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ABSTRACT

The literature related to organotin compounds has been reviewed in this article.
Tributyltin (TBT) has been used extensively as a biocide in antifouling paints for
ship hulls. This organometallic compound is very efficient in preventing
settlement of organisms on ships’ hulls, but has deleterious effects in non-target
organisms. Especially gastropods and bivalves are among the most sensitive
organisms. Due to their sensitive response several snail species have been used
world wide as bioindicators of TBT pollution. In 1989 the European Union
published a Directive (89/677/CEE) banning TBT from vessels smaller than 25 m.
Following the ban on TBT-based antifouling paints in most of the developed
countries, monitoring programs are currently carried out in order to assess the
effectiveness of present regulation. Surveys carried out in different coastal areas
and offshore waters and open seas. Monitoring data reveal that organotin
compounds are ubiquitous in aquatic organisms and marine system. Therefore
TBT pollution is still a major problem. In the review article, the chemical structure
of organotin compounds, their detection methods in the samples which were
collected from abiotic and biotic environment and produced the functional and
structural changes on the bioindicator organisms have been discussed. The
problems that could result from the legal regulations banning the organotin
compounds in the antifouling paints have been emphasized.

Key Words: Bioindicator, global pollution monitoring, imposex, organotin
compounds, tributyltin (TBT)

DENIZLERDE ORGANOKALAY KiRLENMESI
(Derleme)
OZET

Bu derlemede organokalay bilesikleri ile ilgili kaynaklar gézden gegirilmistir.
Gemi karinalarindaki antifouling boyalarda biyosit olarak bilyikk oOlciide
Tributilkalay (TBT) kullanilmaktadir. Bu orgonometal bilesigi gemi karinalari
iizerine yerlesen organizmalarin dnlenmesinde ¢ok etkilidir, fakat hedef olmayan
organizmalara zararh etkileri vardir. Ozellikle gastropodlar (karmndan bacaklilar)
ve bilvalveler (¢ift kabuklular) en duyarli organizmalar arasindadir. Biitiin diinyada
duyarli cevaplarindan dolay1 ¢esitli salyangoz tiirleri TBT kirlenmesinde
biyoindikator olarak kullanilmaktadir. 1989°da Avrupa Birligi 25 m’den kiiciik
deniz araglarinda TBT’i yasaklayan bir kararname ¢ikarmistir (89/677/CEE). TBT
bazli antifouling boyalarin yasaklanmasini takiben gelismis iilkelerin ¢ogunda
mevcut diizenlemelerin etkinligini tayin etmek icin siirekli izleme programlari
gergeklestirilmistir. Arastirmalar farkli kiy1 bolgeleri, kiyilardan uzak sular ve agik
denizlerde yapilmistir. Izleme sonuclari organokalay bilesiklerinin sucul
organizmalarin ve deniz sistemlerinin her yerinde bulundugunu gostermistir. Bu
nedenle TBT kirlenmesi hala biiyiik bir problemdir. Derlemede organokalay
bilesiklerinin kimyasal yapisi, biyotik ve abiyotik ¢evreden alinan &rneklerdeki
miktar tayinleri, biyoindikatér canlilarda olusturdugu yapisal ve islevsel
degisiklikler tizerinde durulmustur. Antifouling etkili gemi boyalarina organokalay
bilesiklerinin katilmasini yasaklayan diizenlemelerin olusturabilecegi sorunlara
dikkat ¢ekilmistir.

Anahtar Kelimeler: Biyoindikator, kiiresel kirlilik izleme, imposeks, organokalay
bilesikleri, tributilkalay (TBT).
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1. GiRiS

Kalay insanlarin Bronz Cagindan beri kullandiklar: bir
metal olmasina ragmen, organokalay bilesiklerinin
iretilmesine II. Diinya Savasi yillarinda baglanmustir.
Savas sonrasi gelisen endiistriyel faaliyetlerde ve ziraatte
bu bilesiklerin degisik amaglarla kullanima alindigim
gormekteyiz.

Endiistriyel amaglarla dretilen Dbiitin  organokalay
bilesiklerinde, kalay dort degerlidir. Bu bilesiklerde en az
bir tane karbon-kalay bagi vardir. Genel formiilleri Ry,.
monX seklinde verilir. n=0-3 arasmnda olabilir. R
merkezdeki kalay atomuna kovalent bagla baglanmis alkil
veya aril yapili grubu, X ise —OH, -SH, -OSnRj, -OR gibi
bir anyonu gosterir.

Endiistride kullanilan 6nemli organokalay bilesikleri
mono-, di-tri- siibstitie butilkalay veya fenilkalay
bilesikleridir. MBT (monobutilkalay), DBT (dibutilkalay),
TBT (tributilkalay), MPT (monofenilkalay), DPT
(difenilkalay), TPT (trifenilkalay) en fazla kullanilan
organokalay bilesikleridir (1). Mono- ve di- siibstitiie
bilesikler PVC stabilizatorii, katalizor, ahsap koruyucusu
gibi amaglarla kullanilirken, triorganokalay bilesikleri
biosit ozellikleri nedeniyle samandira gibi deniz ici
araclarda, 6zellikle gemi karinasi boyalarinda antifouling
katki maddesi ve ziraatte pestisit olarak kullanilirlar (2).

Denizlerdeki insan yapist arag ve gereglerin
ylizeylerine tutunarak yasayan organizmalarin
geligimine‘ ‘fouling olay1’’denir. Bu organizmalarin ortak
ozellikleri kendilerini su hareketlerinden ileri gelebilecek
her tiirlii etkiye karsi koyabilecek sekilde tespit etmis
olmalaridir. Bunun sonucu deniz suyunun temas ettigi
ylizeylerde Kkiitleler halinde birikir ve zararlara neden
olurlar. Fouling olaymnin 6zellikle gemilerin hizini azaltici
etki gosterdigi bilinmektedir. Ornegin yeni insa edilen bir
geminin suya indirilmesinden alt1 ay sonra normal hizim
yapabilmesi icin %30 oraninda daha fazla yakita
gereksinimi olacagi ve bu hiz azalisinin zamanla artacagi
saptanmigtir. Bu nedenle gemi karinalari ve deniz igi
araclarin yiizeylerinde antifouling etkili kimyasallarin
kullanilmasina ihtiyag duyulur (3).

Topraktan gelen sizintillar, plastiklerde havanin
etkisiyle meydana gelen degismeler, gemi boyalarindan
serbest hale gecen bilesikler veya dokiilen partikiiller,
kentsel atiksular organokalay bilesiklerinin su ortamina
girmesine neden olur ve g¢evre problemleri yaratir.
Ozellikle TBT’nin kullanimindan olusan sucul kirlenme,
hedef olmayan deniz organizmalarini da etkiledigi icin
diinyadaki tiim ilkeleri ilgilendiren bir sorun haline
gelmistir.

1.1. indikatér Deniz Canhlar

Deniz ekosisteminde organokalay bilesiklerinin etkileri
imposeks, kabuklularda sekil bozukluklari, midye
larvalarnin  6limii gibi degisik sekillerde belirir. Bu
olumsuz etkiler 1980°li yillarda Fransa’da istiridyelerde
kesfedildi ve Fransiz yetkililer 1982 yilinda 25 m’den
daha uzun deniz araglarinda TBT igeren boyalarin
kullanimini yasakladilar. Birkag y1l sonra benzer kararlar
Ingiltere, ABD, Isvec, Hollanda, Yeni Zellanda ve
Japonya’da alindi ve 1989 yilinda Avrupa Birligi de ayni
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1. INTRODUCTION

Although human beings have used tin since the Bronze
Age, the production of organotin compounds started
around the World War II. The usage of these compounds
for various purposes in industrial processes and agriculture
is extensively increased especially after the war.

The tin is a tetravalent atom in all industrially produced
organotin compounds that have at least one tin-carbon
bond. The general formula for these organotin compounds
is Ry.nSnX,, with n=0-3. Here, R represents the alkyl or
aryl groups that are bound covalently with the central tin
atom, and X represents the anions as —OH, -SH, -OSnR;,
or-OR .

The most significant organotin compounds used in the
industry are mono-, di-, tri-substituted butyltin and
phenyltin compounds. Monobutyltin (MBT), dibutyltin
(DBT), tributyltin (TBT), monophenyltin (MPT),
diphenyltin (DPT), and triphenyltin (TPT) are the most
commonly used organotin compounds (1). While mono-
and di-substituted compounds are used as PVC stabilizers,
catalysts, and wood preservatives, triorganotin compounds
are usually used antifouling agent in the paints due to their
biocide characteristics. The triorganotin compounds are
especially used in the marine equipments like buoy and
ship hulls and as pesticides in the agriculture (2).

The settlement and growth of the organisms living on
to the surfaces of the manmade vessels and equipments is
called “fouling fact”. The fact that they are located so as to
protect themselves from any effect that can come from
water movements is the common characteristics of these
organisms. Therefore, they settle in the mass on the vessel
surfaces that the sea water touches and cause damage. The
“fouling fact” especially reduces the speed of the ships. In
one study, it was indicated that a newly constructed ship
would require %30 more fuel after 6 months of operation
in order to obtain the normal speed. Hence, the chemicals
having antifouling effect are usually applied on the surface
of the ship hulls and the sea vessels (3).

The most significant pathways for organotin
contamination in the environment are leachate from soil,
changes in the plastics due to atmospheric effects, the
release of compounds from ship paints or spilled particles,
and municipal wastewater. The marine pollution caused
by extensive TBT usage became a world wide problem
since TBT affects the non- target organisms.

1.1. Indicator Sea Organisms

The effects of the organotin compounds on marine
ecosystems appear in different ways such as imposex,
structural deformations in crustaceans, and mussel larvae
mortality. After the negative effects were observed in
oysters in France, the TBT usage in the sea vessels longer
than 25 m was banned by the French authorities in 1980s.
Following years, similar regulative measures were taken
by UK, USA, Switzerland, The Netherlands, New
Zealand, Japan and the European Union (89/677/CEE) (4).
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karar1 kabul etti (89/677/CEE) (4). IMO (International
Maritime Organization) 1 Ocak 2003 tarihinden sonra
TBT bazli antifouling katkili boyalarin gemilerde
kullanimin1 biitiin diinyada yasaklanmigtir. IMO, TBT nin
1 Ocak 2008 tarihinden sonra tamamen yasaklanmasini
saglamak icin MEPC (The Marine Environmental
Protection Committe) tarafindan gelistirilen anlagmayi
kabul etmistir (5).

Antifouling etkili organokalay bilesikleri hedef
olmayan deniz organizmalarmi da etkiler. Ozellikle
gastropoda ve bilvalvia sinifindan canlilar toksik etkilere
en duyarli canlilardir. Ortamdaki TBT miktar1 ~1 ng/L
oldugu zaman hormonal etkiler gozlenmektedir (1).
Imposeks, disi gastropodlarda erkek seks karakterlerinin
olusmasidir. Disilerde bir penis ve sperm kanali gelismeye
baslar ve ileri agamalarda sperm kanalinin yumurta kanali
tizerine yerlesmesi ile kisirlik olusur (6). Imposeks 1970’1
yillarda ilk defa Blaber tarafindan Nucella lapillus’ta
tanimlanmis, sonuglari ozellikle TBT ile
iligkilendirilmistir. Imposeks daha sonra biitiin diinyada 63
cinsten 118 gastropod tiirii izerinde arastirilmis ve tiirlerin
cogunda geriye doniligiimsiiz oldugu gorilmistir (7).
Duyarli cevaplarindan dolay1 ¢esitli deniz salyangozu
tirleri  TBT  kirlenmesinin  biyoindikatorii  olarak
kullanilmaktadir (6).

Italya’da Sicilya adas1 kiyilarinda gastropodlardaki
imposeks olusum siklig1 degerlendirilmis, deniz trafiginin
az oldugu veya dogal deniz koruma alanlar i¢inde kalan
bolgelerde daha az imposeks olayma rastlanmistir (8).
Kanada Vancouver ve Victoria’da 1999 yilinda yapilan
caligmalarda 15 bolgeden toplanan gastropodlar ve bivalve
sinifi canlilarda TBT konsantrasyonlart ve imposeks olay1
incelenmistir. Neogastropodlar Vancouver ¢evresinde
bulunamamigtir. Ciinkii ¢ok siddetli TBT kirliligi
nedeniyle neogastropod niifusu yok olmustur. Vancouver
cevresindeki  midye tiriiniin  (Mytilus  trossulus)
dokularinda yiiksek konsantrasyonda TBT saptanmuistir.
TBT kirliliginin Vancouver bdlgesinde devam ettigi,
Victoria bdlgesinde ise azalma oldugu gozlemlenmistir

).

TBT yasaklamalarinin sonrasinda Avustralya’da Yeni
Giiney Galler kiyilarinda imposeks arastirmasi gastropod
sinifindan Thais orbita ile yapilmistir. 7. orbita diger
gastropodlarla beslenen bir deniz salyangozudur. Bu
canlida yapilan incelemeler 1989’dan bu yana uygulanan
kisitlamalarin  etkili oldugunu ve imposeks olayinda
azalma meydana geldigini gostermistir. Ancak limanlar,
korfezler imposeks i¢in hala sicak noktalardir (7). Yine
Avustralya Victoria’da Phillip Koérfezi limaninda 7. orbita
ile yapilan g¢aligmalarda da yasagmn etkili oldugu teyit
edilmekle beraber, Melbourne gibi aktivitesi yiiksek
limanlarda TBT kirlenmesinin devam ettigi gozlenmistir
(10).

TBT yasaklamalarindan sonra imposeks diizeyi ile
ilgili ¢alismalar Portekiz’de de yapilmustir. 1995-1996
yillarinda Portekiz’in, kuzeyden giineye uzanan 600
km’lik kiy1 seridinde 27 bolgeden alinan deniz salyangozu
(Nucella lapillus) 6rnekleri ile gerceklestirilen galigmalar
sonrasindaki sonuglar, 2000-2001 yilinda aymi bolgeden
alman orneklerle karsilastirilmistir. Imposeks diizeyinin
Portekiz sahillerinde hala yiiksek oldugu goriilmektedir.

In the January 1st of 2003, the usage of TBT based
antifouling paints for ships was banned all over the world
by the International Maritime Organization (IMO). The
usage of TBT will be completely banned after the January
Ist of 2008, as a result of treaty stated by the Marine
Environmental Protection Committee (MEPC) (5).

The organotin compounds with antifouling effects have
an influence on non-target marine organisms. The
gastropods and bivalves are especially among the most
sensitive organisms to toxic effects. Endocrine effects
were observed at levels of ~1 ng/L (1). Imposex is the
imposition of male sexual characteristics upon female
gastropods. A penis and a vas deferens develop in females,
and in advanced stages of imposex, the growth of a vas
deferens locate in occlusion of oviduct, thus causing
sterility.(6). Imposex was first defined in Nucella lapillus
by Blaber in1970s and the results were related especially
to the TBT. After that, imposex was searched on 118
gastropods from 63 species all over the world, and it was
observed that it was unrecoverable for most of the species
(7). Various kinds of sea snail species were used as
bioindicators for TBT pollution due to their sensitive
responds (6).

In Italy, the gastropods from the Sicilian coasts, the
imposex formation frequency was evaluated and less
imposex facts were observed in the regions having low
shipping densities and located in the natural sea protection
areas (8). In 1999, the TBT concentrations and imposex
facts were observed in gastropods and bivalves collected
at 15 sites at Vancouver and Victoria in Canada. The
neogastropods was extirpated by severe TBT pollution in
Vancouver and high TBT concentrations were observed in
the tissues of mussel (Mytilus trossulus). It was concluded
that while the TBT pollution has a decreasing trend in
Victoria, the pollution still present in Vancouver (9).

Following the ban, the imposex researches were carried
out on gastropode called Thais orbita, a snail feeding on
other gastropods, in New South Wales coast in Australia.
The results on these organisms showed that the restrictions
of TBT usage till 1989 became effective with a decrease
in the number of imposex facts. However, it was indicated
that harbors and bays are still hot points for imposex (7).
In Australia, although the studies on 7. Orbita confirmed
the positive effects of restrictions in Port Phillip Bay in
Victoria, the studies showed continuous TBT pollution in
busy harbors like Melbourne (10).

In Portugal, similar studies on imposex level were
carried out after the ban. The results obtained in 1995-
1996 on the whelk samples (Nucella lapillus) collected
from 27 sites over a distance of 600 km of Portuguese
coastline from north to south were compared to those
samples collected from the same sites in 2000-2001. It
was concluded that the imposex level in Portuguese coasts
are still high (6).

The monitoring surveys were also performed along the
Japanese coasts, with crustacean Caprella spp. after the
restriction of TBT. These species were collected from 18
regions in the Pacific coast of northern Japan (Tokyo
Bay), adjacent areas, and the coast of western Japan. In the
samples, MBT, DBT and TBT analyses were carried out.
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(©).

Japon kiyilarinda da TBT kullaniminin
yasaklanmasindan sonra yapilan izleme ¢aligmalari
Crustacea familyasindan Caprella tirleri ile yapilmistir.
Bu tiirler Kuzey Japonya’da Pasifik kiyilari, Japon denizi
kiyilari, Tokyo korfezi, buna komsu sahalar ve Bati
Japonya kiyilarinin dahil oldugu 18 bélgeden toplanmustir.
Orneklerde MBT, DBT ve TBT tayinleri yapilmis ve
butilkalay kirliliginin hala devam ettigi, 1990 yilinda
getirilen yasaklamalarin yeterli derecede etkili olamadig:
gosterilmistir (11).

Yasaklama sonrasi yapilan ¢aligmalardan bir tanesi de
gemicilik faaliyetlerinin yogun oldugu Danimarka ve
Isveg arasindaki Sound ve Great Belt gegitleri ile Kattegat-
Skagerrak bolgesinde gergeklestirilmistir. Bu bolgeler
yogun gemi trafiginin yaninda kuvvetli ve degisken
akimtilarin oldugu sulardir. Arastirma 24 bdlgeden alinan
Nuculana pernula 6rnekleri ile gerceklestirilmistir. TBT
ve bozulma iriinleri olan DBT ve MBT’nin dagilimi
incelenmistir. N. pernula sedimentten beslenen bir
organizmadir. TBT’in bu organizmada biyoakiimiile
oldugu gozlemlenmis, durumun sediment kirliligi ile
yakindan iligkili oldugu ortaya konmustur. Bu nedenle N.
pernula’nin sedimentteki TBT kirliligini gdstermek icin
iyi bir indikator oldugu sdylenebilir. Gemi faaliyetlerinin
yogun oldugu bu bolgelerde N.pernula’daki TBT
konsantrasyonlarinin giderek azaldigi bulunmustur (12).

1999-2000 senelerinde Gronland’in bat1 kiyilarindaki 6
sahada liman i¢i ve liman dist bolgelerde TBT ve
bozunma {riinleri arastirilmig, Nuuk limanm ig¢inden
toplanan bivalve sinifindan Mytilus edulis tiirinde TBT
konsantrasyonu yiiksek bulunmustur. Diger limanlardan
toplanan bivalve Orneklerinde TBT konsantrasyonunun

dikkate deger oldugu, liman dist  Orneklerde
konsantrasyonlarin daha diisiik seviyelerde kaldig1
goriilmiistiir.  Imposeks  aragtirmast  neogastropod

simifindan Buccinum tiirleri ile yapilmistir. Limanlardan
alinan biitlin drneklerde imposeks goriilmesine karsin,
liman dist orneklerde imposeks olusumuna
rastlanmamugtir (13). Bu sonuglar limanlarda yogunlasan
TBT kirliliginin agik gostergesidir.

Baltik denizinin Polonya kiyilarinda organokalay
kirlenmesinin degerlendirilmesi midye (Mytilus edulis) ve
bir balik (Platichthys flesus) ile 10 bdlgeden alinan
orneklerde yapilmigtir. Sonugta biitiin midye 6rneklerinde
butilkalay bilesiklerinin oldugu goriilmiis, en yiiksek
degerlerin ise Gdansk Korfezi’'ndeki organizmalarda
oldugu saptanmistir. Balik 6rneklerinin dokulart ayri ayri
analiz edilmis ve butilkalay bilesikleri en fazla karacigerde
bulunmustur. TPT’ye midye orneklerinde rastlanmamig
fakat biitin balik 6rneklerinde bulundugu goriilmiistiir
(14).

Butilkalay bilesiklerinin baliklari degisik
organlarinda, farkli birikimini gosteren bir ¢aligmada Sri
Lanka’nin bati kiyilarindaki tavsan baliklar iizerinde
yapilmis ve yine en yiiksek butilkalay konsantrasyonu
baligin karacigerinde bulunmustur (15).

Tayland’mn bati kiyilarinda gastropodlardaki imposeks
olay1 1996-2000 yillar1 arasinda Phangna Koérfezi’ndeki 21
bolgeden almman Ornekte arastirilmistir. Giineydogu Asya
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It was observed that butyltin pollution was still present,
and the regulations effective after 1990 had not been
effective enough (11).

Another study performed following the ban was carried
on the strait between the Sound and Great Belt (Denmark)
and the Kattegat/Skagerrak (Sweden). The strait has very
heavy ship traffic and strong and fluctuating currents. The
research was carried on Nuculana pernula samples
collected from 24 regions. The TBT and the distribution of
degradation products like DBT and MBT were analyzed.
N. Permula is an organism feeding from sediment. It was
observed that the TBT was bioaccumulated in the
organism, and stated that the fact was closely related to the
sediment pollution. Therefore, it was concluded that N.
Pernula is a good indicator to show the TBT pollution in
the sediment. It was also found that the TBT
concentrations in N. Pernula were getting lower in such an
heavy shipping region (12).

In 1999-2000, the TBT and the degradation products
were searched in 6 areas in the inside and the outside
harbors of the west coast in Greenland. The TBT
concentration was found to be high in bivalve Mytilus
edulis collected from the Nuuk Harbors. It was observed
that while the TBT concentrations in the bivalve samples
collected from the inside the harbors were high; the
concentrations were low in the outside harbors. An
imposex study was also carried out on neogastropod
Buccinum. In spite of the fact that the imposex was
observed in all the samples collected from the harbor, it
was not observed in the outside harbors (13). The results
were the definite sign for the TBT pollution in the region.

The evaluation of organotin pollution along the coast of
Baltic Sea in Poland was carried on mussel (Mytilus
edulis) and fish (Platichthys flesus) samples collected
from 10 regions. The butyltin compounds were observed
in all the mussel samples, and the highest values were
found in the organisms from Gdansk Gulf. The tissues of
the fish samples were analyzed one by one, and the
butyltin was mostly observed in livers. While the TPT was
not observed in any of the mussels samples, it was found
in all of the fish samples (14).

The butyltin accumulation was also observed in rabbit
fish living along the west coast of Sri Lanka. The highest
concentration level of butyltin, like previous studies, was
found in the samples of fish livers (15).

In order to search the imposex facts in gastropods
living along the west coast of Thailand, samples were
collected from 21 regions in Phangna Bay. It was
observed that the gastropod Thais spp. can be used as
bioindicator. Despite the global trends, it was seen that the
pollution was increased in this region due probably to no
restriction of the usage of the TBT based paints (16).

The studies on the effects of organotin compounds on
the aquatic systems were not carried out with the
gastropods. The study on the marine microalga
Nannochloropsis oculata taken from the coastal waters of
South Korea was showed the adverse effects of the TBT
on microalgal species, especially on the photosynthetic
pigments (17).
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kiyilarinda yayilis ve duyarlilik agisindan gastropodlardan
Thais tiirlerinin TBT kirlenmesi i¢in biyoindikator olarak
kullanilabilecegi goriilmiistiir. Kiiresel egilimlere kars1 bu
bolgede kirliligin arttig1 saptanmistir. Ciinkii Tayland’da
TBT bazli boyalarin kullanimini yasaklayan yasalar
bulunmamaktadir (16).

Organokalay bilesiklerinin sucul sistemlerdeki etkileri
tizerindeki ¢aligmalar sadece gastropodlar ile smurl
degildir. Giiney Kore kiyilarindaki gézlemlerden bir tanesi
Nannochloropsis oculata tiri bir deniz mikroalgi ile
yapilmistir. TBT, mikroalg tiirleri iizerine de ters etkiler
yapmakta, Ozellikle alglerin fotosentetik pigmentlerini
etkilemektedir (17).

Deniz iriinleri ile o6zellikle istiridye ile beslenen
insanlarin TBT bilesiklerine daha fazla maruz kalabilecegi
Tayvan’da yapilan bir ¢alismada gosterilmistir (18).

1.2. Bozunma ve Akibetleri

Organokalay bilesiklerinin ¢ogunun sudaki
¢cozlinlirligi diisiiktiir ve ¢oziiniirliik; pH, iyon kuvveti,
sicakliga baglidir. TBT-Cl’'nin sudaki ¢oziiniirliigii 5-50
mg/L arasinda degisirken DBT-Cl,’nin ¢6ziiniirliigii daha
yiiksektir ve 92 mg/L’ye kadardir. Cevresel sartlara bagh
olarak organokalay bilesikleri su ortaminda nétral iyon
ciftleri, kompleksler ve katyonlar halinde bulunabilirler.
Tasidiklar1 hidrokarbon yapili siibstitiientler nedeniyle
kazandiklart hidrofobik karakter, merkezdeki kalay
atomuna bagli gruplar veya alkil zincirinin uzunluguna
gore degisir (1). Su ortaminda organokalay bilesiklerinin
degradasyonu biyotik veya abiyotik yolla olmaktadir.
Dealkilasyon ve dearilasyon sonrasinda inorganik kalay
ortaya ¢ikmaktadir (19).

Bu;Sn* — Bu,Sn"?> — BuSn™ —> Sn™

Organokalay bilesiklerinin abiyotik degradasyonu
fotoliz veya hidroliz sonucu gergeklesir ve pH, sicaklik
gibi diger g¢evresel sartlardan etkilenir. Deniz suyunda
veya tatli sularda TBT nin biyotik degradasyonu 6 giinden
birkag haftaya kadar degiskenlik gosterir. Anaerobik
sediment sartlarinda bu siire¢ yaklasik iki yildan on yila
uzanir (1).

Sedimentler TBT icin sonlanma yerleri olarak
tanimlanabilir. Ancak desorbsiyon deneyleri, TBT nin kat1
partikiillere adsorbsiyonun geriye doniisiimlii bir proses
oldugunu ortaya koymustur. Bu nedenle sedimentler bu
toksik madde icin sonlanma yerleri degil, ayn1 zamanda
yenilenebilen kirletici  kaynaklaridir  (20). Nitekim
kuzeybati Portekiz’deki Oporto limani, belli bir derinlikte
tutulmasi i¢in, zaman zaman taranmakta ve tarama
materyali kiyidan 4-5 km agiktaki bir sahaya desarj
edilmektedir. Desarj sahasi ¢evresinde Hinia reticulata
tiirii deniz salyangozu ile yapilan imposeks ¢alismalarinda,
kirlenmenin desarj sahasi civarinda arttig1 gézlemlenmistir

@1).

TBT; sudaki partikiller maddelere dolayisiyla
sedimente baglanmaya egilimlidir. Karada toprak ve su
ortaminda sediment genellikle fazla miktarlarda organik
karbon igerir. Bunlar ya partikiiler organik madde veya
mineral faza tutunmus organik madde seklindedir.
Fonksiyonel gruplarindan dolay1 organik madde farkli

Another study done in Taiwan showed that human
consumption of sea foods, especially the oysters, may
object to the TBT compounds (18).

1.2. Degradation and Fate

The solubility of the most of the organotin compounds
in water is low, and it depends on pH, ionic strength and
temperature. While the solubility of TBT-Cl in water
ranges in between 5-50 mg/L, DBT-Cl, has a higher
solubility up to 92 mg/L. With respect to the
environmental conditions, organotin compounds can exist
in water in the form of neutral ion pairs, complexes, or
cations. The hydrofobic characteristics depend to the
hydrocarbon substituents that changes according to the
groups bonded to the central tin atom or the length of the
alkyl chain (1). The degradation of the organotin
compounds in water takes place in either biotic or abiotic
way. The inorganic tin is formed following dealkylation
and dearylation.

Bu;Sn” — Bu,Sn2 — BuSn™ — Sn™

Abiotic degradation of organotin compounds occurs by
photolysis or hydrolysis, and it is affected from
environmental conditions like pH and temperature. The
degradation of TBT in sea or fresh waters takes from 6
days to a couple of weeks. This period may be as long as
from 2 years to 10 years under anaerobic sediment
conditions (1).

Although sediments can be identified as ending point,
desorption of TBT into solid particles is considered as a
feedback process. Therefore, sediments are actually not
ending points for this toxic matter, but they are the
renewable pollutant sources (20). Likewise, in order to
obtain a concerned depth in the Oporto Harbor in
northwest of Portugal (bottom hatching) dredging was
done from time to time, and the dredged material was
discharged to an area from 4-5 km away from the shore. In
the imposex studies done on the snails of Hinia reticulata
around the discharge area, it was observed that the
pollution increased around the area.

Like in sediments, the TBT has a tendency to bond to
particular matters in water. Terrestrial soils and aquatic
sediments usually contain considerable amounts of
organic carbon. They are in the form of either particulate
organic matter or attached to the mineral phase. Due to the
functional groups, organic matters can adsorb different
pollutants, thus, the content of organic carbon in soils and
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kirleticileri adsorblayabilir. Bdylelikle topraktaki ve
sedimenteki organik karbon igerigi TBT’nin alikonma
kapasitesini siddetle etkileyebilir. Sedimentin mineral
bilesimi, 6zellikle kil fraksiyonunun bilesenleri TBT nin
adsorblanmasin1  etkiledigi i¢in Onemlidir. Kildeki
maksimum TBT adsorbsiyonu pH 6-7 arasinda
gerceklesir. Partikiil konsantrasyonu ve tuzluluk da
adsorbsiyonu etkiler. TBT nin sedimente adsorbsiyonunu
en fazla organik maddenin (hem mineral partikiillere
adsorblanmis organik madde, hem de partikiiler organik
madde) etkiledigi saptanmustir (20).

Atiksularda yiiksek miktarlarda bulunan askida kati
madde ile TBT arasinda iliski vardir. Adsorblanmis madde
ozellikle bentik ve suyu siizerek beslenen canlilar etkiler.
Sudan veya sedimentten alinan organokalay bilesikleri
canlilarin viicudunda birikir. Canlilardaki birikim; bir
taraftan ¢evrede yani suda bulunan maddenin
konsantrasyonu ile ilgilidir, diger taraftan canlilardaki
biyodegradasyon ve atilma mekanizmalar tarafindan
etkilenir. Biyoakiimiilasyonun bir bagka etkeni de pH’dur.
Deniz suyunda pH>8 oldugundan TBT ve TPT de
dissosiyasyon diisiiktiir ve sucul organizmalarin doku ve
organlarinda birikme egilimi gosterir (1).

1.3. Sediment Kirliligi

Denizlerde TBT kirlenmesi ile ilgili ¢alismalar
ozellikle gemicilik faaliyetlerinin yogun oldugu kiy1 ve
limanlardan alman sediment Ornekleri ile yapilmistir.
Brezilya’da Sao Paulo Eyaleti kiyilarindaki ylizey
sedimentlerinde yapilan arastirmalarda, yogun gemi trafigi
olan Santos limant ve Guaruja marinasinda TBT
konsantrasyonlarinin yiiksek, sadece balik¢ilik yapilan
Cananeia’da ise diisiik oldugu goriilmistir (22). Kuzey
Ispanya’da  Gipuzkoa nehrinin halicindeki yiizey
sedimentinden almman Ornekler MBT, DBT ve TBT
yoniinden aragtirilmig, sahanin balik¢ilik ve endiistriyel
geemisi ile ilgili kirlenmeyi sedimentlerin gosterebilecegi
anlasilmistir (23).

Korsika adasi kiyilarindaki sediment 6rnekleri (24) ve
Malta adas1 kiyisindaki sediment ornekleri (19) ilgili
caligmalar Akdeniz’de organokalay kirlenmesi gdsteren
caligmalardan birkagidir. TBT yasaklanmasindan 10 yil
sonra Ispanya’nin Akdeniz kiyilarinda yiizey sedimentleri
ile yapilan bir ¢aligmada, ticari ve balik¢ilik faaliyetlerinin
yogun oldugu limanlarda kirlenmenin devam ettigi
goriilmiistir.  Diger  taraftan  kentsel  atiksularin
organokalay kirlenmesine katkist oldugu bildirilmistir (4).

Umman Korfezi ve korfezdeki dort iilkeden (Katar,
Bahreyn, Umman ve Birlesik Arap Emirlikleri) alinan
sediment Ornekleri, baliklar ve istiridyelerde organokalay
bilesikleri ile kirlenme saptanmustir (25).

Yasaklanma sonrast yapilan caligmalarin bir kismi
ozellikle TBT nin bozunma firtinleri olan DBT ve MBT ile
ilgilidir. TBT organokalay bilesikleri i¢inde en yiiksek
toksisiteyi gostermesine ragmen, DBT de canlilarin
viicutlarinda birikir. DBT nin ortamda bulunusu TBT nin
mikrobiyal veya fotokimyasal bozunmasi ile ilgilidir.
Ancak kentsel atiksular, kanal ¢amurlar1 ve kati atik
depolama alanlarindan gelen sizintilarda DBT deniz
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sediments should strongly influence their capability to
retain the TBT. The mineral composition of the sediment,
especially clay fraction components, is important as they
influence the adsorption of TBT. The maximum TBT
adsorption in clay takes place in pH 6-7. The particle
concentration and salinity also influence the adsorption. It
was determined that the adsorption of TBT into the
sediment was mostly affected from organic matters (both
the organic matter adsorbed to mineral particles and
particulate organic matter) (20).

In the wastewaters having high amounts of suspended
solids, the TBT is mainly associated with particulate
matter. The adsorbed matters influence especially the
benthic organisms and the ones feeding by filtering the
water. Organotin compounds taken from water and
sediments may accumulate in the body of organism. The
accumulation as the result of both pathways is often
proportional to concentration of the compound in the
environment. The extent of bioaccumulation is further
influenced by biodegradation excretion of respective
organism. Another factor of bioaccumulation is the pH.
Since the pH of seawater is higher than 8, the dissociation
of the TBT and the TPT are low, and has a tendency to
accumulate in the tissues and organs of aquatic organisms
D.

1.3. Sediment Pollution

The studies on marine TBT pollution were especially
carried out on the sediments collected from the coasts and
the harbors having heavy ship traffic. In a study on the
surface sediments collected along the coast of Sao Paulo
State in Brazil, it was observed that while the TBT
concentrations were high in Santos Seaport and Guaruja
Marina, an area having intensive ship traffic, the
concentrations were low in the Cananeia, an area with
only fishing boats (22). The surface sediments collected
from estuaries of Gipuzkoa were examined with for the
MBT, DBT and TBT, and it was concluded that the
sediments can reflect a pollution related with a long
lasting industrial and fishing activities of the area (23).

The studies on the sediment samples collected from the
coasts of Corsica Island (24) and from the coasts of Malta
Island (19) were among the studies of the pollution in the
Mediterranean Sea. In the study of the surface sediments
collected from Mediterranean coasts of Spain after the 10
years of prohibition of the TBT, it was observed that the
pollution was still going on in the commercial and fishing
harbors having heavy ship traffic. On the other hand, it
was stated that the municipal wastewater had an influence
on the organotin pollution (4).

It was also observed that the sediments, fishes and
oysters samples collected from the Oman Gulf and four
countries in the Gulf Region, i.e., Qatar, Bahrain, Oman,
and United Arab Emirates, were polluted with organotin
compounds (25).

Most of the researches done after the prohibition are on
the DBT and MBT which are the degradation products of
the TBT. While the TBT organotin compounds have the
highest level of toxicity, the DBT may also accumulate in
the body of organisms. The occurrences of the DBT in the
environment are related to the microbial or photochemical
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ortamina dogrudan girebilir. Sudaki ¢oziiniirligii TBT e
gore daha fazla oldugundan, yeralti sulari ve tatli sulardaki
dagilimi daha yiiksektir. Sucul sistemlerde kil yoniinden
zengin sedimentlerde butilkalay bilesiklerinin dagiliminda
pH ve tuzluluk 6nemli parametrelerdir (26).

Metilkalay  bilesiklerinin ~ Tiirkiye’yi  ¢evreleyen
denizlerdeki dagilimimi inceleyen calisma Yemenicioglu
ve ark. (1997) tarafindan yapilmistir (27). Metilkalay
bilesiklerinin deniz ortaminda bulunmasi butil ve
fenilkalay  bilesiklerinin ~ biyotik/abiyotik ~ ¢evrede
bozunmasindan ileri gelebilecegi gibi, 0,+2,+4 degerlikli
inorganik  kalay  bilesiklerinin  ortamin  redoks
potansiyeline bagli olarak biyotik/abiyotik sekilde
metillenmesi ile de olusabilir.

Tiirkiye’yi ¢evreleyen Karadeniz, Marmara Denizi ve
Akdeniz fiziksel ve biyokimyasal yonlerden birbirinden
cok farkli ozellikler gosterirler. Bilindigi gibi, dar su
gecitleri olan Istanbul Bogaz1 ve Canakkale Bogaz ile,
Marmara Denizi, Karadeniz ve Akdeniz biribirine
baglanir. Marmara denizinin az tuzlu yiizey sular1 (0-20
m) Karadeniz, tuzlu dip sular1 Akdeniz kaynaklidir.
Akdeniz’in dogusu o6zellikle kuzeydogudaki Yakin Dogu
Havzast sinirh tath su girisi, diisiik partikiiler madde ve
yiiksek buharlagma hizi nedeniyle diinyadaki en
oligotrofik denizlerdendir. Kibris ve Rodos adalar
arasindaki dinamik bolge, dikey besin tuzu tasiniminin
etkin olmasi nedeniyle nispeten oOtrofiktir. Buna karsin
Karadeniz nehirlerinden &nemli miktarda tath su ve
partikiiler madde alir. Bu nedenle genis kita sahanligi
bolgesi Akdeniz ve diger okyanuslarla karsilastirildiginda
¢ok tiretkendir.

1988-1989 yillarindaki arastirmalarin sonuglarina gore,
Marmara ve Karadeniz’in iiretken sulart kalayin
metilasyonundan oncelikle TMT olusturur. Bununla
beraber TMT sadece Goksu irmaginin agzindaki halig
sular1 ve Rodos bolgesinin iiretken sularinda bulunmustur.
MMT ve DMT tiirleri kalayla kirlenmis Iskenderun
Korfezi sularinda ve Akdeniz’deki hali¢ sularinda en
fazladir. Metilkalay bilesikleri deniz ortaminda bulunusu
ve akibeti sadece inorganik ve organik kalay girisine degil,
diger biyotik ve abiyotik sartlara da baglidir (27).

1.4. Kiy1 Atmosferinde Kirlilik

Organokalay bilesiklerinin buhar basinglar1 diisiiktiir.
Ancak metillenmis organokalay bilesiklerinin
(tetrametilkalay gibi) sulu ortamdan buharlasmalari
dikkate degerdir. Buharlagan miktar c¢evresel sartlara
baghdir. Ornegin mevcut iyonlarin biiyiik bir kismi iyon
halinde oldugundan, diisiik pH degerlerinde buharlasan
miktar azalmaktadir.(1). Bu durum bir¢ok gelismis lilkede
kiiresel ~ yasaklama  sonrasinda, devamli  izleme
caligmalarma ihtiyag duyulacagi tartigmalarina yol
acmistir (4). Sig sulardaki kirli sedimentler TBT ve
bozunma firlinleri igin bir rezervuar gibidir. Buharlasan
bozunma iriinlerinin atmosfere kagisi bir molekiiler
harekettir. Ancak yapilan ¢aligmalar gostermistir ki

degradation of the TBT. However, the DBT may enter the
marine environment directly by municipal wastewater,
sewage sludge or the landfill leachate. Since the solubility
of DBT is higher than that of TBT, the dispersion in the
groundwater and freshwater will also be more. In the
aquatic systems, pH and solubility are the important
parameters in dispersion of butyltin compounds in clay-
rich sediments (26).

A study on the dispersion of metyltin compounds
around the seas in Turkey was also carried out by
Yemenicioglu et al., (1997) (27). The reason why the
methyltin compounds were found in sea environment was
not only the result of degradation of butyl and phenyltin
compounds in biotic\abiotic environment, but also the
metlylization of inorganic tin compounds with the valance
of 0, +2, +4 depending the redox potentials of the
environment.

The Black Sea, Marmara Sea, and the Mediterranean
Sea in Turkey have different physical and biochemical
characteristics. The three seas are connected with the
Bosphorus and Dardanelles Straits. While the less salty
surface water of the Marmara Sea (0-20 m) is originated
from the Black Sea, the salty bottom water is originated
from the Mediterranean Sea. The eastern Mediterranean
Sea, particularly Levantine Basin in the north-east, is
known to be one of the most oligotrophic seas in the world
due to the limited freshwater inflow, low precipitation and
high evaporation rate. The dynamic part between Cyprus
and Rhodes Islands is relatively eutrophic due to active
vertical nutrient transfer. On the contrary, the Black Sea
receives significant amounts of freshwater and particular
matter from the rivers. Therefore, the wide coastal shelf
regions are very productive when compared to the
Mediterranean Sea and other seas.

According to the results of the researches carried out in
1988-1989 in the reproductive waters of the Marmara and
Black Seas, the methylation of tin predominantly
proceeded to yield. However, the TMT was only found in
the estuarine waters at the mouth of the Goksu River and
in the productive waters of the Rhodos Gyre. The MMT
and DMT species predominated in the tin-polluted waters
of Iskenderun Bay and in the estuarine waters of the
Mediterranean Sea. The occurrence and the fate of
metyltin compounds in marine environment were
dominated not only by inorganic/organic tin input, but also
by other biotic and abiotic conditions.

1.4. Pollution in the Coastal Atmosphere

The vapor pressures of organotin compounds are low.
However, the metylated organotin compounds, i.e.
tetrametyltin, show a significant volatility from aqueous
solutions. The amount volatilized depends on actual
environmental conditions. For example, volatility is
reduced at low pH levels because of the existence of ions
of the major fraction of the molecules exists (1). This fact
causes many discussions resulting in continuous
monitoring studies in many developed countries after the
prohibition (4). The polluted sediments in shallow waters
act as reservoirs for the TBT and degradation products.
Although the lost of the volatilized degradation products
into the atmosphere is a molecular motion, the studies
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TBT’nin sudan havaya yiikselen aerosol ile gecmesi
miimkiindiir. Su ortaminda olusan kdopiiklerin patlamasi,
fiziksel transferi gergeklestirmektedir. Bu durum 6zellikle
sahillerin yakinlarinda, limanlarda, sig kanallarda 6nem
kazanmaktadir. Ciinkii bu gibi yerlerde biiyiik gemilerin
diimen sularinda bir damlacik bulutu olugmakta ve
atmosfere gegis kolaylagmaktadir (28). Bu nedenle kiy:
bolgelerindeki atmosferden organokalay bilesiklerinin
analizinde materyel olarak yararlanabilecegi goriisii ileri
siriilmistiir (19).

1.5. A¢ik Denizlerdeki Kirliligin Tespiti

Organokalay bilesikleri ile kirlenme biitiin diinya
denizlerine  yayilmistir. ~ Ancak  konuyla  ilgili
biyotik/abiyotik ortamlarda yapilan c¢alismalarin ¢ogu kiy1
ekosistemlerini kapsamaktadir. Kiyilardan uzak sular ve
acik denizlerin durumunu gosteren bilgiler daha azdir. Bu
ekosistemlerdeki butilkalay kirlenmesini saptamak igin
uygun biyoindikatore gereksinim vardir. Kirlenmenin agik
denizler ve kiyilardan uzak sulardaki dagilimini gostermek
icin yapilan izleme caligmalarinda bir balik tiirii olan
Katsuwonus  pelamis’den yararlanilmigtir. Bu  tiiriin
Pasifik, Atlantik ve Hint okyanuslarinin tropikal ve iliman
sularinda yasadigi, ekvatordaki yumurtlama sahalarindan
tliman bolgelerdeki sulara go¢ ettigi  bilinmektedir.
Ornekler Japonya aciklari, Japon denizi, Tayvan aciklari,
Dogu Cin Denizi, Gliney Cin Denizi, Filipin aciklari,
Endonezya agiklari, Bengal Korfezi gibi Asya’nin
kiyillardan uzak sularinda, Seysel adalari agiklar1 ve
Brezilya agiklart ve Kuzey Pasifik’ten toplanmistir.
Baligin doku ve organlart ayri ayri analiz edilmistir.
Birikmenin en fazla ka racigerde oldugu saptanmistir
Katsuwonus pelamis tiriniin kullanildigr kiiresel izleme
caligmalar1 6zellikle butilkalay kirliliginin kiyilardan uzak
sularda ve agik denizlerde de yaygin oldugunu
gostermistir.En yiiksek butilkalay konsantrasyonu Japonya
etrafindaki agik sulardan alinan Orneklerde izlenmistir.
Bunu Asya’nin gelismekte olan iilkelerinin kiyilarindan
uzaktaki sulardan alinan drnekler izlemektedir.Bu durum
antropojenik  faaliyetlerin  orgonokalay kirlenmesini
arttirdiginin bir gostergesidir (29).

1.6. Analiz ve Tayin Yontemleri

Biyotik ve abiyotik ¢evreden alman Orneklerdeki
inorganik  kalay  bilesiklerinin  analizleri asit
dijestiyonundan sonra atomik absorbsiyon spektrometrisi
(AAS) kullanilarak yapilabilir. Diger metodlar indiiktif
eslesmis plazma-optik emisyon spektrometri (ICP-OES)
ve indiiktif eslesmis plazma-kiitle spektrometri (ICP-MS)
olabilir. Diisiik konsantrasyonlarda hidriir
olusturulmasindan sonra AAS veya ICP-MS kullanilabilir.

Organokalay bilesikleri ¢ogunlukla ekstraksiyon veya
dijestiyon sonrasi ya Grignard metoduna gore (Grnegin,
pentilmagnezyum bromiir ile tiirevlendirilerek) veya
etilborat metoduna gore analiz edilebilirler. Her iki
metotta da olusan tiirevler ugucudur ve gaz kromotografisi
metotlart  (GC) ile tayinlerinde atomik emisyon
dedeksiyonu (GC-AED) ve (GC-MS) kiitle spektrometrisi
kullanilabilir (1).

Vella ve ark. (2000) tarafindan yapilan bir calismada,
cevresel Orneklerin analizinde Grignard reaktifi olarak
propilmagnezyum bromiir kullanilmig ve analizler gaz

G.U. J. Sci., 18(3):517-528 (2005)/ Lale KIRLI*

showed that it is possible for the TBT to transfer into air
from water by aerosol ejection. The bursting of the
bubbles formed in the aqueous environment results in the
physical transfer. Since the clouds of bubbles generated in
the wake of large ships and the transport to the atmosphere
become easier, this mechanism is significant in the near
shore environments, harbors, and shallow channels (28).
Hence, it was stated that the coastal atmosphere would be
for an analysis material of organotin compounds (19).

1.5. Monitoring of the Pollution in Open Seas

The organotin pollution is a common and widespread
problem in the seas all over the world. However, majority
of the studies carried out in the biotic and abiotic
environment cover coastal ecosystems. No data are
currently available in offshore waters and open seas. In
order to elucidate the butyltin pollution, it is necessary to
find out a suitable bioindicator. The Katsuwonus pelamis
is used in the monitoring studies carried out to determine
the distribution of the pollution in open seas and offshore
waters. It is known that these species live in tropical and
temperate waters of Pacific, Atlantic and Indian Oceans,
and migrate from the equatorial spawning areas to the
warm waters. The samples were collected from Asian
offshore waters such as off- Japan, Japan Sea, off-Taiwan,
East China Sea, The South China Sea, off-Philippines, off-
Indonesia, the Bay of Bengal and off-Seychelles, off-
Brazil and the North Pacific. The tissues and the organs of
the fish were analyzed one by one. The accumulation was
mostly observed in the liver. The global monitoring study
carried out by using Katsuwonus pelamis species showed
that the butyltin pollution was widespread in the offshore
waters and the open seas. The highest butyltin
concentration was observed in offshore waters around
Japan. The next highest concentration was found in the
samples collected from offshore waters around Asian
developing countries. This is a sign for the organotin
pollution increase due to the anthropogenic activities (29).

1.6. Analysis and Determination Methods

The most common method is the analysis of the
inorganic tin compounds in the samples collected from the
biotic and abiotic environment is carried out using an
atomic absorption spectrometry (ASS) following the
acidic digestion. The other methods use the techniques of
the inductively coupled plasma-optical emission
spectrometry (ICP-OES) and inductively coupled plasma-
mass spectrometry (ICP-MS).

Organotin compounds are usually analyzed after
extraction or digestion applying either the Grignard
method (e.g., by derivation pentylmagnesium bromide), or
the ethylborate method. The resulting derivatives from
both methods are volatile, and can be analyzed by gas
chromatographic (GC) methods, detection with atomic
emission detection (GC-AED) or mass spectrometry (GC-
MS) (1).

In a study by Vella et al., (2000), propylmagnesium
bromide was used as Grignard reactive, and the analysis
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kromotografisinde 610 nm filtresi olan alev fotometrik
dedektorii (GC-FPD) ile yapilmistir (19). Elde edilen
piklerin dogrulanmasi farkli siitunlarda yapildiktan sonra,
analizler gaz kromatografi-kiitle spektrometride, iyon
yakalayict dedektdr (GC-ITDMS) ile tekrarlanmistir. Tyon
yakalayict dedektore gore alev fotometrik dedektoriin
(FPD) organokalay bilesikleri icin daha hassas oldugu
bulunmustur. FPD de alevi olusturmanin, kullanilan
hidrojenin akis hizina bagli oldugu ve hidrojen
bakimindan daha zengin alevin daha yiiksek duyarlilik
gosterdigi saptanmustir.

Organokalay bilesiklerinin tayini sodyum tetraetil borat
ile tiirevlendirme ve kat1 faz mikroekstraksiyonu (SPME)
sonrast gaz kromatografta (GC) alev iyonizasyon
dedektorii (FID) ile yapilabilir (23,30).

TBT ve DBT’nin miktar tayini i¢in biyolojik metotlar
da gelistirilmistir. Bakteriyal biyoluminesans tabanli tayin
metotunda  Escherichia coli  tirleri  kullanilmustir.
Organokalay bilesikleri ile 60 dakika temasta birakilan
bakterinin verdigi 1siktan yaralanilarak TBT nin 26 pg/L
DBT’nin 0.03 pg/L ye kadar tayin edilebilecegi
bulunmustur (31).

1.7. izleme Cahsmalari ve Yasal Diizenlemeler

TBT’nin yasaklanmasi kirlenme ile ilgili ¢aligmalarin
bittigi anlamini tagimamaktadir. Kiyilar, liman sulart ve
acik deniz sularinda yiiksek seviyede TBT bulunmasi,
imposeks olaymin salyangoz tiirlerini biiylik Olclide
etkilemeye devam etmesi, balikgilik alanlar1 ve
dalyanlarda biyoakiimiilasyonun siirmesi, organokalay
bilesikleri ile ¢aligmalarin devam edeceginin gostergesidir.

Kiiresel yasaklamaya ragmen, birgok iilkenin bu
konuda kabul edilmis ve onaylanmis diizenlemeleri
bulunmamaktadir. Bu iilkelerde TBT’li boyalarla boyanan
gemiler uluslararasi sularda veya diizenleme yapmis
iilkelerin ulusal sularinda dolagabilmektedir. TBT’li
boyalarin diizenleme yapmamis iilkelerde satilmasi sz
konusudur. Izleme, arastirma ve teknoloji gelistirmede
eksiklikleri bulunan bu iilkelerde ekonomik nedenlerle
TBT’li boyalarin kullanim1 kolaylasabilmektedir (32).

Yasaklama birgok konuda yeni diizenleme ve
problemleri de beraberinde getirecektir. 1 Ocak 2008
tarihinde kadar gegecek uyum siirecinde tersaneler ile
ilgili ulusal ve yerel diizenlemelerin yapilmasi
gerekmektedir. Gelecekte TBT ile kirlenmis kiy1 ve
limanlarda yapilacak dip taramasi ¢aligmalarindan kimin
sorumlu tutulacag ise tartismaya agiktir (5).

Yasaklamanin getirecegi ekonomik etkilerden birisi de
gemilerin  karinalarindaki agirlik nedeniyle tasima
kapasitelerinin azalmasi, maliyetlerin artmasi, ticari
filolarin  verimliliginin ~ diigmesidir. Avrupa’da yiik
tagimaciligt  kara yollarindan deniz yollarina dogru
kaydirildigindan,  maliyet  artiglarinin = ekonomiye
yansimasi dogaldir. Bu yasaklarin daha zor ¢dziimlenecek
cevre problemlerine yol agacag1 zannedilmektedir (33).

Diger taraftan TBT igermeyen boyalarda farkli
kimyasallar antifouling amaglarla kullanilmaya
baglanmistir. Irgarol 1051, dichlofluanid, ziram, diuron,
zineb, chlorothalonil, TCMTB (2-(tiyosiyanometiltiyo)

were carried out by flame photometric detector with 610
nm filter in gas chromatography (GC-FPD) (19). After the
confirmation of the peak identities in different columns,
analysis was repeated by gas chromatography-mass
spectrometry using an lon Trap Detector (GC-ITDMS). It
was realized that the flame photometric detector (FPD)
was more sensitive than ion trap detector for organotin
compounds. It was also determined that the generation of
flame in FPD was related to the flow rates of hydrogen,
and hydrogen-rich flame favored higher sensitivity.

The gas chromatography-flame ionization detection
(FID) may be used to determine the organotin compounds
after derivatization with sodium tetraethyl borate and solid
phase microextraction (SPME) (23,30).

To determine the amount of TBT and DBT, biological
methods were also developed. Escherichia coli bacterial
strain was used on a bacterial bioluminescence-based
bioassay. It was found that bacterial strain, followed by 60
minute of contact time with the organotin compound for
significant light production, may be determined TBT up to
26 pg/L and DBT up to 0.03 pg/L (31).

1.7. Monitoring Surveys and Legal Arrangements

The prohibition of TBT does not mean the end of the
studies on TBT related pollution. The presence of high
amount of TBT in coasts, seaport and open sea waters
shows the fact that imposex still has a crucial effect on
snails; there is a bioaccumulation in fishing areas and in
fisheries. Therefore, the studies on organotin compounds
will go on.

Despite the increased global prohibition in the years,
many countries have not agreed and accepted regulations
yet. In those countries, the ships painted with TBT based
paints continue sail in international waters without any
restrictions. Moreover, the TBT based paints are sold in
the countries does not have any regulations for the TBT.
The economic impacts make it easy to sell the TBT based
paints in those countries having deficiencies in
monitoring, research and developing technologies (32).

With prohibition, new regulations and arrangements in
many aspects will be required. National and local
arrangements about shipyards need to be completed until
the day of the January Ist of 2008. In the future, the
responsibility of dredging facility in the polluted coasts
and harbors with the TBT will still be a disputatious
subject (5).

The economical effects of prohibition of the TBT is the
increasing ship hull roughness, reducing transport
capacity, increasing capital cost, and reducing in fleet
efficiency. Since the sea transport will be more important
than road transport in the future in Europe, an increase in
the potential cost will affect the economic benefits (33).

In the mean time, different chemicals are started to be
used as antifouling in the TBT free paints. Irgarol 1051,
dichlofluanid, =ziram, diuron, zineb, chlorothalonil,
TCMTB (2-(tiyosiyanometiltiyo) and benzotiyazol are
some of the examples of these chemicals. The studies
about the fates, distribution and the behaviors of these
chemicals in aquatic environment were performed (34,35).
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benzotiyazol) gibi maddeler bunlardan bazilaridir. Bu
maddelerin sucul ortamlardaki akibetleri, dagilimlart,
davraniglart ile ilgili ¢aligmalara baslanmigtir (34,35).
Ancak TBT’li boyalarin yerini alan yeni biyositlerin
toksisiteleri, bu etkiyi arttiran sinerjik iliskileri, sub-letal
etkileri ve ¢evredeki dayanikliliklar: hakkinda yeterli bilgi
bulunmamaktadir (36).

2. SONUC

Diinyadaki izleme programlart organokalay
kirlenmesinin kiyilarda, haliglerde ve acik denizlerde
devam ettigini gostermektedir. Pasifik, Atlantik ve Hint
Okyanusu kiyilarinda ve bunlara bagli i¢ denizlerde
yapilan iki yonlii ¢alismalar deniz trafiginin yogun oldugu
limanlar ve marinalarda organokalay kirliliginin
boyutlarin1 vurgulamaktadir. Caligmalarin bir kismi deniz
suyunda ve sedimentte organokalay bilesiklerinin miktari
ve tayin metotlar1 {izerine yogunlagmistir. Caligmalarin
diger kismi ise deniz canlilar ile yapilmistir. Ozellikle
biyoindikator deniz canlilarinda olusan yapisal ve islevsel
zararlar saptanmistir. Canlilarda biriken organokalay
bilesiklerinin miktar1 tayin edilmis ve en ¢ok hangi
organlarda birikim oldugu gosterilmistir.

Deniz suyundaki organokalay bilesiklerinin dalga
hareketleri ve deniz araglarinin olusturdugu su hareketleri
ile aerosol sekline havaya yayildigi saptanmustir.
Denizlerde organokalay kirlenmesinde sedimentlerin
onemi vurgulanmigtir. Caligmalar gostermistir ki deniz
ortamindaki organokalay bilesikleri i¢in sedimentler
sonlanma yerleri degil, yenilenebilir kaynaklardir. Bu
durumun denizlerde organokalay kirliliginin devaminda
sedimentlerin 6nemli bir etken olduguna, ayni zamanda
limanlardaki dip taramalar1 sonunda ortaya ¢ikan atiklarin
berterafinin yeni kirlenmelere yol acabilecegine dikkat
¢ekilmistir.

Antifouling etkili gemi boyalarma organokalay
bilesiklerinin katilmasini yasaklayan yasal diizenlemeler
sonrasinda ortaya c¢ikabilecek sorunlar tartisilmistir. Su
ortaminda heniiz zararli etkileri saptanamamis yeni
kimyasallarin kullaniminin giindeme gelmesi ve fouling
olayma karst kimyasal kullanilmamas: durumunda
fazlalasacak yakit giderlerinin deniz yolu tasima
ticretlerine getirecegi yiik, en dnemli konular olarak ortaya
¢ikmugtir.

Tirkiye’de Karadeniz, Bogazlar, Marmara, Ege ve
Akdeniz kiyilarinda kamu ve 6zel sektore ait limanlar ve
sayica artig gosteren marinalar organokalay bilesikleri ve
diger antifouling etkili biositler agisindan arastirilmaya
deger bolgelerdir. Ozellikle Tiirkiye’yi cevreleyen
denizlerdeki canlilarin etkilenme sekilleri ve bunun su

driinlerine ne sekilde yansidigi ayri aragtirmalarin
konularidir.
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However, there is not sufficient information about the
toxicity, the synergistic interactions between biocides
enhance their toxic effects, and relations increasing these
toxic effects, sub-lethal effects and persistence in the
environment of new biocides replace the TBT based paints
(36).

2. CONCLUSION

The monitoring studies in the world shows that the
organotin pollution still goes on in the coastal areas, bays
and in open seas. The studies carried out in the coastal
areas and the inland seas of Pacific, Atlantic and Indian
Oceans emphasized the critical level of organotin
pollution in the harbors and the marinas having intensive
sea traffic. While most of the studies were based on the
determination methods and the amount of organotin
compounds in sea water and in sediments, some other
studies were carried out with sea organisms. Especially
physical and functional damages were observed in the
indicator sea organisms. The amount of organotin
compounds accumulated in the organisms was determined,
and it was showed that they were accumulated mostly in
organs.

It was determined that the organotin compounds in the
sea water were diffused in the air in the form of aerosol
with wave and the water movements due to sea vessels.
The importance of sediments in organotin pollution was
noticed. The studies showed that the sediments were not
the end point but they were a renewable source. It was
emphasized that this situation was the reason why
sediments were significant factors in the continuation of
organotin pollution in seas since, at the same time,
removal of the dredging wastes caused new pollutions.

In this study, the problems that can emerge after the
legislative arrangements about the prohibition of the
addition of organotin compounds to ship paint to have
antifouling effect were discussed. The most significant
subjects determined after this discussion were the usage of
new chemical matters that their hazardous affects were not
examined yet in the environment, and additional cost of
increased fuel oil consumption in sea transportation in the
case of not using chemicals for fouling.

In Turkey, public and private seaports and the
increasing number of marinas constructed on the
Bosphorus and Dardanelles Straits, Black Sea, Marmara
Sea, Eagan Sea and Mediterranean Sea coasts are
noteworthy regions to make researches on organotin
compounds and other biocides having antifouling effect.
Especially, the ways of attraction of the organisms living
in the seas around Turkey and the reflection of these
influences to the sea products are the subjects of other
studies.
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