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Accumulation of Butyltin Compounds in
Dolphins Stranded along the Mediterranean

Coasts
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Concentrations of tributyltin (TBT) and its
degradation products, monobutyltin (MBT)
and dibutyltin (DBT), were determined in the
liver and kidney of striped dolphins ( Stenella
coeruleoalbg, bottlenose dolphins ( Tursiops
truncatus) and in a fetus of the common dolphin
(Delphinus delph) found stranded along the
western lItalian and Greek coasts in the period
1992-1994. Butyltin (BT) compounds were
detected in almost all the samples analyzed and
were higher in the kidney than in the liver. Total
BT concentrations were 0.78-8.0g g ! wet wt
in kidney and 0.015-1.031g g~ * wet wt in liver of
S. coeruloealba Bottlenose dolphins had lower
BT concentrations than striped dolphins.
Although only one fetal sample was analyzed, it
showed the highest BT concentrations of all.
Unlike BT concentrations in the other adult
dolphins, in the pregnant dolphin they were
higher in the liver (4.35pg g~ wet wt), suggest-
ing that BTs are transferred from mother to
fetus. No significant differences in BT concen-
trations were found between sexes. Of the
breakdown products, DBT was predominant in
most liver samples and MBT was more abun-
dant in kidney. Although BT concentrations are
known to be found in cetaceans inhabiting
waters of developed countries, our observations
strongly suggest that concentrations found inS.
coeruleoalbawere either similar to or higher
than those reported for other Stenellaspecies
collected from coastal areas close to harbors or
marinas. Copyright © 2000 John Wiley & Sons,
Ltd.
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INTRODUCTION

Pollution due to butyltin (BT) compounds is
common in coastal and estuarine environments,
and its effects on aquatic organisms have been of
great concern over the last 20 years. Tributyltin
(TBT) is the most toxic of these compounds,
showing measurable toxic effects on marine
invertebrates at concentrations as low as a few
nanograms per liter (ngf).* Since the mid-1960s,
TBT has been widely used as a biocide in
antifouling paints applied to boats and fishing nets,
which are the main source of this man-made
pollutant in marine coastal environments. The
discovery of its toxic potential led to a ban on its
use on small craft in many countries in the late
1980s?

A decrease in TBT and its main breakdown
products (dibutyltin, DBT and monobutyltin, MBT)
has been generally observed in the environment
since its barf, particularly in areas dominated by
the small craft €25 m long) affected by the ban.
However, in areas frequented by large ships, BT
compounds continue to be detected at levels
hazardous for biotA.Rapid bacterial degradation
of TBT in water? its low water solubility and
relatively high affinity for particulate matter make
sediments a major reservoir for this pollutthe
half-life of TBT in sediments has been estimated
experimentally to be 100-800 days, depending on
aerobic/anaerobic conditiodsin deeper anoxic
sediments, TBT half-life may be 1.9-3.8 yeérs.
The relative persistence of TBT in sediments makes
it available to benthic biota. In fact, Takahasi
al.® reported high levels of BT compounds in
marine organisms collected at depths of 135-980 m
in Suruga Bay (Japan).

TBT toxicity has been studied extensively in
marine invertebrates. In molluscs, it produces shell
thinning and sterilization of femals or so-called
imposex] characterizing TBT as an endocrine
disrupter'® Embryo toxicity (i.e. arrest or delay in
embryonic development) has been demonstrated in
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Figure 1 Map of Italy and Greeceshowingthe sitesof dolphin strandings.

marine bivalves® and benthic tunicates:® In

mammals the toxic effectsof TBT in the form of

TBT chloride (TBT-CI) havebeeninvestigatedn

rats. Teratogeniceffectsduring fetal development,
relatedto the developmentaktageat the time of

exposurewerereportedby Emaet al. 13 Exposure
to TBT-Cl in early pregnancyls also reportedto

induceinfertility in rats** Snoeijet al.*® observed
thatatrophyof thethymusandsubsequerguppres-
sion of T-cell-mediatedimmune responsdn rats
dosedbrally with TBT-Cl wascausednainly by the

metaboliteDBT.

TBT has physmchem|calpropert|essuch asa
low water solubility (1-10mgl~—) and relatively
high octanol/waterpartitioning coefficients (Kqy
5000—-7000dependingon salinity) WhICh suggest
moderate bioaccumulation potential'® Various
studies have shown that TBT accumulatesin
aquaticorganismsmainly thoseat lower trophic
levelsin the food web (e.g.crustaceansnolluscs,
fish). Many recentstudieshavefocusedon tissue
concentrationsand distribution of TBT and its
metabolitesin marine mammals.High concentra-
tions have been regorted in dogohlns
whales?° porpoise$'~2% and sealions “*?° These
studieshave shownthat TBT accumulatesand is
biomagnifiedby marinemammals,rrespectiveof

Copyright© 2000JohnWiley & Sons,Ltd.

sex;accumulationis generallygreaterin early life
and the liver appearsto be the organwherethe
highestconcentrationsrefound.Biomagnification
factors (BMF) for TBT ran efrom 0.6-0.8in
pinniped$*to 6.0in cetaceans This differencein
the BMF hasbeenattributedto different degrada-
tion capacities and the lack of physiological
processes,such as shedding of hair in ceta-
Ceans‘l.? 22 25,2

A relationshipbetweenrthe large-scalemortal-
ity of cetaceansandimmunedysfunctioncaused
mainly by highlevelsof organochlome (OC)and
BT compounds was suggested recently by
Kannanet al.,”° who pointed out the need for
more knowledge on BT levels in dolphins
affectedby masamortality. In orderto understand
the contaminationstatusof BT compoundsin
Mediterranearcetaceansthe presentstudy was
prompted to determine the concentrationsof
these pollutants in the liver and kidney of
dolphinsfound strandedalongthe Italian coasts.
Tissueswere analyzedwhere previous studies
indicated that these pollutants accumulatepre-
ferentiallyin thoseorgansLevelswerecompared
with thosereportedin other speciesof marine
mammalsfrom countriesin which TBT is used
extensively.
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Table 1 Biometry of specimensisedin this study

Species Location Year Sex Length(cm) Age (years)
Stenellacoeruleoalba NorthernTyrrenianSea 1994 M 196 7
NorthernTyrrenianSea 1993 M 196 9
NorthernTyrrenianSea 1993 M 195 —b
NorthernTyrrenianSea 1993 F 112 1
Piombino 1993 M 173 —
Quercianella 1993 M 200 >18
Marinadi Grosseto 1993 F 202 >18
NorthernTyrrenianSea 1992 F 196 18
Tursiopstruncatus Viareggio 1993 M 170 2
Argentario 1992 — — —
Delphinusdelphis Kalamos(Greece) 1997 F 94 Fetus

&M =male,F =female.
— Determinationnot possible.

MATERIALS AND METHODS

Samples

Liver and kidney samplesof two specimensof
Tursiopstruncatusandeightspecimen®f Stenella
coeruleoalbawere analyzedfor BT residues.The
marine mammalswere found standedalong the
Tyrrheniancoastsof Italy in the period1992-1994
(Fig. 1). One fetus of the common dolphin
(Delphinusdelphi) found floating nearits mother
was also included in this study. The stillborn
specimenwas found in 1997 in the lonic seaoff
Greece.Biometric parametersvere measuredand
sexwasdeterminedn all specimengTablel). The
age of the dolphinswas determinedby counting
dentalgrowth lines, asdescribedby Kasuya?’

All sampleswere from fresh strandings.They
werewrappedin aluminumfoil, placedin solvent-
washedceramiccontainers,and storedat —30°C
until analysis.Carewastakento avoid contamina-
tion of samples.

Reagents and analytical procedure

Reagentgrade n-hexane, benzene,acetone and
hydrochloric acid and standardsolutionsof BTs
(tributyltin  chloride, dibutyltin dichloride and
butyltin trichloride) werepurchasedrom ProChem
(Florence,ltaly). Tropoloneand Grignardreagent
were obtainedfrom Aldrich Chemical Co. (Mil-
waukee WI, USA).

The chemicalanalysisof BTs was carried out
accordingto Kannanet al.?®8 About 5g of fresh
samplewashomogenizedndextractedvith 40 ml.
of 0.1% tropolone/acetonand 10ml of 1 m HCI.

Copyright© 2000JohnWiley & Sons,Ltd.

The extractwastransferredo a 1000-mlseparator
funnel,in which 1200ml of 0.1%tropolone/benzene
and 500ml of hexane-washewvater were added.
After beingshakenfor 10min and partitioned,the
organiclayer was collectedand run on a column
(15mm x 350mm) packed with 20g sodium
sulfateto removeexcessvater. The organicextract
was then concentratedo about2ml in a rotary
evaporatoat45 °C andthevolumewasmadeup to
5ml with n-hexaneThe extractwas treatedwith
5ml n-propylmagnesiumbromide (Grignard re-
agent) to obtain the propyl derivatives of any
extractableBT speciespresent. After a 30-min
reactiontheexcesssrignardreagentvasdestroyed
by addition of 20ml 0.5m sulfuric acid and the
extract was run on a 6-g Florisi™ column
previously activated overnight at 130°C. The
tetra-alkyltin derivativeswere obtainedby elution
with 40ml n-hexaneand concentratedo several
milliliters for analysisby capillary gaschromato-
graphy(GC).

Chromatographicseparationwas carried out on
an SPB-5 (5% diphenyl/95% dimethylsiloxane)
capillary column(30m x 0.25mmi.d., film thick-
nessD.25um). Alkyltin speciesveredetectedby a
flame photometricdetector(FPD) equippedwith a
610nm bandpasdilter selectivefor tin-containing
compounds. Injector and detector temperatures
were 200°C and 270°C respectively,while the
oven temperaturewas programmedfrom 80°C
(heldfor 1 min) to 160°C atarateof 15°Cmin*
and then at a rate of 5°Cmin* to a final
temperatureof 260°C with a final hold time of
5 min. Heliumataheadcolumnpressuref 15.0psi
(103kPa)wasthe carriergas.

The accuracyof the methodandthe presencef

Appl. Organometal Chem.14, 48-56(2000)
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Table 2 Concentrationgng g—* wetwt) of BT speciesn the liver andkidney of Mediterraneardolphins

Species Tissue n MBT DBT TBT 2BTs
Stenellacoeruleoalb Liver 8 97 115 67 259
(4.7-205) (10-434) (n.d*-386) (15-1025)
Kidney 7 1661 86 200 2230
(772-6596) (n.d.—468) (8.0-990) (783-8055)
Tursiopstruncatus Liver 2 3.0;12 36 4.1;15 2743
Kidney 2 1003;1968 16 5.3;46 1024;2014
Delphinusdelphf Liver 1 5.5 333 4014 4352
Kidney 1 2622 400 193 3215

a Mean andrangeof concentrations.
b Fetus.
¢ n.d.= not detectedbelow detectionlimit of 2 ngg~* wet wt).

interfering compoundswere testedby analysisof
blanksin eachbatchof four samplesTherecovery
ratesfor MBT, DBT and TBT spiked into fresh
samplesof liver and kidney were always above
85%. The detectionlimit for all three BTs was
below 2ngg " wet wt for a sampleof 5g wet
weight.Quantificationwascarriedoutwith external
standardsprepareddaily and BT concentrations
wereexpresse@sng of cationperg wet wt.

RESULTS AND DISCUSSION

Concentration®f BT compoundsn the liver and
kidneyof dolphinsarereportedn Table2. Theonly
two BT concentrationdor T. truncatusare listed
individually. BT residueswere detectedin almost
all the samplesthe highestconcentration®f total
BT (MBT + DBT + TBT) were found in the
kidney of S. coeruleoalba(range0.78-8. 0519 gt
wetwt) andT. truncatus(1.02and2.01ug g™~ wet
wt), whereasthe fetus (D. delphig showed a
somewhathigher BT concentration(4.35u9 gt
wet wt) in the Ilver ThIS finding contrastswith
previous reportst’**~?*in which BT concentra-
tions have been generally higher in the liver.
However,Kannanet al.*® reportedslightly higher
BT concentrationdgn the kidney of Gangesriver
dolphinsthanin their liver. MBT concentrations
could be the reasonfor this apparentdiscrepancy
becaus®/BT levelsin liver andkidneydiffered by
two orders of magnitude(Table 2). The greater
polarity of this BT compoundwith respecto DBT
and TBT could explainthe high concentrationsn
thekidney.Thepreferentiaconcentratiorof mono-
substitutedrganotincompoundsn thekidneymay

Copyright© 2000JohnWiley & Sons,Ltd.

be dueto the presenceof metal-bindingproteins,
suchasglutathionejn this orgart® andthe capacity
of MBT to circulateasa cationeitherin the blood
stream or assouatedwﬂh erythrocytes,as sug-
gestedby Kannanet al.?

Interestingly BT concentration thefetuswere
high. Total BT concentratlonsm the liver and
kidney were4.35and3.21pg g * wet wt, respec-
tively, the highestdetectedin this study. To our
knowledge, only one fetus of Orcinus orca
collectedin Taul (Japan)has been analyzedfor
BT residue<® Total BT concentrationin the liver
were two ordersof magnitudelower thanin our
fetussample.

To understandthe current status of butyltin
pollutions in the Mediterranean,residue levels
found in our sampleswere comparedwith those
of other marine mammalsfrom elsewhere(Table
3). As shownin thetable,meanBT concentrations
in S. coeruleoalbafell within the samerangeas
those reported for S. frontalis collected on the
Atlantic and Gulf coastsof the USA?° whereas
they were three to five times higher than those
foundin S. Ionbglrostrisfrom theBay of Bengaland
the Sulu Sea® two coastalareaSNhereorganotlns
areusedon a largescale Kannanet al.?° analyzed
BTs in the liver and kidney of a captive female
adult(242cm, 21 yearsold) T. truncatus reporting
valuesof 78and19ngg * wetwt, respectivelyBT
concentrationsin the T. truncatus liver in the
presemstudywere evenlower thanthosereported
by Kannanet al.,?° but our concentrationsn the
kidney were two orders of magnitude higher.
Concentration®f BT compoundsneasuredn the
kidney of bottlenosedolphins collected on the
Tyrrheniancoastof Italy wereat leastoneorderof
magnitudehigher than those found in bottlenose

Appl. Organometal Chem.14, 48-56(2000)
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Table 3 Meanbutyltin concentrationgngg* wetwt) in liver of marinemammalsfrom other partsof the world

Species Location(country) MBT DBT TBT ¥BTs Ref.
Stenellacoerulealba Italian coastalwaters 97 115 67 266 This study
Tursiopstruncatug Italian coastalwaters 3:12 36 4.1;15 27,43 This study
Delphinusdelphf? Kalamos(Greece) 55 333 4014 4352 This study

T. truncatus Taiji (Japan) 480 1900 470 2800 26

T. truncatus Bay of Bengal(India) 26 44 35 110 26
S.longirostris Bay of Bengal(India) 10 32 53 95 26
S.longirostris Sulu Sea(Philippines) 2.0 32 21 55 26
Orcinusorca’ Taiji (Japan) <4.0 14 26 40 26
Platanistagangetica River GangeqIndia) 885 19
Neophocaenghocaeoids Japaneseoastalwaters 1270 2896 703 4870 23
Phocalargha 96 200 32 328 23
Mesoplodorginkgodens 120 130 76 326 23
Phocaenghocaena Yakakentand Sinop (Turkey) 21 110 24 156 23
Eumetopiagubatus Hokkaido (Japan) 90 110 21 220 Kim etal. 1996a*’
Grampusgriseus Pacificcoastof Japan 430 2400 820 3700 Kim etal. 1996b%*
T. truncatus US Atlantic and Gulf coasts 340 960 100 1400 20
S.frontalis 94 220 44 360 20

T. truncatus Adriatic Sea(ltaly) 200 1600 400 2200 18

E. jubatus Alaska(USA) 5.9 75 3.4 17 Kim etal. 1996¢2°
E. jubatus Hokkaido (Japan) 75 92 17 185 25

& Single butyltin concentratiorvalue.

Fetus.

[4c]

v 131d4vOo04d’Ss



ACCUMULATION OF BUTYLTIN COMPOUNDSIN DOLPHINS 53

kidney

liver

kidney

liver

kidney

liver

Delphinus delphi

Tursiops truncatus

0% 20% 40%

60%

80% 100%

O MBT DBT

BT

Figure 2 BT composition(relative concentrations%o) in the liver andkidney of Mediterraneardolphins.

and Atlantic spotted dolphins®® However, BT
levels found in T. truncatusof that study %° were
much lower than those reported for the same
dolphinspeciexollectedfrom the Italian coastsof
the Adriatic Seain 19928 Currentresultsshow
considerablecontaminationof dolphins, particu-
larly Stenella by this type of organicpollutant.BT
concentrationsrecorded both in tissues of S.
coeruleoalbaand in the fetus were much higher
thanthe valuesfound by Kannanetal.?° (Table2).
Persistentorganic contaminantssuch as poly-
chlorinatedbiphenyls(PCBs)and DDT, regarded
as immunosuppressiv@ollutants, have beensus-
pectedto be responsiblefor Iowering dolphins’
immunity againstinfectious disease$?° Kannan
et al.®* reportedhigh concentration®f PCBsand
DDT in strandedMediterraneastripeddolphins(S.
coeruleoalba. At high concentrations,TBT in-
hibits cytochrome P450-dependentnono-oxyge-
nases (CYP450) in fish. In vertebrates, this
multienzyme system detoxifies many organic

Copyright© 2000JohnWiley & Sons,Ltd.

pollutants®*233 Its inhibition in dolphinsmay lead
to accumulation of BT compoundsand other
organic pollutants (PCBs,DDT) normally detox-
ified by CYP450.As suggestedby Kannanetal.,*®

high concentrationsof BT compounds(1200—
2200ngg~* wet wt in the liver of bottlenose
dolphins), as well as of PCBs and DDT, could
contribute to immune suppressionin dolphins
found strandedalong the Atlantic and Gulf coasts
of the USA. Although the currentTBT concentra-
tions found in the liver (up to 386ngg " wet wt)

and kidney (up to 990ngg* wet wt) of striped
dolphinswerelower, theymayposearisk for these
organisms’immunesystem.

The exposureof dolphinsfrequentingnorthern
Tyrrheniancoastalwatersto BT compound€annot
be regardedas a remote possibility becausehiglh
(TBT =260-393g1™; DBT =45-750ng1 ")
and relatively constant (April-August period
levels of BTs havebeenfound in thesewaters®
A TBT input to the marina ranging from 1.5g

Appl. Organometal Chem.14, 48-56(2000)
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Figure 3 MeanBT concentrationsn maleandfemalespecimen®f Stenellacoeruleoalba

(pleasureboats)to 20009 perday (largeships)was
estimated Effluentsof TBT-treatedcooling pipes
of a thermoelectric power plant were another
significant source of TBT (estimatedoutput of
TBT = 7kgday %). Regardlesf the degradation
processeof TBT, the continuousinput of this
pollutant suggestsa high and constantconcentra-
tion in thesewaters.A morerecentyear-longstudy
carried out in the Gulf of La Spezia(northern
TyrrhenianSea)showedhigh DBT concentrations
in water and high levels of TBT in musseland
sediment samples® Significantly, this survey
revealedthe presenceof TBT andits main break-
downproductdgn water,sedimenandmusselshree
yearsafter TBT restrictionin the late 1980s>°

BT composition (relative concentrations)in
dolphin samplesvaried in relation to organ and
specieqFig. 2). Themostabundantompoundvas
DBT in theliver sampleof stripeddolphins(41%)
and bottlenosedolphins(83%). The prevalenceof
DBT in this organhasalsobeenobservedn other
marinemammalsjrrespectiveof the liver concen-
trations of the three chemical species-’182123
Tanableet al.?® indicated that the proportion of
DBT in the liver of marine mammals from
developedcountriesis normally 55-75%of total
BTs. Besidesbreakdownof TBT, othersourcesof
DBT arestabilizersfor chlorinatedoolymers(PVC)
and catalystsfor someindustrial processesThese
commonsourcesof DBT in developedcountries
couldcontributeto the higherconcentrationsf this

Copyright© 2000JohnWiley & Sons,Ltd.

pollutantin marine mammals.On the other hand,
the high DBT concentrationsn dolphin liver are
not surprising, consideringthat CYP450 metabo-
lizes TBT to DBT and MBT much fasterthan in
fish 203" Degradatiorof TBT duringdecomposition
of the carcassess anotherreasonfor the elevated
proportionof breakdownproductsin the samples;
our specimenshad deceased few hours before
sampling.

In the fetus,the TBT concentrationin the liver
washigher(4015ngg ! wet wt) thanthatof DBT
(330ngg ™) and MBT (5.5ngg™Y). This pattern
wasalsofoundin afetusof Orcinusorca, although
BT concentrationsvere much lower2® Following
comparisorof BT levelsin the mother,the authors
concludedhatatransferof BTsfrom the motherto
the fetuswasfairly unlikely. On the basisthat the
BT contentwas the samein both sexes,other
authorgmaintainthattransferof BT from motherto
fetus/infant through gestation/lactationis mini-
mal2%-2*2°Qur resultsdo not supportthis hypoth-
esisbecausef the high BT concentrationsmostly
TBT, foundin the fetus of D. delphis This single
finding suggeststransplacentaltransfer of BT
compoundsrom the motherto the fetus, because
the fetuswasstillborn.

Male dolphins containedhigher concentrations
of BTsthanfemalesHowever the high coefficient
of variationof the data(CV = 95%for liver, n=8;
and 91% for kidney, n=7) did not enable any
significantdifferencein the residuepatternof BT

Appl. Organometal Chem.14, 48-56(2000)
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concentrationgo be detected(P < 0.05, nonpara-
metric Mann—-WhitneyU-test) betweenmalesand
femalesof S. coeruleoalba(Fig. 3). Although the
numberof sampleswas too small to discernany
sex-relatedvariations, this result appeargo be in
line with previousstudieson Risso’sdolphin?* the
Stellersedion®” andharboumporpoise?® Kannanet
al.?° also observedan apparentlyhigher (but not
statistically significant) BT contentin male speci-
mensof bottlenosedolphinsthanin females.
AlthoughTBT is not persistenin water(half-life
of the orderof oneto two weeks>9), it is relatively
persistentin anaerobicsedimentsso that sinks in
harbourareasandestuarinesedimentsvould persist
for muchlongerperiods.The mostconsistentoute
of exposureof dolphins to BT compoundsis
through the diet. Attempts have been made to
estimate the biomagnification factor (BMF), or
enrichmenfactor,in differentmarinemammalson
the basisof their body burdenof BT and that of
their prey (e.qg.fish, cephalopodsdr on the basisof
stomackcontentsBMF valuesof 0.60,0.80and6.0
have been reported for the Steller sea lion,*’
harbourporpoisé® and Risso’sdolphin?* respec-
tively. The excretion rate of BT compoundsin
dolphins was shown to be lower than in pinni-
peds®* This could be dueto a low detoxification
capacityanda lack of excretorypathwayssuchas
the sheddingof fur. In fact, in a studyon thetissue
distribution of BTs in the Steller sealion, the
highestBT concentrationsverefoundin fur.®

CONCLUSIONS

Accumulation of BT compoundswas higher in
Mediterraneanspecimensof T. truncatusand S.
coeruleoalba with respectio dolphinsstrandedn
other coastalareasin which BTs are widely used,
suchasJapan.The elevatedBT concentrationsn
thesetop predatorstogetherwith the low persis-
tence of TBT in water, may indicate that these
pollutantsare mostly acquireddirectly throughthe
diet(fishandcephalopodsurresultsndicatethat
the presenceof TBT or its metabolitesin Italian
coastalareasmay berelatedto heavyshippingand
theuseof TBT and/orits metabolitesasslimicides
in the cooling pipesof thermoelectricplants. The
finding of BT concentrationswhich were much
higher in the fetus of D. delphi than in adult
individuals suggestghat transferof BTs from the
motherto thefetusis possible perhapsastheresult
of a detoxification pathway of the mother. As

Copyright© 2000JohnWiley & Sons,Ltd.

suggestedy other?® TBT in addition to certain

organochlorinecontaminantyPCBs, DDTs) may

causeimmune suppressionin dolphins, making

them more susceptible to infectious diseases,
althoughthis link is yet to be well established.
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