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The aim of the present study was to follow the
seasonal variations of butyltin compounds in
water and mussels under natural conditions in
the Genoa oil port. To this purpose, water and
organisms were collected in the same location
within the port, at two-monthly intervals,
between 1997 and 1998. The extraction of
organotin compounds was performed both on
unfiltered and filtered seawater to determine
partitioning between the dissolved and the
particulate phases. Moreover the extraction
was carried out on the whole body, gills and
digestive glands of mussels to analyze the
distribution in marine organism tissues. The
determinations were carried out using a HPLC–
hydride generation–ICP/AES system. The re-
sults revealed the presence of tributyltin, dibu-
tyltin and monobutyltin in all matrices, showing
variations during the sampling period. In
particular, in oil port waters, butyltin com-
pounds were predominantly in the dissolved
phase. Moreover, comparing butyltin trends in
water and in mussel tissues, the best correlation
was found in gill distributions, in this tissue a
higher tributyltin bioaccumulation factor was
observed. Copyright# 1999 John Wiley & Sons,
Ltd.

Keywords: butyltin; concentrations; analysis;
water; tissues; port

Received 1 October 1998; accepted 25 March 1999

INTRODUCTION

It is well known that tributyltin (TBT) is used in a
number of commercial applications, including

biocide additives in antifouling ship-paint formula-
tions. In spite of efforts to reduce their use, levels in
the marine environment are still high. The use of
TBT in antifouling paints is still important for its
applications on large sea-going vessels, resulting in
environmentally significant TBT water concentra-
tions in the open sea;1 in fact about 69% of shipping
vessels are still being painted with paints containing
tributyltin as antifouling agent.2

In the marine environment, dibutyltin (DBT) and
monobutyltin (MBT), which is less toxic than TBT
to aquatic organisms, are also present as a result of
TBT degradation processes, together with triphe-
nyltin (TPT), employed as a co-toxicant with TBT
in some long-performance antifouling paints. The
fate of TBT in the water column is a result of
different processes: input rate, mixing and dilution,
biodegradation, photodegradation, sorption onto
particulate suspended matter etc.3 Several studies
show that biodegradation due to microbial and
phytoplanktonic activities is the main TBT degra-
dation processes in inshore waters.4–6 Experiments
on TBT degradation in a yacht basin showed that
the TBT half-life ranged from six to seven days and
that DBT was the principal degradation product.5

The partitioning of organotin compounds be-
tween dissolved and particulate phases is consid-
ered one of the most important processes
responsible for the reduction of concentrations
and toxicity of organotin in water.1 Sorption
depends on the nature and on the concentration of
the suspended matter present in the studied
ecosystem. Several studies on distribution of
organotin compounds in the water column reported
the highest percentage of TBT in the dissolved
phase3 or in the particulate phase.7,8

Mussels are often used as biomonitors in
monitoring programmes assessing the quality of
the marine environment, because they can provide a
time-integrated estimate of the contaminants in
water.9 A growing number of studies has evaluated
the levels of alkyltins in mussel tissues from a
variety of locations worldwide.10–12 Nevertheless
the input of organotins from large vessels, such as
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oil tankers, in coastal waters has seldom been
assessed,13 becausethesevesselsspendthe major-
ity of the time offshore, where dilution and
dispersionprocessesreduce the releaseof TBT
into thewater.14

The aim of the presentstudy is to assessthe
presence, the levels, the partitioning between
dissolved and particulate phases of organotin
compoundsin the waterof the Genoaoil port and
in tissuesof musselsampledin thesamelocation,in
order to evaluatetheir variation in concentration
andspeciationduring themonitoringtime.

METHODS

Study area and sampling
procedures

TheGenoaoil port is on thewestsideof thetown;
thereare four wharves,250–500m long and 11–
14m deep. The terminal handles 500–600 oil
tankerseach year, which remain in the port for
one to two days.Seawaterandmusselsof a local
naturally occurring bivalve populationof Mytilus
galloprovincialis, Lam, 5–6cm in length, were
sampledat two-monthly intervals betweenJuly
1997andMay 1998.At eachsampling,10 litres of
seawaterwerecollectedin a low-densitypolyethy-
lene (LDPE) container,openedand filled at 1 m
belowthesurfaceto avoidcontaminationfrom the
surfacemicrolayer, which can exhibit high con-
centrationsof butyltins.Thesampleswerestoredat
4 °C in the dark, until organotin extraction; the
storagetime wasneverlonger than threedays.At
thesametime,25musselswerecollected;thewhole
soft tissuesof eight individuals and the digestive
glandsandthegills of theremainderweredissected,
homogenizedandfrozenatÿ20°C until analysis.

Analytical procedures

Organotin extraction
Seawater
An aliquot of the sampledseawaterwas filtered
through0.45�m PCfilters, in orderto separatethe
particulatesuspendedmatter.

The extractionof organotinswascarriedout on
bothfilteredandunfilteredsamples,to obtaintheir
partitioning between dissolved and particulate
phases.The procedure,optimized in our labora-
tories for this study, consistedof a liquid–liquid
extraction.Seawater(800ml) wasextractedtwice

with 80ml methylenedichloride(CH2Cl) contain-
ing 0.05% tropolone by shaking vigorously for
5 min in a separating funnel. The methylene
dichloridephases,containingthe organotins,were
collectedand evaporatedto drynessby a vacuum
rotaryevaporator.Thesewereno lossesof TBT in
this procedure.The sampleswere redissolvedin
1 ml methanoland 200�l was injected into the
HPLC column. Calibration curveswere prepared
for each compound using seawaterwhich was
spiked with standardcompounds.Recoveriesof
TBT averaged80%; reproducibility, assessedby
triplicateextractionsof spikedseawater,waswithin
�10% (standarddeviations of mean values of
triplicate extractions of spiked samples)for all
compounds.

Musseltissues
The extraction from the tissues, based on the
methodemployedby Caricchiaetal.,15 consistedof
a liquid–liquid extraction.Tissue2 g, (wet mass)
washomogenizedin a methanol/tropolone(0.05%)
mixture and the organotinswere extractedwith
30ml methylenedichlorideby shakingvigorously
for 5 min in a separatingfunnel. The methylene
dichloride phase,containing the organotins,was
collectedand evaporatedto drynessby a vacuum
rotaryevaporator.Thesampleswereredissolvedin
methanoland 200�l was injected into the HPLC
column.Theaccuracyof themethodwastestedby
using CRM 477, producedby BCR of European
Commision.Recoveriesof TBT, DBT and MBT
averaged108%,79%and102%respectively.

Organotin compounddetermination
To separateandquantifyorganotincompounds,an
HPLC–hydridegeneration–ICP–AESsystemwas
usedas previously described.16 NaBH4 and HCl
wereaddedon-line.

The HPLC instrumentusedin the experiments
was a Varian LC system5000 equippedwith a
200�l Rheodyneinjector. Separationswere per-
formed on a Partisil SCX 10� analytical column
(10�m particlesize,25cm� 4.6mm i.d.) (What-
man, EnglewoodCliffs, NJ, USA). The flow rate
was 1 ml minÿ1 and no gradient elution devices
wereused.Themobilephasewas0.1M ammonium
acetatein 80% methanol/watercontaining 0.1%
tropolone.The inductively coupledplasmaatomic
emissionspectrometerusedas the detectorwas a
JobinYvon JY24 (JobinYvon, Lonjumeau,Paris,
France).The ICP–AES parameterswere: power,
1.1kW; argonflow rate(1 minÿ1), intermediate16,
coolant0.5,nebulizer0.5.TheJobinYvon hydride
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generatorwasusedasa gas–liquidseparator.The
bestsensitivity was obtainedwith 0.3M HCl and
0.25M NaBH4 in 1 M NaOH with a 0.7ml minÿ1

flow for both reagents.

Analytical procedure
The eluent coming from the HPLC column was
mixed in a PTFE(polytetrafluoroethylene)T-piece
with hydrochloric acid, and then the organotin
compoundswere convertedinto their hydridesby
additionof NaBH4 in anotherPTFET-piece.

Evolvedhydridesweredrainedto thegas–liquid
separator,where an argon flow carried the tin
vapoursinto theICP–AEStorch,while theorganic
eluentwassentto waste.

Thetin emissionsignalwasdetectedleavingthe
monochromatorfixed at the analyticalwavelength
for tin 189,989nm (the scanningsteparoundthis
wavelengthwas0 nm), recordingthe signalevery
300ms.Thedetectionlimit was7ng for Sn.

Reagentsanalyticalgradeandthemethanolwas
HPLC grade. The water was de-ionized from a
Milli-Q system.

RESULTS

Seawater

Butyltins,TBT, DBT andMBT werefoundin every
samplethroughoutthe monthsexamined,in both
the dissolvedand the particulatephases,while no
phenyltin compoundswere detected.In Table 1
TBT, DBT andMBT concentrationsare reported;
thedatarepresentthemean� standarddeviationof
threedeterminations.

The total butyltins varied during the months,
showing a maximum in September(1842nglÿ1)
and in February(1906nglÿ1) and a minimum in
December(314nglÿ1). TBT wasthe predominant
speciesduring the summerand autumn,showing
the highest concentrationin September,in both
unfiltered and filtered samples (1200 and
1041nglÿ1, respectively),and reachingminimal
valuesin DecemberandMay.

Regarding to the degradationproducts, DBT
showedits maximumin Februaryin bothunfiltered
andfiltered samples(1029and872nglÿ1, respec-
tively) and lowest concentrationsin December
(about 40nglÿ1 in both unfiltered and filtered
samples). MBT did not show any significant
changes in the months examined except in
December, when the lowest concentration
(48nglÿ1) was found. MBT concentrationswere
generallylower than DBT values.Butyltins were
predominantlyin the dissolvedphase.In fact 62–
98%of thetotalTBT, 74–97%of thetotalDBT and
82–99%of the MBT were presentin the samples

Table 1 Concentrationsof butyltin compoundsa in seawatersamplesfrom the Genoaoil port

July September October> December February May

Unfiltered
Total butyltin 1308 1843 1237 314 1906 680
TBT 528� 15 1200� 21 734� 28 225� 18 629� 14 297� 4
DBT 571� 12 518� 29 290� 7 41� 4 1028� 19 210� 8
MBT 209� 21 124� 14 213� 11 48� 3 249� 2 173� 15

Filtered
Total butyltin 603 1541 1175 288 1471 580
TBT 161� 20 1041� 95 724� 3 200� 9 394� 37 222� 15
DBT 296� 30 384� 38 238� 16 40� 2 872� 1 185� 10
MBT 146� 15 116� 10 213� 11 48� 4 205� 6 173� 15

a Valuesarein nglÿ1 for whole moleculeandrepresentthemean� standarddeviationof threereplicates.

Figure 1 Percentagedistribution of butyltin compoundsin
filtered seawatersamples.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 727–732(1999)

BUTYLTIN VARIATIONS IN WATER AND MUSSELS 729



after filtration in all the monthsexceptJuly, when
they were equally distributed betweendissolved
and particulate. Butyltin partitioning was not
dependent on particulate matter concentration
(r2 = 0.43).

In Fig. 1 the butyltin speciesdistribution in the
dissolvedphaseis shown.As can be seen,TBT
representsabout 70% of the total organic tin in
autumnandwinter andrangedfrom 25 to 40% in
spring and summer.However, DBT showedthe
highest percentageamong butyltins, in samples
collectedin springandsummer,varyingfrom 49 to
72%. MBT representedlessthan25% of butyltin,
everymonth.

Mussel tissues

As regardsthe distribution of butyltin compounds
in mussel tissues, in Table 2 the organotin
concentrationfound in the examinedtissuesare
reported;the data representthe mean� standard
deviationof at leastthreereplicates.

In detail, in all the tissues,total butyltin varied
during the months, ranging from 2.18 to
11.07�g gÿ1 in whole tissues, from 3.63 to
16.03�g gÿ1 in gills andfrom 2.50to 6.68�g gÿ1

in digestiveglands,showingin all casesaminimum
in May. Total tissuesandgills presentedthe same
TBT trendswith a maximumin Septemberand a

Table 2 Concentrationsof butyltin compoundsa in musseltissues

July 1997
September

1997 October1997 December1997 February1998 May 1998

Wholetissues
Total butyltin 4.61 11.06 8.46 3.62 6.85 2.18
TBT 2.50� 0.25 5.79� 0.28 3.29� 0.33 0.73� 0.07 3.36� 0.02 0.89� 0.08
DBT 1.57� 0.14 3.08� 0.01 3.72� 0.07 1.04� 0.11 2.84� 0.12 0.69� 0.06
MBT 0.54� 0.01 2.19� 0.12 1.45� 0.03 1.85� 0.18 0.65� 0.01 0.60� 0.01

Gills
Total butyltin 13.73 16.03 11.40 7.07 12.46 3.63
TBT 6.52� 0.13 7.59� 0.56 6.02� 0.22 2.54� 0.11 5.94� 0.03 1.21� 0.06
DBT 3.70� 0.03 5.84� 0.37 3.38� 0.18 2.32� 0.24 5.40� 0.03 0.84� 0.04
MBT 3.51� 0.03 2.60� 0.01 2.00� 0.06 2.21� 0.01 1.12� 0.02 1.58� 0.08

Digestiveglands
Total butyltin 6.47 4.46 3.82 3.70 6.68 2.50
TBT 2.76� 0.11 2.46� 0.08 2.03� 0.02 1.66� 0.17 2.75� 0.02 1.20� 0.10
DBT 2.05� 0.16 1.15� 0.07 0.83� 0.04 0.19� 0.04 3.34� 0.04 0.52� 0.06
MBT 1.66� 0.10 0.85� 0.01 0.95� 0.01 1.85� 0.02 0.69� 0.03 0.78� 0.03

a Valuesarein �g gÿI (wholemolecule)dry weight andrepresentthe mean� standarddeviationof threereplicates.

Figure 2 Tributyltin trendsin whole tissues,gills anddigestiveglandsof mussels.
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minimum in Decemberand May, while digestive
glands had a different pattern without showing
maxima or minima. The bar diagramreportedin
Fig. 2 showingTBT trendsfound in whole tissues,
gills anddigestiveglandspointsout thedifferences
amongthe tissues.

Moreover, even when seasonalvariation in
concentrationswere detected,the speciationwas
not greatlydifferent from summerto winter, TBT
representing50%of butyltinsin all seasons,bothin
gills anddigestiveglands.

BioaccumulationFactors(BF) of TBT for the
tissues considered were calculated (BF = TBT
concentrationin musseltissueon dry weight basis
relative to TBT water concentration).The results
showedthatthehighestmeanfactorwasreachedfor
gills (9500), while for whole tissuesand digest-
ive glandsthe factorswere3700and4300respect-
ively. This resultwasnotexpectedbecausetheBio-
concentration Factor is usually higher for organs
with ahigh lipid contentsuchasdigestiveglandsor
mantlewhich areconsideredin this studyasequiv-
alentto whole tissueanalysiswith our specimens.

ComparingTBT andDBT trendsin seawaterand
in musseltissues,the best correlationwas found
betweenbutyltins in the dissolvedphaseand gill
levels, as can be seenin Fig. 3. The presenceof
degradationproductsin thesetissues(gills) is due
not only to metabolicprocessesbut to direct take-
up from seawater,therefore gills are the most
suitabletissuesto beconsideredasbioindicatorsof
organotin seasonalvariations. Nevertheless,it is
interestingto pointoutthat,evenif gills reflectTBT
andDBT seawatertrends,asregardsthespeciation
thereweredifferencesbetweenorganotindistribu-
tions in seawatersamplesandtissues:for instance

the lowest TBT concentrationvalue in seawater
(225nglÿ1) correspondedto its highestpercentage
(71%),while thatin gills (2.5�g gÿ1) corresponded
to its lowest(34%).

CONCLUSIONS

The results obtained by analysingseawaterand
musseltissuessampledin theGenoaoil port show
thatbutyltin compoundsarepresentin this location.
In particular,TBT levelsdeterminedin waterwere
at high concentrations,owing to continuousinput
from vessels(despiteareductionin directTBT use)
and also due to poor water turnover in the basin.
Data were compared with those available for
Mediterraneanwaters,with particularreferenceto
the Northern Tyrrhenian and Ligurian seas,17,18

wheretherearesimilar or higherconcentrationsin
commercialharbourswith higherboatdensityand
traffic compared with to the Genoa oil port.
Thereforethe releaseof TBT from oil tankershas
to be consideredrelevant, even if thesevessels
spendfew daysin thebasin.

DBT and MBT were also presentbecauseof
degradationprocessesin the water column,while
contributionsfrom otherapplicationswerethought
to be negligible. Butyltins were predominantlyin
thedissolvedphase;however,little correlationwas
found between suspendedsolids and organotin
compoundconcentrations.Regardingthe specia-
tion, differenceswere found in the distribution of
speciesbetweensummerand winter samples,the
latter being the degradationproductsprevalentin
springandsummer.

Mussel tissues,particularly gills, reflected the
organotinvariationsfoundin thesamplingperiodin
theseawater.Comparingtheresultswith otherdata
on the speciation of organotin compounds in
musselssampledin different seasons,we empha-
size that in our caseno differenceswere found in
the distribution of speciesbetweensummerand
winter samples.In fact, evenif seasonalvariations
in concentrationsaredetected,TBT wasprevalent
in all seasons.Moreover, the total organotin
compound content in mussel tissues was not
differentfrom thevaluesfoundin ourstudycarried
out in the same location in 1995,19 but the
speciationwasdifferent, DBT being the prevalent
speciesin 1995monitoring,revealingchangefrom
year to year. We cannot confirm whether these
differencesarerelatedto differentbutyltin inputsin

Figure 3 Comparisonof tributyltin and dibutyltin trendsin
filtered seawatersampleswith tributyltin anddibutyltin trends
found in musselgills.
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the basinor to different metabolicratesin organ
tissues.

There are few reportson tetrabutyltin (TTBT)
distributionalongthewatercolumn,it beingalways
belowthedetectionlimits. Fromanecotoxicologi-
cal point of view, tetraorganotinswere found to
exhibit a toxic effect becauseof their transforma-
tion to triorganotins, which can express their
toxicity through different cellular mechanisms.
Moreover, in our study we did not pay attention
to this form, becauseit is well known that the
maximum biological activity is related to the
triorganotin compounds,which are used for this
reasonasantifouling agents.
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