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The concentration of tributyltin (TBT) in sur-
face water from Osaka Bay ranged from 0.023 to
0.061mg lÿ1 in 1989 and from not detected (ND)
to 0.059mg lÿ1 in 1990 while the proportion of
TBT as a percentage of the total butyltins (BTs)
was more than 40%. The concentration of TBT
was also surveyed in the Port of Osaka and the
Yodo River basin. TBT levels were highest in the
estuary (the Port of Osaka), followed by sea
areas (Osaka Bay) and rivers (Yodo River
basin). A fairly high correlation coefficient
between TBT concentration and salinity in
water from the estuary and the sea areas was
observed. This result shows that the TBT in the
estuary water is diluted by seawater. Generally,
the TBT concentrations in the water columns
were distributed uniformly and the composition
of the BTs was also constant. TBT was detected
in sediment from Osaka Bay in the range from
ND to 0.023 mg kgÿ1 dry weight with a high ratio
of monobutyltin (MBT) to the total BTs. TBT in
sediment core was also measured; its concentra-
tion decreased with core depth. It was estimated
from these measurements that the release of
TBT into Osaka Bay began in the 1960s.# 1998
John Wiley & Sons, Ltd.
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INTRODUCTION

Tributyltin (TBT) have been widely used as a

biocide in antifouling paints. However, it was found
to cause damage to the marine organisms, such as
imposex and deformity in molluscs.1 Investigation
of the aquatic environment has shown that high
concentrations of TBT have frequently been found
in water, sediment and biota from coastal area.2,3

Cocchieriet al.4 also reported that organotin (OT)
concentrations exceeded the level that was toxic to
certain sensitive marine species, even in the
relatively uncontaminated areas of the Gulf of
Naples. It was also reported that TBT concentra-
tions in sediment from San Diego Bay ranged from
0.002 to 1.1 mg kgÿ1 dry wt during 1988–1990.5

There are thus many reports of contamination with
OTs in Europe and the USA. However, reports on
the current status of OTs in Japan have been
comparatively few.6

TBT leached from paint is extremely active and
the most important sink process is adsorption to
particulate material with subsequent sedimentation.
It is well known that TBT concentrations in
sediment are a thousand times higher than in
water.7 OTs are also stable in sediment.8 it is
therefore important to clarify the vertical distribu-
tion of butyltins (BTs) in sediment cores in order to
elucidate the history of OT contaminants.

The object of this research is to assess the extent
of TBT contamination as well as the presence of its
degradation products such as dibutyltin (DBT) and
monobutyltin (MBT) in Osaka Bay, and to estimate
temporal trends from profiles of OTs in sediment
core.

MATERIALS AND METHODS

Sampling Procedure

Figure 1 shows the sampling sites. Osaka Bay is
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locatedin mid-westernJapanandits averagedepth
is about30m. Theperipheralareaof OsakaBay is
an industrial zone with trading ports, industrial
plant and similar installations.Many rivers flow
into OsakaBay, Yodo River is the largestof them
andits dischargecomprisesabout80%of the total
river dischargeinto the bay. The Port of Osaka,
situatedin thenorth-eastof thebay,is a prominent
internationaltradingport in Japan— about80 000
shipsenterthePortof Osakain a year.

Both water and sedimentsamplesfrom Osaka
Bay werecollectedfrom 15 sitesin Novemberand
December1989,and25 sitesin May 1990.Water-
columnandsedimentcoreswere takenat stations
A1–2 and at station A3, respectively. Water
samplesfrom rivers (Yodo river basin)weretaken
from 10 sitesin February1989andMay 1990,and
estuarywater and sedimentsamples(the Port of

Osaka)were taken from four sites in December
1989andMay 1990.

Determination of sedimentation
rate

Sediment(3 g) from stationA3 in OsakaBay was
driedat105°C.Theactivitiesof radionuclides238U
and210Pbin thissedimentsampleweredetermined,
using a g-ray spectrometerwith a planerGe (Li)
detector,from the areasof the photopeaksdue to
63.1-keV g-rays of 234Th (daughter nuclide of
238U), 67.4-keV g-rays of 230Th and 46.5-keV g-
raysof 210Pb.9 In orderto calculatethesedimenta-
tion rate, it is assumedthat (1) the flux of excess
210Pb to the sedimentationis constant, (2) the
sedimentationrateis constantat all times,(3) there
is nopostdepositionalmigrationof 210Pbwithin the

Figure 1 Samplingsites.
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sedimentand(4) depthprofiling of 210Pb-supported
238U in thesedimentis notuniform.Theaccumula-
tion rate at the surfacewas calculatedfrom the
vertical distributionof excess210Pb.10

Analytical procedure

The methodusedfor the determinationof BTs in
waterandsedimentwasbasedon thatof Harinoet
al.,11 with somemodifications.Analytical proce-
duresareexplainedbriefly in the following. Water
samples(1 l each)wereextractedtwice with 0.1%
tropolone–benzenesolution after adding1 M HCl
solution. The benzene layer was dried with
anhydrousNa2SO4 andconcentratedto 1 ml. After
propylationwith n-propyl magnesiumbromide,the
analyteswere determinedusing a gas chromato-
graphequippedwith a flamephotometricdetector.

Portionsof sediment(10g)wereextractedtwice
with acetone after addition of 1 M HCl. The
supernatantwas re-extracted with 25% NaCl

solution and 0.1% tropolone–benzene.Inorganic
sulphur-containingspeciesco-extractedwith the
analyteswere removedwith tetrabutylammonium
hydrogensulphate–sodiumsulphide. The organic
layer was concentratedto 1 ml after drying with
anhydrousNa2SO4. Furtherprocedureswereiden-
tical with thosefor watersamples.OTsconcentra-
tions are expressedas those of the cation. The
recoveriesfor OTsweretypically in the range73–
100%in waterand68–109%in sedimentsamples,
while the detectionlimits for water and sediment
sampleswere0.003mg lÿ1 and0.005mg kgÿ1 dry
wt, respectively.

RESULTS AND DISCUSSION

Butyltins in water

Figure 2 showsthe distribution of BTs in water

Figure 2 Horizontaldistributionof butyltins in waterfrom OsakaBay in 1989.
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from Osaka Bay in 1989. TBT concentrations
ranged from 0.023 to 0.061mg lÿ1 and were
distributed uniformly at 15 sites in OsakaBay.
This is due to TBT from sailing vessels.On the
otherhand,it is reportedthat TBT is degradedto
DBT and MBT by bacteriain water12,13 and the
half-life of TBT is in the rangeof 4–19days.14,15

FurthermoreSeligmanet al.16 report that TBT is
adsorbedto particulatematerial easily, with sub-
sequentsedimentation.Howeverthe ratio of TBT
to the total BTs in water from OsakaBay was
generallyhigh, suggestingrecentinput from ships.

BTs in water werealsomeasuredat 25 sitesin
OsakaBay in 1990.The concentrationof TBT in
water from OsakaBay rangedfrom not detected
(ND) to 0.059mg lÿ1 andwasthesameasin 1989.
Theconcentrationof TBT in theestuary(thePortof
Osaka)andtherivers (Yodo River Basin)wasalso
investigatedandcomparedwith thatin theseaareas
(OsakaBay) (Fig. 3a).The concentrationsof TBT
in the estuarywere the highestamongthe three

Figure 3 Levelsof butyltinsin waterandsedimentfrom OsakaBay,thePortof OsakaandtheYodoRiverbasinin 1990.Solid lines
andcirclesindicaterangesandmedians,respectively.

Figure 4 Correlation between concentrationof TBT and
salinity in water.

Figure 5 Vertical distribution of butyltins in watercolumns
from stationsA1 andA2 in OsakaBay.
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areasand was in the range0.040– 0.067mg lÿ1.
The levels of TBT in the seaareaswere lower,
while TBT was scarcely detectedin the rivers,
whereMBT andDBT werehoweverpresent.

Figure 4 shows the correlation betweenTBT
concentrationand salinity in water from the sea

areasandthe estuary.The graphhada downward
slope, showing that the lower the salinity, the
higherthe TBT concentrationin water.This result
indicatesthat the estuaryis heavily contaminated
with TBT and that TBT from the estuaryto off-
shoreis diluted with seawater.

Figure 6 Concentrationof butyltins in sedimentfrom OsakaBay in 1990.
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TheBTsin thesurface,middleandbottomlayers
of the water columns are shown in Fig. 5. The
concentrationof TBT at stationsA1 (water depth
14m) and A2 (water depth 20m) were almost
uniform throughoutwater column. The composi-
tion of the BTs was also uniform throughoutthe
water column. The salinity in the surface
(A1:28.36, A2:32.34), middle (A1:30.89,
A2:32.34)andbottom(A1 31.98;A2 32.34)layers
was also almost the same, suggestingvertical
mixing. Accordingly, differences in the OTs
concentrationwere not observed in the water
columns.

Butyltins in sediment

Figure 6 showsthe TBT concentrationsin sedi-
mentsfrom OsakaBay andthePortof Osaka.The
concentrationsof TBT in OsakaBayandthePortof
Osakarangedfrom not detected(ND) to 0.023mg
kgÿ1 dry wt andfrom 0.011to 0.692mg kgÿ1 dry
wt, respectively,showingthatthePortof Osakahad
higher TBT levels in sedimentthan OsakaBay
(Fig.3b).This investigationwascarriedout before
the regulationof TBT. It is thereforedifficult to
comparetheseresults with TBT levels in other
areasof Japanafter regulation.However,as it is
reported that TBT in sediment is stable,8 TBT
levelsin sedimentfrom OsakaBay andthePortof
Osakawerecomparedwith thosein sedimentfrom
IseBay, which is adjacentto OsakaBay, in 1992.6

The concentrationof TBT in Ise Bay rangesfrom
ND to 0.11mg kgÿ1 dry wt. The concentrationof
TBT in the Port of Osakawas remarkablyhigh
comparedwith thatof IseBay.

Becausethe Port of Osakais an international
trading port, thereare many mooringsand heavy
seatraffic, andit is a zoneof poorflushing.This is
why the level of TBT is high in the estuary.The
ratioof TBT to thetotalBTswashigh in thePortof
Osaka,whereasMBT wasdominantin OsakaBay.
ThismeansthattheTBT loadingof sedimentin the
Portof Osakais higherthanin OsakaBay.

Figure 7 shows the concentrationof BTs in
sedimentcore from OsakaBay. The descending
orders of BT concentrations were
MBT > TBT>DBT in surface sediment. It is
reportedthat TBT persistsfor severalyearswithin
sediment.7 Accordingly, it is possibleto estimate
the times whenreleaseof TBT beganin this area
from the profile of TBT in sedimentcore. The
concentrationof TBT in thetop 10cm from station
A3 washigherthanin theothersedimentcore.The
deposition rate of sediment at station A3 was

estimatedto be3.1mmperyear.Consequently,it is
estimatedthat TBT hasbeenusedsinceapproxi-
mately 1960s. Our results were therefore in
agreementwith thegeneralassertionthat TBT has
beenin usesincethe 1960s.BTs weredetectedin
segmentsfrom less than 10cm deep(especially,
sedimentat depths between18–20cm and 26–
28cm). It maybe thebioturbation.

CONCLUSION

A relatively high concentration of TBT was
observedin water and sedimentfrom OsakaBay
in comparison with other areas of Japan. In
particular, TBT in estuarysamplesshowedhigh
levels.Theseresultsindicatedthat themainsource
of TBT is sailingvessels.To decreaseTBT levelsin
the aquaticenvironment,the useof TBT on ships
shouldthereforebecontrolled.

The relationshipbetweenthe depositionrate of
suspendedsolid (SS) in sedimentand the TBT
concentrationin sedimentcoressuggestsestimated
that useof TBT in this areastartedin the 1960s.
Furtherstudyis requiredto monitorOT concentra-

Figure 7 Vertical distribution of butyltins in sedimentcore
from stationA3 of OsakaBay.
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tions in eachareaof the aquaticenvironment,in
orderto clarify the temporaltrend.
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