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Fate of '*C-labeled Tributyltin in an Estuarine
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Shugui Dai,* Guolan Huang and Chunjiang Chen
Department of Environmental Science, Nankai University, Tianjin City, 300071, China

A radiotracer experiment was conducted in a
controlled experimental ecosystem (microcosm)
to determine the persistence and behavior of
tributyltin (TBT) under conditions simulating a
temperate, shallow estuarine ecosystem. Radio-
labeled TBT was introduced to the estuarine
microcosm, which contained estuarine water,
sediment and fish. TBT and its degradation
products were monitored for 40 days. TBT
rapidly distributed among the compartments of
the microcosm. The TBT half-life in the water
column was 2.55 days for the first 11 days and
then slowed to 13.4 days. More than 60% of the
TBT and its metabolites were found in the
sediment, indicating that the sediment was an
important sink for butyltins. Higher concentra-
tions of butyltins, relative to the water column
concentrations, were found in the surface micro-
layer. TBT could be bioconcentrated by the fish
to levels more than 200 times the exposure con
centration, and underwent rapid degradation in
the fish body, so that high concentrations of its
metabolites were found in the fish. The concen-
trations of TBT adsorbed on the suspended
particles were three orders of magnitude greater
than that in dissolved form. © 1998 John Wiley
& Sons, Ltd.
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INTRODUCTION

In recent years, pollution with tributyltin (TBT)
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compounds used as an antifouling paint has been
frequently reported in many aquatic areas over the
world.* Several countries have banned the use of
TBT-containing paints on boats less than 25m in
length, for its extreme toxicity to marine organ-
isms? To assess the risk to the environment from
TBT, it is necessary to know both the effects of the
chemical and its fate in the environment. Previous
studies concerning TBT in the ecosystem focused
mainly on the individual processes, such as adsorp-
tion onto sediment and suspended patrticles, degra-
dation in sediment and water, enrichment at the air—
water interface and bioconcentratidronly a few
studies investigated the persistence and behavior of
TBT at systematic level.

A radiotracer experiment in a controlled experi-
mental ecosystem (microcosm) has been conducted
in this study to determine the persistence and
behavior of TBT under conditions simulating a
temperate, shallow estuarine ecosystem. Radio-
labeled TBT was added to the estuarine microcosm,
which contained estuarine water, sediment and fish,
then the distribution of labeled TBT and its
degradation products, dibutyltin (DBT) and mono-
butyltin (MBT), were followed for 40 days.

EXPERIMENTAL

Reagents

Tributyltin chloride, dibutyltin dichloride, mono-
butyltin trichloride and tropolone were obtained
from Aldrich Corp., Milwaukee, WI, USA. Trix-
[1-*“C]butyltin chloride was a gift from Professor
Dr Kenneth R. Hinga, University of Rhode Island,
NY, USA. The manufacturer (Amersham Corp.)
gave the specific activity of the compound to be
21 mCimmol?. The TBT as received had con-
taminants and it was cleaned before use by
preparatory thin-layer chromatography (TLC) to
purity as determined by TLC and

Jiquid scintillation counting (LSC) analysfSAll

solvents were of pesticide grade.
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Estuarine microcosm

The estuarinemicrocosmwas a glasstank, 0.9m

long, 0.3m wide and 0.5m high, containing 100
dm® of estuarinewater and a 2cm layer of

sediment.Sedimentand water were taken from

the adjacentHaiheriver estuary,Tianjin, China,a
fairly typical estuarineecosystem.The sediment
wasexaminedo pick outlargeshellsandpiecesof

gravel, and the water was not modified. The
temperaturef the waterin the tankwascontrolled
at 25+ 1°C. Air was gently bubbled up from

halfway downthe waterdepththroughairstonesto

supplyoxygen.n theexperimentaperiod,acertain
amountof distilled waterwasaddedeveryevening
to compensatdor the evaporatedwvater. Twenty
fish (Tilapia), purchasedfrom the Institute of

Aquaculture,Tianjin City, were put in the micro-

cosm after they had been acclimatized in the
laboratoryto 25+ 1 °C, 15%. salinity for abouta
week, i.e. in the same conditions as in the
microcosm.The fish were 8-10cm long and the
wet tissueweight was about 10-12g. Cool-white
fluorescentampswereusedasthe simulatinglight

sourcewhichinducedalight intensityof 6000Ix at

the water surface with a 12h:12h light: dark
photoperiod.lt should be noted that neither the
short-wavelengthspectrumnor the full potential
intensity of natural sunlight was simulated. The
microcosmwasinstalledin a ventilation systemin

the laboratory,which was licensedfor radiotracer
work.

Spiking and operation

On 11 April 1996,8.84Ci of tri-n-[1-**C]butyltin
chloride dissolvedin ethanolwas introducedinto
themicrocosmo give aninitial concentratiornin the
waterof 500ngSnl.

Samplesof every component(water, surface
microlayer, sedimentand fish) of the microcosm
were taken at certainintervals. At eachtime, the
surfacemicrolayerwas collectedby a glassplate
sampler,which could collect a layer 60—-100um
thick.? Watersamplesveresiphonedout througha
glasspipe at the half-depthof the water column,
thenanaliquot of eachwatersample(100-500ml,
unfiltered) was extracted directly, and another
aliquot was filtered through a weighed 0.45um
Microporefilter. Thefilter wasweighedat dryness
to calculatethe concentrationof suspendegarti-
clesin the water sample.Sedimentsamplegeach
about 20g) were collected by a home-made
samplerwhich could collect the top 2 cm layer of

© 1998JohnWiley & Sons,Ltd.

the sedimentin the microcosm.Two or threefish
were caughtat eachtime. In order to keep the
proportionof thefishrelativelyconstantthesecond
batchof fishwereputin themicrocosmonthe 11th
day. The two batchesof fish were sampledand
analyzedseparately.

Analysis

A brief descriptionof the analytical proceduress
providedhere.Furtherdetailsof the extractionand
separationby thin-layer chromatography(TLC)
may be foundin Ref. 8. Water samplequnfiltered
and filtered) and surface microlayer samples
acidifiedwith hydrobromicacid were extractedby
0.1%tropolonein benzeneThebenzenghasevas
transferredo a glass-stopperedraduatedubeand
was evaporatedo 0.3ml undera gentlestreamof
air atroomtemperatureWholefishwasdigestedn
10% TMAH (tetramethylammoniumhydroxide)
solution at 60°C for 1 h. After being cooled,the
solution was neutralizedwith 50% hydrochloric
acid (HCI) to pH 8 + 0.2, and was extractedwith
0.3% tropolonein a mixture of ethyl acetateand
hexane (3:2). The mixture was centrifuged at
3000rpm for 10min. The organic phase was
withdrawn, dried with anhydroussodium sulfate,
and evaporatedo 0.3ml. Wet sedimentsamples
wereacidifiedwith aceticacidandextractedor 2 h
with 0.3% tropolonein a mixture of benzeneand
hexane (1:2). The mixture was centrifuged to
withdrawthe organicphasethenthe organicphase
was dried with anhydrous sodium sulfate and
evaporatedo 0.3ml.

A 100-200ul portion of each concentrated
extract was separatedby TLC. Silica-gel G60
TLC plateswere usedand the mobile phasewas
isopropy! ether—aceticacid (97:1) mixture. This
conditiongaveR; valuesof 0.88for TBT, 0.37for
DBT and0.004for MBT. Asreferencesnonlabeled
standardsof butyltin chlorides (TBT, DBT and
MBT) were visualized by spraying with Pyro-
catecholViolet in ethanolanddithizonein chloro-
form. The appropriate sections of TLC plate,
containingthe extractedsamplescorrespondingo
the locations of the standardswere cut out and
determinedby LSC (Beckmanmodel 5801). All
countswere correctedfor backgroundand count-
ing efficiency. The concentrationsof TBT, DBT
and MBT were calculatedfrom the counts, the
specific activity of each compound and their
recoveries.The limits of detectionfor TBT, DBT
and MBT are 0.059ngSn, 0.12ngSn and
0.18ng Sn, respectively.
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Table 1 Massbalanceof butyltins

Day 1 Day 4

Total butyltins TBT Total butyltins TBT

(ng) (%) (19) (%) (ng) (%0) (ng) (%)
Filteredwater 15.9 31.9 9.32 21.7 8.46 17.8 2.99 9.3
Suspendegarticles 2.3 4.6 3.18 7.4 4.64 9.8 3.58 11.2
Sediment 30.8 61.8 29.8 69.3 33.2 70.0 24.6 76.9
Fish 0.859 1.7 0.700 1.6 1.11 2.3 0.844 2.6
Microcosm 49.9 100 43.0 100 47.4 100 32.0 100
Recoverieq%) 99.7 86.0 94.8 64.0

RESULTS AND DISCUSSION

Changesin the concentrationsof TBT and its
metabolitesin eachphaseof the estuarinemicro-
cosm are shownin Figs 1-7 (below). The mass
balancesverecalculatedor thefirst andthefourth
daysto showthefate of butyltinsin the microcosm
(Table 1). Recoveriesare given in terms of the
amountof butyltin determinedas a percentageof
thatintroducedinto the microcosm After TBT was
addedto the water of the microcosm,it rapidly
distributedto the sediment,the fish and the sus-
pendedparticles.More than 60% of the substance
andits metabolitesn the microcosmwasfoundin
the sediment,indicating that the sedimentwas an
importantsink for butyltinsin the aquaticenviron-
ment. From 25.4 to 54.3%of tributyltin and from
12.6to 35.4%of total butyltinsin thewatercolumn
were associatedwith the particulate phase. So
particulate depositionand sedimentresuspension
may be animportanttransporiprocesdor butyltins
betweenthewatercolumnandthe sedimentin the
early stagesafter TBT had beenintroducedto the
aguaticenvironment,degradatiorof TBT wasnot
significant,and the importantfactorswhich influ-
encedthe changesin TBT concentrationin the
waterwerethe transportprocessesf TBT among
the compartment®f the aquaticenvironment.
TBT concentrationsn the unfilteredwater, the
filtered waterandthe surfacemicrolayerdecreased
rapidly in the first few days, then the rate of
decreaseébecamerelatively slow (SeeFigs 1-3).
Table2 providesTBT half-livesin the waterphase
calculatedon the basisof regressionanalysisof
TBT loss accordingto first-order kinetics. TBT
half-livesin thewaterphasdor thefirst 11 daysare
shorterthanthosefor days12 to 39, becauserBT
could be rapidly removedfrom the waterphaseby
the distributionprocesse the early stagesof the
experimentThehalf-livesof TBT in the unfiltered

© 1998JohnWiley & Sons,Ltd.
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Figure 1 Changesof butyltin concentrationsin unfiltered
waterwith time.
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Figure 3 Changesof butyltin concentrationsin surface
microlayerwith time.

Table 2 Half-lives of TBT calculatedfrom linear regression
of disappearancef TBT parentcompound

Half-life of TBT (days)
Days0-39 Days0-11 Days12-39

Unfiltered Water 7.77 2.55 13.4
Filtered Water 7.92 2.34 13.7
Surfacemicrolayer 8.36 2.96 125

Table 3 Ratiosof butyltin concentrationsn surfacemicro-
layerto thatin unfilteredwater

Time (days)
1 4 7 11 14 18 21 25 32 39

TBT 1.07 1.12 1.06 1.651.541.24 1.56 1.26 1.271.36
DBT 0.2970.3330.4505.00 2.000.1705.52 — 1.541.41
MBT 2.12 — 6.01 — — 145 1356.21 — 2.83

water,thefiltered waterandthe surfacemicrolayer
are approximately similar, indicating that the
transportprocessesf TBT betweenthe waterand
the suspendedpatrticles, the bulk water and the
surfacemicrolayerareextremelyfastrelativeto the
TBT degradationprocess.The half-lives of TBT
degradationin natural water rangedfrom several
days to several weeks*®™? these experimental
resultsarein agreementith previouswork.
Theratiosof butyltin concentratiornin thesurface
microlayer to that in the unfiltered water were
usually higher than one, indicating that butyltins

© 1998JohnWiley & Sons,Ltd.

Figure 4 Change®f butyltin concentrationgn sedimentvith
time.

enrichmentcould occurin the surfacemicrolayer
(Table3).

Tributyltin appearedo concentratdn the sedi-
ment. In the early stagesof the experiment,TBT
concentrationin the sedimentrapidly increased,
thenit decreasedlongwith the decreasef TBT
concentrationn thewatercolumn(Figure4). It can
be concludedthat the transportprocessof TBT
betweenthe water column and the sedimentwas
fast and reversible. Tributyltin adsorbedon the
sedimentcould returnto the watercolumnthrough
simpledesorptionsedimentesuspensionr inges-
tion by benthic biota. Thus, the biological avail-
ability andtoxicologicalsignificanceof residuesof
tributyltin in the sedimentshould be paid special
attention.Thepartitioncoefficient(K,) betweerthe
sedimentandwater may be calculatedby dividing
theTBT concentrationn thesedimenby thatin the
filtered water. During the experimentalperiod, the
partitioncoefficientfor TBT in thesedimentanged
from 11.1to 1171 kg™ *. Severalresearcherfave
shownthatthe equilibrium partition coefficientsfor
TBT in the sedimentrangedbetweenl(” and 10" |
kg~134131% The partition coefficient obtained
from this experimentis relatively low, mainly
becausehe partitioning processof TBT between
the sedimentand the water did not reach equili-
brium due to the rapid biological degradationof
TBT in the sediment.Concentration®f DBT and
MBT in thesedimendid notincreasesignificantly,
indicatingthatthey might be degradedo inorganic
tin undertheseexperimentakonditions.

TBT could be removed from the water and
accumulatedby the fish. At the beginningof the

Appl. OrganometalChem.12, 585-590(1998)
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Figure 5 Changeof butyltin concentrationsn fish (batch1
only) with time.
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Figure 6 Change®f butyltin concentrationsn fish (batchl,
andbatch2 addedon day 11) with time.

experimenthe TBT concentratiorin thewaterwas
high, sothefirst batchof fishtookup TBT from the
watermorerapidly thanthe seconcatch(SeeFigs
5 and6). The maximumaccumulatiorfactors(con-
centrationin fish/concentratioin filtered water) of
the two batchesof fish are 4341 kg~ and 295 |
kg™, respectively Higher DBT andMBT concen-
trationswerefoundin thefish, indicatingthatonce
TBT wastakenup by the fish this chemicalcould
undergaapiddegradatiorin thefishbody.Because
of themetabolisnof thefishandthedecreas the
uptakerate dueto the declineof the TBT concen-
tration in the water,the TBT concentratiorin the
first batchof fish decreasedwith time afterreaching
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Figure 7 Changesof butyltin concentrationson suspended
particleswith time.

the maximum accumulationfactor (Fig. 5). After

the secondbatch of fish were put into the micro-

cosmonthellthday,the TBT concentratiorin the

waterdeclinedslowly andbecameelatively steady
(Figs 1-3). Thus the TBT concentrationin the

secondbatchof fish couldincreaseuntil it reached
the accumulatiorfactor of 2951 kg™* on the 39th

day.

Butyltin concentrationsadsorbedon the sus-
pendedarticleswerecalculatedrom butyltin con-
centrationsin the waterand the filtered water and
the concentration®f the suspendegarticlesin the
water. Butyltin concentrationson the suspended
particles were affected by many factors such as
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Figure 8 Changesof TBT distribution coefficients on
suspendegbarticleswith time.
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butyltin concentrationsn the dissolvedstate,the
concentrationsof the suspendedparticlesin the
water and the ratesof particulatedepositionand
sedimentresuspensionChangesin butyltin con-
centrations on the suspended particles were
therefore complicated (Fig. 7). The distribution
coefficients(concentratioron the suspendegarti-
cles/concentratiorin the filtered water) of TBT
tendedto increasewith time dueto the declineof
both the TBT concentratiorand the concentration
of the suspendedarticlesin the water (Fig. 8),
when the fish underwenta violent perturbation,
much sedimentbecameresuspendedh the water
columnandso the distribution coefficientsof TBT
for the first andthe 14th dayswererelatively low.

CONCLUSIONS

Once TBT was introducedto one compartment
(suchaswater) of the microcosm,it would rapidly
distribute among all the compartmentsof the
microcosm.The factors which affect the ratesof
TBT transport processesamong the different
media, such as water current velocity, tides and
perturbation of the organisms,would have sig-
nificant effectson the distribution of TBT among
the mediain the aquatic environment. TBT was
mainly removed from the water column by
degradatiorandpartitioningto sedimentSediment
was an importantsink of TBT in the microcosm.
TBT could be bioconcentratedby fish andrapidly
degradedn fish bodies.The concentration®f the
metabolitesof TBT did not increasesignificantly,
indicating that the metabolitesDBT and MBT
could be rapidly degradedo inorganictin.

© 1998JohnWiley & Sons,Ltd.
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