurrentdata,
referenceis madeto thewindvelocityvectors,whichare presentedin
Sec.I.S.Thecurrentdataare givenin threedifferntforms:
1-currentspeedtimeseries,



2- currentvelocityvectortimeseries,and
3-progressivevectordiagrams
April-Maycurrents.

Figs.I.9-1.10showthe timeseriesof thecurrentspeedfor the
measurementperiodbetween22April~ 12Mayfor thefourstations.
Theaveargespeedsare givenbelow:

RCM662514.9cm/s
RCM668721.6cm/s
RCM481923.5cm/s
RCM290528.8cm/s.

Thetimeseriesof temperatureandsalinityat thecurrentmetere
stationCM6687are showninFig.1.1L

Thecurrentvelocityvectorstimeseriesare showninFigs.I.12-i.15.
Inthesefigures.thehourlyaveragecurrentvelocityis plottedas an
arrow,thelengthindicatesthespeed(1cm= 20cm/sec)andthe
directionof thearrow is thedirectiontowardswhichthecurrentis
flowing,usingtheusualconventionfordirection:northtowardsthe
top,eastto therightof thefigure.
Acomparisonof thecurrents,for thisdeploymentperiod,withthe
wind(cf:Sec.I.5)showsthatthecurrentson thewestsideof the
harborare ingoodagreementwiththewind,whilethecurrentson the
eastsideexibitconsiderablevariabilityindirection.

Onthewestsideof theharbor,at CM6625(Fig.I.12)andCM6687
(Fig.l.13),thecurrentvelocityvectorsare seen toposessa
predominantcomponenttowardsnortheast.Thewindvelocityvectortime
seriesforAprilandMay1992(cf:Sec.I.5)showsthatduringthe
period22April- 3Maythewindswere alternatelyfromthesouthwest
andthenortheastsectors,butthestrongerwindswere fromthe
southwest(towardsthenortheast).Thecurrentdirectionduringthis
period(Figs.I.12—I.13)is alsopredominantlytowardsthenortheast



indicatingthatthecurrentsin thisregionare ingoodagreementwith
thewind.Between4-7Maythewindrecordindicateswindsfrom
varyingdirections,probablyrelatedto thepassageofa weakcyclonic
sysytem.In thisperiod,(day12—1S,Figs.I.l2,I.l3)thecurrentson
thewestsideof theharborthecurrentdisplayschangesindirection
andspeed,consistentwiththechangingwinds.

Ontheeastsideof theharbor,at CM4819(Fig.I.i4)andCM2905
(Flg.I.lS),thecurrentdoesnotindicatea predominantflow
direction.Inthefirst fivedaysof themeasurementsthecurrent
flowsmainlytowardsthewest,whichis oppositeto thedirection
obsevedon thewestsideof theharborandalsoagainstthewind
directionduringthisperiod.Thedirectionof thecurerntafterthe
fifthdaytill theendof thedataexibitsconsiderablevariablity,
withno apparentrelationto thewind.Toinvestigatetheflow
patternsin theregionas a whole,thecurrentvelocityforeach
Currentmeteris plottedin theformofprogressivevectordiagrams.
Thesediagramsare obtainedbyplottingthehourlyavergevelocity
vectorsconsecutively.AtCM6625(Fig.1.16)theflowdirectionis
towardstheeast—northeastforthefirst 13daysandthenbecomes
variable.AtCM6687(Fig.I.17),whichis furtheroffshore,the
currentis towardsthenortheast,withonlysmallvariations.These
directionsare ingoodagreementwiththewinddirection,andindicate
thatthecurrentsare dueto thewindsfromthesouthandsouthwest
andare notsignificantlyinfluencedbytherelativelyweakwindsfrom
thenorthwhichoccur cyclicallybetweenthesoutherlywinds.Onthe
eastside,at CM4819(Fig.i.18)thecurrentis towardsthewestfor
thefirst sixdaysof thedataandthenundergoesseveralreversalsin
directionas indicatedbytheloopsafterthesixthday.AtCM2905
whichis offshoreofCM4819,theflowinitiallyhasa westerly
direction,andchangestonortheastafterthesixthday(Fig.I.19LSeveralreversalsare alsoobserved,as indicatedbytheloops.
Thecurrentpatternsdiscussedaboveindicatetheexistenceof
ananticlockwiseeddylocatedon theeasternsideof theharbor,



resultingin a reverse flowas comparedto theflowoffshoreof the
harbor.Bothcurrentmeterstationson theeastsideof theharbor
were apparentlyinfluencedbytheeddycirculationandexiblted
differentflowpatternsthanthestationson thewestsideof the
harbor.Stationsforcurrentmeasurementsduringthesummerwere
thereforeplacedslightlyfurtheroffshoreinordertodeterminethe
currentsoutsidetheeddy.
July-Augustcurrents.

‘Currentmeasurementsat thestationsshowninFig.I.7were carriedout
duringthe period22July- 13August.Thestationswere deeperby
about2m thantheAprildeployment.whenthecurrentmeterswere
takenoutit was seen thattheinstrumentswere coveredbymarine
growthwhichhadalmoststoppedthemovementof therotorin thelast
partof themeasurementperiod.Thetimeseriesof thespeedsare
showninFig.I.20It is seen thatthespeedsbegintoprogressively
decreaseafterabout12days,dueto theeffectof themarinegrowth.
Theaveragespeeds,usingonlythefirst 12daydataare:

RCM662522.6cm/s
RCM290524.0cm/5

ThewinddataforJulyandAugust(cf:Sec.I.S)showthepatternof the
sea—breezetypicalof theregionduringthesummer. Thewindis from
thesouthwestduringtheafternoon,andfromnortheastduringnight
time.Thecurrentvelocityvectortimeseriesare showninFigs.1.21
and1.22,andtheprogressivevelocityvectordiagramsin
Figs.I.23-1.24.Thetimeseriesof temperatureandsalinityforCM
6625are giveninFig.I.2S.It is seen thatthecurrentsat both
stationsare similar,indicatingthatthelocationsweresubjectto
thesameflowandoutsidetheinfluenceof theeddy.Thecurrentalso
fluctuateswiththechangesin thewind,however,thedominantflow
directionis towardsthenortheast.Thisis consistentwiththewind
data,whichshowsthatthesea breezeis strongerthantheland



breeze.

Thecurrentdatamaybesummarizedas follows.Thecurrentsare

essentiallydrivenbythewindin thisnearshoreandshallowregionof
thecoast. Thedominantcurrentdirectionoffshoreof theharborwas

easterlyinbothmeasurements,however,severalreversalswere also
observed.Asmallscaleanticlockwiseeddyexistson theeastsideof
theharbornear theshore,probablygeneratedbytheshearof the
easterlycurrenton thewatermassbetweentheeastbreakwaterandthe
shore.Theeddywasnotobservedin theJuly—Augustmeasurementset,
whenthecurrentmeterstationon theeastsideof theharborwas
locatedfurtheroffshore,indicatingtheeddyis limitedinextentto
approximatelythelocationof thecurrentmeterstationsin theJuly
measurement.Thecurrentspeedswere approximately20- 25cm/s.
exceptat CM6625intheAprildeployment,whentheaveragespeedwas
15cm/s.

1.5 CLIHATOLOGICALCHARACTERISTICS

Winds.
Thewindregimein theregionis dominatedbythepassageofcyclonic
systemsfromapproximatelyOctoberuntilAprilanda sea breeze— land
breezepatternduringtherestof theyear. Duringthewinter,the
winddirectionandspeedare dependenton thetrackof thecylonic
systemover theregion,whilein thesummerthesea breeze
(southwesterly)is thedominanatwind.Theregionis alsosubjectto
occasionaloutbreaksofa strongwindfromthenortheast,known
locallyas Porayz.Thehourlyaveragewindvelocityvectorsfor the
year1992(January-October)are giveninFig.I.26,andillustratethe
featuresdiscussedabove.DuringJanuaryof thisyearthewindswere

generallyweak,whichis notgenerallythecase. Stormswithstrong
southwestwindsare observedfromaboutthemiddleofFebruarytill
May.Thesummerwindregimebeginsto appearinJune,andcontinues
throughOctoben



Thewindgustdatafor 1992is giveninTable1.1. Duringthewinter,
thedominantdirectionsof thestrongwindsare northeastand
southwest,whilein thesummerthestongwindsare fromthesouthwest
InMay,threeobservationsofwindexceeding10m/sfromthenortheast
andeast-northeastare seen. Thepercentfrequencyofwind
directionson a monthlybasisfor1992is giveninFig.1.27.Calm
conditionsare assumedforwindspeed(V)lessthan1m/s.This
numberis shownforeachmonthon thefigure.
Thelongertermcharacteristicsof thewindare illustratedbythe
'windvelocityvectorsfortheperiod1977-1991,plottedinFigs.1.28-
I.42. Inthesefigures,observationstakenthreetimesduringtheday
(O7:00,i4:0Oand21:00hrs)havebeenused.Inadditionto thegeneral
winterandsummerwindpatternsdiscussedabove,significant
differencesare seen on an interannuaibasis. Thepercentfrequency
ofwinddirectionforeachyearis giveninFig.l.43.It is seen from
thisfigurethaton an annualbasis,windsfromtheNE—NWandfromthe
SWare dominant.Thewindfrequencyon a monthlybasisis givenin
Fig.I.44.WindsfromtheNE-NWsectorare dominantduringwinter
(November-March),whilesouthwesterlywindsdominatrduringthesummer
months.It is worthnotingthatwhiletherelativefrequencyofwinds
fromthesouthwestduringthewinteris low,strongwindsare observed
fromtheSW-SEsectorduringwinter,as seen in thewindgustdata
giveninTable1.1. Thesewindsare seen moreclearlyon synoptic
maps.Apublicationof theTurkishNavy(1984)givesthefollowing
datesandwinddirectionsforstorms,definedas windspeedgreater
than16m/sec:

3 March 1953 N
27January1959SW
13January1968SW.

Barometricpressure.
Typicalrecordsof thebarometricpressureforfouryearsbetween1981
and1990are showninFig.l.45.In thisfigure,thepressureis
plottedaftersubstractingthemeaninorderto emphasizethe



fluctuations.Thehighestfluctuationsoccur duringthewinter
months,associatedwiththepassageofcyclonicsystemsofduration
3-5days.However,occassionallya highpressuresystemsettlesover
theregionfor longerperiods,as inFebruary-March1985andin
mid—January.1987,resultinginclearandgenerallycalmconditions.
Thebarometricpressurefor1992is plottedon a monthlybasisin
Fig.I.46.Comparisonwiththewinddatashowsthatthestrongerwinds
(suchas on 19February,iO—12and18March,12—i3and20April)occur
whenthepressurefluctuationsoccur withinan intervalof2-3days.
Adecreasingtrendinthepressureis accompaniedbywindsfromthe

' southwestas thecylonicsystemapproaches,andan increasingtrendin
thepressureis accompaniedbynortherlywindsas thesystemtravels
towardseastawayfromtheregion.
Windwaves.
ThecoastofMersinis opentowaveactionfromtheSW—SEsector.The
waveheightindeepwaterdependsuponthestrengthanddurationof
thewind,andthefetchlength(thedistanceover whichthewindis
effectiveingeneratingwaves).Neartheshore,thewaveheightis
modifiedduetoshoaling,breakingandrefraction.Inthecase of
Mersin,thelongestfetchexistswhenthestormsystemis locatedin
theeasternMediterraneanin theregionofCrete.However,thecoast
ofMersinis partiallyshelteredfromwavesfromthesouthwestand
southbytheislandofCyprus.Thetrackofcyclonicsystemsover the
Mediterraneanis fromwesttoeast,resultinginstrongwindsfromthe
southeastif thecenterof thestormpassesover Cyprus.Inthiscase
thefetchis abou150nauticalmiles,howeverthewavescan approachthecoastwithoutanyobstruction.Thus,whilewavesfromtheSWare
morefrequent,thecoastis opento severe waveactionfromsoutheast
also. Thewavecharacteristicsfor thestudyregionin thepresent
studyhavebeendeterminedbyutilisingsynopticmapsbetween1977and
1990todeterminethewindsover thesea duringstorms,thefetch
lengthandthedurationof thestorms.Thedeepwaterwave
characteristicswere comparedwithmeasuredwavedatato obtainan

empiricalreductionfactorforthewaveheight.Themethodusedfor
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predictingthedeepwaterwavecharacteristicsis givenin theShore
ProtectionManual(1973).Thisapproach,andothersimilarempirical
approachesare subjectiveandopento errors. Forexample,defining
thefetchis a matterofJudgementof theoperator,andtheeffectof
theexistingwavespresentin theregionbeforethestormis difficult
toaccountforaccurately.
ThemeasuredwavedatawerefrommeasurementsmadebytheInstituteof
MarineSciencesduring1978-1979at Erdemll,whichis 35kmwestof
Mersln.Themeasurementswere obtainedusinga Datawellwaverider

' bouy.Thebouywas anchoredin30mdepth.Wavesof2 - 3mheight
were recordedfrequentlyduringtheperiodNovember1978-April1979.
Themaximumrecordedwavewas4mhigh,inMarch,1979.Someexamples
ofthestormsandthewaverecordsare givenin thefollowing.The
synopticmapsare giveninFig.I.47andthemeasuredwaverecordsin
Fig.I.48.
Fig.I.47(a)showsthesynopticmapfor 15December,1978.Thestorm
centreis locatedover theBlackSea. Theempircallycalculatedwave

heightforthiscase is 4.5m. Themeasuredwaverecordis givenin
Fig.1-48(a).Theaveragewaveheightis about1mandthemaximum
waveheightis 2.5m. Theratiobetweenthetwo(2.5/4.5)is 0.55.
Fig.I.47(b)showsthesituationfor3 January1979.Inthiscase the
lowis locatedin theAegeansea. Thepredictedwaveheightis 5.8
m.Themeasuredwaverecordis showninFig.I.48(b).Theaveragewave

heightis about1.8m,andthemaximumwaveheightis 2.8m,givinga
ratioof2.8/5.8or 0.48.Thethirdcase shownis fora systemwith
its centrelocatedsouthwestofCyprus,Fig.I.47(c),for7March,
1979.Inthiscase thepredictedwaveheightis 6 m. Themeasured
waverecord,Fig.I.48(c)showstheaveragewaveheightwasabout2.4
m,andthemaximumwaveheightwas 4m. Theratioof themaximum
measuredwaveheightto thepredictedheightis 4/6,or 0.67.
Inordertodeterminetheprobablemaximumwaveheightthatcan be
expectedtooccur at thestudyregion,a searchof thesynopticmaps
showedthatthestormsystemshowninFig.I.47(d)for18January1985
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is typicalof thesevere stormsthatpassthroughtheregion.The
windspeedinsucha system(computedfromthespacingbetweenthe
isobars)is about55knots.Witha fetchof150nauticalmiles,the
predictedsignificantwaveheightis 9m. Usingan averageratioof
0.55,themaximumwaveheightnear thecoastwouldbeabout5m,and
theaveragewaveheightabout3m. Asfortheperiod,themeasured
waveperiodforthe7March1979stormwas4.5sec,whilethe
predictedperiodwas10sec. Thepredictedperiodforthe18January
1985stormis 12sec., thusthewaveperiodat thesite can be
expectedtobeabout6 sec. Theseestimatesof theheightandperiod
are believedtobereasonableinViewofthemeasureddataat ErdemlL
However,it shouldbenotedthatthisis nottheabsolutemaximumwave

heightthatmayoccur underextremecodltions,suchas ina 1 in100
yearstorm,butis a waveheightthatcan beexpectedtooccur once
every10to 15years

Airandsea surfacetemperatures.
Theannualvariationofair temperaturefortheyears1981-1991is
giveninFig.I.49.Ingeneral,thelowesttemperaturesare about9°Candoccur inFebruary—March,whilethehighesttemperaturesare
between28°C—30°C,andare observedduringJulyandAugust.Thereis,
howeversignificantinterannualvariability,particularlyin thevalue
andthetimeofoccurenceof thelowertemperatures.Theair
temperaturefell toabout2°CinJanuary,1983,andinFebruary,1985.
In1984,relativelyhighair temperatures,about12°Cwere observed
duringJanuary—March,andthelowestair temperatureoccuredin
December.In1987,thetemperatureaveragedabout12°CinJanuaryand
February,butdecreasedtoabout8°CinMarch,andremainedbelowthe
averagetemperaturetill thebeginningofthesummerseason.

Thesea surfacetemperaturesfortheyears1985-1990are shownin
Fig.150. Thelowesttemperaturesrangebetween13°C—1S°Candoccur
inFebruary—March,whilethehighesttemperaturesof28oC—29°Care
observedinJulyandAugust.Asin theair temperatures,considerable
interannualvariabilityexistsinthesea surfacetemperatures.In
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1985,thetemperaturefalls toabout11°CinMarch,about3°Cbelow
theaverage.In1987,consistentwiththe air temperatureforthis
year,thesea surfacetemperaturedroppedbyabout20CinMarch
relativeto its valueinJanuary-February,andsimilarto theair
temperatureforthisyear,remainedbelowtheaveragevaluetill the
beginningof thesummer

Relativehumidity.
Therealtivehumidityfortheyears1941-1990is showninFlg.I.SL
Inthisfigure,theaveragerelativehumidityforeachmonthis
plotted.Thesevaluesare listedinTable.I.2.

I.6 SUHNARYOFPHYSICALANDCLIMATOLOGICALDATA
Thewatertemperature,salinity,anddensitystratificationof the
studyarea,dueto its proximityto thecoastandshallowdepth,are
effectedbylocalinputsof freshwater,andtheintensityofvertical
mixingcausedbywindsandsurfacecooling.Thewatercolumnis
well—mixedduringOctoberthroughApril.Stratificationbeginsin
May,andbecomeswellestablishedinAugust-September.Thethickness
of thesurfacemixedlayeris about8mat thattime. Thetemperature
of themixedlayeris about29°c—3o°cinAugust.
Thecurrentsin thestudyregionare essentiallygovernedbythe
prevailingwinds.Duringthewinter,thewindis predominantlyfrom
theNE—NWsector.Thereare,however,strongwindsfromtheSW—SE
sectoralso,associatedwiththepassageofcyclonicsystems.During
summer,a sea-breezeland-breezesystemprevails,withthestronger
windscomingfromthesouthwest.Thus,thepredominantcurrent
directionis towardsthenortheastduringthesummer.Duringthe
winter,thecurrentswillbeofvariabledirections,dependingon the
winds.Theeasterlycurrentgeneratesan ananticycloniceddyon the
eastsideof theharborcloseto theshore.Theoffshoreextentof
theeddyis approximatelythesameas theoffshoreextentof the
harborstructure.
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Theregionis opentowave actionfromtheSW-SEsector. Wavesof4 m

heighthavebeenmeasuredat a site near thestudyarea (atErdem11L
Themaximumwaveat thesite,basedon hidcastingusingsynoptic
chartsfor thepast15years,is estimatedas 5m.
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II. BIOCHEMICALCHARACTERISTICSANDPOLLUTIONSTATUSOFHERSINBAY

11.1.POLLUTIONFROMLAND-BASEDSOURCES

Periodicanalysisoftheeffluentsfromtheexistingoutfallsystemof
Mersinwascarriedout;selectedbiochemicalandpollutionparameters
weremeasuredin thewastewatersgivento thesea. Similar
measurementswere alsoconductedin thethreecreeksflowingintothe
Bay,namelyDelicay,Muftu,andCavusogiu(canal)on a bimonthly
basis.Abbreviations,symbolsandtheunitsusedin thepresentation
of theresultsare giveninAppendixA.AppendixBcovers thebrief
descriptionsoftheanalyticalmethodsfollowedduringthe
measurementsofbiochemicalandpollutionparametersin thepresent
work.Theconcentrationsof thebiochemicalandpollutionalparameters
determinedin thewastewatersandthecreeksare giveninTablelI.L

pH
ThepHin thefreshwatersof thecreekswasrecordedtorangebetween
7.42and896;theminimumandmaximumvaluesweremeasuredin the
autumnmonthsandtheearlyspring,respectively.Sincetheriver
watersare mixedwithsea waterthefinalpHof thepollutedriver
watersis expectedtobebufferedbysea waterwitha pHlevelof
about8.2.ThepHoftheMersineffluentsdischargeddirectlyintothe
receivingseawaterwas relativelylow,withan averagevalueof7.63;
theminimumlevelwasdeterminedtobe6.89.ThepHvaluesdetermined
in thewastewatersfromtheMersinoutfallsysteminDecember1991and
October1992are withinthelimitssetfordomesticeffluents
(Regulationson WaterQualityControl,4/September/1988,No.19919,
ResmlGa2eteL
DissolvedOxygen(D0):
Theconcentrationsofdissolvedoxygenmeasuredin threecreekswere
in therangeof7.5—iO.2mg/L.Thehighestvalueswererecordedin
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February1992,becauseof theincreaseinthesoiublityofoxygenin
coolwintermonthsas wellas a decreasein its consumptionduring
unfavourablewinterconditions.TheDissolvedOxygencontentofMersin
effluentwas 8.5mg/Lon average,whichwasquitehighfora waste
water.UnexpectedlyhighD0measuredin theeffluentsmayhave
resultedfromtheaerationofwastewaterssinceit is opento
atmosphere.
BiochemicalOxygenDemand(BOD5):
"Asis wellknown,theBiochemicalOxygenDemand(BODS)is a measureof
theamountofoxygenrequiredbybacteriaandothermicroorganismsto
oxidizethebiodegradableorganicmatterinwater;thusthelarger
B005levelsinwaterrepresenttheamountof biodegradableorganic
matterofman—madeoriginenteringthefreshwaters.TheBOD5was
observedto rangefrom2.6to 3.3mg/Lin thecreekwaters.Thetotal2BOD5loadsfromDelicay,CavusiuandMuftucreekswere 2.6x10,
0.3xi02and1.9x102tons/year,respectively.Theseloadsare much
lowerthantheinputsfromthemajorriversto thecoastalwatersof
theNortheasternMediterranean.Thetotalorganicloadsof themajor
riversin thearea havebeenestimatedtobe39.9x103tons/yearfor
theCeyhan,44.9x103tons/yearfortheSeyhanand6.3x1O3tons/year
for theGoksurivers(Yilmazet al.,1992a).TheaverageB005concentrationwasdeterminedas 186.2mg/Lfor theexistingMersin
discharge(Centraldischarge)andthemaximumvaluewas as highas 339
mg/L.It maybeestimatedthattheexistingseweragesystemintroduces
a BOD5loadof3.Sx103tons/yearto theBay.Thetheoreticaldomestic
BODloadproducedbythepresentpopulationin theMersinarea,
assuminga BODloadof25-70g/capita/day(UNEP,1989)andan average
populationof 500.000is approximately4.5x1O3tons/year,very
similarto theestimatefromour measurements.TheaverageBODSconcentrationfortheMersineffluentis closeto theupperlimit
imposedfordomesticeffluentsbythe"RegulationsforWaterQuality
Control"(4/September/1988,No.19919,ResmiGazete).
ChemicalOxygenDemand(COD):
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Organicmatterfromvariousoriginsmayberesistanttobiochemical
oxidationbymicroorganismsunderthenaturalconditionsof the
receivingwaterenvironmentsbutcan beoxidizedchemicallyat
elevatedtemperatureunderstrongacidicconditions.Therefore,the
measurementof thequantityofchemicallyoxidizableorganicmatterin
waters,theso-calledChemicalOxygenDemand(COD),givesus valuable
informationon thetotalorganiccontentofwateras wellas the
percentagethatis biochemicallydegradablein themarineenvironment
over a periodofseveraldays.TheCODconcentrationsof thethree
creekwaterswereobservedtovarybetween68.1and148.9mg/L; the
‘totalCODloadscalculatedforDelicay,CavusluandMuftucreekswere

13.9x1O3,0.7xiO3and9.2x103tons/year.respectively.TheCOD
concentrations(thusloads)wereexpectedtobetwicetheBOD5concentrations(andloads),butthehighCOD/BODratiosin thecreek
watersdischargedintoMersinBayindicatelargesquantitiesof
industrialwastewaterstohavebeengivento therivers.Theaverage
CODcontentofMersineffluentwas approximatelytwiceits BOD
content,approachingthegeneralratioobservedindomestic
wastewaters.ThetotalCODloadwas calculatedas 6.4X1U3tons/year
forthecentralMersineffluent.

TotalSuspendedSolid(TSS):
Theconcentrationof totalsuspendedsolids(TSS)was observedto
rangefrom4.4to9.2mg/Lin thewatersamplesfromthecreeks;the
largestvalueswere measuredinMay1992whentheflowsof thecreeks
wererelativelyhigh.Thetotalloadswere4.1x102.0.5x102,and
6.6x102tons/yearforDeiicay,CavusluandMuftucreeksrespectively.
Theaverageconcentrationwascalculatedtobeabout100mg/Lforthe
centralMersineffluent,correspondingto an inputof1.9x103tonsof
TSSperyearto theshallowwatersoftheBay.
Nutrients:

Nutrientinputsfromland-basedsources to theMersinBaywere
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calculatedforthethreecreeksandexistingMersincentraleffluent
usingtheaverageconcentrationsdeterminedin theeffluentsandtheir
dailyflows.ThetotalinorganicphosphateloadsofDelicay,Cavuslu
andMuftucreekswere 1.32,2.50and1.33tons—P/year,respectively.
Thecorrespondingtotalphosphorusloadsofthecreeksswere2.87,
2.50and1.76tons/year,indicatingthata remarkablefractionof the
totalphosphorusis introducedas dissolvedinorganicphosphate.The
inorganicphosphateandtotalphosphorusdischargesfromtheMersin
seweragesystemwere 41.9and66.5tons/yearrespectively,muchlarger
thanthetotalof inputsfromthecreeks.Ontheotherhand,total

' oxidizednitrogeninputsfromthecreekswere estimatedtobeas high
as 153.6,22.7and64.4tons/yearforDeiicay,CavusluandMuftu,
respectively,whereasthetheinputfromtheMersinoutfallsystemwas

approximatelyonly1.2tons/year.Thishighquantityofnitrogeneous
materialcouldbeattributabletheusageofartificialfertilizersin
farmingareas

PoiyaromaticPetroleumHydrocarbons(PAH):
Coastalrefineries,industrialandmunicipalwastesare themajor
land-basedsources ofpetroleumpollutionin thecoastalmarine
environment.ThethreecreeksandtheMersineffluentwere monitored
periodicallyfortheestimationof thedissolved/dispersed
poiyaromaticpetroleumhydrocarboninputfromthesesources to the
MersinBay.TheaverageconcentrationsofPAHSwere 0.52and0.36pg/L
fortheCavusluandMuftucreeks.TheconcentrationofPAHwas as high
as 3.1pg/Lin thefreshwatersofDellcaycreek,probably
originatingfromthepetroleumrelatedindustrieslocatedin the
Delicayregion.Thetotalinputsfromthesecreekswere in therange
of5.3-290kg/year.Theconcentrationwas as highas 148pg/Lin the
Mersineffluent;thus,2.8tonsofperoieumhydrocarbonofdomestic
originare beingdischargedannuallyto theBayviathissource.

HeavyMetals;MercuryandCadmium(HgandCd):

Mercury,one ofthetoxicmetalsformarineecosystems,was measured
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periodicallyin thewatersamplestakenfromthecreeksandthe
Mersindomesticeffluent.Theconcentrationrangedfrom0.6to 6.0
ng/Lin thecreekwatersandit was 1.9-8.4ng/LfortheMersin
effluent.Thetotalmercuryloadswere estimatedas 159.5,25.2and
216.6g/yearforDellcay,CavusluandMuftucreeks,respectively.The
inputfromthesewerageoutfallsystemwasabout70g/year,withinthe
rangeof thecreeks’loads.Theconcentrationof dissolvedcadmiumin
theeffluents,rangingfromundetectablelevelsto2.85ng/L,were low
whereastheconcentrationsin theTSSshowedsignificantvariations
fromundectableconcentrationstoa levelof8184ng/Lin thecreek

' waters.Thetotalloadswere estimatedas 14.7,0.9and4.2kg/year
forDelicay,CavusluandMuftucreeeks,respectively.The
concentrationin theTSSfromtheMersineffluentwas measuredtobe
as highas 3318ng/LinOctober1992;froman averagevalueof881.8
ng/Lfortheeffluent,providing16.7kgofCadmiumperyearto the
Bay.
FaecalColiform(FC):
FaecalColiforms,indicatororganismsofmicrobialpollutionin the
marineenvironment,werealsocountedin theeffluentscollectedat
fixedlocationsof thethreecreeksandtheMersinoutfallsystem.The
numberofFaecalColiformsin100mLofwaterwas in therangeof
150-4000for thethreecreeks,withthemaximumvaluesobtainedin the
summermonths.Ontheotherhand,as expected,theFCcountswerevery
largefortheMersineffluent,rangingbetweenl.7x1O4and1.4x109individualsin100mLofwastewater.

II.2 BIOCHEMICALCHARACTERISTICSOFCOASTALWATERSOFMERSINBAY

Thebiochemicalandsomepollutionparameterswere measuredin sea
watersamplescollectedat limitednumberofstations.Ascan beseen
fromFigureIl.l., twostationgridswerevisitedfivetimesduring
1991-1992;theone was in thevicinityoftheexistingMersinOutfall
andtheotherwas across to theproposedoutfallpipeand/orCavuslu
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CanalinKaraduvarregion.Thedatesof thefieldstudiesin the
MersinBaywatersare listedbelow:

5/December/1991(winterperiod)
29/April/1992(springperiod)
29/May/1992(springperiod)
18/August/1992(summerperiod)2/October/1992(autumnperiod)
Twocruiseswere performedduringthespringperiodto ensure that

' completeinformationwas obtained.Theresultsofhydrographicai
.biochemicalandpollutionparametersare giveninTables11.2.,II.3q
lI.4.,lI.5. andlI.6.

DistributionofBiochemicalParametersinMersinBay:
pH:
ThepHof sea waterin theMersinBaywasobservedto varyfrom8.00
to 8.36throughoutthewholesamplingperiod,indicatingthatthe
measuredpHvaluesare verysimilarto thosefromoffshorewaters.As
is wellknown,sea wateris a strongbufferandthus,its pHcan only
bechangedsignificantlyif a largevolumeofpollutedwaterswith
verylowor veryhighpHvalues(duetostrongacidicor basic
pollutants)are providedtothereceivingmarineenvironments.As
discussedinSec.II.1. thereare no acidicand/orbasicwaste
waterdischargesintotheMersincoastalwatersfromiand—based
SOUFCSS.

TotalSuspendedSolids(TSS):
TheseasonalvariationsofTotalSuspendedSolids(TSS)in thestudy
area are presentedinFigureIl.2. as bargraphics.Ingeneral,TSS
rangedbetween2.6and120.0mg/Landrelativelyhighvalueswere
observedin thevicinityof theexistingoutfall;e.g.StationsM18,
M19,M20andM24andin thecoastalstationsof theKaraduvargrid,
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M1,M2,M3,M4.Mostvalueswere in therangeof5-20mg/L,andwere

similartoour previousmeasurementsin thecoastalwatersof
NortheasternMediterranean.TheTSSconcentrationsforoffshore
waters,as lowas as 2mg/L,are closetodatafromtheotherregions
of theEasternMediterranean,resultinginpenetrationofsolarlight
todepths(Bermanet al.,1984;Yilmazet a1.,i992b).However,the
relativelyhighconcentrationsofTSSdeterminedin theMersinDayled
tomeasuresofSecchiDiscDepths,rangingbetween0.5and4mat the
samelocations.Thesevaluesare verylowwhencomparedtoSecchiDisc
Depthsexceeding25—30min theoffshorewatersof theNortheastern
Mediterraneanformostof theyear(Yllmazet al.,1992bL
DissolvedOxygen(D0):
Dissolvedoxygenin sea wateris veryimportantforall aerobic
organismsinmarineenvironments;e.g. fishescannotsurviveor
aerobicdecompositionoforganicmatterbymicroorganismsinwaterand
sedimentlayersstopswhentheoxygenconcentrationinwaterdecreases
belowcertainlevels.Theoceanographicinvestigationcarriedoutin
1991-1992showedthattheDissolvedOxygen(DO)rangedbetween5.29
and11.90mg/Lin thewatersofMersinBay.Theseasonaldistribution
ofD0in thestudyarea is giveninFigureIi.3;duringthemixing
seasons,winterandearlyspring,theconcentrationsofD0in
subsurfacewaterswereobservedto berelativelyhighat all locations
visitedin thebay.Thevaluesexceeding8mg/Lthatwere obtained
duringtheApril1992cruisewere veryclosethesaturationvaluesof
D0inseawaterprobablyduetobothatmosphericinputandproduction
byphotosyntheticorganisms.Duringthesummer—autumnperiod,the
thermoclineestablishedinsubsurfacewaterspreventedthediffusion
ofDOfromthesurfaceto thedepths.Thus,D0decreasedremarkably
withdepthat thestationsaffecteddirectlybywastewaterdischarges
of terrestrialorigin.TheDUconcentrationin thesurfacewaters
decreaseswiththeincreaseinthewatertemperatureduringthesummer
dueto thepoorsolubilityofatmosphericoxygeninwaterat higher
temperature.
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BiochemicalOxygenDemand(BOD5)
TheBiochemicalOxygenDemand(BOD5)measuredin thesubsurfacewaters
of theMersinBaywasgenerallylessthanSmg—02/L,rangingfrom
undetectablelevels(<O.1mg/L)to10.3mg—02/L.ThelowestBODSvalueswere obtainedinDecember1992andthehighestvaluesappeared
inAugust1992whentheoxygendemandofmicroorganismsincreased
substantiallyinparallelto theincreaseinthebiodegradableorganic
mattercontentof thesea water.AsexpectedthelargestBOD5values
wererecordedat thelocationsunderthedirectinfluenceof the

‘Mersineffluent(StationsM18,M19,M20M23.M24)andat stationsM1,
M2,M3andM4in theKaraduvarregion(FigureII.4.L
ChemicalOxygenDemand(CODX
TheChemicalOxygenDemand(COD)measuredinMersinBayin theperiod
December1991- October1992are presentedinFigure11.5.Themaximum
CODconcentrations,as largeas 23.9mg—O2/L,were observedinAugust
1992at stationsM18,M19andM20whichwere closeto theexisting
outfallsystem.TheminimumCODvalues,as lowas 0.52mg/L,appeared
at offshorestations

InorganicPhosphate(0-P04-P):
Theseasonaldistributionofdissolvedinorganicphosphateare

displayedinFigurelI.6.Atthepollutedlocations, e.g.Stations
M18—M30,thephosphateconcentrationswererelativelyhighthrouhout
theyear.IntheregioninfluencedbythefreshwatersofCavuslu
creektheconcentrationswerealsohigherthanin thelesspolluted
locations.Thelevelof inorganicphosphateconcentrationswas found
to rangebetween0.02pMand20.32pMin thecoastalwatersof the
MerslnBay.TheeasternMediterraneanSeais knowntobeimpoverishedinprimarynutrientelements(phosphateandnitrate)andparticularlythephosphateconcentrationdiminishingbelow0.02-0.03uMlevelsin
thesurfacewatersoftheopenwaters.is verylikelyto limit
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phytoplanktonproductionin theLevantineBasin(Kromet al., 1991L
TotalOxidizedNitrogen(NO3+NO2-N)
AspreviouslymentionedinSec.II.1.,thenutrientinputsto the
surfacewatersof thecoastalregionsoriginateprimarilyfrom
terrestrialsources andpartlyfromregenerativeprocesseswithinthe
system.FigureIi.7.showstheseasonalvariationof totaloxidized
nitrogen(nitrate+ nitrite)inMersinBayin theperiodfromDecember
1991toOctober1992.

Relativelyhighconcentrationsofnitrate+ nitriteinsea waterwere
observedin theKaraduvarregionwheretheCavuslucreekcarriesthe
highestnitrogenousmaterialwhencomparedwiththeothercreeksand
theMersineffluent.Atthestationslocatednear theexisting
sewerageoutfalltheconcentrationsinsubsurfaceseawaterwere also
relativelyhigh.AsshowninTablesIi.2. - II.6,theconcentrations
of totaloxidlxednitrogenrangedbetween0.07and36.20uMin theBay
waters.

FaecalColiform(FC):
TheFaecalColiformbacteriaanalysiscarriedoutin thewatersof the
MersinBayon a seasonalbasisshowedthattheBaywaterswere

microbiallypolluteddueto theinputof largequantitiesof the
domesticwatersintotheBay.FigureIl.8. showstheseasonal
distributionsofFeacalColiformcountsdeterminedat selected
stationsin theMersinBay.TheFClimitgivenbytheWorldHealth
Organization(WHO)forbathingwatersor/andforverynear coastal
watersis 100#/ 100mLofsea waterthoughthislimithasoftenbeen
alteredbynationalauthorities.IntheMersinBaytheFCrangedfrom
insignificantnumbers(<10)to levelsas largeas 3.000.000#/100mL
of sea water.Thehighestcountswere obtainedin thevicinityofthe
existingoutfall.OccasionallytheFCdeterminedin theKaraduvar
regionalsoexceededtheWHOlimit,indicatingmicrobialpollutionof
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freshwaterorigin.
II.3 T—9ODETERMINATIONANDRHODAHINEDYETRACING

Inordertodeterminethetimenecessaryforthedecayof90%ofFCof
domesticoriginin thereceivingbaywaters,T—9Omeasurements
togetherwitha Rhodamlne-Bdyetracingexperimentwere carriedoutin
thevicinityof theexistingoutfallinMersinBayinOctober1992.In
thiswork,5 litersof Rhodamine-Bsolutioncontaining2kgofdye
dissolvedinaceticacidwas introducedinstantaneouslyto thesurface
watersof thebayat thedischargepointofMersindomesticwaters.
Thenthecloudofdyewasfollowedusinga sensor sensitiveonlyto
thedye(Insitufluorometerprobelgivingtherealtimeconcentrations
at selectedstations.Thedataobtainedinsituandcalibratedlater
are depictedinFigureli.9. Thelocationofall thestationswhere
thedyeconcentrationswere measuredweredeterminedbyusinga Decca
TrisponderNavigationsystem. Ascan beseen fromFigureII.9a,the
timeintervalsbetweenthemeasurementsat twodifferentstationswere
in therangeof4-19minutes.Ateachstation.sea watersampleswere
alsotakenfor thefurtherfluorometricanalyseswitha benchtype
SpectrofluorometerandforthedeterminationofFaecalColiformin the
samesamples.Theresultsoflaboratoryfluorescencemeasurementsare
showninFigureII.9b. Thedyepatchcouldbefollowedforabouttwo
anda halfhouruntilit becametoodilutedforfluorometricanalysisAscan beseen fromFigureII.9b,thedyebecamebrokenupintotwo
patches.Themainbranchflowingintheeastdirectionwasmonitored
first. Thesecondbranchwasdirectedfirst towardsthewestandthen
to thenorth—westdirection(FigureII.9b.).Thedyecloudswere
monitoreduntila dilutionfactorof104appearedat St.R8inthe
westandSts.R7,R10,R14,R15in theeasternsideof theoutfalL
Asimilardilutiontrendin theFCvalueswasobtainedfromthedirect
FCmeasurementsin sea water;theresultsare depictedinFigure
II.9c.IndeterminingtheT—9OvaluesforFCin thesea watersunder
theenvironmentalfactorsofOctober1992,theFCdatashouldshowa
decreasingtrendinparallelto thedilutionin thedye
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concentrations.However,thecorrelationis notstrongdueto
contaminationof thedye-containingwaterparcelswiththesurrounding
watershavingvariouslevelsofFCanddecayofFCduringtheir
transportfromsource to thenearbyarea. Accordingly,at theeastern
sideoftheexistingoutfall,a fluctuationappearedin theFaecai
Coliformcountsin thewest—eastdirection.Nevertheless,T—90value
estimatedfromthedatawas in therangeof1to2hours(for
Octoberl
AsdiscussedinSec.II.2.anddepictedinFigureIi.10.the
distributionofFaecalCoiiformis determinedbya numberofdomestic
dischargesinvariousflowsas wellas theflowof thecreeksandthe
physicalandbiochemicalprocessesinteractingin thearea. TheFaecal
Coiiformandcurrentmeasurementsshouldbeconsideredtogetherin
ordertorecalculatetheT-90value,andif themeancurrentis
approximately20-50cm/sec,(Sec.1.),andif thedistancebetween
themainsource andthestationwherethenumberofFeacalColiforms
are closeto zero is intherangeof500-1000m,theT—90valuecan be
recalculatedto lie in therangeofe.g.>1hourand<1.5hoursfor
theMersinBay.
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APPENDIXA

ABBREVIATION

Unit Remark

QC Temperature
O/oo,ppt,psuSalinity
m SecchiDiscDepth
- Acidity
mg/L TotalSuspendedSolid
mg/L DissolvedOxygen
mg/L BiochemicalOxygenDemand(5days)
mg/L ChemicalOxygenDemand
pM Ortho-phosphate
uM TotalOxidizedNitrogen(Nitrate+Nitrite)
R/lOOmL FaecalColiform
pM TotalPhosphorus(Organic+ Inorganic)
pg/L PolyaromaticPetroleumHydrocarbons
ng/L TotalMercuryinwater
ng/L TotalCadmiuminwater
ng/L TotalCadmiuminsuspendedsolidCdTSS

* becauseofthehighchloridecontentofseawater,CODwasmeasuredin the
particulatefractionbyfilteringseawaterthroughglassfiberfilters
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Total TSS
SuspendedSediment
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Nitrate! NOJJNOZNitrite

Feacai FC
Colitorm
nlochnmicaiRODSOxygenDemand

Chemical COD
OxygenDemand

Petroleum DDPH
Hydrocarhonn(PAH)
Mercury Hg(watnr)
Cadmium Cd(watnr)

Cd(aed)
Tntni T—P
Phonphorun

APPENDIXB

Outlinnof
H0Lllod

winklnrTitration
Gravimetric

i'hrJnpIm—mr)iyhrlatncnmplnxfnrmatinn
Autoanalyzer
Cd~Cureduction
A10-dynformation
Autoanalyz?r
Membrane
Filtration

lnrjuivaizinnat
20"C/SdaynwinklnrTlratlnnnrDOprobe
Oxidationwith
K2Cr2n70H2SO4Titrimetric
n~hexannextractionFlunrnmutric
Cnldvapor,HAS
AquannqiadiqentionFlamnlnnnAAS
HotH03digeation
i‘r'-rnuIp|1al_r-oxidatinn,phnnphnmnlIlnlal_r~Cmnplvx
formation
Spnctrnphntomntryor Antoanalyzer

Detention
Limit

JHM
0.1mg

0.02pH

0.05nu

93%

0.! mg/L

O.1mg/L
.O|ug/L

0.7Snq
3. i)7_I'|q

0.02ng
0.nm

Nnlnrnncn

StricklandandParnonn,1972
l\F'iiTI\,i'\WWI\,WPCFStandardHokhndn
1900
StricklandandParnnnn1972
Grasnhoff,1976
StricklandandParnnnnI972
Grannhoff,1976
APHA,AWWA,WFCF
lq??
StricklandandParaonn,l972

AFUA,AWWA,WPCF
1980
UNESCO,19n4
unnr,19?G
YnmnniCinglu,i9?U
Edlqnrat ai.,1974

Stricklandand
Parnnna,1972:FM)Flnlmrinn
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windspeedsgreaterthan10m/sare listedbelow.
Date
27.30.‘27.

1.921.921.92
3.2.929.2.9220.22.29.
13.15.18.19.21.22.28.29.30.31.

.\J
.
.92.92{U
.92.92.92.92.92.92
.92LJLJLJKJLJLJLJ3.923.92

Table1.1.

McrsinwindGustData,1992

Speed
11.11.10.
12._'14..18.12.14.
11.10.12.12.14.11.12.14.

49
2
I)

19.311.

(ForOctober,maximum

Direction
ENENEENE
I".NEENESSWNEENE
NNESW
SSWNWSW1110NESSWW5114

129

Date
8.4.9212.4.9213.4.9220.4.9221.4.92

(JIUTUI\3'\J. .9
. .9
. .9‘U>-'—'§\41U122\.'J‘».‘!7.5.8.5.

5.6.9219.6.9229.6.92

19.8.9223.8.92
20.9.92
5.10.92

Speed
15.020.17.21.11.~.‘é\1\l10.14.12.10.12.’J1\1.\J.\J\O19.11.12.0Ox}
11.710.2
11.010.1
11.2
6.6

Direction
WSSWSSWSSWSSW
NENEENEWSWWSW
NNWSSWSW
SSWSSW
SWSSW
SW
SSWobservedwlndspeedis given)



1941194219431944194519451947194519491950
195119521953195419551955195719581959196019611952195319541965196619571968.1969197019711972197319741975197619771978197919801981198219831984198519861987198819891990

Table1.2.

Mersinmonthlyaveragerelativehumidity(%),1941-1990
Jan7374787072707677666770757880897361717573658080567082717674776270596672756676716974666680726978655861

Feb7575687169787377676577737675797466746174728077757878717770797168696774697473706870597772727773715573

Mar7171657161757563706873686370747061746173677179787172797579777274677971727374716968678376626875737070

Apr7171736270716676716971657776727562696378808779717573808169718175737270797675696966728280767174757074

May71727269737672726978736873737275717073678082787872727574757473787177727675757671707382787774787871.71

Jun77707475'70737873746774687577736871727375808275767275707273747478727678777870727574738082777679827972

130

Jul7772697371697673757171777377736874757678819176767576717472787780777277767673707875748579698078777979

Aug7073747270716975716668727376726971717173799072717480727576717479747276757471757072798672748068787974

Sep6767566868646568667366686670715572716075767770687071707167707478696564737369666164738075657262686667

Oct6172687063686359676369666273645362636373758172656167707370656774677464746478666264687355656458726759

Nov6876697270657856606773697088645869576770847975676868727469767269656767676556646062628070736664707064

Dec71646865767374696765677567927660697564708682696973.75787775717055697268757172696073667561686466727159
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FigureII.2.TheseasonalvarlatlonofTotalSuspendedSediment
(TSS,mg/L)lnMerslnBayduringDecember1991—October1992.
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Figure11.3.TheseasonalvariationofDissolvedOxygen(1)0,mg/L)1nMerslnBayduringDecember199l—0clobcr1992.
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Table|1.l.Pu1lutanLsandblozhamlcalparnmatersmeasuredat lhranrlversIndMnrulnIawarnunuutllt.
DnteI3—12~197lSta.No.nH 00 0009CD0 T53 o~PD‘N?,*NO,Tut-PPAHHg Cd Cd-T33FE(mg/L)(mg/L)(mw/L)(mg/L)Ip?)(pN)lpM1luv/L)(nu/L)(nv/L1(n9/L1(U/100mLDnllcay7.677.6 6.7 0.06 253.4 11.760.7 1.5220.7 1030Cavuslu7.646.7 17 3.2 20.3 412.2 —-- 0.370.6 0.17 N.D. 503HultuD. 3.237.7 23 3.1 0.06 1313 --- 0.413.0 N.D.N.D. 540Her51nD.7.637.4337.0753.3173.01.37 -- --- 354.632.0 0.2 N.D.1372x105
DAtnI27-2-1772
Dnl1:Av3.5111.73.7 54.0 3.1 0.13 133.01.75 0.701.5 0.50 N.D. 150Cnvualu3.0312.77.0 54.1 6.0 4.72 171.05.40 0.561.1 0.4013.7 230Hultu0. 3.767.5 2.3 103.01.2 0.61 75.4 0.33 1.071.4 0.10 N.D. 720Nurnln0. 7.373.7175.0373.763.063.20155.3166.00253.142.5 1.31133.4300370
Lute:II-5-1972
Dulluny3.1410.2 2.2 367.6 7.3 0.43 72.730.53 3.152.2 2.3514.7 1377Cavuslu7.676.3 3.2 —---- 7.1 10.3576.8713.0 0.621.1_1.17 N.D.1776NultuD. 3.4310.1 1.6 176.024.3 0.36 34.701.50 0.03 1.5 0.71 7.7 303HeralnD.7.33 3.5132.0173.6101.3132.00151.20173.50157.341.7 4.41233.1222K105
DREEI7-3-177251:.Na.pH U0 BUD,CDO T55D-POLN3J#NO,Tot~PPAHH9 Cd Cd-793FC(mg/L)(mg/L)1mg/L)(M9/L)QJN)QJH1(pH)(pa/L)lnq/L)(nu/L)1H9/L1(I/100mL)______-_ __r- ____ ____ -___- _-_ --_- --_-_-- ______ --_-_ __-- -__- _ _ -__--_Dn1lnay0L0410.6 1.7 272.0 2.5 0.24 36.720.420.52--- 0.76 42.5 4250Cnvuslu7.43---- --- 110.7 3.4 6.60 37.407.300.35 4.4 0.37 27.5 4000NuftuD. 3.6111.2 0.7 144.011.70.16 75.700.300.202.3 1.06 N.D. 1520NEPI1H0. 7.367.7 10.5 320.0125.0124.3 5.60123.021.914.1 1.47373.24500000
DatEx27-7-1772
Dallcnv7.763.3 1.7 63.3 3.0 1.20132.301.500.452.0 0.72 47.4 1100Cavuslu7.42 4.3 1.4 37.6 2.3 3.00146.404.000.14 3.3 0.53203.7 530MultuD. 3.2611.7 1.6 77.0 2.6 1.60 6.40 ---- 0.023.7 0.77 7.4 630?er|1n0.6.373.1 --- 37.0 44.012.30 3.3044.0034.773.2 2.401173.1 17000
BatuI27-10-1772
IDE11:ay3.133.1 3.7 32.2 1.0 0.55 43.500.701.76--- 1.16313.4 1250Cavuslu7.50 6.1 2.3 16.1 3.7 2.00 45.602.250.063.4 1.22265.4 750HuituD. 3.213.4 6.5 24.1 12.5 0.25I 55.700.500.376.0 1.00331.3 650Her!1nD.7.223.3266.3 273.370.7 42.00 3.6052.0015.363.4 2.053313.02700000
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