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Transplanted common whelk {Buccinum undatum) 
(Mollusca, Gastropoda) accumulated fairly high levels of 
organotins (tributyltin (TBT) and triphenyltin (TPT)) 
during exposure in three harbours with different TBT 
contamination. This did not though lead to an increase in 
imposex frequency in the adult females studied. Simu
lating harbour dredging in an experiment using sus
pended sediment from one of the harbours only resulted 
in a low concentration of TBT in the tissues of the 
common whelk and subsequently no changes in the oc
currence and degree of imposex. The common whelk 
seemed to receive the main part of TBT from the water 
column and the limited bioaccumulation in the experi
ment indicates that desorption of TBT from the sus
pended sediment was slow. After TBT has been totally 
banned, dredging of contaminated sediments will cause 
increased exposure of the biota to TBT. Due to slow 
desorption the increase may however, be slight and 
temporary to pelagic and epibenthic species unless the 
settled particles are resuspended. © 2001 Elsevier Sci
ence Ltd. All rights reserved.

Keywords: Buccinum undatum; organotins; TBT; sedi
ment; dredging; harbours; bioavailability.

Organic tin com pounds from  antifouling paints have 
received m uch attention during the last decade because 
o f their strong effects on m arine organism s at low con
centrations. This has been particularly  evident for gas
tropod  snails and bivalve molluscs (Alzieu, 1991; Bryan 
and G ibbs, 1991), which show m alform ations a t con-
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centrations as low as 1-2 ng I-1. This is seen in female 
gastropods as developm ent o f male characteristics (penis 
and vas deferens, termed imposex) and can lead to ste
rility o f the females at higher concentrations.

Despite restrictions on the use o f tributyltin (TBT) in 
m any countries in the late 1980s, occurrence o f imposex 
is still extensive in m ost oceans and has increased in 
some areas (M inchin et al., 1995). The effects o f o r
ganotins are m ostly seen in areas with extensive shipping 
activity (harbours, shipyards, shipping lanes; ten Hal- 
lers-Tjabbes et al., 1994). D ue to the often slow degra
dation o f TBT and its derivatives (dibutyltin (DBT); 
m onobutyltin  (MBT)) and their affinity to  particulate 
m atter (Langston and Pope, 1995), these are readily 
accum ulated in harbour sediments and  may be present 
there during long time (de M ora et al., 1995). In low 
tem perature regions this may be especially pronounced 
as the grow th and activity o f TBT-degrading m icroor
ganisms are tem perature dependent (Stewart and de 
M ora, 1990; Stewart and Thom pson, 1997). Little is still 
known o f the effects on m arine organisms o f dredging 
operations in TBT-contam inated sediments (ten Hallers- 
Tjabbes et al., 1994).

The aim o f the present study was to assess the bio
availability o f organotins, in particular TBT, in har
bours a t northern  latitudes and effects due to harbour 
dredging. We placed adult specimens o f the common 
whelk, B. undatum  (M ollusca, G astropoda), in harbours 
to determ ine bioaccum ulation and developm ent o f im
posex and  used field-contaminated harbour sediment in 
the laboratory  to simulate effects o f dredging on bioac
cum ulation and imposex development in the whelks. 
The degree o f imposex developm ent in this species has 
earlier , been related to field concentrations o f  TBT (ten 
H allers-Tjabbes and van H attum , 1995), although other
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studies have not shown correlation between imposex 
and  tissue concentrations o f butyltins (Nicholson et al., 
1998).

M a te ria ls  and M ethods

Field studies
In the field studies adult whelks were transplanted 

from  a clean area to three Icelandic main seaports. All 
individuals used in the studies were collected in Brei- 
dafjordur, western Iceland, far from  seaports and m ajor 
shipping routes (reference area, « 6 5 o05'N, 22°26/W). 
W helks were placed in 3-4 cages in each o f the harbours 
o f  Reykjavik, H afnarfjordur (both with intensive ship
ping and  shipyards) and Straumsvik (0-2 large cargo- 
ships, no shipyard), all in southwestern Iceland 
(64°09'N, 21°56/W , 64°04'N, 21°57/W  and 64°03/N, 
22°02'W , respectively), at different seasons. Only active 
specimens were random ly picked from  a large tank and 
50 random ly selected specimens were immediately fro
zen for later analysis of imposex and  organotin con
tam ination. The cages were placed on the bottom  o f the 
harbours a t depths from  2 to 9 m  depending upon the 
tides (tidal range £¿4 m). The whelks were fed with fresh 
haddock fillets every week or every fortn ight and starfish 
(.Asterias rubens) having entered the cages, were re
moved.

W helks were random ly picked from  the cages after 4 
to 20 weeks and immediately frozen. Prior to analysis 
the whelks were allowed to thaw slightly. The shell was 
then broken in a vice and the weight o f soft tissues 
m easured. The vagina and the gonads were dissected 
and weighed. Each individual was then searched for 
indication o f imposex (see M ensink et al., 1997; the 
scheme is according to suggestions o f  the OSPAR 
Training W orkshop on TBT Effects, Aberdeen, Sep
tem ber 1997), which included the presence o f penis and/ 
or vas deferens in the females. The outline o f the penis 
and/or the vas deferens was drawn under cam era lucida 
and the length o f the penis calculated from  the drawing. 
All specimens were then immediately frozen for chemi
cal analysis. Feral whelks were captured in traps near 
Straum svik harbour and treated in the same way as the 
whelks placed in cages.

Incubating semipermeable m em brane devices 
(SPM D; Huckins et al., 1996) in cages close to the whelk 
cages m onitored the organotin contam ination in the 
w ater colum n o f Reykjavik and  Straum svik harbours. 
T he m em branes were replaced every fourth  week. 
Tem perature was m onitored at the same time with 
continuously measuring loggers.

Laboratory experiment
A  continuous flow experiment with seawater was run 

in the laboratory  a t the M arine Research Institute 
(M R I) facilities in Grindavik, southw estern Iceland. 
Two experim ental set-ups were used, one at 2.9 ±  0.5°C 
and  one a t 8.0 ±  0.5°C in order to simulate sum m er and

winter conditions. The seaw ater originated from  an in
land drilling hole, delivering totally sterile bu t fully sa
line seawater from a p o ro u s  lava-field and  unaffected b> 
hum an activities. The flow of seaw ater was kept con
stant by means of a delivery box system (G ranm o and 
Kollberg, 1972). All the glass aquaria  contained a layer 
o f 5 cm sediment, e ither TB T-contam inated harbour 
sediment or sediment fro m  a clean reference site. H alf of 
the aquaria with contam inated  sedim ent were continu
ously supplied with suspended contam inated sediment. 
The stock suspension w as on an average stirred for two 
days and was dosed by a  peristaltic pum p to the aquaria 
w ith a dilution o f 1:40 to  obtain a  turbid ity  o f 10 N T U  
(nephelometric tu rb id ity  units, corresponding to 26 mg 
I-1 sedim ent dw.).

The contam inated sedim ent used was collected in 
H afnarfjordur harbour which has a considerable ship
ping activity and shipyards. The sedim ent was taken 
with a Shipek sedim ent sam pler from  a locality, where 
large vessels (trawlers, freight ships and oil tankers) 
frequently appear. E ach  sample originated from the 
upperm ost 5 cm o f the b o tto m  sediment. This part o f the 
harbour had  not been dredged for a num ber o f years. 
Reference sediment was collected far from  any harbour 
on an intertidal fiat in Laxarvogur, southw estern Ice
land (64°21'N, 21°40/W ), where previous investigations 
showed the absence o f  imposex in Nucella lapillus 
(Svavarsson and Skarphéöinsdóttir, 1995). A t both lo
calities very fine m ud w as sampled.

All specimens used in the experiment were randomly 
selected females. In addition 13 specimens from the 
same population were analysed at the beginning o f the 
experiment for the presence of imposex. All remaining 
specimens were kept frozen until later analysis. The 
animals used in the laboratory  experiment were allowed 
to acclimatize in aquaria  with 7°C running seawater for 
>  one week prior to the experiment. The whelks in the 
laboratory  were fed weekly or each fortnight. The 
specimens were examined after 8 weeks (2.9°C) or 12 
weeks (2.9°C and 8.0°C).

Chemical analyses
Five specimens were random ly selected from  each 

field study and sam pling tim e or from each aquarium  in 
the laboratory experiment. The m aterial was immedi
ately frozen. Later, after thawing, the samples were 
homogenized, weighed and freeze-dried. Subsamples 
were also taken for analysis o f the fa t content. The 
samples were analysed fo r content o f TB T and  triphe- 
nyltin (TPT).

Organotin com pounds were extracted in a  50 ml open 
vessel m ade of borosilicate glass containing 5 ml of 
acetic acid, 1 ml o f nonane and 3 ml o f water with de- 
rivatization reagent and internal standard and using a 
M icrodigest model A301 (2.45 GHz, max power 200 W) 
microwave digester (Prolabo, France) equipped with a 
TX32 program m er. F o r atom ic emission detection the 
ethylated species were separated on a HP-1 column
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(25 m  X 0.32 mm x 0.17 |im) using a H P  M odel 5890 
Series II gas chrom atograph (H ew lett-Packard, Avons- 
dale, PA) equipped with a split/splitless injection port. 
D etection was achieved w ith a H P model 7673 au to 
m atic sampler. F o r FPD  detection the ethylated species 
were separated  on a HP-1 colum n (25 m x 
0.32 mm x 0.17 pm) using a PE  model 1020 gas chro
m atograph  (Perkin-Elm er) equipped with a  split/split- 
less injection port.

Analytical grade chemicals (M erck, G erm any) and 
w ater deionized and further purified in a M illi-Q system 
(M illipore, M ilford, M A) were used throughout unless 
otherwise stated. The derivatization reagent was a 1% 
(w/v) solution o f sodium tetraethylborate (N aB E t4, 
Strem, France); it was prepared daily by dissolving the 
reagent in w ater. F o r organic phase derivatization eth- 
ylmagnesium brom ide was used.

Individual stock solutions, Bu3SnCl (TBT) and 
P r3 SnCl (TPrT) were prepared in m ethanol. The in ter
nal standard  solution was prepared by diluting the 
P r3 SnCl stock solution with w ater to give a concentra
tion of 1 pg /m l. A  fish tissue N IES 11 from  the N ational 
Institu te o f Environm ental Studies in Japan  w ith the 
certified conten t for TBT and  the PACS-1 harbou r 
sedim ent w ith certified values fo r M BT, D B T and  TBT 
from  the N ational Research Council o f  C anada 
(N R C C ) were used.

Analyses o f sediments were perform ed according to 
Szpunar et al. (1996) and the biological m aterials were 
analysed according to the m ethod described in Pereiro 
et al. (1996).

Extracts from  the exposed SPM D  m em branes were 
m ade at U niversity of Um eâ, Sweden and then analysed 
in Bordeaux, France. A  standard  procedure based on 
G rignard  éthylation followed by G C -FPD  determ ina
tion o f  derivatized extract was used (Dirkx et al., 1994). 
The 1 ml o f  organic m em brane extract was placed in a 
25 ml separatory  funnel and  250 pi o f 2 M ethylm ag- 
nesium brom ide solution was added followed by a gentle 
agitation o f the m ixture for 2 min. Then the m ixture was 
shaken for 1 min w ith 15 ml o f  0.5 M  sulphuric acid to 
destroy the excess o f the G rignard  reagent. The aqueous 
phase was discarded and the organic one rinsed w ith 5 ml 
o f  water. After discarding the aqueous phase the organic 
layer was analysed by G C -FPD . T he precision fo r bu- 
tyltin com pound analysis is a round 10%.

F rom  the determ ined concentrations o f TBT in the 
SPM D s (ng Sn/g triolein), the m ean concentrations of

free TBT in the w ater colum n were estimated. Then it 
was assumed th a t  partitioning equilibrium  o f TBT be
tween the water a n d  triolein had  been reached after >  28 
days exposure at 3-8°C  (J. H uckins, pers. comm.). TBT 
was assumed to p a rtitio n  in the same way between water 
and triolein as betw een w ater and n-octanol (Huckins 
et al., 1996). A K ow value o f  1995 was used for the cal
culations.

R esults

The TBT levels in the SPM D s and estim ated con
centrations of free TBT in the w ater colum n are shown 
in Table 1. The am ounts o f  TBT and TPT are always 
expressed as pure tin  (TB T-Sn, TPT-Sn).

Imposex was frequently  observed in the common 
whelks from the background population in Breiöafjor- 
dur. A bout 26.4% o f the females had  imposex and the 
penises observed w ere on the average 0.7 mm (±0.6 mm 
SD; range 0-2.9 mm ). The imposex frequency differed 
som ew hat between catches. The penis lengths were, 
however, considerably less than  in the com m on whelk 
population  o f Straum svik, where the imposex frequency 
was 81.8% and the  penises were 3.8 ±  4.1 mm (N  = 22, 
range 0-13.9). Just outside Reykjavik harbour the pe
nises were 6.8 m m  (range 0-40.1 mm; m ost o f them 
(65%) 2-10 mm, autum n 1994; le R oux, pers. comm.).

The females did no t show  significant increase in the 
average penis length when individual field experiments 
were tested, although the penises were som ewhat longer 
at the end of the experim ent in some cases (Table 2). 
W hen all field experiments were considered there was an 
indication o f increased variation o f  the penis length 
w ithin the females, although no t being significant (con
trols vs caged animals, ¿> =  0.11), when all gastropods 
were considered.

The transferred whelks accum ulated organotin com 
pounds rapidly and  within 55 days o f exposure the 
whelks in Straum svik h arbour (estimated water eone. 
« 6 0  ng TBT/L) had reached fairly sim ilar levels of TBT 
as the natural population (Table 3). Exposure o f similar 
duration  in Reykjavik h a rb o u r (estimated water eone. 
«100  ng TBT/L) resulted in approxim ately 1.6 and 2 
times higher values for TBT and TPT , respectively 
(Table 3), while still longer exposure in Reykjavik h a r
bour resulted in raised level o f TPT, bu t no t of TBT. 
There was generally a high variation in the am ount o f 
the organotin  com pounds, in whelks from  the field.

T A B L E  1 f e B a X . f i ,

M easured  values o f T B T  in sem iperm eable m em brane devices (ng Sn/g triolein) and  estim ated m ean concen tration  o f  free T B T  in the w ater colum n. 
The calculations are  based on  the assum ption th a t p a rtitio n in g  equilibrium  has been reached. Exposure tim e >  28 days a t 3-8°C.

Site D a te  T B T  ng  Sn/g in  S P M D  T B T  ng  Sn/L  in the w ater colum n

R eykjavik A ugust 1996 390 195
R eykjavik Sep tem ber 1996 21 11
S traum svik July 1996 117 59
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G 'c. . ■- ;
T A B L E  2

Penis lengths o f  the com m on whelk (B. undatum) during  different field experim ents.

H arbour Experim ent Tim e Exposed Weeks All females O nly fem ales w ith  penis

N A verage (mm) SD N A verage (mm) SD

R eykjavik 1 N o v .-Jan . 0 25 0.09 0.31 2 1.11 0.08
4 23 0.25 0.50 7 0.82 0.60
8 22 0.72 1.02 10 1.58 0.96

2 Ja n .-M a y 0 13 0.16 0.25 8 0.27 0.27
13 22 0.49 0.80 10 1.09 0.88
17 35 0.78 1.95 14 1.94 2.73

3 M ay-S ep t. 0 50 0.20 0.50 11 0.91 0.72
8 26 0.18 0.39 9 0.52 0.53
16 26 0.31 0.55 10 0.81 0.62

H afnarfjordur N ov .-A pril 0 25 0.09 0.31 2 1.11 0.08
11 13 0.33 0.68 3 1.43 0.64
16 12 0.60 0.85 5 1.43 0.77
20 20 0.22 0.46 7 0.62 0.62

Straum svik M ay-June 0 20 0.09 0.98 1 (1.8) _
8 19 0.59 1.16 6 1.89 1.41

TA B LE 3

Levels o f  organotins (ng Sn/g dw.) in transferred  gastropod snails caged in Straum svik, Reykjavik a n d  H afnarfjo rdu r h arbours , in the feral 
population  and in anim als from  a labo ra to ry  experiment. T B T  =  tribu ty ltin , T P T  =  triphenyltin . 95% confidence lim its indicated.

Source C om pound Straum svik R eykjavik H afn arfjo rd u r L aborato ry  experim ent

B ackground transferred  snails TB T 7±7 6 ± 6 4±1 4±1
TPT 8±14 20± 4 - -

Feral population TB T 14±17 - - -

T P T 31 ±28 - - -

55-57 days o f  exposure T B T 17±14 27±16 - <  5 (90 days)
T P T 18±2 36±23 - -

112 days o f  exposure TBT - 27±48 24±15 -

T P T - 91 ±11 — -

The level o f TBT in the w ater colum n o f H afnarf
jo rdu r harbour has been estim ated from  the levels in the 
whelks incubated there and a B C F value (280) obtained 
from the concentrations in anim als and SPM Ds from 
Reykjavik and Straumsvik. The value was estimated to 
90 ng TBT/L in H afnarfjordur.

The sediment that was collected in H afnarfjordur 
harbour and was used in the laboratory  study contained 
120 ± 6  (95% C l) ng TB T-Sn/g dw. There was only a 
slight accum ulation o f TBT in the whelks during the 
three m onths period; i.e., in no treatm ent the TBT level 
was above the detection limit o f  5 ng TBT/g dry weight 
in the whelks. F rom  the tissue concentration and the 
BCF value given above the level o f dissolved TBT in the 
experiment is estimated to be < 2 0  ng 1~!. There were 
further no changes in the average penis length or in the 
frequency of imposex among the whelks.

D iscussion

Imposex in. gastropods is presum ably the best bio
logical indicator o f TBT pollu tion  in m arine waters.

N um erous previous studies on m any species and in 
m any areas have shown th a t near harbours and  in areas 
w ith im portan t shipping routes the frequency o f im po
sex is high (ten Hallers-Tjabbes et al., 1994; Svavarsson 
and Skarphéöinsdóttir, 1995; H uet et al., 1996; Davies 
et al., 1998). After the ban  of the use o f TBX-based 
antifouling paints on smaller vessels (< 25  m) in m any 
countries, a decline has been observed in the frequency 
o f  imposex in the intertidal gastropod N. lapillus a t lo
cations far from  harbours (M inchin et al., 1995; Evans 
et a l ,  1996) and  even at locations near large and small 
harbours (Svavarsson, 2000).

F o r some years it has been known that the com m on 
whelk can develop imposex (Brick and Bolte, 1994). 
This has been shown to be an im portant indicator spe
cies for TBT contam ination in offshore waters and in 
m uddy near-shore habitats (ten Hallers-Tjabbes et al., 
1994; Ide et al., 1997), though its value has recently been 
questioned (Nicholson et al., 1998). The com m on whelk 
is a long-lived animal (over 10 years, ten H allers-T jab
bes and  Boon, 1995), involving that the effects seen may 
be due to contam ination long time ago.
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Despite a  prolonged exposure to  harbour water 
w ith high concentrations o f  TB T the penis sizes in
creased only slightly in the adult female gastropods, 
and  there was no correlation o f penis length w ith the 
exposure time o f the gastropods. M ensink et al. (1997) 
did not observe development o f imposex in their ex
periments w ith adult com m on whelks. The adults thus 
seem to be ra ther resistant to TBT contam ination in 
terms o f development of imposex. In this respect the 
com m on whelk seems to be m ore resistant th an  the 
dogwhelk (N. lapillus), o f which the penis length in
creased significantly within a few weeks in populations 
having already a small penis, w ith populations from 
different areas responding similarly (G ibbs et al., 
1991). L aboratory  experiments indicate th a t juvenile 
female gastropods are m ore sensitive to TB T  con
tam ination than adults and M ensink et al. (1996a) 
found imposex to develop in m ore than 80% o f  the 
iuvenile com m on whelks after 10 m onths o f exposure 
to  TBT.

Triphenyl tin (TPT) was observed in the tissues o f the 
gastropods from  Straum svik and  Reykjavik harbours, 
and  was particularly high in the gastropods in Rey
kjavik harbour. TPT is no t considered to prom ote 
imposex in gastropods (see Bryan et al., 1988). TPT 
has been observed in the tissues o f other gastropod 
species in o r near harbours o r shipping lanes (H orig
uchi et a l ,  1994; Ruiz et al., 1998) and also in the 
com m on whelk (M ensink et al., 1996b). Sources of 
T PT  may be either antifouling paints, agriculture fun
gicides (Stäb et a l ,  1995; Ruiz et al., 1998) or house 
paints. The source o f triphenyltin  in the Icelandic 
harbours is evidently antifouling paint. In  Straum svik 
cove there is only a  small harbour for large vessels and 
an  aluminium factory and no other industry or agri
cultural run-off. The three studied harbours are not 
located in estuaries, involving th a t all input comes 
from  the harbour activity itself.

As the TBT level in the whelks caged for 55 days was 
about the same as in the natu ra l population  in S tra
umsvik, it is concluded th a t the TBT distribution be
tween the animals and the w ater had reached an 
approxim ate steady state. This conclusion is further 
supported by the results from  Reykjavik harbour, 
where the TBT level was sim ilar in animals caged for 
57 and 112 days. U ptake o f  TBT is mainly from  the 
water in the dogwhelk N. lapillus (Bryan et al., 1989) 
and  is presum ably so also in the com m on whelk. This 
assum ption is supported  by the fact th a t TBT reached 
about the same level in the caged whelks receiving low- 
contam inated food from  an external source as in the 
wild ones catching their own food. Even if the lowest 
tem perature used in the labora to ry  experiment (3°C) 
was lower than in the field study (3-8°C) it is probable 
th a t bioaccum ulation in the laboratory  was as close to 
steady state as in the field because o f the longer ex
posure period in the laboratory  (90 com pared to  57 
days).

Assuming th a t the bioaccum ulation o f TBT had 
reached steady sta te  both  in the animals in the experi
m ent and in the ones caged in H afnarfjordur, and as 
uptake from  food seems to be unim portant, it is pos
sible to com pare TBT exposure via the outer body 
surfaces in the two cases. F rom  the concentration o f 
24.3 ±  10 ng/g dw. in the caged whelks and < 5  ng g_1 
in the laboratory  whelks it is seen th a t the form er ones 
were a t least five times m ore contam inated by TBT even 
if bo th  groups o f  animals were exposed to sediment 
from  the same environm ent. Since our study indicates 
th a t bioaccum ulation o f TBT depends mainly on up 
take from  w ater it is concluded th a t the concentration 
o f dissolved TB T  in H afnarfjordur was a t least five 
times higher than in the laboratory  study. As the dilu
tion  w ater used in the laboratory  was free o f TBT the 
desorption ra te  from  the contam inated sediment should 
determine the concentration o f dissolved TBT. As this 
was low com pared to the field conditions it is concluded 
th a t desorption was slow. This is contrary to  the results 
o f Langston and  Pope (1995) who observed that TBT 
was rapidly desorbed from  sediment particles. H ow
ever, in the m entioned case TB T had  been in contact 
w ith the sedim ent particles for only 24 h, which is a 
very short period o f time com pared to the field-con
tam inated sedim ent and  this difference is im portant for 
the desorption rate. Thus it has been shown for hy
drophobic organic pollu tants th a t the fraction of 
readily desorbed com pound, the so-called rapidly re
versible pool, is decreasing with prolonged contact time 
between the m icropollutant and  the sediment particles 
(Landrum  et al., 1989). This phenom enon is especially 
evident for porous particles th a t usually have a high 
organic content. As the sedim ent used in the present 
study had  an organic carbon content of 1.76% and as 
the inorganic particles were o f  volcanic origin with a 
porous structure, slow desorption is expected and was 
also indicated by the results. A lso the low tem perature 
in the present laboratory  test should contribute to a 
slow desorption. As TBT also behaves like a metal ion 
o ther factors m ay also affect sorption.

The laboratory  test may be considered to simulate a 
dredging scenario where the load o f TBT in the water 
colum n has decreased to a low level due to a. total ban 
o f TBT but where the sedim ent is still heavily con
tam inated. U nder such conditions desorption of TBT 
from  the released contam inated particles is probable 
bu t may be slow as in the experiment. Unless the set
tled contam inated particles are resuspended the in
crease o f  dissolved TBT in the water column may be 
only tem porary. To the benthic infauna a prolonged 
increase o f exposure is however anticipated. Rapidly 
declining TB T levels in com m on mussels near a 
Swedish m arina after the ban  o f TB T on smaller boats 
indicated th a t there was limited leaching from the 
contam inated sediment (I. Björklund, pers. comm.). 
The reverse state seemed to exist in the Eastern Scheldt 
where a high level o f TBT was m aintained in the water
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colum n in spite of the partial ban of TBT (Mensink 
et al., 1996a).

A dredging operation in the three studied Icelandic 
harbours under the existing conditions may contrary to 
the above-mentioned scenario lead to a transient de
crease o f dissolved TBT in the w ater column. Such an 
effect is possible as long as TBT is in common use, if 
non-contam inated sediment from  pre-industrial time is 
mobilized and makes possible adsorption o f TBT to the 
clean suspended particles. On the other hand, if the 
dredged material is disposed at a  site w ith a lower level 
o f TBT, an increased exposure o f the biota to TBT at 
this site is expected, ten Hallers-Tjabbes and van Hat- 
tum  (1995) have also dem onstrated this.

The low water tem peratures in subarctic regions slow 
down diffusion, sorption and degradation o f TBT and 
this should be considered when assessing the environ
m ental effects o f dredging.
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