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Mersin ili Tasucu Limani’ndan Orneklenen Sintine SularinKirlilik A¢isindan Degerlendirilmesi
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OZET

Deniz yolu ile yapilan tagimacilifin artmasi sonucu, gemilerin olusturdugu deniz kirliligi problemi, son yillarda
olduk¢a 6nem kazanmistir. Bu calismada, gemi sintine sularmin deniz kirliligi yoniinden degerlendirilmesi
amaclanmigtir. Mersin Tasucu Limani’nda bulunan iki farkli gemiye ait sintine suyu 6rnekleri alinarak pH, renk,
toplam azot, toplam fosfor, askida kat1 madde (AKM), hidrokarbon yag indeksi (HYT), kimyasal oksijen ihtiyaci
(KOI), biyolojik oksijen ihtiyac1 (BOI), yiizey aktif madde analizleri yapilmistir. Elde edilen sonuglar, Su Kirliligi
Kontrol Yonetmeligi’nde belirtilen degerler ile karsilagtirilmistir. Gemi 1 ve Gemi 2 ‘den alinan Sintine suyu
orneklerinin analiz degerleri sirastyla AKM 472 mg/L-1812 mg/L; HYI 110,6-138,8 mg/L; KOI 8870,4-17369,6
mg/L; BOI 1606,4 -3881,1 mg/L olarak belirlenmistir. Su Kirliligi Kontrol Yonetmeligi’nin derin desarj smir
degerlerine gére AKM 350 mg/L, yag-gres 15 mg/L, KOI 400 mg/L ve BOI 250 mg/L’dir. Bu ¢alismada elde edilen
degerlerin, istenilen simirlardan fazla oldugu ve sintine sularm dogrudan denize bosaltilmamasi gerektigi
belirlenmistir.

ANAHTAR KELIMELER: Deniz kirliligi, Sintine suyu, Gemi, Liman, Yag-gres

Evaluation in Terms of Pollution Bilge Waters Taken from Mersin Tagucu Port
ABSTRACT

The problem of marine pollution caused by ships has become very important in recent years as a result of the increase
in maritime transportation. This study aimed to evaluate ship bilge water in terms of marine pollution. Bilge water
samples of two different ships in Mersin Tasucu Port were taken to determine pH, color, total nitrogen, total
phosphorus, suspended solids (SS), hydrocarbon oil index (HOI), chemical oxygen demand (COD), biological oxygen
demand (BOD), surfactant analyzes were performed. The results obtained were compared with the values specified in
the Water Pollution Control Regulation. Analysis values of bilge water samples taken from Ship 1 and Ship 2 are
respectively SS 472 mg/L-812 mg/L; HOI 110.6-138.8 mg/L; COD 8870.4-17369.6 mg/L; BOD 1606.4 to 3881.1
mg/L were determined. According to the Table given by the Water Pollution Control Regulation for deep discharge,
the limits are SS 350 mg/L, oil-grease 15 mg/L, COD 400 mg/L and BOD 250 mg/L. It was determined that the values
obtained in this study were higher than the desired limits and bilge water should not be discharged directly into the
sea.

KEYWORDS: Marine pollution, Bilge water, Ship, Port, Oil-grease
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1. Giris

Diinyanin en biiylik ekosistemi olan de-
nizler, ¢evre kirliligi problemiyle kars1 kar-
stya kalmaktadir. (Bindoff vd., 2019). Deniz
kirliligi, insanlardan kaynaklanan maddelerin
deniz ortamina girmesiyle canli kaynaklara
zarar verilmesi, insan sagligina zarar veril-
mesi, balik¢ilik dahil deniz faaliyetlerinin en-
gellenmesi, deniz suyunun kullanim kalitesi-
nin bozulmasi ve tesislerin azalmasi gibi za-
rarli etkiler yaratmasi olarak tanimlanmakta-
dir (Wilhelmsson vd., 2013). Bu kirletici
maddeler, deniz ve kiy1 bdlgelerinin 6zellik-
lerini degistirerek deniz ekosisteminin biyo-
lojik cesitliligini, deniz suyunun kalitesini ve
deniz ekolojisinin verimliligini etkilemekte-
dir (Kumar ve Prasannamedha, 2021). De-
nize desarj edilen evsel atik sular, endiistri
atiksulari, zehirli agir metal atiklari, sintine
ve balast suyundan olusan gemi atiklari, gemi
kazalari, zirai ilaglama atiklari, insan aktivi-
teleriyle olusan kirletici maddeler, petrol
arama ve ¢ikarmada yayilan petrol ve tiirev-
leri ile meydana gelmektedir. Petrol, kanali-
zasyon, plastik ve zararli kimyasallar gibi
farkli kirleticiler deniz ortamina girerek de-
niz organizmalarini, ekosistemi, insan sagli-
gimi ve ekonomiyi etkilemektedir (Beiras,
2018).

Giiniimiizde, hammadde ve iirtinlerin mo-
torlu tagimacilig1 giderek artmaktadir. Yirmi
birinci ylizyilda diinya ticaretinin %380',
diinya denizleri lizerinden on milyar tonun
tizerinde kargonun tasindigi anlamia gelen
gemiler tarafindan gergeklestirilmektedir
(Walker vd., 2019). Kiiresel denizcilik trafi-
ginin 2050 yilina kadar on kattan fazla arta-
cagi tahmin edilmektedir (Sardain vd.,
2019 ). Artan trafikle birlikte denizlerdeki
petrol kirliligi de biiyliyen bir ¢evre sorunu-
dur. Gemilerden salinan yagl sintine atik su-
lar1, bircok deniz organizmasi i¢in toksik ol-
mas1 nedeniyle denizlerde yeni bir ¢evre so-
rununa neden olmaktadir (Ameen ve Al-Ho-
maidan, 2023a).

Sintine suyu, su hattinin tizerine yerlestiri-
len gemi govdesindeki bir agikliktan bosalti-
lir ve salinan kii¢iik hacimler deniz suyunda
hizla seyreltilir. Sintine suyunun icerdigi
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yiiksek derisim yag, metal ve diger bilesenler
(sintine suyunda bulunan belirli bilesiklerin
karisimi; biyolojik olarak parcalanabilen bi-
lesikler, 6rnegin denizde kronik olarak yiik-
sek derisimlere ulasan yag ve deterjanlar;
metal bilesikler) toksik etkilere neden olabilir
(Tiselius ve Magnusson, 2017). Sintine su-
lar1 igerdikleri kimyasallar nedeniyle deniz
ekosistemi i¢in Onemli bir tehdit olusturmak-
tadir. Yagl sintine suyu, gemilerden denize
dogrudan desarj olmas1 nedeniyle deniz ¢ev-
resini tehdit eden en 6nemli kirleticilerden bi-
ridir. Sintine suyundaki yiizey aktif madde-
ler, yag damlaciklarinin olusumuna katkida
bulunmalar1 nedeniyle olusan zarari artirabil-
mektedir. Sintine suyu su kolonunda salin-
dig1 i¢in, yogun nakliye yapilan bolgelerdeki
planktonik tiirler ¢evresel etkiler i¢in baslica
hedeflerdir (Tiselius ve Magnusson, 2017).

Bir gemide, yag genellikle motor ve ma-
kine dairelerinden veya motor bakim faali-
yetlerinden sizar ve gemi gdvdesinin en alt
kismi olan sintinede suyla karisir. Petrol
tiriinlerinin biyolojik olarak par¢alanmasin-
dan kaynaklanan yag, benzin ve yan {iriinler,
yutuldugunda baliklara ve vahsi hayata zarar
verebilir ve insan sagligina tehdit olusturabi-
lir (The Ocean Foundation, 2020). Yag, kii-
¢lik miktarlarda bile baliklar1 6ldiirebilir veya
farkl etkilere sahip olabilir. Sintine suyunun
kimyasal bilesimi hem gemiler arasinda hem
de gemi icinde giinden giine degismektedir
(EPA, 2008).

Stirdiirtilebilir atik yonetimine ydnelik
modern yaklagim, '6nleme tedaviden daha
iyidir' ilkesini uygular ve atik olugumunun
onlenmesi, atiklarin yeniden kullanimi ve
bunlarin geri doniisiimii ve diger geri kaza-
nimi1 olmak tizere daha uygun adimlarla atik
yonetimi hiyerarsisini takip eder (Gharfalkar
vd., 2015). Amag, dongiisel bir ekonomi bag-
laminda diizenli depolama alanlarina atilan
atik miktarin1 en aza indirmektir. Yaklasim
ayn1 zamanda gemi kaynakli atiklar i¢in de
gecerlidir (Argiiello, 2020), ancak gemide
stirdiiriilebilir uygulamalara uyum sorumlu-
lugu genellikle gemi operatorlerinin ¢evresel
taahhiitlerinin ve miirettebatin titizliginin bir
yansimasidir (Butt, 2007). Bolgesel ve kiire-
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sel politika gergeveleri, bolgedeki baslica de-
niz kirliligi kaynaklarini ele almaktadir (Kot-
rikla vd., 2021).

Uluslararas1 Denizcilik Orgiitii (IMO),
sintine suyunun tasmmasini diizenleyen ku-
rallart koymustur. Diizenlemenin odak nok-
tas1 tahliye edilen sintine suyunun yag iceri-
gidir, ¢linkii bu genellikle en onemli toksik
bilesen olarak kabul edilir. Gemilerden Kay-
naklanan Kirliligin Onlenmesine iliskin
Uluslararas1 Sozlesmeye (MARPOL 73/78)
gore > 15 mg/L yag iceren hicbir su denize
bosaltilamaz. IMO diizenlemelerini karsila-
mak icin sintine suyu, denize bosaltilmadan
Once ya yolda, bir yag ayirma sisteminde ari-
tilir ya da karadaki kabul tesislerine yatiri-
lir. Sudaki karisik kimyasal igerigi nedeniyle
aritma karmagiktir. En problemli olani, su-
yun iki farkli faza ayrilmasini engelleyen, te-
mizlemeden elde edilen yag ve ylizey aktif
maddelerin karisimidir (McLaughlin vd.,
2014). Yiizey aktif madde, sintine suyunda
onemli bilesiklerdir ve deniz suyundaki biyo-
lojik aktiviteyi onemli dl¢ilide etkilerler. De-
niz suyunda yiizey aktif madde miktarinin 0,1
mg/L'den fazla olmas1 durumunda deniz ya-
sami icin toksik olacagi bildirilmektedir (Ti-
selius ve Magnusson, 2017).

Bu ¢alismada, gemi sintine sularinin deniz
kirliligi yoniinden degerlendirilmesi amag-
lanmistir. Mersin Tasucu Limani’nda bulu-

MedFAR (2024) 7(2):50-60

nan iki farkli gemiye ait sintine suyu 0rnek-
leri alinarak pH, renk, toplam azot, toplam
fosfor, askida kat1 madde (AKM), hidrokar-
bon yag indeksi (HYI), kimyasal oksijen ih-
tiyact (KOI), biyolojik oksijen ihtiyact
(BOI), yiizey aktif madde analizleri yapilmis-
tir.

2. Materyal ve Yontem

Bu ¢alisma Ekim 2022 ve Kasim 2022 ta-
rihlerinde gerceklesmistir. Mersin Tasucu Li-
manindan belirlenen iki farkli gemiden sin-
tine suyu ornekleri alinmistir. Gemilerin sin-
tine boliimiinde toplanan bu atik su herhangi
bir 6n islem uygulanmadan temin edilmistir.
Deniz suyu 6rnegi de alinarak referans olarak
kullanilmaistir.

Bu caligmada sintine suyu 6rnekleri, Tiirk
Akreditasyon Kurumu (TURKAK) tarafin-
dan TS EN ISO/IEC 17025/2017 standartla-
rina gére AB-0144-T Akreditasyon No ile
akredite edilen “Ekosistem Cevre Analiz La-
boratuvar1” tarafindan analiz yapilmistir. Ya-
pilan yontemler Tablo 1°de sunulmustur. Bu
laboratuvara, T.C Cevre ve Orman Bakanlig1
Cevre Yonetimleri Genel Miidiirliigii Cevre
Analizleri On Yeterlilik Belgesi ile 4856 Sa-
yili Cevre ve Orman Bakanligi Kurulus ve
Gorevleri Hakkinda Kanun geregince 6lgiim
ve analiz yapma yetkisi verilmistir.

Tablo 1. Su 6rneklerinde analiz yapilan parametreler ve yontemleri

Parametre Analiz Yontemleri
pH TS EN 1SO10523
Renk SM 2120 C
Toplam Azot SM 4500

Toplam Fosfor SM 4500 P,B E
Askida Kat1 Madde TS EN 872

Hidrokarbon Yag indeksi

TS EN ISO 9377-2

Yiizey Aktif Madde - MA=318 g/mol

SM 5540 B, SM 5540 C

Kimyasal Oksijen Ihtiyaci

TS 2789-Ek A/B

Biyokimyasal Oksijen Ihtiyaci

TS 4957-1 EN 1899-1

TS EN ISO: Tiirk Standartlar1 Enstitiisti, Uluslararas: Standardizasyon Kurulusu (https://intweb.tse.org.tr/Standard/)

SM: Standart Methods (https://www.standardmethods.org/)
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3. Bulgular ve Tartisma

Atik su numunelerinde yapilan analiz so-
nuglari, temiz deniz suyu referans alinarak
karsilastirilmis ve Su Kirliligi Kontrol Yo-
netmeligi (Resmi Gazete, 13.02.2008; Say1:
26786)’nde belirtilen sinirlar ile degerlendi-
rilmigtir. Sintine suyu, temizlik maddeleri,
solventler, yakit, yaglama yaglar1 ve hidrolik
yaglar dahil olmak {izere ¢esitli bilesenler
iceren, deniz suyunun asindirict bir karigimi-
dir.

Yiizey aktif madde, suda ¢oziindiigiinde
yiizey gerilimini etkileyen hidrofilik bir ki-
sim ve hidrofobik bir kisimdan olusan bir bi-
lesiktir. Yizey aktif maddeler sabunlar, de-
terjanlar, 1slatict maddeler ve emiilsifiye
edici maddeler i¢in genel bir terimdir. Sintine
sular1 geminin en altinda bulunan sintine tan-
kinda biriktirilir. Sintine sular i¢erdigi yag
nedeniyle dnemli bir kirleticidir. Genel ola-
rak gemilerin %80’i sintine sularini sintine
tanklarinda biriktirirken %20’si denize bosal-

Tablo 2. Gemilerin Baz1 Ozellikleri
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tarak kirlenmeye neden olmaktadir (Demi-
ray, 2006). Sintine suyunun igerigi ve karak-
teri geminin isletim kosullarma ve tipine
bagli olarak degismektedir.

Sintine suyu Ornekleri alinan gemilerin
ozellikleri Tablo 2’de sunulmustur. Gemi 1
Liibnan-Tripoli Limani’ndan, Gemi 2 Suudi
Arabistan-Yanbu Al Bahr Limani’ndan gel-
mistir. Yapilan c¢alismada referans olarak
kullanilan deniz suyunun degerleri Tablo
3’de sunulmustur. Gemilerden alinan sintine
suyu analiz degerleri Tablo 4’ de verilmistir.

Deniz suyunun ortalama pH" 8,2'dir ancak
yerel kosullara bagh olarak 7,5 ile 8,5 ara-
sinda degisebilir. Atik su, akintilar veya insan
faaliyetleri, pH degerinde kisa vadeli 6nemli
dalgalanmalara neden olabilir ve uzun vadeli
etkiler, bitkiler ve hayvanlar i¢in son derece
zararl olabilir. Sulu ¢ozeltilerin 6nemli bir
ozelligi olan pH, kimyasal reaksiyonlar,
denge kosullar1 ve biyolojik toksisite gibi
kimyasal ve biyokimyasal 6zellikleri etkiler
(https://www.epa.gov/ocean-acidification).

Gemi 1 Gemi 2
Geldigi Yer Liibnan Suudi Arabistan
Gelis Siiresi 10 Saat 20 Saat
Tam Boyu 128 m 170 m
Cinsi Ro Ro Yolcu Gemisi Yik Gemisi
Gros Tonajhi | 9080 16000
Makine Giicii | 8824 KW 8258 KW

Tablo 3. Deniz Suyu Ornegi Analiz Degerleri

Parametre Birim | Analiz Sonucu
pH - 8,15
Renk Pt-Co |7
Toplam Azot mg/L 0,99
Toplam Fosfor mg/L 0,03
Askida Kati Madde mg/L 10
Hidrokarbon Yag Indeksi mg/L < 0,003
Yiizey Aktif Madde - MA=318 g/mol | mg/L < 0,040
Kimyasal Oksijen Ihtiyaci mg/L 43,7
Biyokimyasal Oksijen Ihtiyaci mg/L | 8,23
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Tablo 4. Sintine Suyu Ornegi Analiz Degerleri
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Parametre Birim Gemi 1 Gemi 2
pH - 7,61 7,14
Renk Pt-Co 3000 7200
Toplam Azot mg/L 351,6 1625,20
Toplam Fosfor mg/L 0,84 1,84
Askida Kat1 Madde mg/L 472 1812
Hidrokarbon Yag Indeksi mg/L 110,60 138,80
Yiizey Aktif Madde - MA=318 g/mol | mg/L < 0,040 < 0,040
Kimyasal Oksijen Ihtiyaci mg/L 8870,40 17369,6
Biyokimyasal Oksijen Ihtiyaci mg/L 1606,40 3881,10

Gemilerden alinan sintine suyu 6rneginin
pH degerleri 7,61 ve 7,14 olarak belirlenmis-
tir (Tablo 4). Temiz deniz suyu 6rneginin ise
pH degeri 8,15°dir. Su Kirliligi Kontrol Y&-
netmeliginde “Derin deniz desarjina izin ve-
rilebilecek atik sularin 6zellikleri degerle-
rinde pH 6-9 olarak gosterilmektedir. Buna
gore sintine suyu orneklerinin pH degerleri,
normal degerler arasindadir.

Deniz suyunun renk degeri 7 birim (Tablo
3), sintine suyu Orneklerinin degerleri ise
3000 ve 7200 gibi ¢ok yiliksek birimlerdir
(Tablo 4). Ameen ve Al-Homaidan (2023a,
b) gemilerden aldiklar1 sintine suyu bulanik-
lik degerini 350 ve 320 NTU olarak bulmus-
lardir. Fiziksel olarak, suyun rengi, 1s1k kay-
nagi, 15181n emilmesi ve yayilmasi ve sudaki
askida kat1 maddeler gibi faktorlerden etkile-
nir (Sun-Wai, 2018). Sekil 1’de Renk ve
AKM iligkisi gosterilmistir. Renk Ol¢limii,
atik sularmn izlenmesi, dagitimi1 ve alici or-
tama desarj1 asamalarinda suyun kalitesinin
belirlenmesi agisindan Onemlidir. Goriliniir
renk, suda bulunabilecek koloidal madde
veya asili pargaciklari uzaklagtirmadan 6l¢ii-
len renktir. Suda, bulanikliga neden olan bu
parcaciklar rengin Ol¢lilmesinde degisiklige
neden olarak, suda iletilen 15181 dagitabilir.
Yakit, hidrolik yaglar, yaglayici yaglar,
ucucu organik bilesikler, metaller, deterjan-
lar, yag ¢oziiciiler ve bir gemideki faaliyetler-
den elde edilen diger kimyasallar1 icerebilir.
Bu igerikler sintine suyunun renk degerinin
yiiksek olmasini agiklayabilir.

Bu calismada AKM, deniz suyunda 10
mg/L iken (Tablo 3), 6rneklerde 472 mg/L ve
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1812 mg/L olarak belirlenmistir (Tablo 4). Su
Kirliligi Kontrol Yonetmeligi’nin derin de-
sarj smir degerlerine gore AKM 350
mg/L’nin altinda olmasi istenmektedir. Yu-
karida belirtilen gemi sintine drneklerinin de-
gerleri oldukea fazladir. Atik sularda bulunan
askida veya ¢oziinmiis haldeki maddeler kati
maddeler olarak adlandirilir. Toplam kati
madde, filtre edilebilen ve filtre edilemeyen
katilarin toplamidir. Filtre edilebilen kati
maddeye ¢oziinmiis kat1 madde, filtre edile-
meyen kati maddeye ise askida kati madde
denir. Yiiksek derisimlerde kat1 madde igeren
atik sular, alic1 ortamini olumsuz yonde etki-
ler. Suyun igindeki askida katt maddeler, do-
gal sularda 15181n gecirgenligini azaltmakta
ve dip birikintilerine neden olmakta, bu se-
kilde sudaki canlilarin yagam ortamlarin1 et-
kilemekte ve canlilara zarar vermektedir
(Dikhan vd., 2011). Yogunlugun artmasi, su
icinde yasayan sucul bitki Ortiisii i¢in mevcut
151k miktarin1 azaltmakta, organik ve inorga-
nik maddelerin ylizeyde taginimini saglaya-
rak biyokimyasal siireci etkilemektedir (Dik-
han vd., 2011). Ayrica AKM, c¢oziilmemis
agir metalleri ve mikro kirleticileri su yiize-
yinde barindirarak sucul ortamin fiziksel ve
kimyasal yapisinin degismesine yol agmakta-
dirlar (Onderka ve Pekarova, 2008). Giin-
dogdu (2013) gemilerden aldig atik su Or-
neklerinde AKM miktarinin 1660 mg/L de-
gerine kadar vardigini ve bu suyun denizlere
hicbir sekilde bosaltilmamasi gerektigini be-
lirtmistir.
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Sekil 1. Deniz Suyu ve Sintine Suyu Orneklerinin Renk ve AKM Iliskisi

Referans olarak alinan temiz deniz suyu-
nun toplam azot (TA) degeri 0,99 mg/L
(Tablo 3), sintine suyu orneklerinin degerleri
sirastyla 351, 6 mg/L ve 1625,2 mg/L olarak
bulunmustur (Tablo 4). Azot ve azotlu mad-
deler, su kalitesinin degerlendirilmesinde bii-
yiik bir &neme sahiptir. Igme ve kullanma su-
lar1 ile yiizeysel sularinin ve kirlenmis su kiit-
lelerinin igerdigi ¢esitli organik ve inorganik
azotlu bilesikler Olgiilerek, suyun kalitesi
hakkinda karar verilebilmektedir. Deniz su-
yunun Toplam Fosfor (TF) degeri 0,03 mg/L,
sintine 0rneklerinin ise sirasiyla 0,84 ve 1,84
mg/L olarak saptanmistir. Su Kirliligi Kont-
rol Yonetmeligi'nin derin desarj sinir deger-
lerine gére TA 40 mg/L, TF 10 mg/L. dir.
Yukarida belirtilen gemi sintine 6rneklerinin
TA degerleri oldukga fazladir. Sekil 2’de de-
niz suyu ve sintine orneklerinin TA ve TF
iligkisi gosterilmistir. Azot ve fosfor zengin-
ligi, dibe ¢oken organik maddelerin miktarini
arttiran alglerin asir1 biiyiimesinden baslaya-
rak, istenmeyen bir etkiler zinciriyle sonugla-
nabilir. Bu etkiler, tiir kompozisyonundaki ve
derin denizlere ait besin agmin iglevindeki
(6rnegin genis diyatomlar yerine kii¢lik kam-
cililarin gelisimi) degisiklikler nedeniyle ar-
tabilir. Bunun sonucunda oksijen tiiketi-
minde meydana gelen artis, katmanlagmis su
kiitlesi olan bolgelerde, oksijen azalmasina,
ekosistem yapisinda degisikliklere ve bentik
faunanin oliimiine neden olabilir
(https://csb.gov.tr/kiyi-ve-deniz-sularindaki-
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besin-maddeleri). Denize tasinan/desarj edi-
len genis ¢apta azot ve fosfor girisi, 6trofikas-
yona neden olabilir. Otrofikasyon, bir ekosis-
tem i¢inde azot ve fosfor bilesikleri gibi kim-
yasal besin maddelerinin artmasidir. Ekosis-
temde asir1 bitki iremesi ve ¢iliriimesi ile bir-
likte oksijen azligi, su kalitesinde kotiilesme
ile birlikte hayvan popiilasyonlarinda azal-
maya neden olabilir (Ngatia vd., 2018).

Bu ¢alismada HYI, deniz suyunda 0,003
mg/L’den daha az olacak sekilde belirlenmis-
tir. Sintine 6rneklerinde ise sirasiyla 110,6 ve
138,8 mg/L olarak saptanmustir (Sekil 3). Ge-
milerden Kaynaklanan Kirliligin Onlenme-
sine liskin Uluslararas1 Sozlesme (MAR-
POL) diizenlemelerine gore sintine atik suyu-
nun sulu fazi, yag derisimi 15 mg/L altina
diistiigli durumlarda denize atilabilmektedir.
Bu ¢alismada 6l¢tliglimiiz aritilmamis sintine
suyunun degerleri smir degerlerinden ol-
dukca fazla olup, sintine suyunun etkili bir
sekilde temizlenmesinin gerekli oldugu anla-
mina gelmektedir. Bir gemide, yag genellikle
motor ve makine dairelerinden veya motor
bakim faaliyetlerinden sizar ve gemi govde-
sinin en alt kism1 olan sintinede suyla karisir.
Petrol tirlinlerinin biyolojik olarak parcalan-
masindan kaynaklanan yag, benzin ve yan
triinler, viicuda alindifinda baliklara ve
vahsi hayata zarar verebilir ve insan sagligina
tehdit olusturabilir. Yag, kiigiik miktarlarda
bile baliklar1 6ldiirebilir veya diger zararli et-
kilere sahip olabilir (Gissi vd., 2021).
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Sekil 2. Deniz Suyu ve Sintine Suyu Orneklerinin TA ve TF Iliskisi

Ulkemizde yapilan calismalarda aliman
orneklerde yakit cinsi motorin olan gemilerin
sintine suyundan elde edilen degerlerin 15
mg/L 'nin dstiinde oldugu tespit edilmistir
(Demiray, 2006). Benzer sckilde farkli
iilkelerde  yapilan  calismalarda  yag
derigiminin 320 mg/L ve 290 mg/L oldugu
rapor edilmistir (Ameen ve Al-Homaidan,
2023a, b).

Denizdeki pek ¢ok canli tiirii, sintine
sularinin denize desarj edilmesi dolayisiyla
denize karigan yag nedeniyle etkilenecektir.
Besin  zincirinin  temelini  olusturan
planktonlarin  yag kirlenmelerine kars1
hassasiyetleri deneysel olarak kanitlanmigtir
(Almeda vd., 2013). Bu olay, biitiin deniz
canlilarinin etkilemesine neden olacaktir
(Greer vd., 2012). S1g sularda ve limanlarda
bu etki etkisi daha fazladir. Sig sularda
yiizeydeki yag damlaciklar1 zamanla deniz
tabanina ulasarak dip canlilar1 iizerinde
olumsuz etkileyebilir (Ulucan, 2011).

Yiizey aktif madde miktar1, deniz suyunda
0,04 mg/L’den daha az olacak sekilde
belirlenmistir. Benzer sekilde sintine suyu
orneklerinde de 0,04 mg/L’den daha az
diizeyde bulunmustur (Tablo 4). Su Kirliligi
Kontrol Yonetmeligi’nin derin desarj sinir
degerleri i¢in verdigi Tablo’da “Biyolojik
olarak parcalanmas1 Tiirk Standartlart
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Enstitiisii  standartlarina  uygun olmayan
maddelerin  bosaltim1  prensip  olarak
yasaktir” ifadesi bulunmaktadir. Yiizey aktif
madde (siirfaktan), hidrofilik ve hidrofobik
kisimlarda olusan, suda ¢ozlindiiglinde ylizey
gerilimini etkileyen kimyasal bilesiktir
(Nakama, 2017).

Yiizey aktif madde, sabun, deterjan, 1sla-
tict maddeler ve emiilsiyon olusturan madde-
ler i¢in kullanilan genel bir isimdir. Sintine
suyunda bulunan Onemli bir kimyasallar
grubu ylizey aktif maddelerdir. Bir¢ok yiizey
aktif maddenin kendi baslarina toksik etkisi-
nin oldugu bilinmektedir. Petrol ve yiizey ak-
tif madde karigimlari ise ham petroliin artmis
¢Oziinmesinin bir sonucu olarak her bir bile-
senin tek basina yaratacagi toksik etkiden ¢ok
daha fazla olabilir. Bundan dolay1 da bu et-
kiye maruz kalan organizmalarin yasamini
daha fazla etkilemektedir (Arora vd., 2022).
Deniz suyunda ylizey aktif madde miktarinin
0,1 mg/L'den fazla olmasi durumunda deniz
yasami i¢in toksik olacagi bildirilmektedir
(Tiselius ve Magnusson, 2017). Bu calis-
mada alman sintine suyu 6rneklerinde yiizey
aktif madde igerigi oldukea diisiik saptanmas-
tir.
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Sekil 3. Deniz Suyu ve Sintine Suyu Orneklerinin HY1 Degerleri

Yapilan ¢alismada deniz suyunun KOI de-
geri 43,7 mg/L, sularinin ise sirasiyla 8870,4
ile 17369,6 sintine mg/L olarak belirlenmis-
tir. Su Kirliligi Kontrol Yonetmeligi’nin de-
rin desarj sinir degerlerine gore, KOI 400
mg/L’dir. Gemilerden alinan sintine suyu 6r-
neklerinin KOI degerleri istenen smirin ¢ok
iistiinde bulunmustur. KOI, su ve atik su 6r-
neklerinde kirliligin derecesinin belirlenme-
sinde kullanilan en 6nemli test parametrele-
rindendir. Kimyasal oksijen ihtiyaci, sudaki
organik maddenin ayrigmasi sirasinda suyun
oksijen tiikketme kapasitesinin Olciisiidiir.
Bagka bir deyisle, bir miktar suda bulunan or-
ganik maddeyi oksitlemek icin gereken oksi-
jen miktaridir. Bir numunedeki KOI'nin daha
yiiksek olmasi, 0o numunenin daha yiiksek dii-
zeyde oksitlenebilir malzeme igerdigini gos-
terir. Durum boyleyse, sudaki ¢oziinmiis ok-
sijen seviyeleri azalmis olacaktir. Bunun ger-
ceklestigi durumlarda, etkiler daha yiiksek
seviyedeki sudaki yasam formlarina ¢evresel
agidan zarar verebilir. Bu nedenle atik su ari-
timinm amaci sudaki KOI seviyelerini azalt-
maktir. Giindogdu (2013), yaptig1 ¢caligmada
gemi atik suyunda KOI degerini 1191 mg/L
olarak rapor etmistir. Yag-gres miktar1 yiik-
sek olan sularda KOI degerinin de yiikseldi-
gini, ayn1 zamanda kimyasal olarak oksitle-
nebilecek maddeler daha fazla oldugunda

kimyasal oksijen degeri biyolojik oksijen de-
gerinden daha yiiksek sonuglar verdigini
aciklamistir. KOI ve BOI degerlerinin iliskisi
Sekil 4’de gosterilmistir.

Bu ¢aligmada deniz suyunun BOI degeri
8,23 mg/L, sintine sularinin ise sirasiyla
1606,4 ile 3881,1 mg/L olarak belirlenmistir.
Su Kirliligi Kontrol Yonetmeligi’nin derin
desarj smir degerlerine gore, BOI 250
mg/L’dir. Gemilerden alinan sintine suyu 0Or-
neklerinin BOI degerleri istenen smirin ¢ok
iistiinde bulunmustur. Ameen ve Al-Homai-
dan (2023a, b) yaptiklar1 galigmada sintine
orneklerinde BOI degerlerini 380 ve 210
mg/L olarak rapor etmislerdir. Biyokimyasal
Oksijen Ihtiyacinin belirlenmesi, atik su, atik
su ve kirli sularda bulunan biyolojik olarak
parcalanabilen organik madde miktarini de-
gerlendirir. BOI testi, bakterilerin bu malze-
meleri oksitlerken tiikettigi ¢coziinmiis oksi-
jen (CO) miktarin1 yansitir. Coziinmiis oksi-
jen, suda yasayan fauna ve floranin yagami
icin gereklidir ve BOI testi, atik suyun, alici
su kiitlesi tizerinde yaratabilecegi ekolojik et-
kinin bir 6l¢istdiir (Abu Shmeis, 2018). Ye-
terli miktarda ¢6zlinmiis oksijen derisiminin
varligi, su yasamini korumak icin kritik
Ooneme sahiptir. Organik maddenin ¢oziinmiis
oksijen derisimini nasil etkiledigini belirle-
mek su kalitesi yonetiminin ayrilmaz bir par-
casidir (Bendicho ve Lavilla, 2019).
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Sekil 4. Deniz Suyu ve Sintine Suyu Orneklerinin KOI ve BOI Iligkisi

4. Sonug¢

Gemilerden  alinan  sintine  suyu
orneklerinde yapilan analizler sonucu, Su
Kalitesi Yonetmeliginde belirtilen sinir
degerlerinden c¢ok fazla olan veriler elde
edilmistir. Deniz ortaminda olumsuz etkiler
olusturabilecek oranda kimyasal maddeler
icermesi nedeni ile, sintine sularinin deniz
ortamina dogrudan birakilmamasi gerektigi
sonucu ortaya konulmustur.

Sintineyi  denize  birakmadan  Once
aritabilmeleri i¢in gemilerde uygun atik su
aritma  sistemleri  bulunmalidir. Gemiler,
sintine suyunu uygun sekilde bertaraf edene
kadar depolamak icin ekstra tanklara bile
sahip olabilir. Gemilerin sintine alaninin
diizenli olarak temizlenmesi ve bakimi, orada
toplanan sularin diigiik diizeyde kirletici ve
kirletici madde icermesini saglayacaktir.
Yasadis1 sintine bosalttmma kars1t hizli
miidahale ve yonetim tedbirleri gelistirilmesi
ve denetlenmesi, deniz ortamini korumak
acgisindan onemlidir.

Tesekkiir

Bu calisma, Mersin Universitesi Bilimsel
Arastirma Projeleri birimi tarafindan 2022-
1TP2-4693 numarali proje ile
desteklenmistir.

58

Kaynaklar

Abu Shmeis, R.M. (2018) Water che-
mistry and microbiology. Comprehensive
Analytical Chemistry 81: 1-56.

Almeda, R., Wambaugh, Z., Wang, Z.,
Hyatt, C., Liu, Z., Buskey, E.J. (2013) Inte-
ractions between zooplankton and crude oil:
toxic effects and bioaccumulation of
polycyclic aromatic hydrocarbons. PL0S
One 8: 67212.

Ameen, F., Al-Homaidan, A.A. (2023a).
Treatment of oily bilge waste water using
marine fungi. Journal of King Saud Univer-
sity - Science, 35: 102929.

Ameen, F., Al-Homaidan, A.A. (2023b).
Oily bilge water treatment using indigenous
soil bacteria: Implications for recycling the
treated sludge in vegetable farming. Che-
mosphere 334: 139040.

Argiiello, G. (2020) Environmentally so-
und management of ship wastes: challenges
and opportunities for European ports. Journal
of Shipping and Trade 5(12): 1-21.

Arora, J., Ranjan, A.,  Chauhan, A.,
Biswas, R., Rajput, V.D., Sushkova, S.,
Mandzhieva, S., Minkina, T.,Jindal, T.

(2022) Surfactant pollution, an emerging
threat to ecosystem: Approaches for effective



Ozkan Yilmaz, F., Nas, O., Ozliier Hunt, A.

bacterial degradation. Journal Applied Mic-
robiology 133: 1229-1244.

Bendicho, C., Lavilla, 1. (2019) Water
Analysis: Sewage. in: Worsfold, P., Poole,
C., Townshend, A., M. Miro, M. (Eds.),
Encyclopedia of Analytical Science. Else-
vier, pp. 371-381.

Beiras, R. (2018) Marine Pollution: Sour-
ces, Fate and Effects of Pollutants in Coastal
Ecosystems. Elsevier, Amsterdam, Neder-
land, 408.

Bindoff, N.L., L Cheung, W.W., Kairo,
J.G., Aristegui, J., Guinder, V.A., Hallberg,
R., Hilmi Monaco, N., Jiao, N., saiful Karim,
M., Levin, L., O’Donoghue, S., Cuicapusa
Purca, S.R., Rinkevich, B., Suga, T., Tagli-
abue, A., Williamson, P. (2019) Changing
Ocean, Marine Ecosystems, and Dependent
Communities, in: Portner, H.O., Roberts,
D.C., Masson-Delmotte, V., Zhai, P., Tignor,
M., Poloczanska, E., Mintenbeck K., Alegria,
A., Nicolai, M., Okem, A., Petzold, J., Rama,
B., Weyer,N.M. (Eds.), IPCC Special Report
on the Ocean and Cryosphere in a Changing
Climate Cambridge University Press, Camb-
ridge, UK and New York, NY, USA, pp. 447-
587.

Butt, N. (2007) The impact of cruise ship
generated waste on home ports and ports of
call: A study of Southampton. Marine Policy
31: 591-598.

Demiray, N. (2006) Sintine Sularindan
Kaynaklanabilecek Deniz Kirliliginin Deger-
lendirilmesi, Yiiksek Lisans Tezi, Isparta,
Tiirkiye.

Dikhan, M., Karsli, F., Gilineroglu, A.
(2011) Karadeniz Kiy1 Sularinda Askida Kati
Madde Dagilimimin Haritalanmasi 13. Tiir-
kiye Harita Bilimsel ve Teknik Kurultay1, Ni-
san, Ankara.

EPA (2008) Cruise Ship Discharge As-
sessment Report (Assessment Report) (Re-
port no. 842-R-07-005), (https://arc-
hive.epa.gov/water/test/web/pdf/2009) 01
Aralik 2023 tarihinde erisildi.

Effects of Ocean and Coastal Acidifica-
tion on Ecosystems

59

MedFAR (2024) 7(2):50-60

(https://www.epa.gov/ocean-acidifica-
tion/effects-ocean-and-coastal-acidification-
ecosystems) 01 Aralik 2023 tarihinde erisildi.

Gharfalkar, M, Court, R, Campbell, C, Ali
Z, Hillier, G. (2015) Analysis of waste hie-
rarchy in the European waste directive
2008/98/EC. Waste Management 39: 305-
313

Gissi, F., Strzelecki, J., Binet, M.T., Gol-
ding, L.A., Adams, M.S., Elsdon, T.S., Ro-
bertson, T., Hook, S.E. (2021) A comparison
of short-term and continuous exposures in
toxicity tests of produced waters, condensate,
and crude oil to marine invertebrates and fish.
Environmental Toxicology and Chemistry
40(9): 2587-2600.

Greer, C.D., Hodson, P.V., Li, Z., King,
T., Lee, K. (2012) Toxicity of crude oil che-
mically dispersed in a wave tank to embryos
of Atlantic herring (Clupea harengus). Envi-
ronmental Toxicology and Chemistry 31(6):
1324-1333.

Giindogdu, M. (2013). Gemi Kaynakl
Atiksularin Kirlilik Diizeyinin Incelenmesi,
Yiiksek Lisans Tezi, Firat Universitesi, Ela-
z18, Tlrkiye.

Kiy1 ve Deniz Sularindaki Besin Madde-
leri (https://cevreselgosterge-
ler.csb.gov.tr/kiyi-ve-deniz-sularindaki-be-
sin-maddeleri-i-91719) 15 Aralik 2023 tari-
hinde erisildi.

Kotrikla, AM., Zavantias, A., Kaloupi, M.
(2021) Waste generation and management
onboard a cruise ship: A case study. Ocean
and Coastal Management 212: 105850.

Kumar, P.S., Prasannamedha, G. (2021)
Biological and chemical impacts on marine
biology. in: Kumar, P.S. (Ed.), Modern Tre-
atment Strategies for Marine Pollution, Else-
vier, pp. 11-27.

MARPOL, (73/78). International Conven-
tion for the Prevention of Pollution from
Ships, 1973, as modified by the protocol of
1978 relating thereto (MARPOL 73/78).
https://www.resmigazete.gov.tr/ar-
siv/20558.pdf. 01.12.2023 tarihinde erisildi.



Ozkan Yilmaz, F., Nas, O., Ozliier Hunt, A.

McLaughlin, C., Falatko, D., Danesi,
R., Albert, R. (2014) Characterizing shipbo-
ard bilgewater effluent before and after treat-
ment. Environmental Science and Pollution
Research 21: 5637-5652.

Nakama, Y. (2017) Surfactants, in: Saka-
moto, K., Lochhead, R.Y., Maibach, H.l.,
Yamashita, Y. (Eds.), Cosmetic Science and
Technology, Elsevier, pp. 231-244.

Ngatia, L., Grace Ill, J.M., Moriasi D.,
Robert Taylor, R. (2018) Monitoring of Ma-
rine Pollution (Houma Bachari Fouzia Edt)
Nitrogen and Phosphorus Eutrophication in
Marine Ecosystems, Intechopen, 168.

Onderka, M., Pekarova, P. (2008) Retrie-
val of suspended particulate matter concent-
rations in the Danube River from Landsat
ETM data. Science of the Total Environment
397: 238243.

Resmi Gazete (2008) Su Kirliligi Kontrol
Y o6netmeligi, (https://www.resmiga-
zete.gov.tr/eskiler/2008/02/20080213-
13.htm) 01.12.2023 tarihinde erisildi.

Sardain, A., Sardain, E., Leung, B. (2019)
Global forecasts of shipping traffic and bio-
logical invasions to 2050. Nature Sustainabi-
lity, 2: 274-282.

Standart Method (https://www.standard-
methods.org/) 15 Aralik 2023 tarihinde eri-
sildi.

Sun-Wai, L. (2018) The Government of
The Hong Kong Special Andministrative Re-
gion, Hong Kong,

The  Ocean Foundation (2020)
(https://oceanfdn.org/tr/the-catastrophic-da-
mages-from-oil-spills/) 15 Aralik 2023 tari-
hinde erisildi.

Tiselius, P., Magnusson, K. (2017)
Toxicity of treated bilge water: The need for
revised regulatory control. Marine Pollution
Bulletin 114(2): 860-866.

Tiirk Standartlar
(https://intweb.tse.org.tr/Standard/)
Aralik 2023 tarihinde erisildi.

Enstitisi
01

60

MedFAR (2024) 7(2):50-60

Ulucan, K. (2011) Sintine Sularinin
Elektrokimyasal Olarak Aritilabilirliginin
Arastirilmasi, Yiiksek Lisans Tezi, Yildiz
Teknik Universitesi, Istanbul, Tiirkiye.

Walker, T.R., Adebambo, O., Del Aguila
Feijoo, M.C., Elhaimer, E., Hossain, T.,
Edwards, S.J., Morrison, C.E., Romo, J.,
Sharma, N., Taylor, S., Zomorodi, S. (2019)
Environmental effects of marine
transportation, in: Sheppard, C. (Ed.), World

Seas: An Environmental Evaluation.
Elsewier, pp. 505-530.
Wilhelmsson, D., Thompson, R.C.,

Holmstrom, K., Linden, O., Eriksson-Higg,
H. (2013) Marine pollution, in: Noone, K.J.,
Sumaila, U.R., Diaz, R.J. (Eds), Managing
Ocean Environments in a Changing Climate,
Elsewier, pp. 127-169.



Mediterranean Fisheries and Aquaculture Research

MedFAR https://dergipark.org.tr/medfar

ORIGINAL RESEARCH PAPER
Received: 1 Apr. 2024 | Accepted: 24 Jun. 2024

Assessing potential health risks of heavy metal contamination in common carp (Cyprinus carpio) and
redbelly tilapia (Coptodon zillii) from the Shatt al-Arab River, Basrah, Iraq

Arafat R. Ahmed

Department of Biological Development, Marine Science Centre, The University of Basrah, Iraq.

Corresponding author e-mail: arafat.ahmed@uobasrah.edu.iq

ABSTRACT

This study aimed to assess the concentrations of selected trace elements in the edible tissues of two fish species
available in the Shatt al-Arab River in Basrah Province, southern Irag. Common carp (Cyprinus carpio) and redbelly
tilapia (Coptodon zillii) were purchased from a fisherman who sells fish daily on the Shatt al-Arab riverbank. Using
an X-ray fluorescence spectrophotometer, the concentrations of Ba, Cu, Mo, Pb, Zn, Co, Cr, Ni, V, Sr, Zr, and Ce
were determined. Ba, Cu, Mo, Pb, and Zr were not detected in any of the samples analyzed. Except for zinc, the levels
of the remaining elements were higher than the permitted limits set by international standards; there were no significant
differences (p>0.05) between the two fish species. The results suggest that consuming large quantities of these fish
may pose health concerns for humans. In addition, this study provides useful information on the levels of some trace
elements in the mentioned fish species, which can be used as a reference for future studies.
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1. Introduction

More than three million people live in
Basrah and depend on the Shatt al-Arab River
for their freshwater needs including drinking
water, domestic use, agricultural, industrial,
health, and recreational activities. The river is
also important for fishing and fish farming
(Ahmed, 2022). However, a recent study by
Mahdi et al, (2023) highlighted the
degradation of the water quality in Shatt al-
Arab due to the continuous discharge of
industrial waste, oil effluents, and sewage
from urban areas. Trace metals are acommon
pollutant in the aquatic environment and are
considered a significant threat due to their
toxicity and ability to bioaccumulate in the
food chain (Ahmed et al., 2015; Wu et al.,
2016). The freshwater quality deterioration
ultimately affects economic activity and
human welfare. The study of Yiiksel et al.,
(2021) investigated the impact of a garbage
disposal facility (GDF) near Cavuslu Stream
in Giresun, Turkey on the water quality and
associated human health risks. An ICP-MS
technique was used to quantify levels of toxic
metals (As, Pb, Cd, Hg, Sb, Al, Ni) as well as
essential elements (Se, Cu, Fe, Mg, Mn, Zn,
Co) in water samples from four stations along
the stream and tap water sourced from it. The
results suggest the GDF is decreasing water
quality in the stream and may be responsible
for the elevated cancer risk. Al-Darraji et al.,
(2023) measured the concentration of heavy
metals (lead, cadmium, copper, and iron) in
three stations along the Shatt al-Arab River.
The study revealed that the recorded levels of
the measured elements, except for cadmium,
exceeded the Iragi standard limits. In
addition, the study suggested that trace
element pollution in the Shatt al-Arab river
could be attributed to agricultural discharges
and industrial activities. Another study
reported that the sediments of Shatt al-Arab
are contaminated with different elements
such as Zn, Ni, Cu, Mo, Cu, and Fe (Allafta
and Opp, 2020). It has been proposed that
some aquatic plants described as
"Hyperaccumulators™ owing to their ability
to absorb and accumulate trace elements in
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their tissues at high levels, and thereby may
impact the ecosystem and potentially harm
humans and animals (Anna et al., 2023). Fish
can absorb trace elements directly from the
surrounding environment through their gills
and skin or via contaminated food and
sediment (Emon et al., 2023). In addition,
fish can bioaccumulate trace elements and
toxic materials from their aquatic habitat and
are therefore used as biomarkers for
environmental pollution (Albuquerque et al.,
2021). The accumulation of trace metals in
the fish body can result in negative effects
such as irritation of the gastrointestinal
mucosa, nephritis, necrosis and, neurological
and behavioral disorders (Agbugui et al.,
2023). The accumulation of trace elements in
the edible tissues of fish poses a significant
threat to public health (Ahmed, 2021; Al-
Sarraj et al., 2022). Tore et al., (2021)
analyzed metal concentrations in the tissues
of six fish species from the Tigris River in
Turkey. The results showed varying degrees
of accumulation across different metals and
species. The study concluded that the
occasional consumption of these fish is safe
based on target hazard quotients/ hazard
index. However, it noted potential long-term
carcinogenic risks from certain metals
meriting further monitoring. For that reason,
it is critical to monitor the concentration of
trace elements in fish meat and compare it
with the international accepted limits.

X-ray fluorescence is a fast and
economical analytical technique that can
determine the chemical composition of a
wide variety of materials and environmental
samples (solids, liquids, and powders). XRF
can be used to identify up to 30 elements at
the same time in concentration ranges from
100 wt% to sub-ppm levels (Beckhoff et al.,
2006). In this regard, Bilo et al., (2015) used
XRF to study Pb and Zn accumulation in
zebrafish embryos. Similarly, Limburg et al.,
(2007) used the X-ray fluorescence technique
to investigate the trace element distribution in
fish otolith (earstones), while Ahmed (2021)
used the XRF Spectro to qualitatively and
quantitatively determine the metals present in
the edible tissues of C. carpio.
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The current study aims to assess the ability
of two fish species, common carp (C. carpio)
and redbelly tilapia (C. zillii), to accumulate
trace elements in their edible parts and to
ensure the safety of consuming these fish by
humans.

2. Material and Methods
2.1. Study Area

The Shatt al-Arab River originates from
the confluence of the Euphrates and Tigris
rivers in al-Qurnah, southern Irag. The river
flows southeastward for approximately 193
kilometers, forming part of the boundary
between Irag and Iran, before draining into
the Arabian Gulf.

In this study, common carp (C. carpio)
and redbelly tilapia (C. zillii) samples were
collected from the Shatt al-Arab River
(Hamadan village in the Abul-Khaseeb
district) in collaboration with a fisherman
who catches fish daily on the riverbank
(Figure 1).

Thirty specimens of each species,
common carp (C. carpio) and redbelly tilapia
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(C. zillii), of approximately similar weights
and lengths were purchased from a fisherman
who sells fish daily on the riverbank in
Basrah province, southern Irag. The samples
were placed in a refrigerated box with ice and
promptly transferred to the laboratory of the
Marine Science Centre, University of Basrah,
Irag. The data related to the length and weight
of individual fish were recorded. The edible
sections of fish tissues were removed from
the dorsal part of the body and chopped into
tiny pieces. The samples were dried in an
oven at 65°C for 24 hours before
homogenizing in a porcelain mortar, as
described previously by Ahmed (2021).
Briefly, 0.5 g of each sample's powdered fish
was weighed and mixed with three drops of
organic binder before being pressed into
pellets ready for metal analysis. The metals
(Ba, Cu, Mo, Pb, Zn, Co, Cr, Ni, V, Sr, Zr,
and Ce) in the tissue samples were
determined qualitatively and quantitatively
using an X-ray fluorescence spectrometer
(Shimadzu, Japan).
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Figure 1. The map shows the location of the fishing nets installation.
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2.2. Statistical Analysis Ba, Cu, Mo, Pb, and Zr were not found in
the analyzed samples. Table 2 presents the
Excel software was used for statistical concentrations of Zn, Co, Cr, Ni, V, Sr, and
analysis (min, max, mean, and standard Ce in the selected species. All data are pro-
deviation). The two-sample t-test for  vided as means =+ standard deviations. Within
independent samples was employed to  the same parameter, mean values with vari-
compare the means of two groups to ous superscripts are significantly different (p
determine if there was a significant  <0.05).

difference between them. AIll data are The results indicated that the trace element
presented as the mean + standard deviation  concentrations in Table 1 exceeded the al-
(SD). lowable limit, with no significant differences

(p >0.05) between the two fish species except
3. Results for Zn.

The length of carp samples ranged be-
tween 24.5-27.0 cm and 20-23 cm for tilapia.
The weight of Carp and tilapia samples
ranged from 237.9 to 345 g and 177 to 303 g,
respectively, as presented in Table 1.

Table 1. The average weight and length of the fish used in the current study.

Species Average weight (g) Average length (cm)
Carp 276.9 g; SD = 34.07 25.55 cm; SD = 1.04
Tilapia 222.59; SD =33.51 21.75 cm; SD = 0.98

SD: is standard division

Table 2. Content of heavy metals (mg/kg dry weight) in the edible parts of the tested samples
compared with standard limits.

Carp (mg/kg) Tilapia (mg/kg) Legislation limits
Element Min Max Mean+SD Min Max Mean =SD V;/g'gg FACl)/g\/7\/9HO, FA’C;/S/(\)T o ngRg%
Zn 28.07 63.00 350+11.5 16.3 31.8 ©20.8+5.77 50.00
Co 6.00 33.01 14.83+9.39 6.00 15.03 11+3.35 0.01
Cr 5.01 23.00 13+6.25 4.02 1725 9.83+6.08  0.15 1.00
Ni 13.00 38.02 23.5+10.62 19.10 40.05 28.5+104  0.60
\Y 12.01 14.04 13.33+0.81 10.04 16.00 12.83+2.04 0.5
Sr 17.02 29.01 24.67+4.13 16.10 32.01 22+5.83 No information available
Ce 24.04 51.00 32.83+11.39 10.07 32.00 23.17+£7.41 No information available

Different letters (a and b) indicate statistically significant differences (p < 0.05)

28
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4. Discussion

Fish are a valuable source of essential mi-
cronutrients for normal growth and develop-
ment. However, these micronutrients can be-
come toxic at high levels for humans and an-
imals. This study evaluated the levels of spe-
cific heavy metals in the edible parts of two
fish species collected from the Shatt al-Arab
River in Basrah, southern Irag. The river has
been affected by many human activities, and
fishing is still widespread, potentially putting
the local population at risk for health issues
caused by consuming contaminated fish.

Zn is a cofactor of major proteins and an
immunomodulatory agent, that plays an es-
sential role in the growth of living organisms
(Hussain et al., 2022). However, exposure to
high levels of Zn could produce an alterna-
tion in the blood profile of freshwater fish
(Gupta et al., 2023). Talal et al., (2020) re-
ported that the maximum concentration of Zn
in Shatt al-Arab water (1.116 mg/l) was
found in the Abul-Khaseeb district, while the
highest concentration of Zn in fish (69.5
mg/kg) was found in tilapia from the same re-
gion. In the current study, the concentration
of Zn in carp tissues (52+11.5) slightly ex-
ceeded the permissible limit (50 mg/kg) set
by the FAO/WHO (2004). On the other hand,
the concentration of Zn was much lower in
tilapia tissues (21 £5.77 mg/kg), with a sig-
nificant difference (P<0.05) between the two
fish species. The ability of fish to absorb trace
metals from contaminated food and water is
affected by their metabolic capacity
(Satheeshkumar et al., 2011).

Chromium concentrations in Shatt al-Arab
sediment ranged from 738 to 883 mg/kg dur-
ing the wet and dry seasons, respectively (Al-
lafta and Opp, 2020). A small amount of Cr
has been suggested to enhance the growth
performance of fish and feed conversion ra-
tio. However, high levels could negatively af-
fect the general fish health (Ahmed et al.,
2013). The concentration of Cr in the edible
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tissues of both species in the current investi-
gation was much greater than the regulatory
limits established by the FAO/WHO (2004).
According to Rahman et al., (2009) and Ali
etal., (2010), the presence of benthic inverte-
brates, detritus, and mud throughout the year
in the digestive tract of carp suggests that the
species eats at the bottom of the water body,
which is already contaminated with trace el-
ements (Moyel et al., 2015). Similarly, tilapia
can consume a wide range of feed ingredi-
ents, including raw materials, smaller fish, al-
gae, debris, aquatic plants, and invertebrates,
which may carry trace elements to higher lev-
els in the food chain (Ganie et al., 2013). Co-
balt (Co) is an integral component of cobala-
min or vitamin B12 in animals and is critical
for ovulation in fish (Gautam et al., 2018;
Banerjee and Bhattacharyam, 2021). How-
ever, Co is toxic to living organisms at higher
levels (Nagpal, 2004). The concentration of
Co (10 mg/kg) in Shatt al-Arab surface sedi-
ment was measured recently by Allafta and
Opp (2020). The mean Co concentrations in
carp and tilapia in the current study were
12+9.39 and 1143.35, respectively, with no
significant differences (p>0.05) between the
two fish species. The recorded values in the
current study were above the acceptable limit
of the NRC (1989), which is (0.01 mg/kg dry
weight). High levels of cobalt reach the eco-
system with industrial discharges, agricul-
tural waste, and domestic sewage. Cobalt is
included in the composition of agricultural
fertilizers due to its effective role in stimulat-
ing plant growth (Hu et al., 2021). Further,
cobalt plays an important role in various
fields, such as the oil industry, used as a col-
oring agent for glass and ceramics, catalysts
and alloys for the mechanical industries
(Nagpal, 2004; Hu et al., 2021).

Nickle in environmental samples is at-
tributed to industrial and agricultural activi-
ties (Al-Sarraj, 2021; Al-Asadi et al., 2020).
Al-Asadi et al., (2020) reported that Shatt al-
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Arab sediment is contaminated with high lev-
els of toxic metals including Ni. Another
study reported that Shatt al-Arab water is pol-
luted with Ni and the concentrations ranged
between 79.82 and 144.01 pg/l (Moyle et al.,
2015). In the current study, the concentration
of Ni in carp (24.8+11.8 mg/kg) and tilapia
(29.8+9.8 mg/kg) exceeded the allowed limit
of WHO (1985), with no significant differ-
ences (p >0.05) between the two fish groups.
Excess nickel intake may cause disturbance
of the proper composition of intestinal micro-
flora, especially in people diagnosed with
systemic nickel allergy syndrome (Swierc et
al., 2022).

Heavy metals, such as vanadium, are non-
biodegradable and persistent in the environ-
ment, posing environmental and human risks
owing to their potential toxicity (Tulcan et
al., 2021). Animal studies with a high-vana-
dium-content diet showed a significant in-
crease in metal retention in various tissues
(Trevifo et al., 2019). The concentrations of
vanadium in the current study were 13.50 and
12.38 mg/kg for carp and tilapia, respec-
tively. However, there is no specific standard
regulation for the permissible level of vana-
dium in fish flesh and there is no precise data
from previous studies about the levels of va-
nadium in Shatt al-Arab water.

The current investigation found that carp
and tilapia had mean concentrations of Sr of
25.5+4.13 and 22+5.83 mg/kg, respectively,
with no significant differences. Sr is a natu-
rally occurring element that is recommended
for treating osteoporosis (Alexandersen et al.,
2011; Rossi et al., 2014). Several studies have
focused on the benefits of Sr for humans in
promoting cartilage matrix secretion, stimu-
lating human osteoblast proliferation, and en-
hancing bone mineralization (Dermience et
al., 2015; Cabrera et al., 1999). However,
consuming high levels of Sr could lead to
possible health hazards (Langley et al.,
2009).
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In the current study, Ce concentrations
were 37.0+12.1 and 23.4+8.29 mg/kg for
carp and tilapia, respectively. There were no
significant differences (p > 0.05) between the
two fish species. Ce is a rare earth element
widely used in agriculture (Dahle and Arai,
2015). Regarding current knowledge, no in-
formation is available on the maximum Sr
and Ce concentrations in fish samples. Fur-
ther, there is no data available on Sr and Ce
concentrations in Shatt al-Arab water and
sediment.

5. Conclusion

The results of the current study showed
that consuming carp and tilapia fish from the
Shatt al-Arab River could endanger the lives
of consumers. Hence, it is critical to monitor
the concentrations of these elements in fish
from this area. Mitigating pollution issues in
Shatt al-Arab requires an effective strategy,
including applying environmental protection
laws, adopting waste management methods,
and raising public awareness about the dan-
gers of ecosystem pollution.

It is worth noting that previous studies and
specialized international organizations did
not provide specific maximum limits for the
elements mentioned in fish meat, which were
included in the current study. The presence of
these elements in high concentrations calls
for more studies on the health effects of the
presence of these substances in the daily
meals preferred by the residents of Basrah
province.

Acknowledgements

The author would like to thank Miss Zah-
raa R. Jawad from Basrah College of Science
and Technology for her assistance in sample
collection and preparation. The current re-
search was funded by the University of Bas-
rah, Marine Science Centre, Iraqg.



Arafat R. Ahmed

References

Agbugui, M.O., Ayite, G., Abe, B. (2023)
Analysis of trace metal bioaccumulation in
fish and man: Health risk impact.
International Journal of Fisheries and
Aquaculture Research 9(1): 32-59.

Ahmed, A.R. (2021) Evaluation of the
heavy metal content in the muscle tissue of
common carp (Cyprinus carpio L.) reared in
groundwater in Basrah province, Irag. Iraqi
Journal of Veterinary Sciences 35(1): 157-
161.

Ahmed, A.R. (2022) Overview of Fish
Farming Using Floating Cages along the
Shatt al-Arab River in Basrah Province,
Southern Iraq. Mediterranean Fisheries and
Aquaculture Research 5(1): 1-10.

Ahmed, A.R., Moody, A.J., Fisher, A,
Davies, S.J. (2013) Growth performance and
starch utilization in common carp (Cyprinus
carpio L.) in response to dietary chromium
chloride supplementation. Journal of Trace
Elements in Medicine and Biology 27(1): 45-
51.

Ahmed, Md.K., Shaheen, N., Islam,
Md.S., Habibullah-al-Mamun, Md., Islam,
S., Mohiduzzaman, Md., Bhattacharjee, L.
(2015) Dietary intake of trace elements from
highly consumed cultured fish (Labeo rohita,
Pangasius pangasius and Oreochromis
mossambicus) and human health risk
implications in Bangladesh. Chemosphere
128: 284-292.

Al-Asadi, S.A.R., Al-Qurnawi, W.S., Al
Hawash, A.B. (2020) Water quality and
impacting factors on heavy metals levels in
Shatt Al-Arab River, Basra, Irag. Applied
Water Science 10: 103.

Albuquerque, F.E.A., Herrero-Latorre, C.,
Miranda, M., Barréto Junior, R.A., Oliveira,
F.L.C., Sucupira, M.C.A., Ortolani, E.L.,
Minervino, A.H.H., Lopez-Alonso, M.
(2021) Fish tissues for biomonitoring toxic
and essential trace elements in the Lower
Amazon. Environmental Pollution 283:
117024.

Al-Darraji, J., Alshami, I., Ankush M.
(2023) Effect of Some Heavy Metals in the
Industrial Flows on Shatt al-Arab River.

67

MedFAR (2024) 7(2): 61-69

Egyptian Journal of Aquatic Biology and
Fisheries. 27(3): 801-814.

Alexandersen, P., Karsdal, M.A,
Byrjalsen, 1., Christiansen, C. (2010)
Strontium ranelate effect in postmenopausal
women with different clinical levels of
osteoarthritis. Climacteric 14(2): 236-243.

Ali, G., Mehmet, Y., Ayse, K., Semra, B.
(2010) Feeding properties of common carp
(Cyprinus carpio L. 1758) living in Hirfanli
Dam Lake, Ankara, Turkey. Aquatic Ecology
18(2): 545-556.

Allafta, H., Opp, C. (2020) Spatio-
temporal variability and pollution sources
identification of the surface sediments of
Shatt Al-Arab River, Southern Iraqg.
Scientific Reports 10: 6979.

Al-Sarraj, E., Eskandera M.Z., Al-Taee
Sh.K. (2022) Heavy Metal Pollution in Iraqi
Rivers and Impact on Human and Fish
Health: A Review. Biological and Applied
Environmental Research 6(2): 95-112.

Anna, M.K., Vimala, K.S., Raiby, P.P.,
Priyalatha, B., Priya, S. (2023)
Phytoremediation potential of a few
hydrophytic medicinal plants: A review.
International Journal of Scholarly Research
in Biology and Pharmacy. 02(01), 005-009.

Banerjee P., Bhattacharyam P. (2021)
Investigating Cobalt in Soil-plant-animal-
human system: Dynamics, Impact and
Management. Journal of Soil Science and
Plant Nutrition 21(3): 2339-2354.

Beckhoff B., Kanngieber B., Langhoff N.,
Wolff H. (2006) Handbook of Practical X-
Ray Florescence Analysis. Springer, New
York.

Bilo F., Sdenka M., Borgese L., Delbarba
M.V., Zacco A., Bosio A., Federici S.,
Guarienti M., Presta M., Bontempia E.,
Deperoa L.E. (2015) Total reflection X-Ray
fluorescence spectroscopy to study Pb and Zn
accumulation in zebrafish embryos. X-Ray
Spectrometry 44: 124-128.

Cabrera, W.E., Schrooten, 1., De Broe,
M.E., D'Haese, P.C. (1999) Strontium and
Bone. Journal of Bone and Mineral Research
14(5): 661-668.

Dahle J.T., Arai Y. (2015) Environmental
geochemistry of cerium: applications and



Arafat R. Ahmed

toxicology of cerium oxide nanoparticles.
International Journal of Environmental
Research and Public Health 12(2): 1253-
1278.

Dermience, M., Lognay, G., Mathieu, F.,
Goyens, P. (2015) Effects of thirty elements
on bone metabolism. Journal of Trace
Elements in Medicine and Biology 32: 86-
106.

Emon F.J., Rohani M.F., Sumaiya N.F.,
Akter Y., Shahjahan Md., Abdul Kari Z.,
Tahiluddin  A.B., Goh K.W. (2023)
Bioaccumulation and Bioremediation of
Heavy Metals in Fishes—A Review. Toxics
11(6): 510-510.

FAO/WHO (2004) Comission of Codex
Alimentarious Programa Conjuta
(FAO/OMS). Sobre Normas Alimentarias
Alinorm. Roma.

Ganie M.A., Bhat M.D., Khan M.I.,
Parveen M., Balkhi M.H., Malla M.A. (2013)
Invasion of the Mozambique tilapia,
Oreochromis mossambicus (Pisces:
cichlidae; peters, 1852) in the Yamuna River,
Uttar Pradesh, India. Journal of Ecology and
Natural Environment 5(10): 310-317.

Gautam, G.J., Chaube, R. (2018)
Differential effects of heavy metals
(Cadmium. Cobalt. Lead and mercury) on
oocyte maturation and ovulation of the
catfish Heteropneustes fossilis: an in vitro
study. Turkish Journal of Fisheries and
Aguatic Sciences 18(10).

Gupta N., Mishra, S., Kalani. A. (2023)
The toxicity of essential element (Zn) in the
blood profile of freshwater teleost, Clarias
Batrachus.  International  Journal  of
Biological Innovations 05(01): 109-115.

Hu, X., Weli, X., Ling, J., Chen, J. (2021)
Cobalt: An Essential Micronutrient for Plant
Growth?. Frontiers in Plant Science 12.

Hussain, S., Khan M., Majid, T., Sheikh,
M., Zahid M., Talha M., Chohan A., S
Shamim, Liu, Y. (2022) Zinc Essentiality,
Toxicity, and Its Bacterial Bioremediation: A
Comprehensive  Insight.  Frontiers in
Microbiology 13.

Langley, S., Gault, A.G., lbrahim, A.,
Takahashi, Y., Renaud, R., Fortin, D., Clark,
I.D., Ferris, F.G. (2009) Sorption of

68

MedFAR (2024) 7(2): 61-69

Strontium onto Bacteriogenic Iron Oxides.
Environmental Science & Technology 43(4):
1008-1014.

Limburg K.E., Huang R., Bilderback
D.H. (2007) Fish otolith trace element maps:
New  approaches  with  synchrotron
microbeam x-ray fluorescence. X-Ray
Spectrometry 36: 336-342.

Mahdi, F., Abdul, Razzaq B., Sultan. M.
(2023) Assessment of Shatt Al-Arab Water
Quality Using CCME/WQI Analysis in
Basrah City of South Irag. Iraqi Journal of
Science 480-491.

Moyel, M.S., Hussain, N.A. (2015) Water
quality assessment of the Shatt al-Arab River,
Southern Irag. Journal of Coastal Life
Medicine 3(6): 459-465.

Nagpal, N.K. (2004) Technical report,
water quality guidelines for cobalt (electronic
resource).
https://www2.gov.bc.ca/assets/gov/environ
ment/air-land-
water/water/waterquality/water-quality-
guidelines/approved-wqgs/cobalt_tech.pdf

NRC (1989) National Research Council
Recommended Dietary Allowances (10th
ed). National Academy Press, Washington,
DC. USA.

Rahman, M.M., Kadowaki, S., Balcombe,
S.R., Wahab, Md.A. (2009) Common carp
(Cyprinus carpio L.) alters its feeding niche
in response to changing food resources:
direct observations in simulated ponds.
Ecological Research 25(2): 303-309.

Rossi, A.L., Moldovan, S., Querido, W.,
Rossi, A., Werckmann, J., Ersen, O., Farina,
M. (2014) Effect of strontium ranelate on
bone mineral: Analysis of nanoscale
compositional changes. Micron 56: 29-36.

Satheeshkumar, P., Senthilkumar, D.,
Ananthan, G., Soundarapandian, P., Khan,
A.B. (2011) Measurement of hematological
and biochemical studies on wild marine
carnivorous fishes from Vellar estuary,
southeast coast of India. Comparative
Clinical Pathology 20(2): 127-134.

Swierc J., Drzymata S., Wozniak D.,
Drzymata-Czyz. S. (2022) The influence of



Arafat R. Ahmed

nickel on intestinal microbiota disturbances.
68: 46-51.

Talal, A.S., Alkinani A., Almansoory
AF., Abbas, K.F. (2020) Some of Heavy
Elements in Water, Fish and Plant Species
from Shatt Al-Arab at Basrah Governorate —
Irag. Basrah Journal of Science 74, 38(1).

Trevino, S., Diaz, A., Sanchez-Lara, E.,
Sanchez-Gaytan, B.L., Perez-Aguilar, J.M.,
Gonzalez-Vergara, E. (2019) Vanadium in
Biological Action: Chemical,
Pharmacological Aspects, and Metabolic
Implications in Diabetes Mellitus. Biological
Trace Element Research 188(1): 68-98.

Tulcan, R.X.S., Ouyang, W., Lin, C., He,
M., Wang, B. (2021) VVanadium pollution and
health risks in marine ecosystems:
Anthropogenic  sources  over  natural
contributions. Water Research 207: 117838.

Tore, Y., Ustaoglu, F., Tepe, Y., Kalipci,
E. (2021) Levels of toxic metals in edible fish
species of the Tigris River (Turkey); Threat
to public health. Ecological Indicators 123:
107361.

World Health Organization (WHO)
(1985) Guidelines for drinking Water
Quality. WHO General, New York, 130 p.

Wu, X., Cobbina, S.J., Mao, G., Xu, H.,
Zhang, Z., Yang, L. (2016) A review of
toxicity and mechanisms of individual and
mixtures of heavy metals in the environment.
Environmental Science and Pollution
Research 23(9): 8244-8259.

Yiiksel, B., Ustaoglu, F., Arica, E. (2021)
Impacts of a garbage disposal facility on the
water quality of Cavuslu stream in Giresun,
Turkey: A health risk assessment study by a
validated ICP-MS assay. Aquatic Sciences
and Engineering 36(4): 181-192.

69

MedFAR (2024) 7(2): 61-69



Mediterranean Fisheries and Aquaculture Research

MedFAR https://dergipark.org.tr/medfar

ORIGINAL RESEARCH PAPER
Received: 5 May 2024 | Accepted: 25 Jul. 2024

Accumulation of Heavy Metals in Cladophora fracta and Chaetomorpha ligustica Species

Oznur Yazilan Camhk!*">" | Ergiin Taskin®

! Department of Biology, Faculty of Engineering and Natural Sciences, Manisa Celal Bayar University, Manisa, Tiirkiye

*Corresponding author e-mail: oznuryazilan@gmail.com

ABSTRACT

Besides playing a crucial ecological role, certain types of algae have also become significant indicators of chemical
pollutants. In this research, marine algae were examined to evaluate their suitability as biomonitoring instruments for
detecting heavy metal pollution in coastal regions. The levels of cadmium (Cd), nickel (Ni), copper (Cu), lead (Pb),
and zinc (Zn) were assessed in two types of green algae: Cladophora fracta and Chaetomorpha ligustica, which were
both gathered from the same natural habitat. Samples were collected from the coast of Bostanli, Izmir (Aegean Sea,
Turkey) in August 2023. The collected samples were first subjected to morphological species identification.
Inductively Coupled Plasma-Mass Spectro-metry (ICP-MS) analysis was used to measure the accumulated
concentrations of heavy metals (Zn Ni, Cu, Pb, Cd) of the separated species. As a result of the analyses, it was
determined that the accumulation of heavy metals was higher in Cladophora fracta compared to Chaetomorpha
ligustica. Both species have particularly high accumulation potentials for Zn in their tissues. The heavy metal
accumulation concentrations for both species are as follows, respectively: Zn > Ni > Cu > Pb > Cd.
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1. Introduction

Heavy metal pollution is one of the most
significant environmental issues of our time.
Various industries such as mining, energy
and fuel production, fertilizer and pesticide
production and use, iron and steel industry,
electrolysis, electro-osmosis, leather
industry, electronics manufacturing, aviation,
and atomic energy installation produce and
discharge wastes containing various heavy
metals into the environment. Due to all these
activities, severe environmental pollution
erupts, which ultimately threatens human
health and the ecosystem. There are three
types of heavy metals that are a cause for
concern: toxic metals (Hg, Cr, Pb, Zn, Cu, Ni,
Cd, As, Co, Sn, etc.), precious metals (Pd, Pt,
Ag, Au, Ru, etc.), and radionuclides (U, Th,
Ra, Am, etc.) (Wang and Chen, 2006).

The increasing human population and
coastal expansion contribute to the rise in
anthropogenic pollution burden, posing a
serious threat to marine and aquatic
environments. Polluted water can degrade
water quality, thus limiting the use of water
bodies for various purposes. It is well known
that heavy metal pollution in aquatic
environments is a growing problem
worldwide and has currently reached an
alarming level. Levels of heavy metal
pollution in marine ecosystems can be
estimated through analysis of aquatic
organisms (Morillo et al., 2005). While
certain trace elements such as manganese,
copper, and chromium are necessary for
biological functions, they can become toxic
when present in excess amounts. Conversely,
elements like arsenic, cadmium, lead, and
mercury can be highly toxic even at very low
concentrations. (Domingo, 1994).

From both economic and ecological
standpoints, there is growing interest in
utilizing plants as phytoremediators to purify
water in diverse aquatic ecosystems (Eid et
al., 2020; Ahmad et al., 2014; Lytle and
Lytle, 2001). Many aquatic plant species
have demonstrated the capability to uptake
zinc and other heavy metals from water,
thereby accumulating higher concentrations
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internally compared to their surrounding
environment (Whitton, 1981). Various
species are commonly utilized to monitor
metal concentrations in different
geographical areas, often selected based on
their heavy taxonomic distribution (Ho,
1990; Stratis et al. 1996). Metals of interest,
such as copper, zinc, cadmium, and lead,
have been highlighted (West, 1973).
Organisms investigated as potential monitors
for trace metals in water include clams (Lord,
1974), as well as clams, mussels, and shrimp
(Bertine and Goldberg, 1972), groupers
(Taylor and Bright, 1973), and algae (Stokes
et al.,, 1973). It is true that algae primarily
bind free metal ions, and the concentrations
of these ions are influenced by the nature of
suspended particulate matter. This matter is
formed by a combination of organic and
inorganic complexes, as noted by Luoma
(1983), Seeliger and Edwards (1977), and
Volterra and Conti (2000).

Macroalgae within the Chlorophyta
phylum, an ecologically significant group in
aquatic systems, are commonly utilized as
indicators of heavy metal pollution, as noted
by McCormick and Cairns (1994).
Cladophora species, as a filamentous green
algae, have been proposed as effective
biological monitors for species present in
natural waters (Whitton, 1970). It is indeed a
hardy plant, thriving in diverse climatic
regions, and it has been observed that
substances are concentrated in the tissues of
this plant to a significant extent (Keeney et
al., 1976).

The uptake and bioaccumulation of heavy
metals by algae have primarily been
investigated using atomic  absorption
spectrophotometry  (Stokes al.1973,;
Stokes, 1975).

The aim of this study is to present the
obtained data and compare them with the
results found in the literature. Additionally,
by comparing the heavy metal accumulation
potentials of two species belonging to the
genera Cladophora and Chaetomorpha, both
of which are pollution indicators within the
Cladophorales  order, their  potential
applications and futures have been estimated.

et
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These species have the ability to easily adapt
to areas contaminated with heavy metals. In
this study, heavy metal levels of toxic metals
such as Zn, Pb, Ni, Cu, Cd were measured in
Cladophora and Chaetomorpha species. The
samples were collected from Bostanli, Izmir,
a region with high terrestrial pressure. The
main reasons for selecting these species
include their tendency to reach alarming
levels due to cultural eutrophication, their
wide distribution ranges, and their high
biological accumulation capacities attributed
to their adaptation to various climatic
regions.

2. Material and Methods

2.1. Materials

The materials of this study consist of
species belonging to the genera Cladophora
and Chaetomorpha within the
Cladophorales.

order

Figure 2. Chaetomorpha ligustica. a) Habit, b) Filament and cell structure
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Cladophora fracta (O.F.Miiller ex Vahl)
Kiitzing

The apical cell of the algae has a width of
30 um and a length of 125 pum. Median cells
range in width from 50 pm to 100 pm and in
length from 350 um to 250 um. Apical cells
have oval tips, and the branching pattern is
pseudodichotomous. The thallus is slender
and filamentous, with a curved shape, and
apical branching is prevalent. Various cell
shapes were observed, with round cells being
predominant. The cells contain numerous
chloroplasts arranged reticularly (Figure 1).

Chaetomorpha ligustica (Kiitzing) Kiitzing

This species forms a soft and intertwined,
bright to light green mass composed of fine
filaments, which consist of a series of non-
branching cells (Figure 2). The cells are 90
pum in diameter, multinucleate, and the length
is approximately 4 times the width.

b # : ‘ ;
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2.2. Study Area and Sampling

Samples were collected from the coast of
Bostanli, Izmir (38.456731°N, 27.090075°E)
(Aegean Sea, Turkey) in August 2023
(Figure 3). The sampling area within Izmir
Bay is influenced by the heavy ship traffic in
Izmir Port, the discharge of treated water into
the bay, and the water carried by the Gediz
River.

The samples were directly collected by
hand from the sublittoral zone. The collected
samples were washed with clean water to
separate them from waste and epiphytes. The
washed samples were then brought to the
laboratory. Samples were examined at the
Department of Biology, Manisa Celal Bayar
University (Tiirkiye). Cladophorales species
were initially examined under a
stereomicroscope and systematically

categorized. Subsequently, a more detailed
conducted

examination was under a

Figure 3. General view of the research area
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microscope, and the apical cell length, width,
thallus cell length, branching patterns, and
cell shapes of each species were measured.
The identification of the samples was made
on the basis of the descriptions by Cormaci et
al. (2014) and Sfriso (2010).

The species identified were first dried in
the sun, and then 0.5 grams of each species
were weighed for heavy metal analysis.
Approximately 0.5g of homogenized
samples were weighed precisely and digested
using a mixture of nitric acid, hydrochloric
acid, hydrogen peroxide, and hydrofluoric
acid in a 3000 Multiwave microwave oven
under an appropriate temperature/pressure
program. The amounts of Zn, Ni, Cu, Cd, and
Pb in the solutions prepared using the
microwave digestion system were measured
with ICP-MS. The values presented for the
samples represent the results of a single
measurement.
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3. Results

We compared the heavy metal
accumulation potentials of two different
species belonging to two different genera,
both of which serve as pollution indicators,
collected from the same habitat. The levels of
cadmium (Cd), copper (Cu), lead (Pb), nickel
(Ni), and zinc (Zn) in the collected samples
were investigated, and the obtained results
were evaluated. Based on the ICP-MS
analysis, we found that both species
accumulated the highest levels of Zn.

Heavy metal accumulation concentrations
in the thallus of Chaetomorpha ligustica; Zn:
197,496 ng/g Ni: 36,694 ng/g Cu: 12,452

MedFAR (2024) 7(2): 70-78

ug/g Pb:11,514 ng/g Cd:0,097 ug/g (Figure
4).

The order of accumulation potentials and
concentrations of other metals was as
follows: Zn > Ni > Cu > Pb > Cd.

Heavy metal accumulation concentrations
in the thallus of Cladophora fracta; Zn:
117,153 pg/g Ni: 80,467 ng/g Cu: 25,054
ug/g Pb:20,076 ng/g Cd:0,613 ug/g (Figure
4).

It has been determined that, generally,
Cladophora fracta has a higher heavy metal
accumulation potential than Chaetomorpha
ligustica, except for zinc.

Figure 4. Heavy metals concentrations in Cladophora fracta and Chaetomorpha ligustica

samples

4. Discussion

Chemical pollution in aquatic ecosystems
can cause destructive effects. Heavy metals,
which are transferred through the food chain,
not only contribute to the degradation of
aquatic ecosystems but also have adverse
effects on human health. It is known that
utilizing aquatic organisms for remediation
and monitoring of pollution in aquatic
ecosystems is possible. Particularly, due to
their  immobility compared to other
organisms, wide distribution ranges, and ease
of collection, aquatic plants are more suitable
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for use in biological remediation and
monitoring studies.

In recent years, many studies have been
published using different macroalgae as
biomonitors and for water remediation
purposes (Agarwal et al., 2020).

For many vyears, algae have been
recognized for their role in wastewater
treatment and their ability to bind heavy
metal cations. This is primarily due to their
high negative surface charge, which allows
them to attract and absorb positively charged
heavy metal ions from water. This property
makes algae effective in removing pollutants
like heavy metals from wastewater,
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contributing  significantly  to  water
purification processes (Rao, 1986).

The concentrations of heavy metals
accumulated in macroalgae vary depending
on the geological structure of the sampling
area, the season of sampling, morphological
characteristics of the algae, their lifespan,
physicochemical parameters of their habitat,
and interactions with other heavy metals
(Sawidis et al., 2001).

Previous studies conducted in the Aegean
Sea have reported Pb values for Cystoseira
species ranging between 0.02-2.5 pg g
(Sawidis et al., 2001), while Akcali and
Kiiciiksezgin (2009) reported a value of
0.083 pg g'. When these values are
compared with the results obtained in this
study, it is evident that the Pb value found in
this study is considerably higher.

Wang and Chen (2009) reported that the
capacity of algae to absorb heavy metals is
quite high. Vymazal (1987) demonstrated in
a study that Cladophora species have a rapid
ability to absorb Zn.

In benthic macrophytes, Zn
concentrations below 100 pg g*' are
considered to indicate unpolluted areas, as
evaluated by Storelli et al. (2001), while
higher concentrations are indicative of
anthropogenic pollution. The highest Zn
value obtained in this study is 197.496 ng/g,
indicating a high anthropogenic impact.

Malea and Haritonidis (1999) stated that
algae accumulate essential metals such as Zn
at high levels while maintaining toxic metals
like Cd, Cu, and Pb at low levels necessary
for metabolic activities.

In a study conducted in 2011 to measure
the levels of some heavy metals in
Cladophora glomerata seasonally in Lake
Hazar, the Cu concentration was found to be
1.31 mg/g and 1.77 mg/g, and Zn was found
to be 9.61 mg/g and 11.8 mg/g (Alp and
Ozbay, 2011).

In a study conducted by Akcali and
Kiigiiksezgin (2009) along the Aegean Sea
coast, the order of heavy metal
concentrations in Cystoseira species was
determined to be Pb < Cd < Cu < Zn. In this
study, the highest Zn accumulation value for
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Cystoseira species was reported to be 62.48
ug g'. According to Akcali and Kiigliksezgin
(2011), the highest heavy  metal
concentration measurements in macroalgae
species Enterophmorpha sp., Gracilaria
gracilis, and Ulva sp. collected from the
shores of Bostanli (Izmir) were reported as
follows: Cd (0.49 pg/l), Pb (3.20 pg/l), Cu
(5.57 pg/l), and Zn (10.36 pg/l). Cetingiil et
al. (2000) reported the heavy metal
accumulation concentrations of Cladophora
dalmatica species as Cu 5.93 pug g ! and Zn
136.61 pg g in their study conducted in
Izmir Bay. Sawidis et al. (2001), their study
on Cystoseria sp. in the Aegean Sea, reported
Pb values ranging from 0.02 to 2.5 pg g,
whereas the Pb value obtained in this study is
significantly higher.

In this study, the heavy metal
concentration levels of Chaetomorpha
ligustica species are as follows: Zn: 197.496
ug/g, Ni: 36.694 ng/g, Cu: 12.452 ng/g, Pb:
11.514 pg/g, Cd: 0.097 npg/g. The heavy
metal concentrations in Cladophora fracta
species are as follows: Zn: 117.153 pg/g, Ni:
80.467 pg/g, Cu: 25.054 pg/g, Pb: 20.076
ug/g, Cd: 0.613 pg/g. When looking at the
values from previous studies, it is seen that
the special Zn, Pb and Cu values obtained in
this study are higher.

Considering the conducted studies, Izmir
Bay has significantly high concentrations of
heavy metals due to industrial activities,
Izmir port, and the inflow of rivers into the
bay.

It is understood that Cladophora and
Chaetomorpha, which adapt to the high
anthropogenic influence in this region, have
high Dbiological accumulation potentials.
Considering their wide distribution ranges,
ability to thrive in different climatic regions,
and dominance in aquatic environments with
high chemical pollution, it is thought that
these species are more suitable to be used as
biomonitoring organisms compared to other
species.
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5. Conclusion

Rincon et al. (2005) indicated in their
study on Cladophora species that they have
the potential to be used as biological material
for remediation purposes, particularly in the
removal of heavy metal pollution. In addition
to being used as a biomonitoring, their high
biological accumulation potentials make
them suitable for use in biological
purification purposes as well. Brinza et al.
(2007) examined the heavy metal
accumulation capacities of Cladophora
species and reported that they have the ability
to adsorb a high level of various heavy metal
ions, including K, Mg, Ca, Fe, Sr, Co, Cu,
Mn, Ni, V, Zn, As, Cd, Mo, Pb, Se, and Al.

Chmielewska and Medved (2001)
confirmed the high  bioaccumulation
capabilities of Cladophora sp. for Pb, Cd, Ni,
Cr, and V metals in their study aimed at
determining their metal accumulation
abilities. As a result, it was found that algae
contribute to improved water quality through
wastewater treatments.

As a result, it has been determined that
among the species we have been studying,
Cladophora fracta, in particular, has a high
capacity for accumulating heavy metals.
Utilizing the bioaccumulation abilities of
macroalgae, it is possible to observe the
extent of pollution in aquatic ecosystems
resulting from human activities and take
parallel measures accordingly.

Due to their tolerance to metals, simple
morphology, provision of sufficient tissue for
analysis, and sedentary lifestyle, Cladophora
species can be successfully wused in
biomonitoring studies. Moreover, their ease
of collection and relatively widespread
distribution across various coastal regions
ensure reliable outcomes (Zbikowski et al.,
2007).
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OZET

Su kalitesi ve cevresel tagima kapasitesi kafeslerde balik yetistiriciliginin siirdiiriilebilirligine iliskin en 6nemli unsurlar
olarak degerlendirilmektedir. Bu ¢aligmada Koyunbaba Baraj Golii su kalitesi durumlar1 bir y1l boyunca mevsimsel
olarak izlenmis ve golde gbkkusagi alabaligi (Oncorhynchus mykiss) yetistiriciligi ve tasima kapasitesi iizerinde
degerlendirmelerde bulunulmustur. Elde edilen veriler dogrultusunda; kabul edilebilir fosfor yiikii 15 mg/m?, yemden
yararlanma orani 1,5 ve diger kaynaklardan gelen fosfor katkilar1 dikkate alinmadan, ortalama derinligi yaklasik 35 m
ve yiizey alani yaklagik 12,8 km? olan Koyunbaba Baraj Golii’nde kafeslerde yetistiriciligi yapilabilecek gokkusagi
alabaligr miktar1 yaklagik 2500 ton/yil olarak hesaplanmistir. Bununla birlikte gol havzasini besleyen Sabandzii
Deresi’ne 6nlem alinmasi gerekmektedir.

ANAHTAR KELIMELER: Koyunbaba Baraj Golii, tasima kapasitesi, gevresel etkilesim, gokkusagi alabalig

Carrying Capacity in terms of Trout Farming and Water Quality of Koyunbaba Dam (Ankara/Cankir)

ABSTRACT

Water quality and environmental carrying capacity are the most important factors for the sustainability of fish farming
in cages. In this study, Koyunbaba Dam Lake water quality conditions were monitored seasonally for one year and
evaluations were made on the lake's rainbow trout (Oncorhynchus mykiss) farming and carrying capacity. In line with
the data obtained; the amount of rainbow trout that can be raised in cages in Koyunbaba Dam Lake, which has an
average depth of approximately 35 m and a surface area of approximately 12.8 km?, was calculated as approximately
2500 tonnes/year, without considering the acceptable phosphorus load of 15 mg/m?, feed conversion ratio of 1.5 and
phosphorus contributions from other sources. However, measures should be taken for the Sabandzii Stream that feeds
the lake basin.
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1. Giris

Ulkemiz bulundugu cografik konum,
iklim, su kalitesi ve kapasitesi bakimindan su
riinleri  yetistiriciliine uygun oldukca
elverisli alanlara sahiptir. Tiirkiye, li¢ tarafi
denizlerle gevrili ve zengin i¢ su alanlariyla
(g0l, baraj golii, golet ve akarsular1 kapsayan
i¢ su kaynaklari ve deniz alanlariyla) oldukca
genis yiizey alanina sahiptir.

Artan diinya niifusu ile birlikte et, siit ve
su uriinleri gibi hayvansal gidalarin tiikketimi
de artmaktadir. Avcilik yolu ile su iiriinleri
liretiminin insanlarin gereksiniminde yetersiz
kalmasindan dolay1 su iirtinleri yetistiriciligi,
bu a¢181 kapatmada biiyiik bir 6neme sahiptir.
Oyle ki hi¢ kullanilmayan bircok su alam
yetistiricilik i¢in hazir bir potansiyel olarak
beklemektedir. Su iriinleri yetistiriciligi,
biraz ¢aba ve yatinmla iilkemizin
ekonomisine bugiin ve gelecekte kalici katki
saglayabilecek onemli bir kaynaktir. Bugiin
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su lirlinlerinin iilke ekonomimizdeki pay1 ¢ok
az olsa da, potansiyelimiz goz Oniine
alindiginda, konunun etkin bir sekilde ele
alinmasi, desteklenmesi ve tesvik edilmesi
halinde iretimimizi ¢ok daha yliksek
seviyelere ¢ikarmamiz miimkiindiir.

Tirkiye’de su drlinleri dretimi 2022
yilinda bir 6nceki yila gbére %6,2 artarak
849.808 ton olarak gergeklesmistir. Uretimin
%60,6's1n1 yetistiricilik tirtinleri olusturmus
ve Uretim 514.805 ton olarak gerceklesmistir.
Yetistiricilik yoluyla yapilan {iretimin ise
2022 yilinda 368.742 tonu denizlerde,
146.063 tonu i¢ sularda gerceklesmistir.
Yetistirilen en 6nemli balik tiirli i¢ sularda
145.649 ton ile alabalik, denizlerde ise
156.602 ton ile levrek ve 152.469 ton ile
¢ipura olmustur (Sekil 1).

157 161
160 -
TP 154
140 - : 146 154
120 41 108
100 {
80 - 75
01 4
40 -{ =
20 -
0 . . ‘
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
e | @VTEK === Cipura Alabalik (i¢ su)

Sekil 1. Tiirkiye’de 2014-2023 yillar1 aras1 en ¢ok yetistiriciligi yapilan su {iriinleri tiirleri

Ulkemizde su iiriinleri yetistiriciligi son
yillarda artan ivmeyle gelisme
gostermektedir. 2017 yilinda 276.502 ton su
tiriinleri yetistiricilik iiretimi, 2022 yilinda ise
%86 artis gostererek 514.805 tona ulagsmistir.
Burada 3 tiir one cikmaktadir. Igsularda
gokkusagi alabaligi, denizlerde ise ¢ipura ve
levrek baliklaridir. Igsularda  gokkusag
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alabaligr 2001 yilinda 36.827 ton iken bu
dretim 2022 yili itibariyle 144.347 tona
ulagmistir. Denizlerde Tiirk Somonu adi
altinda da yetistirilen bu tiir toplam 190.000
tona yaklasan bir {retime ulagsmistir.
Denizlerde yillardir ¢ipura ve levrek en ¢ok
iiretilen 2 tiir olarak karsimiza ¢ikmaktadir.
Cipurada 2017 yilinda 61.090 ton olan tiretim
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miktar1 2022 yili itibari ile 152.469 tona
ulagsmistir. Benzer durum levrek baligi i¢inde
gecerlidir. 2017 yilinda 99.971 ton olan
yetistiricilik {iretimi 2022 yil1 itibariyle
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156.602 tona ulasmustir (Tablo 1). Ulkemiz
gokkusag alabaliginda Avrupa ikincisi iken,
Cipura ve levrek iiretiminde ise Avrupa
birincisi konumundadir.

Tablo 1. Tiirkiye’de tiirlere gore su iiriinleri yetistiricilik miktarlari (ton)

Yetistiricilik iiriinleri 2018 2019 2020 2021 2022 2023
Toplam 314.537  373.356 421411 471.686 514.805 553.862
i¢ su 105.167  116.426 128.236 136.042  146.063 154.333
Alabalik (Gokkusag) 103.192  113.678 126.101 134.174 144347 152.566
Alabalik (Salmo sp.) 1.695 2.375 1.804 1.558 1.302 1.440
Diger 280 373 331 310 414 327
Deniz 209.370  256.930 293.175 335.644  368.742 399.529
Alabalik (Gokkusagr) 9.235 9.411 18.182 31.509 45454  66.055
Alabalik (Salmo sp.) 375 281 507 45 - -
Cipura 76.680 99.730 109.749 133.476  152.469 154.011
Levrek 116.915  137.419 148.907 155.151 156.602 160.802
Diger 6.165 10.089 15.830 15.463 14217  18.661

Kafes isletmelerinden meydana gelen
atiklarin  (tiiketilmeyen yem, diski ve
bosaltim suda ¢Oziinen maddeler) etkisi
baslica kullanilan yemin kimyasal ve fiziksel
ozellikleri, igletmede uygulanan yemleme
yOnetimi, igletmenin liretim kapasitesi ve su
havzasinin tasima kapasitesine baglidir (Cho
vd., 1994; Pillay, 2004). Buna bagli olarak,
Tiirkiye’de tesisler kurulmadan once ig¢su
havzalariin tagima kapasitesi belirlenerek
tesisler kurulduktan sonra diizenli su kalitesi
takibi yapilmasi biiylik 6nem tasimaktadir.
Ag kafeslerde balik iiretim sistemlerinde su
kalitesi parametreleri ve ¢evresel tasima
kapasitesi ortamin ekolojik  kosullarini
olusturdugu i¢in en Onemli unsurlardir
(Buhan vd., 2010).

Ic su havzalarinin tasima kapasitesini
bulmak ve tesis edilecek balik iiretim
ciftliklerinin etkisini tahmin etmede ilgili gol
veya goletin drenaj alani, yiizeyi ve hacmi,
ilgili su kiitlesinin derinligi dikkate alinir.
Bunlara ek olarak toplam su akis miktari, su
degisim hizi ve suyun yenilenme yiizdesi,
ayrica fosfor tutma katsayilarinin bilinmesi
gerekir (Beveridge, 1984; Pulatsii, 2003).

Gokkusagr  alabaligt ~ (Oncorhynchus
mykiss) iretim ciftliklerinin yil bazinda
toplam iiretim miktari, kullanilan toplam yem
miktar, yemdeki P  diizeyi, yem
degerlendirme orani1 (FCR), baliklarin fosfor

tutma orani ve toplam balik eti fosfor miktari
ve suyun Chl-a miktar1 gibi veriler
kullanilarak, Dillon ve Rigler (1975)
tarafindan teklif edilen ve Beveridge (1984)
tarafindan gelistirilen su tiriinleri
yetistiriciligi yapilacak veya yapilan gol ve
goletlerin tasima kapasitesi tahmin metodu
uygulanarak, kapali su havzalarinda izleme
ve kontrol ile gerceklestirilebilir.

Sulama amachh olarak 2011 yilinda
yapilan ve su tutmaya 2014 yilinda baglanan
Koyun-baba Baraji, Cankir1 Sabanozii ilgesi
ile Ankara Kalecik ilgeleri arasinda,
bulunmakta olup baraj goliinii besleyen ana
kaynak Sabanozili Deresi’dir (Mohamed vd.,
2023). Baraj govde tipi, Onylizii beton kaplt
kum-cakil dolgu olup temelden yiiksekligi 52
m’dir. Baraj g6liiniin maksimum depolama
hacmi, 228.90 milyon m?, gévde dolgu hacmi
1.7 milyon m?® ve yillik sulama suyu
kapasitesi ise 13.54 milyon m*diir (DSI,
2023).

Bu ¢aligmada, Koyunbaba Baraj Golii’nde
su kalitesi ile mikrobiyolojisi takibinin bir yil
boyunca mevsimsel olarak izlenmesi,
bununla birlikte mevcut baraj goliiniin fosfor
kiitle metodu kullanilarak kafes
yetistiriciliginden girmesi muhtemel fosforu
sistemin siirdiiriilebilir olarak ne kadar
tagiyabilecegi ve ne kadar balik {retimi
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yapilabileceginin tahmin edilmesi

amaglanmstir.
2. Materyal ve Metot
2.1. Calisma Alam

Arastirma alanin1 olusturan Koyunbaba
Baraj Goli (Sekil 2), etrafinda Kalecik
ilcesine (Ankara) bagli basta Koyunbaba
mahallesi olmak  iizere, Esmedere,
Beykavagi, Oyumigde, Semsettin, Demirci
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mahalleleri bulunmakta olup, Sabandzii
ilcesine bagl ise Karamusa, Karahaci, ve
Ozbek  koyleri  bulunmaktadir.  Su
orneklemelerinin  yapildigi  Tablo 2°de
koordinatlar verilen istasyonlarin
derinlikleri ise 1l.istasyon ortalama 36 m;
2.istasyon 22 m ve 3.istasyon ise 11 m dir.
Ornekleme alman noktalar ise 1.istasyon
kiyiya 800 m; 2.istasyon 730 m ve 3.istasyon
700 metredir.

Tablo 2. Koyunbaba Baraj Golii ve derelerin 6rnekleme koordinatlari

No istasyon Kodu Enlem Boylam

1 Koyunbaba 1.istasyon yiizey (SY) 40°20'11"N 33°17'59"E
2 Koyunbaba 1.istasyon 7m. (S7) 40°20'11"N 33°17'59"E
3 Koyunbaba 2.istasyon ylizey (OY) 40°19'45"N 33°1721"E
4 Koyunbaba 2.istasyon 7m. (O7) 40°19'45"N 33°1721"E
5 Koyunbaba 3.istasyon (BG) 40°19'35"N 33°16'30"E
6 Sabanozii Deresi (SD) 40°20'30"N 33°15'05"E
7  Kiigiik Dere (KD) 40°19'55"N 33°15'13"E

Koyunbaba Baraj Golu

Sekil 2. Calisma alani
2.2. Metot

2023 yilinda gerceklestirilen aragtirmada
Ocak, Nisan, Temmuz ve Ekim aylarinda
ornekleme yapmak ilizere Koyunbaba Baraj
Goli'nde 3 istasyondan ve ilk 2 istasyonun
derinliklerinden (7 m.) su kalitesi olgtimleri
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yapilip Ornekler alinmustir. Ayrica baraj
goliinli besleyen Sabanozii Deresi ve Kiiglik
Dere’den de mevsimsel Orneklemeler
gerceklestirilmistir. Ornekleme noktalarina
ait harita goriintiisii Sekil 3’de verilmistir. Su
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orneklemeleri diizenli olarak 3 ayda bir

yapilmis olup arazide ol¢timii
gerceklestirilen su kalitesi 6l¢iimlerinden su
sicakligl, ¢oziinmiis  oksijen, oksijen

doygunlugu, pH, elektriksel iletkenlik ve
salinite (tuzluluk), WTW 36201 multiplus
arazi Ol¢iim seti ile gergeklestirilmistir. Her
orneklemede noktanin derinligi ve secchi
diski Olgiilmiistiir. Laboratuvarda Olgiimii
gerceklestirilen fiziksel ve kimyasal analizler
TSE (1989); APHA (1995) ve Egemen ve
Sunlu (1996) tarafindan belirtilen metotlar
kullanilarak tayin edilmistir. Tiirbidite
(bulaniklik) Hach® marka tiirbiditemetre ile
oOlgiilirken organik madde (OM) tayini,
permanganat yontemiyle; kloriir tayini,
giimiis nitrat yontemiyle; toplam sertlik (TS),
kompleksson yoOntemiyle; alkalinite tayini

€ Katmanlar

Sekil 3. Kyunbaba araJ G6 ekemetaoarl

Su mikrobiyolojisini belirlemek amaciyla
ise toplam koliform ve fekal koliform analiz-
leri gergeklestirilmis olup toplam koliform ve
fekal koliform analizleri (En Muhtemel Say1-
EMS- yontemine gore) su numunelerinde 5-
5-5 seklinde (5 tiip metodu) 15 tiip kullanila-
rak belirlenmistir (Feng vd., 2002). Analizler
Egirdir Su Uriinleri Arastirma Enstitiisii Mik-
robiyoloji ve Balik Hastalik Laboratu-
vari’nda gergeklestirilmistir.

Tasima kapasitesinin tahmininde fosfor
biitce modeli kullanilmistir. Bu model ilk
olarak Vollenweider tarafindan olusturulmus
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(TA), asidimetrik yontem ile titrimetrik
olarak tayin edilmistir. Orto- fosfat (O-PO47)
ve toplam  fosfor  (TP) analizleri
phosphormolybdenum  blue  fotometrik
metod ile, nitrit (NO2-N) tayini griess
reaction fotometrik metod ile, nitrat (NO3™*-
N) ve toplam azot (TN) tayinleri 2,6-
dimethyl phenol fotometrik metod ile,
amonyum (NH4*1-N) ve serbest amonyak
analizleri indophenol blue fotometrikmetod
ile Lovibond XD7500 Spektrofotometre ve
Optizen Pop V Model UV Vis
Spektrofotometre ile tespit  edilmistir.
Toplam organik karbon (TOK) analizi
enstriimental analiz yontemi ile Elementar
enviro Toplam Organik Karbon (TOK)
Analiz Cihaz ile klorofil-a tayini (Chl-a) ise
aseton metodu ile tayin edilmistir.

)
)

1.iStasyon ¢

Q

ve Kanadal1 arastirmacilar Dillon ve Rigler
tarafindan gelistirilmistir. Fosfor genellikle
gollerde sinirlayici besin elementi oldugu
i¢in model ile fosfor konsantrasyonu tahmin
edilmekte, toplam fosfor, goéllerdeki besin
konsantrasyonlarin1 belirlemek i¢in limno-
loglar tarafindan da yaygin olarak kullanil-
maktadir. Yapilan c¢aligmalar, fosfor biitce
modelinin derin ve s1g gollerde kullanima uy-
gun oldugunu ve i¢ sularda yogun tarim ya-
pilan alict ortamlarin tasima kapasitesinin
tahmin edilmesinde kullanilabilecegini gos-
termistir (Dillon ve Rigler, 1974).
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Tasima kapasitesinin tahmininde; bir su modeli kullanilmistir. Bu kapsamda Koyun-
kiitlesindeki toplam fosfor konsantrasyo- baba Baraj Golii’nilin alabalik kiiltiirii i¢in
nuyla ilgili Vollenweider’in ait 1968°de ge- fosfora dayali tagima kapasitesini hesapla-
ligtirilen orjinal model; Dillon ve Rigler mada golalan1 (m?), gol hacmi, ¢ikan su
(1974; 1975) tarafindan su yenilenme stiresi, hacmi (m®y1l), ortalama derinlik (m), yeni-
giren fosfor ve sedimentte tutulan fosfor ilis- lenme siiresi (1/y1l), fosfor tutulma katsayzst,
kilendirerek olusturdugu fosfor yiiklenmesi balik¢ilik i¢in sedimente fosfor tutulma orani

verileri kullanilmistir (Sekil 4).

Sekil 4. Fosfor tasima modeli (Dillon ve Rigler, 1974)

m
Lg=Entansif balik yetistiriciligi i¢in gol ve baraj gollerinin tasima kapasitesi (m—f yll)
A[P]=Kabul edilebilir maksimum fosfor konsantrasyon [P,] ile kafes yetistiriciliginden

onceki fosfor konsantrasyon[P;] arasindaki fark (%)
z=Ortalama derinlik (m); p=Goliin yenilenme siiresi (ﬁ)

Rp=Entansif balik yetistiriciliginden kaynaklanan fosforun sediment tarafindan tutulan kismi

Arastirmadan elde edilen veriler Excel yiiksek 10,86 mg/L ile kis doéneminde
2023 ve SPSS 25.0 istatistiki program ile  gergeklesmistir. Coziinmiis oksijen igerigi,
incelenmistir. Varyans analizi (ANOVA) ortalama 9,23 mg/L olarak tespit edilmistir.
basta olmak tlizere ¢oklu karsilagtirma testleri Golin pH igerigi ise 8,44-8,99 arasinda
(Tukey) uygulanmistir. Ortalamalar  gergeklesmis olup ortalama pH, 8,74 mg/L
arasindaki farklar harflendirilmis ve Onem olarak tespit edilmistir.

seviyesi (P<0,05) olarak kabul edilmistir. Koyunbaba Baraj Golii ylizey suyunda en
diisiik saturasyon %92,5-103,4 arasinda
3. Bulgular gerceklesirken  ortalama  %97,3  olarak

Ol¢iilmiistiir. Redoks potansiyeli, (-80,5
Koyunbaba Baraj Go6lii ylizey suyunda en mV)-(-117,8 mV) arasinda  degisim
diisik su sicakhigt 5,9 °C olarak kis gostermistir. Ortalama redoks potansiyeli ise
mevsiminde ve en yiiksek su sicakligi 21,8°C -100,6 mV  olarak  ger¢eklesmistir.
olarak yaz mevsiminde Ol¢iilmiis, yilizey Elektriksel iletkenlik degerleri, 456-489
suyunun yil boyu ortalama su sicakligi 13,9 uS/cm arasinda gercgeklesirken ortalama ise
°C olarak olctilmiistiir (Sekil 5). Yiizey ve 7 477 uS/cm olarak belirlenmistir (Sekil 6).
m den gerceklestirilen Ol¢iimlerde baraj Yizey ve 7 m den gerceklestirilen
golinde  herhangi  bir  tabakalasma  Ol¢iimlerde baraj goliinde herhangi bir
gbziikmemistir. Cozlinmiis oksijen igerigi, en tabakalagma goziikmemistir.
disik 7,91 mg/L ile yaz doneminde; en
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pH

Sekil 5. Koyunbaba Baraj1 su sicaklik, ¢ézlinmiis oksijen ve pH degisim grafigi
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Koyunbaba Baraj Golii'nde yerinde 0l-
¢lim sonugclar1 gerceklestirilen tiim paramet-
relere ait sonuglar Tablo 3’°de verilmistir.

Koyunbaba Baraj Golii derinlik degerleri
barajda bolge bolge degisim gdstermistir.
Savak kismi ortalama 36 m diizeylerinde iken
baraj ortasinda bu deger 25 m, baraj giris bol-
gesinde ise 10-15 m arasinda degisim
gostermistir (Sekil 7). Secchi derinligi ise y1l
boyu 25 m ile 4,8 m arasinda degisim
gostermistir (Tablo 3). Barajda ornekleme
donemi boyunca bulaniklik olugmamustir.

Alam1  etkileyecek  sadece  Sabandzii
Deresi’nden beslenen alan oldugu i¢in baraj
geneli olumsuz bir durumla karsilasil-
mamigtir.

Koyunbaba Baraj Golii TDS degerleri
elektriksel iletkenlik degerleri ile dogru

WO ) LA )

Redoks

85

mS/cm
EC

Sekil 6. Koyunbaba Baraj1 saturasyon, redoks potansiyeli ve kondiiktivite degisim grafigi

l

orantilt olarak seyretmistir. Baraj goliinde
TDS degerleri 0,296 mg/L ile 0,330 mg/L
arasinda degisim gostermis olup ortalama
0,318 mg/L olarak belirlenmistir. Sabanozii
Deresi’nin TDS degerleri baraj geneli gibi
disiik  diizeylerde seyretmistir.  Baraj
Golii’nde ortalama bulaniklik 0,98 NTU iken
Sabanozii Deresi’nde 1,72-34 NTU (Ort.:
10,7 NTU) arasinda degisim gdstermistir.
Bununla birlikte Saban6zii Deresi’nden gelen
zaman zaman bulanik yiikli su derenin
bulaniklik degerlerini artirmistir. Tuzluluk
yil boyu 9%0,1 diizeylerinde degisim
gostermistir. Sabandzii Deresi’nde %0,2-0,3
ve Kiigiik Dere’de %0,2 diizeylerindedir
(Tablo 3).
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Tablo 3. Koyunbaba Baraj1 yerinde 6l¢lim sonuglari*
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Sicaklik (°C)

Kis Ilkbahar Yaz Sonbahar
Ort. = S.S. 6,1+1.12 9,3+1,2° 19,3+4,0° 17,6+2,9°
Min.-Max. 4,0-7,8 8,2-11,3 12,8-21,8 12,4-19,6
Coz. 02 (mg/L)
Ort. £+ S.S. 11,28+1,45° 10,57+0,35° 7,94+0,77° 8,51+0,96°
Min.-Max. 10,38-14,49 10,05-10,98 6,61-9,26 7,84-10,33
Saturasyon
Ort. £S.S.  99,0+10,7° 103,1+1,7° 94,8+10,4° 97,1+4,4°
Min.-Max. 90,7-120,8 101,2-106,1 71,4-99,5 93,4-105,3
pH
Ort. £+ S.S. 8,54+0,14° 8,62+0,10° 8,85+0,21° 8,79+0,09°
Min.-Max. 8,40-8,83 8,41-8,68 8,47-8,99 8,66-8,87
Redoks potansiyeli (-mV)
Ort.+£S.S.  -85,6+7,9° -91,8+5,6° -109,5+12,9° -105,0+5,6°
Min.-Max. (-102,2)-(-78,4) (-95,3)-(-79,5) (-117,8)-(-85,4) (-109,6)-(-95,9)
Elektriksel iletkenlik (uS/cm)
Ort. + S.S. 529+822 515+56 548+159° 544+115°
Min.-Max. 482-688 483-629 456-862 478-761
Salinite (%)
Ort. £ S.S. 0,1+0,12 0,1+0,0? 0,2+0,1° 0,1+0,1°
Min.-Max. 0,1-0,3 0,1-0,2 0,1-0,3 0,1-0,3
TDS (mg/L)
Ort. £ S.S. 0,357+0,055° 0,348+0,0382 0,356+0,103° 0,353+0,075°
Min.-Max. 0,325-0,464 0,326-0,425 0,296-0,560 0,311-0,495
Derinlik (m)
Ort. £8S.S. 21+132 224132 24+13° 20+142
Min.-Max. 8-34 12-36 11-36 8-35
Secchi derinligi (m)
Ort.+S.S.  3,5+0,5° 4,0+£0,0P 3,0+0,5° 3,9+0,9°
Min.-Max. 3,0-4,0 4,0-4,0 2,5-3,5 3,0-4,8

*Farkl1 harfler ile belirtilenlerde mevsimler arasi istatistiksel fark bulunmaktadir (P<0,05)
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Koyunbaba Baraj Golii’niin genel su
kalitesini  belirleyebilmek adina yapilan
sertlik ve alkalinite fraksiyonlarina ait
degerler Tablo 4’de verilmistir. Veriler
incelendiginde su kalitesinin sertlik ve
alkalinite agisindan orta sertlikte bir su
oldugu, alabalik yetistiriciligi agisindan
uygun oldugu degerlendirilmistir.

Koyunbaba Baraj Golii’nde kloriir, SBV,
silikat, organik madde, siilfat ve TOK
degerlerine  bakildiginda baraj ylizey
suyundaki degerlerin alabalik yetistiriciligi
agisindan uygun oldugu, baglh oldugu
derelerin ise nispeten yiikksek oldugu

MedFAR (2024) 7(2): 79-97

goriilmiistiir. {lgili parametrelere ait sonuglar
Tablo 5’de verilmistir

TOK, suda ¢ozlinmeyen organik madde ve
¢Oziinmiis karbon konsantrasyonunun bir
Olctstidiir. TOK analizi, sudaki organik
kirleticilerin kaynaklarini izleyebilir ve suyu
kullanim amacina gore siniflandirabilir. Son
yillarda siklikla kullanilan bu parametre
sulardaki toplam organik karbon ylkiini
gostermesi agisindan Onem arzetmektedir.
Sabanozii Deresi’nden gelen TOK yiikii
diger noktalara kiyasla disiik de olsa
farkedilmektedir (Sekil 8).

Tablo 4. Koyunbaba Baraji TA ve TS analiz 6l¢iim sonuglar*

Ca* (mg/L)

Kis Ilkbahar Yaz Sonbahar
Ort. £ S.S. 58,00+18,12°  56,00+19,01°¢ 18,67+4,25° 23,65+17,52°
Min.-Max. 30,46-82,97 36,07-86,57 14,03-25,65 4,41-48,50
CaO (mg/L)
Ort. = S.S. 80,62+25,18°  77,84+26,43° 25,95+5,91° 32,87+24,35"
Min.-Max. 42,34-115,32  50,14-120,34 19,50-35,66 6,13-67,41
Mg*2 (mg/L)
Ort. £ S.S. 65,16+18,87°  45,01+12,42° 78,42+8,97° 68,39+7,04°
Min.-Max. 41,33-91,17 25,53-60,29 68,56-90,20 56,89-78,28
TS (°F)
Ort. = S.S. 45,9+11,09° 35,7+4,6 42,5+4,7° 38,9+3,1°
Min.-Max. 33,2-64,7 29,7-42,1 36,6-49,9 33,6-43,2
TS (mg/L)
Ort. £ S.S. 371,14£95,1° 296,2+38,22 318,8+34,9° 296,4+31,8%
Min.-Max. 275,7-523,8 240,8-351,5 273,0-377,1 248,5-344,8
COs(mg/L)
Ort. £ S.S. 18,29+18,25°  16,22+5,82° 14,85+8,30° 4,22+3,272
Min.-Max. 0,00-41,40 8,64-27,12 0,00-22,68 0,00-10,32
HCOs (mg/L)
Ort. £ S.S. 275,6+54,8° 270,7+48,0° 164,3+59,6° 199,0+46,1°
Min.-Max. 196,4-324,6 235,7-374,5 120,8-252,1 167,6-282,4
TA (mg/L)
Ort. £ S.S. 293,9+49,4° 286,9+52,7° 179,2+51,82 203,2+45,1°
Min.-Max. 229,4-366,0 247,6-401,7 143,5-256,7 172,7-287,4

*Farkl1 harfler ile belirtilenlerde mevsimler arasi istatistiksel fark bulunmaktadir (P<0,05)
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Tablo 5. Koyunbaba Baraji SBV, SiO, OM, SO4, Cl, TOK analiz 6l¢iim sonuglar*

SBV (ml asit)

Kis Ilkbahar Yaz Sonbahar
Ort. = S.S. 2,9+0,9° 2,8+1,0° 0,9+0,22 1,2+0,9°
Min.-Max. 1,5-4,1 1,8-4,3 0,7-1,3 0,2-2,4
Silikat (SiO) (mg/L)
Ort. £ S.S. 2,6+1,6% 2,3+2,02 5,0+£3,9° 2,0+1,22
Min.-Max. 1,2-5,3 1,0-6,1 2,6-11,9 1,2-4,5
Organik Madde (mg/L)
Ort. = S.S. 18,80+3,12° 19,53+1,49° 15,19+3,21° 12,37+4,33°
Min.-Max. 12,83-22,78 16,59-21,01 9,35-19,56 3,35-15,77
Siilfat (S0.) (mg/L)
Ort.+S.S.  83,76+36,39° 114,82+40,34°  215,49+78,63° 205,59+53,68°
Min.-Max. 43,25-160,21 85,42-203,87 169,74-389,09 168,24-322,33
Kloriir (CI') (mg/L)
Ort. = S.S. 22,09+5,42° 21,12+1,78° 14,18+1,96° 26,34+5,26°
Min.-Max. 15,96-28,37 19,15-23,76 10,64-17,02 17,38-35,11
Toplam Organik Karbon TOK (mg/L C)
Ort. = S.S. 1,911+0,959° 2,237+1,064° 1,932+0,752° 1,145+0,619°
Min.-Max. 1,112-3,231 1,355-4,396 0,903-3,290 0,559-2,457

*Farkl1 harfler ile belirtilenlerde mevsimler arasi istatistiksel fark bulunmaktadir (P<0,05)
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Koyunbaba Baraj Goli’nde azot
fraksiyonlar1 incelendiginde nitrit, amonyum
ve nitrat degerlerinin diisiik degerlerde
oldugu bununla birlikte Sabandzii Deresi’nde

baraj goliine kiyasla yiiksek oldugu bu da
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burada azot girdisi oldugunu gostermektedir.
Koyunbaba Baraj Goli’ne ait azot ve fosfor
fraksiyon degerleri Tablo 6, Sekil 9 ve Sekil
10’da verilmistir.
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Tablo 6. Koyunbaba Baraji azot fraksiyonlari analiz 6l¢tim sonuglart™*

MedFAR (2024) 7(2): 79-97

NH4 (mg N/L)

Kis Ilkbahar Yaz Sonbahar
Ort. +S.S. 0,057+0,0252 0,110+0,060° 0,157+0,085°¢ 0,230+0,058¢
Min.-Max. 0,033-0,108 0,052-0,213 0,079-0,306 0,175-0,345
NO (mg N/L)
Ort. £8S.S. 0,007+0,0042 0,035+0,008°¢ 0,037+0,010° 0,017+0,005°
Min.-Max. 0,002-0,015 0,024-0,046 0,022-0,048 0,010-0,023
NOs (mg N/L)
Ort. = S.S. 0,8+0,72 1,1+0,4° 1,0+0,52 0,8+0,72
Min.-Max. 0,4-2,3 0,9-2,1 0,6-2,1 0,5-2,3
TN (mg N/L)
Ort. £8S.S. 0,91+0,682 1,26+0,48° 0,87+0,36° 1,06+0,652
Min.-Max. 0,49-2,41 1,00-2,34 0,25-1,49 0,69-2,51
PO. (mg N/L)
Ort. £ S.S. 0,107+0,239° 0,139+0,136° 0,091+0,148° 0,014+0,0182
Min.-Max. 0,003-0,648 0,008-0,427 0,019-0,425 0,002-0,052
TP (mg N/L)
Ort. £8S.S. 0,27+0,20° 0,24+0,13¢ 0,17+0,16° 0,060,022
Min.-Max. 0,10-0,69 0,07-0,49 0,06-0,53 0,04-0,10

*Farkl1 harfler ile belirtilenlerde mevsimler arasi istatistiksel fark bulunmaktadir (P<0,05)
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Koyunbaba Baraj Goli’nde 6l¢iilen para-
metrelerin YSKY’ye (Anonim, 2021) gore
smiflandirilmasinda (Tablo 7) 1., 2. ve 3. ista-
syonlarin I. sinif; Sabandzii Deresi ise para-
metrelere bagli olarak I., II. ve III. sinif 6zel-
lik gostermektedir.

Koyunbaba Baraj Goli ylizey ve farkh
derinliklerindeki su kalitesi parametrelerinin
Yertistii Su Kalitesi Yonetmeligi “Kitaici
Yeriistii Su Kaynaklarinin Genel Kimyasal
ve Fizikokimyasal Parametreler Acisindan
Siiflarina Gore Kalite Kriterlerine” gore
(Anonim, 2021) degerlendirildiginde tiim
derinliklerde I. smif su kalitesine sahip
oldugu belirlenmistir (Tablo 8). Ayn1 yonet-
melikte bu smiftaki sular igme suyu olma
potansiyeli yiiksek, ylizme gibi viicut temasi

MedFAR (2024) 7(2): 79-97

gerektirenler dahil rekreasyon amagli, ala-
balik, hayvan tiretimi ve ¢iftlik ihtiyact i¢in
kullanilabilir nitelikteki su olarak belir-
tilmistir.

Koyunbaba Baraj Golii’nde mikrobiyolo-
jik risk diizeyini belirlemek amaciyla toplam
ve fekal koliform analizleri sonuclari ise ba-
raj goliinde herhangi bir risk goriilmemekle
birlikte 6zellikle Sabanozii Dere’sinde zaman
zaman toplam ve fekal koliform da artiglar
goriilmiistiir. Ozellikle Sabandzii Deresi iize-
rinde kurulu ve yakinlarinda yer alan bagsta
Karamusa koyii olmak iizere Sabandzi ilge-
sinde baraja gelene kadar yer alan kirsal alan-
lardan etkilenme oldugu goriilmektedir. Bu
durum yetistiricilik agisindan dikkat edilmesi
gereken bir husus olup 6zenle dikkat edilmesi
faydali olacaktir.

Tablo 7. Olgiilen parametrelerin YSKY’ye (Anonim, 2021) gore siiflandirilmasi

Sabanézii

Parametre L.ist. Smif  2.ist. Simf  3.ist. Suf Deresi Sumf
C.0; (mg/L) 935 L smuf 934 L siuf 9,10 I. smf 10,16 I. smf
Saturasyon(%) 97,3 L simf 976 L siuf 97,1 I sif 99,3 I. sif
pH 8,74 I smuf 8,76 I smf 8,73 I. smif 8,67 I. smif
EC (uS/cm) 476 I simf 477 L siuf 478 I smif 714 I1. stif
PO4* (mg/L) 0,029 I smmif 0,035 I simf 0,047 1 siif 0,463 1. simf
TP (mg/L) 0,020 I smif 0,044 1 simf 0,057 1 simf 0,060 I1. siif
NH;™ (mg/L) 0,07 L smf 011 L smuf 0,10 I smif 0,20 II. stmaf
NOs*(mg/L) 060 I smf 0,68 I smf 0,69 I. simf 2,2 I. simf
TN (mg/L) 0,77 I smf 082 I simmf 0,87 I. simf 2,36 II. simif
Tablo 8. Koyunbaba Baraj1 toplam ve fekal koliform degerleri*
Toplam Koliform (EMS)

Kis Ilkbahar Yaz Sonbahar
Ort. £ S.S. 4+5° 335+708° 368+504° 77+153°
Min.-Max. 0-12 0-1600 0-920 0-350
Fekal Koliform (EMS)
Ort. £ S.S. 1+1¢ 329+711° 96+153° 22+44°
Min.-Max. 0-2 0-1600 0-350 0-100

*Farkl1 harfler ile belirtilenlerde mevsimler arasi istatistiksel fark bulunmaktadir (P<0,05)
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Koyunbaba Baraj Gélii Icin Kararh Hal
Fosfor Yiiklenmesi Modeli

G0l ve baraj gollerin fosfor yiikklenmesine
tepkisini tahmin etmek i¢in g¢esitli modeller
gelistirilmistir.  Bu  modellerin ~ ¢ogu
statik/deneysel modellerdir ve genis veri
tabanlar1 kullanilarak test edilmis, kalibre
edilmis ve dogrulanmistir. Koyunbaba Baraj
Golu fosfor yiiklenmesi modellenmesi igin
ise yaygin olarak kullanilan Dillon ve Rigler
(1974) dogrulanan model tercih edilmistir.
Dillon ve Rigler (1974) tarafindan gelistirilen
model asil olarak Vollenweider (1968)
tarafindan  gelistirilen  orijinal  fosfor
yiiklenmesi modelinin bir modifikasyonudur.
Bir su kiitlesindeki toplam fosfor miktarinin
fosfor yiiklenmesi, goliin biiyiikligi (alan,
ortalama derinlik), hidrolik yenilenme orani
ve kalic1 olarak sedimente kaybolan fosfor
kismiyla belirlenir. Kararli hal modeli:

18
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— LA-R
[P] = —(Z . )
p

[P] ; toplam fosfor miktar1 (g/L),
[P] ; toplam fosfor miktar1 (g/L),
L ; toplam fosfor yiiklenmesi (g/m?/y1l),
z ; ortalama derinlik (m),
R ; sediment tarafindan tutulan fosfor kismi
Ve p, hidrolik yenilenme orani (yil).

Fosfor yiiklenmesi modeli, 2023 yil1 gol
hidroloji ve morfoloji verileri ile 0,9-1,1
yemden yararlanma oranina belirlenmis olup
golde toplam fosfor miktarinin ortalama 13-

16 pg/L (ortalama 15 pg/L) olarak
Olctilmustiir (Sekil 11).
Koyunbaba Baraj Go6liiniin alabalik

kiiltiirii icin simgeler ve agiklamalar ile elde
edilen bulgular fosfora dayali tasima
kapasitesi en diisiik 1.200 ton/y1l en biiyiik
5.000 ton/y1l ve ortalama 2.500 ton/y1l olarak
belirlenmistir (Tablo 9).

17 1

16 7
15

14 -
13

12 A

Toplam fosfor (ug P/L)

11 1

10

|
FCR 0,9

|
FCR1,0

1
FCR 1,1

Sekil 11. Fosfor yiiklenmesi modeliyle farkli FCR i¢in goldeki toplam fosfor miktarinin

tahmini
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Tablo 9. Koyunbaba Golii’niin alabalik i¢in fosfora dayali tasima kapasitesi bulgulari

Gol yiizey alani (m?) A 12,6x10°m?
Goliin toplam hacmi (m®) V 22,8x10° m?
Golden gikan yillik su hacmi (m®/y1l)* Q 20x10% m?
Ortalama derinlik (m) z=VIA 35m

Baraj goliiniin yenilenme siiresi (1/y1l) p=Q/V 0.877
Fosfor tutulma katsayisi (R) 1/(140,515 p %%%) 0.689
Balik¢ilik igin sedimente fosfor tutulma| Rg=x + [(1 - X) R] 0.845

orani

Fosfor yiiklenmesi modelinin agilimi Le=A[P].z.p.A/(1-Rg) 10°. Peeyre

Rs

Entansif balik kiiltiiriinden kaynaklanan fosforun sediment tarafindan tutulan kismi

edilebilir maksimum fosfor konsantrasyon [Ps]
ile kafes Kkiiltiirinden o6nceki Olgiilen fosfor
konsantrasyon

[Pi] arasindaki fark) A[P] = [Pf] - [Pi] = 50-15 =
35

Le Entansif balik kiiltiirii i¢in gl veya baraj gollerinin tasima kapasitesi (mg/m?y1l)
Piort Olgiilen ortalama toplam fosfor (Toplam Fosfor dl¢iimiinden): 0.015 mg/l= 15 mg/m?
Fosfor yiiklenmesi (mg/m®): A[P] (kabul| Kabul edilebilir fosfor konsantrasyonu oligotrof

yapidan 6trofa dogru 30 mg/L ile 60 mg/L olarak
varsayilmaktadir. Koyunbaba Baraj Goliiniin yapist
agirlikli oligotrof olmasit nedeniyle 50 mg/L
varsayilmistir.

Kaldirma kapasitesi tahmini: 2.500 ton/y1l

*DSI V. Sube Miidiirliigiinden 2023 yilinda alinan akim verilerinden iiretilmistir

4. Tartisma

Koyunbaba Baraj Golii 35 m ortalama
derinligi ve 12,6 km? yiizey alami ile ag
kafeslerde gokkusagi alabalig yetistiriciligi
ile baraj golii ylizey alan1 dikkate alinarak
belirlenen tagima  kapasitesi, c¢evresel
kapasiteyi gozeten modeler kullanilarak
belirlenmistir.  Bu c¢alismada bir su
kiitlesindeki toplam fosfor
konsantrasyonuyla  ilgili ~ Vollenweider
(1968)’1n orijinal modelini gelistiren Dillon
ve Rigler (1974)’in fosfor yiiklenmesine
dayali model kullanilmistir. Burada ¢evresel
kapasite icinde fosfor konsantrasyonu
yaninda, su sicakligl, ¢éziinmiis oksijen ve
pH parametreleri de 6n plana ¢ikmaktadir.

Gokkusagi  alabaligit  (Oncorhynchus
mykiss) dahil olmak iizere alabaliklar, kuzey
yarim kiirenin soguk ve iliman bolgelerinde
yasayan birka¢ tiirli sicak ortamlara da
yaygin olarak taginmislardir (Molony vd.
2004). Gokkusag alabaliklar1 genis ekolojik
sartlara uyum gosterebilmektedirler. Bu
kapsamda Koyunbaba Baraj Go6lii su kalitesi
gokkusagi alabalign yetistiriciligi icin 1iyi
nitelikler tasimaktadir.

Koyunbaba Baraj Golii ylizey suyunda su
sicakligr 5,9 °C ile 21,8°C arasinda degisim
gostermis ve ortalama 13,9 °C olarak
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belirlenmistir.  Yiizey ve 7 m den
gerceklestirilen Olclimlerde baraj goliinde
herhangi bir tabakalasma goziikmemistir.
Demir vd. (2015), Cat Baraj Goli’nde
yirtttiikleri ¢calismada; izlenen istasyonlarda
su sicakliklar1 ylizey suyunda 3,5-22,9 °C
arasinda, orta derinliklerde 3,4-21,8 °C ve dip
suyunda ise  3,3-15,8 °C  arasinda
Olclldiigiinii, istasyonlarin yiizey sularinda
sicaklik daha genis ve dip suyunda daha dar
bir aralikta degisim gosterdigini belirterek,
(Cat Baraj Golii tim su kolonunun sicaklik
degerleri bakimindan Su Kirliligi Kontrolii
ve Yizeysel Su Kalitesi  Yonetimi
Yonetmeligine (Anonim, 2021) gore yil
boyunca I. smf Ozellik gosterdigini
belirtmislerdir. Ayekin vd. (2018), Karakaya
Baraj Goéliinde yaptiklar1 calismada en diisiik
sicakligin 7,1°C ve en yiiksek sicakligin ise
29,7 °C olarak olgiildiiglinti belirterek, Mayis
aymndan itibaren sicakligin  gdkkusagi
alabaliklar1 icin stres olusturacak derecelere
ulagmasinin, golde ag kafeslerde alabalik
yetistiriciligini smirlayacagini
bildirmislerdir. Tunca (2014), Ermenek Baraj
Goli'nde su sicaklik degerlerinin 9,8°C ile
14,5°C degistigini tespit etmistir.
Koyunbaba Baraj Golii’nlin pH igerigi
8,44-8,99 arasinda gerceklesmis  olup
ortalama pH icerigi ise 8,74 mg/L olarak
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tespit edilmistir. Kii¢iikkyilmaz vd. (2017),
Ozliice Baraj Goli'nde en diisik pH
degerinin 7,6; en yiiksek pH degerinin 8,69
olarak o6l¢iildiiglinti, 6 ay boyunca ortalama
pH degerinin 8,27+0,1 olarak hesaplandigini
belirtmiglerdir. Aslantiirk ve Cetinkaya
(2021), Siictllii Baraj Goli’nde 6rnekleme
noktalarinin ortalama pH degerlerinin 7,75
ile 8,35 arasinda degisim gosterdigini, aylara
gore pH degisiminin normal dagildiginm
bildirmislerdir. Tunca (2014), Ermenek Baraj
Golii sularinin en yiiksek pH degerinin Nisan
ayinda 8,50 ile 4. istasyonda, en diisiik
degerin ise Kasim ayinda 7,51 ile 5.
istasyonda kaydedildigini belirtmistir. Tim
bu veriler pH degerinin 7,5 ile 9 arasinda
degisim gosterdigini bu ise ideal yetistiricilik
icin uygun oldugunu gostermektedir.
Koyunbaba Baraj Golii ¢ziinmiis oksijen
icerigi en disik 7,91 mg/L ile yaz
doneminde; en yiiksek 10,86 mg/L ile kis
doneminde  gerceklesmistir.  Ortalama
¢Oziinmiis oksijen icerigi ise 9,23 mg/L
olarak tespit edilmistir. Tiirk (2020),
Hasanugurlu Baraj Goli'nde  yaptigi
calismada yiizey suyunun ¢oziinmiis oksijen
degerini ortalama 9,03 mg/L olarak tespit
ettigini; kisin 11,80 mg/L ile yazin 6,40 mg/L
arasinda degisim gosterdigini bildirmistir.
Tunca (2014), Ermenek Baraj Golii’nde
¢oziinmiis oksijen (mg/L) iceriginin 8,01
mg/L ile 10,89 mg/L arasinda degistigini
bildirmistir. Tepe vd (2018), Karkamis Baraj
Goli'nde yi1l boyu ¢oOzlinmiis oksijen
degerlerinin 9,0-11,9 mg/L arasinda degisim
gosterdigini, Kiiclikyilmaz vd. (2017),
Ozliice Baraj Golii'nde yaptiklari ¢alismada
en diisiik ¢oziinmiis oksijen miktarini haziran
ayinda 9,2 mg/L olarak 5. istasyonda, en
yiiksek ¢ozlinmiis oksijen miktarini ise 12,1
mg/L ile mart ayinda 3. ve 4. istasyonlarda
Olctiiklerini ve ortalama ¢Oziinmiis oksijen
icerginin 10,6 mg/L. olarak belirlendigini
bildirmislerdir. Demir vd. (2015), Cat Baraj
Goli'nde ¢ozlinmiis oksijen miktarlarinin
yiizey suyunda 5,1-12,5 mg/L arasinda, orta
derinliklerde 4,0-11,7 mg/L ve dip suyunda
0,1-10,5 mg/L arasinda Olciildigiini
bildirmiglerdir. Koyunbaba Baraj Goli ile
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diger baraj goéllerinin ¢Ozlinmiis oksijen
icerikleri benzer diizeylerde tespit edilmistir.

Koyunbaba Baraj Golii ise su sicakligi,
¢Oziinmiis oksijen icerigi, pH, saturasyon,
elektriksel iletkenlik degerleri agisindan yil
boyu alabalik {iretimine uygun bulunmustur.
Alan etrafinda baraj goliinde ciddi baski
uygulayacak noktasal ve yayili kaynaklarin
az olmasi y1l boyu degerlerin uygun olmasini

saglamaktadir.
Koyunbaba Baraj Gélii ylizey suyunda EC
degerleri  456-489  uS/cm  arasinda

gerceklesirken ortalama 477 uS/cm olarak
belirlenmistir.  Yiizey ve 7 m den
gerceklestirilen Olclimlerde baraj goliinde
herhangi bir tabakalasma go6ziikmemistir.
Kiigiikyilmaz vd. (2017), Ozliice Baraj
Goli'nde EC degerleri 217 uS/cm ile 288
uS/cm arasinda degistigini, istasyon ve aylar
bakimindan birbirine yakin degerlerde
seyrettigini; Demir vd. (2015), Cat Baraj
Goli’nde yirittikleri calismada  yiizey
suyunda 137-224 pS/cm arasinda, orta
derinliklerde 140-224 uS/cm ve dip suyunda
140-224  pS/cm  arasinda  Olgtiiklerini
bildirmislerdir. Aslantiirk ve Cetinkaya
(2021), Siictllic Baraj Goli’'nde yaptiklar
calismada Ornekleme noktalarinda EC
degerlerinin 141 ile 424 pS/cm arasinda
degisim  gosterdigini; Tunca  (2014),
Ermenek Baraj Goli’nde yaptigi ¢aligmada
en yiiksek EC degerinin 443 uS/cm, en diisiik
EC degerinin ise 220 pS/cm olarak
Olctldiigiinti; Tepe vd. (2018), Karkamis
Baraj Golii'nde yil boyu EC degerlerinin
250-412  pS/cm  arasinda  degistigini
bildirmislerdir.

Azot, canlilardaki temel elemanlardan
birisi olup, canlilarin yap1 tas1 olan proteinin
yapisinda yer alan bir elementtir. Biiyiime ve
iremede gorevlidir. Azot, su ortamlarinda
cesitli sorunlara neden olabilmektedir. Suda,
azot ve fosfor miktarlarinda olusabilecek

artis, alglerin asir1  biliylimesine  ve
otrofikasyona neden olmaktadir. Koyunbaba
Baraj Goli’'nde  azot  fraksiyonlar

incelendiginde nitrit, amonyum Ve nitrat
degerlerinin  diisiik  degerlerde  oldugu
bununla birlikte Saban6zli Deresi’nde baraj
goliine kiyasla yiiksek oldugu bu da burada
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azot girdisi oldugunu gostermektedir. Tepe
vd. (2018), Karkamig Baraj Goli’nde yil
boyu TN 0,682-1,696 mg N/L arasinda
degisim gosterdigini; Kiigiikyillmaz vd.
(2017), Ozliice Baraj Gélii'nde 0,462-3,290
mg N/L (Ort.: 1,297 mg N/L) olarak
Olctldiigiinii bildirmislerdir (Kiigiikyilmaz
vd. 2017). Demir vd. (2015), Cat Baraj
Goli’nde i1se TN miktariin yiizey suyunda
0,08-1,13 mg N/L, orta derinliklerde 0,14-
0,87 mg N/L ve dip suyunda 0,24-1,83 mg
N/L arasinda tayin edildigini; Sesli vd.
(2018), Uzungay1r Baraj Golii yilizey suyunda
0,40 mg N/L-1,940 mg/L (Ort.; 1,16 mg N/L)
arasinda tespit edildigini bildirmislerdir.
Tunca (2014), Ermenek Baraj Golii’'nde
NHs miktar1 0,02-0,49 mg N/L arasinda
degistigini; Kii¢iikyilmaz vd. (2017); Ozliice

Baraj Goli'nde ylizey suyunda NHs
miktarinin 0,0004 mg N/L ile 0,15 mg N/L
(Ort.: 0,04) arasinda degistigini

bildirmislerdir. Sesli vd. (2018), Uzungay1r
Baraj Goli suyunda NHg degerinin 0,001 mg
N/L ile 0,126 mg N/L arasinda degistigini,
Demir vd. (2015), Cat Baraj Golii’nde yiizey
suyunda 2-124 pg N/L, orta derinliklerde <0-
132 ug N/L ve dip suyunda <0-502 pg N/L
arasinda genis bir aralikta tayin edildigini
bildirmislerdir. Kiicikyilmaz vd. (2017),
Ozliice Baraj Gélii'nde yiizey suyunda en
diisiik nitrit azotu miktar1 0,0002 mg N/L
olarak Ocak ayinda 2. ve 4. istasyonlarda, en
yiiksek nitrit azotu miktar1 0,0736 mg N/L
olarak Haziran aymda 1. istasyonda
ol¢iildiigiinii; Demir vd. (2015), Cat Baraj
Goli’nde nitrit azotu miktarlarin ylizey
suyunda <0-18 ug N/L, orta derinliklerde <0-
73 ng N/L, dip suyunda ise <0-75 pg N/L
arasinda tayin edildigini bazi Ornekleme
noktalarinda III. ve IV. smf kalitede
gbzlenmisse de, ortalama nitrit azotu
miktarlart bakimindan Yiizeysel Su Kalitesi
Yonetimi Yonetmeligine (Anonim, 2021)
gore yiizey suyu, orta derinlik ve dip suyu
ornekleme noktalar1 1. ve II. smf kalite
araliginda kategorize oldugunu
bildirmiglerdir. Ermenek Baraj Golii’'nde
yapilan ¢aligmada en biiyiik nitrit degeri 0,90
mg N/L ile 4. istasyonda ocak ayinda, en
diisiik deger ise 0.01 mg N/L ile 1. ve 2.
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istasyonlarinda Kasim ve Mart aylarinda
Olciilmistiir (Tunca, 2014). Uzungayir Baraj
Goli’nde en diisiik nitrit azotu degeri 0.001
mg N/L olarak Nisan, Mayis, Haziran ve
Agustos  aylarinda  1.2.3.5. ve 6.
istasyonlarda, en yiiksek nitrit azotu degeri
0.027 mg N/L olarak Subat ayinda 4.
istasyonda 6l¢iilmiis, y1l boyu ortalama deger
0.01£0.000 mg N/L olarak hesaplanmistir.
Ermenek Baraj Golii’nde nitrat
konsantrasyonunun en yiiksek degeri 4,60
mg N/L ile 2. istasyonda Ocak ayinda, en
diisiik deger ise 0,03 mg N/L ile 3. istasyonda
Aralik ayinda tespit edilmistir (Tunca, 2014).
Cat Baraj Goli’nde nitrat azotu miktarlar
yiizey suyunda 0,04-0,54 mg N/L, orta
derinliklerde 0,04-0,50 mg N/L ve dip
suyunda 0,06-1,06 mg N/L arasinda tayin
edilmistir. Ortalama nitrat azotu miktarlar
bakimindan Yiizeysel Su Kalitesi Yonetimi
Yonetmeligine (Anonim, 2021) gore yiizey
suyu, orta derinlik ve dip suyu Ornekleme
noktalarinin tamami Simif-1 kalite olarak
kategorize olmustur (Demir vd. 2015).
Ozliice Baraj Golii’nde yapilan calismada
yiizey suyunda en diisiik nitrat azotu miktari
0,04 mg N/L olarak Haziran aymda 3.
istasyonda, en yliksek nitrat azotu miktari ise
2,33 mg N/L olarak Nisan ayinda 1.
istasyonda Olg¢lilmiistiir. Baraj Goli'nde
ortalama nitrat azotu miktar1 0,88+0,12 mg
N/L  olarak  Yeristi  Su  Kalitesi
Yonetmeliklerine (Anonim, 2021) gore I
siif kalitede belirlenmistir (Kiigiikyilmaz
vd., 2017).

Fosfatta azot gibi biiylime ve iliremede
gorevli onemli bir elementtir. Fosfat, bilhassa
fitoplankton ve su bitkileri i¢in ¢ok onemli
besi elementlerinden biridir. Zooplankton ve
hayvansal su iiriinleri agisindan da 6nemli bir
yapt tasidir. Sularda verimliligi belirleyen
parametrelerin basinda gelir ve sularda ¢ok
kiigiik degerlerde bulunur. Ancak sularda
fazla  miktarlarda fosfatin  bulunmasi
durumunda plankton patlamasina neden olur.
Sularda fosfatin kaynagini, su havzasindaki
fosfathh  kayaglar, evsel ve yerlesim
birimlerinin atik sular1 ile fosfat menseli
fabrika atiklar1 teskil eder. Aslantiirk ve
Cetinkaya (2021), Siiciilli Baraj Golii'nde
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yillik ortalama orto-fosfat degerlerinin 5—
38,36 mg/m?® arasinda degisim gosterdigini;
9. istasyonda Temmuz ayinda orto-fosfat
degerinin 3 mg/m? olarak belirlendigini, I ve
III. istasyonlar hari¢ Siiciillii Baraj Golii’nilin
ortalama orto-fosfat degerinin 7.89+3.17
mg/m? olarak hesaplandigini bildirmislerdir.

Demir vd. (2015), Cat Baraj Goli’nde
yaptilar1 ¢alismada orto-fosfat miktarlarinin
yiizey suyunda <0-15 pg POs3-P/L, orta
derinliklerde 1-19 pg PO43-P/L ve dip
suyunda 1-16 pg POs3-P/L arasinda tayin
edildigini, orto-fosfat miktarlarinin degisimi
bakimindan izlenen istasyonlarin yiizey, orta
derinlik ve dip suyu ornekleme noktalari
kendi arasinda ve tiim O6rnekleme noktalar
arasindaki farklilik istatistiksel olarak 6nemli
bulunmadigini bildirmislerdir.

Ayekin vd. (2018), Karakaya Baraj
Goli’nde yaptiklart ¢aligmada TP miktarinin
Mart ayinda daha diisiik miktarlarda tayin
edildigini, Temmuz ayinda ise en yiiksek
degerlerde oldugunu kaydetmislerdir. Bu
durumu gollerde ilkbaharla birlikte asir1 alg
iiremesi sonucu TP artisinin, Mayisla
bagsladigini ve alg toplulugunun yaz aylarinda
en yiksek bolluga ulastigi seklinde (Mart
12,06 mg/m®; Mayis 13,4 mg/m®, Temmuz
18,05 mg/m®) aciklamislardir. Tepe vd.
(2018), Karkamis Baraj Golii’'nde yapilan
calismada TP degerlerinin yil boyu 0,007-
0,053 mg P/L arasinda degisim gosterdigini;
Tunca (2014), Ermenek Baraj Goli TP
degerinin 0,02 ile 0,42 mg/L arasinda
degistigini bildirmislerdir.

Tepe vd. (2018), Karkamis Baraj
Goli'nde  yaptiklart  calismada  Chl-a
parametresinin 0.075-4.824 pg/L arasinda
degisim gosterdigini; Kiiclikyilmaz vd.
(2017), Ozliice Baraj Golii’niin Chl-a miktar1
0,201 pg/L ile 6,182 pg/lL arasinda
degistigini, Demir vd. (2015), Cat Baraj
Go6li’nde Chl-a miktarlarinin yilizey suyunda
<0-30 pg/L, orta derinliklerde <0-31 pug/L ve
dip suyunda <0-25 pg/L arasinda tayin
edildigini bildirmislerdir. Arslantiirk ve
Cetinkaya (2021), Siiciillii Baraj Goli'nde
yaptiklart ¢alismada Chl-a’nin  ortalama
degerlerinin  0,49-2,84 pg/L  arasinda
degistigini bildirmislerdir.
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Dogal gollere kiyasla daha diislik
yenilenme siiresi ve yiiksek akinti varligi,
baraj gollerini kafeslerde balik yetistiriciligi
icin tercih edilen {iretim alanlar1 durumuna
getirmektedir. Gergekten, 2003 yilinda 40
bin ton/yil olan iilkemiz ig¢sularda alabalik
yetistiriciligi kapasitesinin 10 yillik bir
donemde iki  katindan fazla  artig
gostermesinde, baraj goli yiizey alanlarinin
kafeslerde  su  drlinleri  yetistiriciligi
faaliyetlerine kazandirilmasiin biiyiik pay1
vardir. Alabaliklar gibi boyut se¢ici tercihlere
sahip baliklar hasar gérmiis peletleri
yemezler ve yenmeyen yemler atik olarak
cevreye katilir (Beveridge, 1984). Buna baglh
olarak, ilk olarak Vollenweider (1968)
tarafindan deneysel verilerle tanimlanmis
olan ve Dillon ve Rigler (1974) tarafindan
go6liin boyutlari, su yenilenme siiresi, giren ve
sedimentte tutulan fosfor  kismimi
iliskilendirerek gelistirilen fosfor yiiklenmesi
modeli, Beveridge (1984) tarafindan yemden
yararlanma oranina bagl olarak gole giren
¢Ozlinmiis ve kat1 fosfor eklenmesini fosfor

yiklenme modeline bir girdi olarak
kullanarak bir dogal gol veya baraj goliiniin
kafes kiiltiiriinden kaynaklanan fosfor

yiiklenmesini, balik yetistiriciligi i¢in tagima
kapasitesini ve kiiltiirii yapilabilecek balik
miktarin1 hesaplayacagi ampirik bir modele
dontistiirilmiistiir.

Gol ylizey alaninin %3 oraninda bir
kisminin  yetistiricilik  faaliyetleri  igin
kullanilacag1 planlandig1 tasima kapasitesi
yaklasimina  gore, Koyunbaba  Baraj
Golii'nde yaklasik 0,4 km? yiizey alan
yetistiricilik i¢in kullanilabilir. Ortalama 7 m
derinlikli kafeslerde 20 kg/m® stoklama
yogunlugu ile baraj goliinde 2.500 ton/yila

kadar  yetistiricilik  yapilabilir  gibi
goriinmektedir.

5. Sonu¢

Koyunbaba Baraj Go6li limnolojik

verileri; ortalama derinlik 35 m, yiizey alani
12,8 km?, kabul edilebilir fosfor yiikii 35
mg/m?, ortalama fosfor konsantrasyonu 14
mg/m3, yemden yararlanma oram 1,5
arasinda kullanilarak olusturulan model ile
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golde ag kafeslerde firetilebilecek yillik
alabalik miktar1 1.200 ton ile 5.400 ton
arasinda tahmin edilmistir. G6liin derinligi de
dikkate alinarak olabilecek o&trofikasyon
durumlar1 ve kiiresel iklim degisimleri de
dikkate alinarak, c¢evreye zarar vermeden
ortalama 2.500 ton/yil alabalik
tiretilebilecegi sonucuna ulasilmistir.

Fosfor yiiklenmesi model ¢iktilarina gore
Koyunbaba Baraj Goliiniin savaktan uzak
bolgelerinde derinliginin az olmasi dikkate
alinarak; iiretimin savak bolgesine yakin
alanda gergeklestirilmesi, bununla birlikte
Cankirnn Karamusa koyiinden baraja giris
yapan Sabandzii Deresi’nde zaman zaman
mikrobiyolojik yiik girdisi goriildiigiinden bu
bolgede 6nlem alinmasi 6nemlidir.

Etik Standartlara Uygunluk
Cikar catismasi

Bu arastirma makalesi icin gergek,
potansiyel veya algilanan herhangi bir ¢ikar
catismas1 bulunmamaktadir.

Yazar katkisi

C.B. (%60)

M. M.S. (%20)

I A. (%20)

R. G. (%5)

I. H.O. (%5)

Tiim yazarlar nihai makaleyi okumus ve
onaylamistir. Metin, Sekil ve Tablolar orjinal
ve daha 6nce yayinlanmamustir.

Etik onay

Bu makale i¢in etik kurul onay1 gerekli
degildir.
Finansman

Bu calisma Tarimsal Arastirmalar Genel
Miidiirligi tarafindan desteklenmistir.

Proje Numarasi
(TAGEM/HAYSUD/T3/23/A7/P3/6902)
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Veri kullanilabilirligi
Gegerli degil.
Yayin icin izin
Gegerli degil.
TesekKkiir

Yazarlar Tarimsal Arastirmalar Genel
Midiirligi’ne ve Su Uriinleri Arastirma
Enstitiisti Miidiirliigii’ne miitesekkirdir.
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ABSTRACT

The concentrations and distributions of trace metals in surface sediment, water and suspended particulate matter (SPM)
in coastal area of Mersin Bay were studied to determined the anthropogenic inputs from surrounding activities.
Elevated zinc levels (275 ppm) represent the trace metal with the highest concentration, as measured in suspended
particulate matter samples collected from the Kazanli and Karaduvar areas. The high concentrations are associated
with terrestrial inputs from the anthropogenic (domestic +industrial) sources. An important observation is that
increasing concentrations are found in dissolved phase, sediment and particulate phase, respectively. But this is not
the case for Cr which is higher in sediment. This is related to intense activity of chromium processing plant working
for many years. Moreover, Cd and Cr concentrations in surface sediments are above the shale average. Heavy metal
concentrations in surface sediments are Cr>Zn>Cu>Pb>Cd, respectively. The elevated copper level relative to
cadmium in surface sediments is likely attributable to the higher stability of surface complexes with clay minerals,
which constitute the primary components of the sediments. Adsorption of zinc to iron and manganese oxide
compounds in the sediment is a possible explanation for the high amounts of zinc that were found in the sediments.
The estimated index values (enrichment factor, geoacumulation index and pollution load index) indicated widespread
contamination of Cr and Cd in Mersin Bay. The origins of these trace metals in the sediments were caused by human
activity, and the region was categorized as a moderately severely polluted area.
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1. Introduction

Mersin Bay is surrounded by coastal
urbanization where over one million people
live. Maritime transport, intense
urbanization, agricultural activities,
industrial plants and rivers (Berdan, Delicay,
Muftu, Mezitli) in the area were taken into
consideration in determining the sampling
locations. This coastal area is characterized
by increased population related to
industrialization and economic development
(chromium processing plant, fertilizer and
cement production factories, textile and
plastic production plants and various food
production factories).

Effluents from untreated domestic
wastewater and river waters loaded with
chemical fertilizers and pesticides discharge
to Mersin Bay. Moreover, port transport and
petroleum storage facilities threaten the
coastal area. River waters in the region
transfer these pollutants to marine
environment. Kumbur and Vural, 1989
determined the pollution originated from
trace metals and detergents in Berdan river.
Higher concentrations of Cd, Pb, and As in
fertilizers containing  phosphorus used
commonly in the area show that the
agricultural activities play a role in trace
metal pollution (Koleli and Kantar, 2005).
Also, increased concentrations of Cr, Cu, and
Mn in rivers and irrigation canals in Kazanli
region indicate the agricultural runoff
(Kumbur et al., 2008). Low levels of trace
metal concentrations were determined in
some seagrasses consumed by Chelonia
mydas in Kazanli region, which is one of the
most important reproduction areas. This zone
is under the pressure of industrial and
agricultural activities. Celik et al., 2006
stated that the population can be affected if
contamination continues increasingly.

Trace metals may enter the aquatic
environments and be distributed among
dissolved and particulate phase. The
suspended particulate matter acts as a carrier
of contaminants. However, sediment has a
role in providing a source for contaminants in
aquatic systems and biota transition of trace
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metals among these phases depends on the
physical, chemical and biological properties
of the aquatic environment. For this reason,
heavy metal distribution in an aquatic system
can be monitored by the measuring them in
water, sediment and biota. Taking into
consideration ~ Mersin  Bay,  various
investigations  were carried out in
determining the bioaccumulation of trace
metals in biota. Kalay et al., 1999 and 2004
observed the high levels of Cd and Pb in
samples of Mugil cephalus and Mullus
barbatus taken from Mersin Bay and
increased  concentration of Cd was
determined in Patella caerulea and P. rustica
(Ayas et al., 2009).

Research carried out in the Tasucu area of
Mersin revealed elevated levels of chromium
in the sediment of local beaches as a
consequence of anthropogenic activities
(Yalgin et al., 2020). A study conducted in
the Tarsus region revealed that the Berdan
Stream transports heavy metal pollution from
the agricultural basins of the area into the
coastal environment, as indicated by the
increased trace metal levels in the sediment
(Ozbay et al., 2013). In their study on the
beaches of the Mersin region, Ozbay and
Akgay, (2023) found that the beach
sediments were contaminated with Cd, Cr,
and Ni. This pollution was attributed to both
natural and human activities, as indicated by
the high ecological risk score estimated by
the researchers.

Dissolved trace metal levels are generally
lower than those of particulate phase and
sediment (Malea and Haritonidis, 2000;
Kiigiiksezgin et al., 2008; Boubonani et al.,
2009). Different investigations were
supported these findings. Concentrations of
Cd and Pb measured in Dardanels were as
low as critical level (Siiren et al., 2000). Also,
lower concentrations of Zn, Cd, Pb, and Cu
were obtained in Red Sea and Bay of Agaba
(Shriadah et al., 2004).

Seawater concentrations of Cd and Pb in
Basra Bay were lower than in sediment
(Pourang et al., 2005). Elevated levels of Cd,
Cu and Zn in sediment were measured in Bay
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of Heraklion (Crete) with respect to seawater
(Stamatis et al., 2002).

In this study the seasonal and spatial
occurrence and distribution of the trace
elements in dissolved and particulate phase
and sediment in the coastal area of Mersin
Bay, located at northeastern Mediterranean
Sea, were investigated.

2. Material and Methods

Samples were collected seasonally in four
stations in Mersin Bay located in north-
eastern Mediterranean (Figure 1). ST1 is
situated close to discharge points of rivers
around the agricultural activities in region.

.

Figure 1. Locations of sampling stations in Mersin Bay.

Three replicate water samples were taken
from surface by using standard water sampler
(acc. to Ruttner, Hydrobios). Water samples
in low density polyethylene (LDPE) bottles
were filtered through 0.45 pm membrane
filters. Then filtered seawater were acidified
(pH 2.5) using 6M HCI and stored in pre-
cleaned (1N HCI) LDPE bottles. Suspended
particulate matter (SPM) loaded filters were
dried at 105°C and weight of SPM was
determined  gravimetrically. 1.5 ml
concentrated nitric acid was added to 1L of
seawater and measured without further
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ST2 is situated in proximity of chromium
processing plant in Kazanli. ST3 is located
close to industrial harbor which is under
intense ship traffic. ST4 is situated close to
various discharge points of domestic wastes.

The surface sediments were collected
using an Ekman bottom  sampler
(Hydrobios). When adequate sediment
samples were collected (6-8 sampling from
each  station) these samples  were

homogenized and stored in polyethylene
bags at 4 °C. The sediment samples were
dried in an oven at 105 °C and sieved through
63 um mesh. Sieved sediment samples were
stored in 100 ml polyethylene containers.

process (Malea and Haritonidis, 2000).
Extraction of sediment and SPM samples
were carried out according to EPA Method
200.7 (1994). 4 ml nitric acid (1+1) and 10
ml HCI were added to sediment and SPM
samples and heated at 90 °C. Clear part of the
extract was then diluted to 25 ml and was
analyzed by using ICP-AES (Varian Model-
Liberty Series Il). The accuracy of the
measurements was checked by using
certified reference material (NIST, 2711) and
recoveries was given as follows;
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Reference  Analytical
value value Recovery

(ngg?)  (uggh) (%)
Cd 41 43.87 93
Pb 1162 1107.82 95
Cu 114 109.26 95
Cr 47 51.83 92
Zn 350 347 98
Fe %2.89 %2.75 95

The enrichment factor (EF),

geoaccumulation index (lgeo) and pollution
load index (PLI) were computed using
methods from previous studies (Wedepohl
1995, Miiller 1979 and Tomilson 1980,
respectively). Comprehensive computations
of the methodologies can be located in the
text. Mean concentrations of trace metals
were analyzed using one-way ANOVA with
Tukey HSD as the post-hoc test, utilizing the
R statistical program.

3. Results and Discussion

SPM levels ranged between 8.5-14.7
mgL™. Low levels of SPM were measured at
ST4 in fall. However, concentrations of SPM
increased in spring, reaching maximum
values at ST1 (Figure 2).

MedFAR (2024) 7(2): 98-113

SPM concentrations changed according to
their geographic locations, riverine input and
sampling stations. Seasonal and spatial
variations were also recorded in other studies,
showing the higher SPM values in winter
(Stagnone Di Marsala Bay, Pusceddu et al.,
1997; Sara et al., 1999). Taking into account
annual mean values, lower values were
observed compared to our values. In
comparison to other reported values
(MEDPOL, 2007), referring to the same bay,
a similar seasonal trend was observed,
increasing in spring. Higher SPM values in
ST1 are associated with the increasing
Seyhan and Berdan river water flow (167 and
12 m*® sn?, respectively), transporting
particulate matter into the sea (47.6 and 38.3
mg L, respectively) (MEDPOL, 2007).

One-way ANOVA revealed a statistically
significant difference (p<0.05) in the
fluctuation of trace metal concentrations
across different matrices among stations
(Table 1). Nonetheless, no significant
difference was observed across ST1, ST2,
and ST3 for all matrices. This situation may
indicate that the Seyhan and Berdan currents,
which convey the pollution burden to the
area, are transported across the gulf.
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Figure 2. Mean seasonal concentrations of suspended particulate

sampling sites.
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Table 1. Analysis of variance (ANOVA) for comparing matrix metal concentrations across

various stations.

Seawater SPM Sediment
Df F p Df F p Df F p
Model parameters 3 529 0.002 3 4.21 0.009 3 5.23 0.002
ST1 a a a
ST2 b b b
ST3 b b b
ST4 b b b

Stations with the same letter are not
significantly different at alpha level of 0.05.
Post-hoc comparison of subset was
performed using Tukey-HSD. Df; degree of
freedom, F; Fisher’s F value.

Most trace metals have high affinity for
particulate matter in marine environments.
Particulate metals eventually sink to bottom
and they are absorbed by organisms or may
be released to water column via resuspension
processes (Balls, 1989). The levels observed
for the metals in the SPM showed seasonal
and spatial variations (Table 2 and 3).
Seasonal analysis revealed an increase in Cd
and Pb levels throughout winter. This
elevation parallels prior research
investigations. A study conducted in
Iskenderun Bay reported that Cd levels were
measured higher in the winter season
compared to other seasons (Tiirkmen and
Tirkmen, 2004). In addition, Fernandez-
Severini (2019) reported that during periods
when  phytoplankton  increased, Cd
concentration increased in SPM by binding to
sulfur-containing ligands on the
phytoplankton cell surface. Demirak et al.
(2012) indicated in their research conducted
in Gokova Bay that the copper concentration
in suspended particulate matter rose due to
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the bilge water released by vessels,
particularly during the summer months,
corresponding with the tourism season. This
finding may elucidate the explanation of the
increase in Cu during the spring-summer
period in our research. Zn was the dominant
trace metal in particulate phase in all
sampling sites (Figure 3). The percentage of
particulate-bound Zn found in the present
study was above 50% at ST3 and ST2 with
respect to other metals. The average
percentages of other metals associated with
SPM were as follows: Cu > Cr > Pb > Cd.
Higher percentages for Cu, Cr, and Pb were
observed at ST1. This can be explained with
the riverine input, which transports the large
amount of SPM to the area. Particulate Cd
had the smallest value among the metals
studied. Similar results for Cd in SPM have
been previously reported in other studies
(Tirkmen and Tiirkmen, 2004). In addition,
in the Karatas (Adana, Akdeniz) region,
where intensive agricultural activities are
carried out, seasonal differences are observed
in the Cd levels measured in seston, but an
increasing trend was detected in terms of
average values (Dural and Goksu, 2006).
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Figure 3. Proportions of particulate trace metal concentrations in relation to the total
concentrations.

Table 2. Mean spatial concentrations of Cd, Cr, Cu, Pb and Zn in seawater, SPM and sediment.

Cd Cr Cu Pb Zn

Mean Range Mean Range Mean Range Mean Range Mean Range
0.96 - 4.34 - 4.03 - 21.77 -

STl N.D N.D. 16.51 45.69 24.58 75.08 6.02 8.02 41.77 57.89

b 0.15 - 0.19 - 4.17 - 3.59 - 2.89 -

£ ST2 224 434 1132 3231 10.00 23.63 4.58 6.52 12.77 20.41
= 0.86 - 1.56 - 5 - 3.23 - 10.76 -

& ST3 1.97 3.08 6.57 1477 725 10.14 8.30 21.36 15.91 23.47
0.11- 0.4 - 0.84 - 5.84 -

ST4 N.D N.D. 1853 59.18 22097 60.8 4.41 9.62 33.16 84.5
0.5- 21.13- 24.84 - 13.1 - 123.66 -

ST1 3.00 6.85 56.87 14124 86.41 200.17 63.11 173.16 14501 177.3
€ 0.41 - 8.73 - 22 - 3.64 - 91.78 -
@ ST2 3.62 7.66  60.62 13498 10153 242.06 5355 12219 27496 706.24
s 2.56 - 5.85 - 19.19 - 6.35 - 145.2 -
& _ST3 598 941 6423 11594 99.20 276.16 56.64 1449 259.13 516.21
2.69 - 24.07- 21.25- 5.97 - 73.65 -
ST4 4.68 6.67 7470 14133 122,79 282.84 53.33 116,53 219.32 365.24
N.D. - 28.58- 7.19 - 0.59 - 26.14 -

a ST1 0.20 062 8293 17835 19.29  31.68 4.63 10.28  55.63 94.77
S 0.04 - 40.26- 6.15 - 0.06 - 24.73 -
= ST2 0.22 059 9820 1824 1740  36.43 2.90 5.07 60.64  111.32
S 0.02 - 31.06- 7.61- 0.42 - 27.93 -
._E ST3 0.24 052 9445 22593 1531  24.06 3.53 7.18 61.14  124.17
%) N.D. - 39.2 - 8.24 - 0.11- 27.16 -
ST4 0.09 021 113.30 24323 13.47 21.54 2.26 3.84 44.32 59.73

(% : Seawater concentrations of all elements are in ppb), N.D. : Not detected.
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Table 3. Mean seasonal concentrations of Cd, Cr, Cu, Pb and Zn in seawater, SPM and

sediment.
Cd Cr Cu Pb Zn
Mean Range Mean Range Mean Range Mean Range Mean Range
0.15- 11.94- 8.08 - 0.84 - 2.89 -
spr 051 0.86 1435 1717 1433  23.63 8.61 21.36 10.38 17.5
b 0.11 - 2.76 - 135 -
% sum N.D. N.D. 0.70 1.56 3.48 04-5 4.83 6.52 18.77  24.79
= 0.84 - 5.76 - 34- 5.84 -
3 fal N.D. N.D. 1.62 2.21 6.87 7.72 3.72 4.03 26.55  57.89
3.08 - 7.86 - 5.81 - 3.23 - 20.41 -
win 4.88 6.85 36.26 59.18 37.96  75.08 6.11 9.62 43.50 84.5
1.65 - 115.94- 200.17- 46.4 - 144.32-
spr 242 278 133.37 14133 250.31 282.84 63.44 7451 21143 309.99
€ 0.41 - 5.85 - 27.87 - 6.35 - 116.3 -
@ sum 041 0.41 17.14 2407 3506 4349 13.29 19.86 193.61 365.24
s 0.5 - 8.73 - 19.19 - 3.64 - 73.65 -
5% fall  0.50 0.5 1957 2466 2182 2484 10.70 19.78 357.71 706.24
6.67 - 42.07 - 73.59 - 116.53 - 91.78 -
win  7.65 941 86.35 11332 102.75 148.26 139.20 173.16 135.67 177.3
0.11 - 178.35- 15.64 - 2.52 - 59.73 -
= _spr 0.16 0.2 207.48 24323 21.03 30.22 6.26 10.28 97.50 124.17
S 0.03 - 28.58 - 6.15 - 2.58 - 24.73 -
=~ _sum_ 0.04 0.06 34.77 40.26 7.30 8.24 2.85 3.55 26.49  27.93
o N.D. - 34.36 - 8.06 - 3.79 - 30.59 -
% fall  0.02 0.04 4327  48.82 8.72 10.02 3.91 4.08 3257 35.02
n 0.21 - 77.45 - 21.54 - 0.06 - 57.46 -
win  0.49 0.62 103.34 12355 2843  36.43 0.30 0.59 65.18  73.02

(2 : Seawater concentrations of all elements are in ppb), N.D. : Not detected.

Zn was the dominant trace metal measured
in SPM during summer and fall (Figure 3).
High level of Pb was observed in winter and
it showed a decreasing trend from winter to
fall. The increase in SPM in winter due to the
winter-mixing process in the region may
elucidate the elevation of Pb levels, since
SPM has the capacity to absorb higher levels
of Pb during this season (Zhang et al., 2018).
Cu and Cr levels increased in winter and
spring. Taking into account reports from
other Mediterranean regions (Bloundi et al.,
2009; Puig et al., 1999; Rossi and Jamet,
2008; Violintzis et al., 2009; Kiigiiksezgin et
al., 2008, Abdallah and Muhammed, 2015),
lower trace metal levels were measured in
present study.

Trace metal content of the sediment could
be affected not only by anthropogenic and
lithogenic sources but also by a textural
structure, organic content, rate of
precipitation and mineralogy. Trace metals
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interact with fine particles with large surface
area. Adsorption, co-precipitation and
binding to surface are the main mechanisms
of this interaction.

The most abundant elements in marine
sediment were Cr and Zn. The spatial and
seasonal distribution were given in Table 2
and 3. The other elements did not show
distinct spatial and seasonal patterns. The
high levels of Cr in whole area could be
explained with the environmental impact of
the chromium processing plantation, which
has been working for about 25 years.

In comparison to previously reported
values, values of the present study were
lower. Increased concentrations of Cd, Cu
and Pb measured in coastal sediment and
biota indicated that the coast of Alexandria
was defined as polluted (El Nemr et al., 2007,
Abdallah, 2007; Abdallah and Abdallah,
2008). Also, this area showed higher level of
Cd concentration. Compared to Mersin Bay.
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In Marmara Sea, the highest mean
concentrations of Pb were approximately two
to three times higher than those found in
Mersin Bay (Algan et al., 2004). Pb and Cd
concentrations in the sediments of coast of
Algeria was found to be much higher, while
lower levels of Cu, Cr and Zn were obtained.
Similar results were obtained for Cd, Cr, Cu,
Zn in previous investigations (MEDPOL,

MedFAR (2024) 7(2): 98-113

2007). The study on Berdan River sediment
showed (Ozbay et al., 2013) that the river is
the primary pathway for the transportation of
metal load to Mersin Bay. It has been
reported that specifically Cd, Cr, Pb and Zn
(4-60 pg g1 originating from human
activities are carried into the marine
environment.
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Figure 4. Proportions of sediment trace metal concentrations in relation to the total

concentrations.

In contrast to particulate and sediment,
levels of trace metal in dissolved phase were
lower (Tables 2 and 3). For all elements in
dissolved phase, decreased concentrations
were observed compared to  other
Mediterranean areas (Puig et al., 1999;
Scoullos et al., 2007; Abdallah, 2008). The
temporal and spatial variations of dissolved
trace metals were observed due to different
chemical and physical characteristics of
water masses (Tables 1 and 2). As for Zn,
important variations within seasons occurred,
notably in summer and fall. However, Cu and
Cr were important metals in winter and

spring.

When assessing differences between
regions, it is evident that pollution diminishes
from the Berdan area to the Mezitli region.
The Seyhan River and the Berdan Canal cross
the area and discharge their pollution burdens
into the bay. The existence of a chrome
processing facility in the Karaduvar region,
along with significant maritime activity in the
port area, accounts for the elevated pollution
levels along the Karaduvar-Berdan line. This
scenario is elucidated when the existing
current systems in the Gulf (Ozsoy et al.,
1993) are considered. The prevailing currents
in the area dilute the contaminants, resulting
in a reduction of their concentration in the
Mezitli region.
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Figure 5. Proportions of dissolved trace metal concentrations in relation to the total

concentrations.
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Marine sediments serve as significant
reservoirs for heavy metals, as these metals
adsorb onto suspended particles and
subsequently descend to the seafloor,
facilitating the transfer of pollutants. Marine
sediments  significantly influence the
diagenesis of heavy metals and can make
contaminants accessible to marine species,
dependent upon environmental conditions
(Xie et al., 2015). Heavy metals bonded to
sediment particles can be assimilated by
organisms that consume seabed material or
can penetrate cells directly (bacteria,
microalgae). Subsequent to this phase, they
experience biomagnification and increase via
several trophic levels in the marine food web.
(Gao et al., 2021). Studies show that some
metals are more biomagnified than others,
while others are subject to biodilution. For
example, Cu decreases with biodilution in the
herbivores-suspension feeders >
detritivores > autotrophs > carnivores food
chain (Schneider et al., 2018), while Cd and
Cr increase in the cephalopod-fish food chain
(Gu et al. 2018). Pb and Zn do not
biomagnify in some marine ecosystems and
their concentrations remain constant along
the trophic chain (Cardwell et al., 2013).

Over a certain threshold, heavy metals are
hazardous to aquatic organisms, which
display various pathological reactions to this
pollution. Some individuals have genetic
derangement, while others encounter
inflammation, degeneration, alterations in
physiology, and developmental
abnormalities. The literature contains
references to the effects of heavy metals on
organisms. For instance, Cr exhibits
bioaccumulation and  biomagnification
features, along with unique toxicological
characteristics, since the hexavalent form,
rather than the trivalent form, is required for
efficient transmembrane passage (Popa,
2006). Chromate ions are also structural
mimics of sulfates and can readily permeate
the cell through enhanced transport (Viti et
al., 2014). Viti et al. (2014) indicated in their
study on the mussel Corbicula fluminea that
chromium (Cr) permeates the cells via the
gills and digestive glands, influencing
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mMRNA  expression. In a separate
investigation, chromium was demonstrated
to induce oxidative stress in Oryzias
melastigma and lead to lipid peroxidation (Ni
etal., 2020). Research on Cu have shown that
concentrations as high as 280 ppm in
sediment can induce anemia, liver
malfunction, and renal dysfunction in
bivalves, potentially resulting in the mortality
of marine organisms. Research indicates that
even minimal concentrations of Cu can lead
to accumulation in marine creatures (Li et al.,
2023). Copper, utilized as an antifungal and
pesticide, endangers aquatic life by
infiltrating ecosystems and sediments from
terrestrial sources through many pathways.
Kalatehjari et al. (2015) noted that copper,
utilized as an antifungal agent, causes DNA
damage in their work using Rutilus frisii. The
gills and gastrointestinal system (GT) are the
primary pathways for metal absorption in
fish. Even at minimal quantities, Cd is fatal
to several aquatic creatures and is absorbed
by organic materials, facilitating its transit to
higher trophic levels. Furthermore, it impairs
aerobic respiration through oxidative stress,
subsequently resulting in cellular damage
(Kurochkin et al., 2009). Guo et al. (2019)
indicated that goby (Mugilogobius chulae)
absorbs cadmium from sediments, mostly via
the gastrointestinal tract. Pb interferes with
ion control and impacts calcium and sodium
absorption. In aquatic ecosystems, lead
absorption  occurs  through  sediment
consumption. The study using Oncorhynchus
mykiss indicated that sodium intake was
impaired when the fish were fed a species of
sediment-dwelling worm that consumes
organic materials (Alsop et al., 2016). Zn is
crucial for the growth and development of all
organisms. When the Zn content beyond a
specific threshold, aquatic species endure
different acute  or  chronic  toxic
consequences. Owing to its distinctive
physicochemical characteristics, including

stability, non-degradability, and
environmental persistence, Zn readily
experiences bioaccumulation and

biomagnification within the food chain,
hence posing a risk to human health (Zhang
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etal., 2021). In this study, the enrichment factor (EF)
Organisms exposed to sea sediments  was used to determine the level of
considered contaminated under laboratory  contamination and the possible
conditions may exhibit physiological and anthropogenic effect in sediment. The EF
biochemical alterations. This material uses normalized trace metal content with
illustrates the impact of a contaminated respect to sample reference metal. At this
environment on the biota. A study utilizing point, Fe or Al is used as a normalizing
cell culture revealed that sediment extract element (Din, 1992; Abrahim and Parker,
heightened hepatotoxicity and disrupted 2008). Deely and Ferguson (1994) purposed
glycogenesis in the cells (Lin et al., 2023). to use Fe as a normalizing element due to its
The use of bottom sediment as a  relatively high concentration. Therefore, Fe
contamination indicator of the marine IS not expected to be derived from
environment provides an establishment of  anthropogenic origin in an estuarine area. For
several factors that, by means of certain comparison, average shale (Turekian and
indices, enabled an evaluation. Some of the ~ Wedepohl, 1961), crust (Wedepohl, 1995)
most often used indicators of contamination and control values were used as a background
in the sediment are: level. The values are shown in Table 4.
enrichment factor, geoaccumulation index,
and pollution load index.

Table 4. Trace metal concentrations in average continental shale, continental crust and control
region

Cd Cr Cu Fe Pb Zn
shale (a) 0.20 90.00 45.00 47200 20.00 95.00
crust (b) 0.10 126.00 25.00 30890 14.80 65.00
control 5.42 3.88 3279 1.38 14.15

a: Turekian and Wedepohl (1961)
b: Wedepohl (1995)

The area, which is defined as a control Table 5 represents the EF values of all
region, was lacking industrial and urban  trace metals measured in the sediment
activity. EF was calculated according to the ~ samples. EF values of Cd in control region

following formula; could not be compared to other reference
values due to its very low concentration
EF = (Mx/Fex)/(My/Fep) which was below detection limit. However,

according to EF values calculated using shale
Where My and Fex are the sample  and crust values lower levels of Cd, Cu, Pb,
concentrations of element M and Fe, and Zn values were calculated for ST4. Based
respectively. My and Fey, are the background on the classification system, ST1, ST2 and
values of metal and Fe, respectively (Simex ST3 classified as moderately severe enriched
and Helz, 1981). area while ST4 classified as minor enriched.
Trace elements of anthropogenic sources Using the crust Fe concentration (Wedepohl,
have EF values of several orders of  1995), resulted in lower EF values and minor
magnitude (Chen et al., 2007). Classification enrichment degree for Cr (1-3) due to higher
was as follows; crustal rate of Cr/Fe. On the otherhand based
<1 background concentration, 1-3 minor on the shale (Turekian and Wedepohl, 1961)
enrichment, 3-5 moderate enrichment, 5-10  and control values EF levels for Cr were
moderately severe enrichment, 10-25 severe higher, indicating moderately severe
enrichment, 25-50 very severe enrichment,  enrichment. These results demonstrated that
and >50 extremely severe enrichments. Cr were enriched in all regions.

107



Yilmaz, D.

Based on the different background values,
all the studied areas were polluted by Cd and
Cr from anthropogenic sources. This was
attributed to discharge effluent of the
chromium processing plant in the area.

Sediment enrichment of trace elements in
aquatic environment was calculated in terms
of geoaccumulation index (Miiller, 1979).
The following formula was used to express
the geoaccumulation index (lgeo).

Igeo = IOgZ (Cn/(lS*Bn))

where C, is the measured metal
concentration in sediment. Bn is the

MedFAR (2024) 7(2): 98-113

background value of that metal and the factor
of 1.5 is used for lithogenic variability
effects. The geo-accumulation index
classification consists of seven classes (0-6),
ranging from background concentration to
very heavily polluted: < 0 (class 0)
background concentration, 0-1 unpolluted, 1-
2 moderately polluted, 2-3 moderate to high
pollution, 3-4 heavily polluted, 4-5 highly to
very highly polluted, 5-6 very heavily
polluted (Kumar and Edward, 2009).

Table 5. Enrichment Factor (EF) values in sediments normalized with respect to the iron
content in continental shale, continental crust and control.

Cd Cr Cu Pb Zn
shale
ST1 4.91 4.43 2.06 1.11 2.82
ST2 5.23 5.18 1.84 0.69 3.03
ST3 551 4.83 1.57 0.81 2.96
ST4 1.96 5.77 1.37 0.52 2.14
crust
ST1 6.42 2.07 2.43 0.98 2.70
ST2 6.85 2.42 2.16 0.61 2.90
ST3 7.21 2.26 1.85 0.72 2.84
ST4 2.56 2.70 1.62 0.46 2.04
Control
ST1 5.12 1.66 1.12 1.31
ST2 5.98 1.48 0.69 1.41
ST3 5.58 1.26 0.82 1.38
ST4 6.65 1.10 0.52 1.00

lgeo values for control are not readily
comparable with the other values calculated
from shale and crust values due to their
higher background values. The average
results showed that, using control
background values, all the studied areas were
found to be polluted by anthropogenic Cr
(Table 6). Igeo results indicated that the
accumulation level of Cu, Pb, and Zn is
moderate (lgeo = 1-2) in all sediments.

Pollution Load Index (PLI) was calculated
as indicated by Tomilson et al. (1980).

PLI=(CF1*CFo*...CFo)!"

Where n is the number of metals and CF is
the contamination factor, which can be
calculated from the rate of
sediment/background trace element values. If
the PLI value is <1 then the area is evaluated
as non-polluted; otherwise value >1 indicates
the pollution. All studied areas were found to
be polluted (PLI>1), indicating inputs from
anthropogenic sources (Table 6).

Table 6. Geoaccumulation index and pollution load index (PLI) calculated from continental
shale, continental crust and control background values in sediments.
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shale Cd Cr Cu Fe Pb Zn PLI
ST1 -0.56 -0.70 -1.81 -2.85 -2.70 -1.36 4.96
ST2 -0.44 -0.46 -1.96 -2.83 -3.37 -1.23 4.67
ST3 -0.33 -0.52 -2.14 -2.79 -3.09 -1.22 4.74
ST4 -1.81 -0.25 -2.32 -2.78 -3.73 -1.69 411

crust
ST1 0.44 -1.19 -0.96 -2.24 -2.26 -0.81 211
ST2 0.56 -0.94 -1.11 -2.22 -2.94 -0.69 2.19
ST3 0.67 -1.00 -1.29 -2.18 -2.65 -0.67 2.14
ST4 -0.81 -0.74 -1.48 -2.17 -3.29 -1.14 2.85

control
ST1 3.35 1.73 1.00 1.16 1.39 0.67
ST2 3.59 1.58 1.02 0.49 1.51 0.64
ST3 3.54 1.39 1.06 0.77 1.53 0.66
ST4 3.80 1.21 1.07 0.13 1.06 0.49

5. Conclusion

Five trace metals (Cd, Cr, Cu, Pb, and Zn)
were measured in seawater, suspended
particulate matter, and marine sediment of
Mersin Bay, situated in the northeastern
Mediterranean Sea. SPM exhibited a higher
compositional pattern of trace metals. Cd,
Cu, Pb, and Zn were found as dominant
elements in the particulate phase. However,
Cr was the major element in sediment. Our
results suggested that suspended particulate
matter plays an important transitional role by
carrying the trace metals within marine
systems that are affected by human activities.
Sediments in the stations and its surrounding

environment accumulate trace metals,
changing the quality of the aquatic
environment. EF, PLI, and lgo Values

indicated widespread Cr and Cd pollution in
Mersin Bay. The sources of these trace
metals in sediments were anthropogenic and
the area was classified as moderately severe
polluted area.

The findings and assessments suggest that
Mersin Bay is considerably impacted by
pollution sources. Analysis of other research
on the region reveals that the bay is polluted
with both metals and organic contaminants.
In this context, observational studies may be
conducted to assess the impacts over time
while accounting for all potential pollutant
factors and  environmental variables
(temperature, salinity, oxygen, chlorophyll,

pH). Furthermore, histopathology analyses
may be conducted at the cellular level to
ascertain the particular impacts of heavy
metals. To mitigate the pollution danger in
Mersin Bay in the near future, preventive
measures must be implemented, considering
the biological richness of this ecosystem.
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