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ABSTRACT: A survey was conducted during the summer of 1996 to assess the expression, extent and 
impact of hnposex (a set of sexual anomalies) in 37 populations of Nucella lapillusspread over the Gali- 
cian coastline (NW Spain); the bioaccumulation of several organotin (OT) species (monobutyltin. MBT; 
dibutyltin, DBT; tributyltin, TBT; and triphenyltin, TPhT) was also determined in 20 of those samples. 
While imposex, TBT (from 36 to 974 ng Sn g-' dry weight, ppb) and DBT (from 169 to 909 ppb) were 
detected in every sample examined, MBT (from 65 to 387 ppb) and TPhT (from 39 to 250 ppb) were 
quantifiable in only 15 and 11 of them, respectively. lmposex was found to have led to frequent female 
sterilisation in most of the populations of this intertidal gastropod, although none of them is considered 
to be at risk of extinction. This may be partially due to the observation that these specimens appear 
more resistant to the sterilising effect of TBT than northern congeners. Fishing and merchant fleets are 
thought to be the dominant sources of OT pollution within embayments, with pleasure boats being of 
lesser importance. In addition, the characteristic pattern of OT body residues [i.e. undetectable TPhT 
and low TBT/(TBT+DBT) ratio] indicates that imposex in several open coast populations may stem from 
nearshore merchant shipping via the horizontal transport of paint leachates. 
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INTRODUCTION 

Nucella lapillus (L.) is a n  intertidal carnivorous gas-  
tropod which has  a n  Eastern Atlantic distribution rang-  
ing from northern Russia to Portugal (Crothers 1985). 
A s  is  the  case  with many  other  related species, this 
inhabitant of rocky shores  suffers from the superimpo- 
sition of male  sexual  characteristics onto females a s  a 
response to anthropogenic pollution (i .e.  imposex, s e e  
Gibbs & Bryan 1996). Imposex in N. lapillus is conspic- 
uous all over its European  range  (Gibbs e t  al.  1991) a n d  
h a s  often resulted i n  population extinction through, a 
consistent mechanism of female sterilisation ( e . g .  Kit- 
s e m a  e t  a l .  1991, H u e t  e t  al. 1996, Minchin e t  al.  1997); 
its expression, though,  is somewhat  variable i n  south- 
e r n  populations possibly because of genet ic  differ- 

e n c e s  (Gibbs & Bryan 1996, O e h l m a n n  e t  al.  1996). T h e  
causative a g e n t  of imposex is tributyltin (TBT), a n  
organometallic compound used for over  3 decades  a s  
t h e  biocide in m a n y  antifouling paints (e .g .  Ruiz e t  al.  
1996).  Research on  irnposex a n d  other  environmental  
d a m a g e  led to a widespread b a n  o n  t h e  u s e  of TBT 
paints  on  boats  less t h a n  25 m long  being legislated by  
t h e  la te  1980s a n d  early 1990s (CCE 1989, S tewar t  
1996). This regulation w a s  devised to protect aquacul -  
tu re  a n d  marine life from TBT leachates  of smaller 
pleasure boats  functioning in wate r  bodies  of restricted 
renewal ,  while t h e  risk posed by larger  merchant  a n d  
fishing vessels w a s  supposed  to b e  eliminated th rough  
dilution. After several  years ,  the  b a n  s e e m s  to h a v e  
b e e n  effective since, for instance, a n u m b e r  of popula-  
tions of N. lapillus a n d  other  gastropods u n d e r  t h e  
influence of marinas a r e  recovering from the  symp-  
toms and/or effects of i n ~ p o s e x  (Minchin e t  al. 1995, 
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Fig. 1. Nucella lapillus in Galicia 1996. Location of sampling sites and extent of the IMO's Traffic Separation Scheme (TSS, see 
text for further details) 

Tester & Ellis 1995, Evans et al. 1996, Gibbs & Bryan 
1996, Smith 1996). The possible failure to respect the 
current ban (e.g. Huet et al. 1996) is a separate ques- 
tion. However, the debate on TBT impact and legisla- 
tion continues (e.g. de  Mora 1996), since there is 
increasing evidence that the painting of larger vessels 
is of more environmental concern than previously 
envisaged. This applies to protected ports and sur- 
rounding areas (Smith 1996, Harding et al. 1997, 
Minchin et al. 1997) as well as to offshore waters (Iwata 
et al. 1994, Yamada et al. 1997) and bottoms (Ten 
Hallers-Tjabbes et al. 1994, lde et al. 1997). 

Galicia is a strongly sea-oriented area in NW Spain. 
For instance, its annual mussel yield exceeds that of 
The Netherlands (the 3rd largest world producer), and 
it hosts more than 9000 fishing boats (i.e. 9 %  of the 
European Union fleet; Anonymous 1997). The high 
productivity of its waters is largely due to nutrient 
upwelling off Cape Finisterre, a seasonal event which 
influences most of the 1720 km long coastline (e.g. 
Prego & Bao 1997). This upwelling interacts with the 
irregular littoral configuration, the shifting wind fields 

and the varying estuarine runoff to result in a complex 
oceanic circulation pattern over the narrow continental 
shelf (McClain et al. 1986, Tenore et al. 1995). As a 
result of it all, nearshore waters are thoroughly mixed 
(R. Prego pers, comm.). Because of its geographical 
situation, the Galician coast is also traditionally 
approached by an intense shipping traffic routing in 
and out of Northern European ports. An estimated 
commercial fleet of 50000 vessels goes annually 
through a Traffic Separation Scheme (TSS) set by the 
International Maritime Organisation around 26.4 nau- 
tical miles (NM) offshore (J. Pose, Finisterre Maritime 
Safety Centre, pers. comm.). Prlor to May 1994, the 
TSS was 11.5 NM closer to the coast, i.e. between the 
1000 and 200 m isobaths (Fig. 1). Only 5% of this traf- 
fic enters Galician ports, mainly in the industrial bays 
of A Coruria, Ferrol and Vigo (Anonymous 1996). Con- 
verse to this notable merchant and offshore fishing 
traffic, pleasure boats manoeuvring mostly within 
embayments are not common, with only 10000 units 
registered in the area (Vales 1996). This contrasts 
markedly with yachting popularity in neighbouring 
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countries; for instance, a 15000 pleasure boat flotilla 
operated out of Arcachon (a 156 km2 bay in SW 
France) in 1981/82 (Ruiz et al. 1996). 

Nucella lapillus is abundantly distributed in Galicia, 
and a preliminary 1987 survey found that imposex was 
evident in several sites around A Coruna and Vigo 
(Pena & Kendall 1989). However, this restricted data 
set does not appear to meet today's need for scientific 
knowledge on the TBT subject, particularly consider- 
ing the valuable information that could be obtained 
from the study of an area showing the rare pattern of 
shipping activity described above. Therefore, the pre- 
sent study investigated: (1) the expression of imposex 
in N. lapillus throughout the Galician coast; (2) its post- 
ban spread, intensity and population impact; (3) its re- 
lationship with the organotins bioaccumulated in tis- 
sues; and (4) the sources of these residues, namely 
whether some of them could possibly be ascribed to 
offshore shipping. In order to accon~plish the last 2 ob- 
jectives, a modern analytical protocol able to positively 
characterise organotin chemical speciation was used. 

MATERIALS AND METHODS 

Imposex assessment. Thirty-seven sites distributed 
throughout the coastline were visited during the sum- 
mer (July-September) of 1996; their location is shown 
in Fig. 1 and their Universal Transverse Mercator 
(UTM) co-ordinates are given in Table 1. Following as 
far as possible the procedures detailed by Gibbs et  al. 
(1987), samples consisted of 30 of the largest toothed 
(i.e. adult) individuals. After breaking their shells with 
a vice in the laboratory, individuals were sexed, dis- 
sected and studied under a stereo microscope; evi- 
dently parasitised specimens were discarded. Penis 
length was measured to the nearest 0.01 mm with dig- 
ital callipers, and female genitalia were closely exam- 
ined. Finally, opercula were removed and each sex 
was pooled per site in vials that were kept frozen until 
chemical analysis (see below). 

There are several indexes to characterise imposex in- 
tensity (Gibbs & Bryan 1996, Stroben et al. 1996). We 
have used those 2 most widely employed for Nucella 
lapilluspopulations (Gibbs et al. 1987): the Relative Pe- 
nis Size Index (RPSI) and the Vas Deference Sequence 
Index (VDSI). The RPSI expresses the bulk of female 
penis as a percentage of that of males [l00 X (mean 
length of female p e n i ~ ) ~ / ( m e a n  length of male p e n i ~ ) ~ ] .  
While its applicability to populations exhibiting sea- 
sonal penis length variation has been questioned 
(Stroben et al. 1996), it is acknowledged that, as in 
many other environmental biomonitoring exercises, the 
collection of samples at the same time avoids possible 
seasonal interferences (Minchin et al. 1997). The VDS 

leading to sterilisation recognises 6 distinct stages in 
the development of male structures on females, and the 
index is the average value. However, while in the UK 
this VDS follows a single course, N. lapillus in France 
displays 2 additional ones, notably a penisless or aphal- 
lic route (Oehlmann et al. 1996). Since the considera- 
tion of aphallic individuals for the calculation of the in- 
dexes above leads to TBT pollution underestimation 
(Huet et al. 1996, Stroben et al. 1996), the 73 such spec- 
imens found in our samples (i.e. 0.66% of total) were 
omitted from the present survey; they will be dealt with 
elsewhere. Finally, the proportion of sterilised females 
(i.e. VDS stage 5 to 6) in the sample was also estab- 
lished because of its straightforward ecological signifi- 
cance (see Harding et al. 1997, Minchin et al. 1997). 

Organotin (OT) analysis. The concentration of OT 
species (monobutyltin, MBT; dibutyltin, DBT; trib- 
utyltin, TBT; and triphenyltin, TPhT) in whole tissues of 
pooled females was determined for 20 sites selected to 
include the widest range of RPSI and VDSI values. The 
analyses were performed in a blind manner by the 
LPPM (URA-CNRS 348, Universite de Bordeaux I ,  
France), a laboratory routinely participating in the pro- 
duction of OT Certified Reference Materials (CRM) for 
the EU's Bureau of Community References (BCR). The 
protocol used (rendering a quantification limit of 
around 3 ng Sn g-' fresh weight) followed that detailed 
by Szpunar et al. (1996). In summary, samples were 
thawed and homogenated following courier delivery. 
Four 0.3 g aliquots were weighed, 3 of them for repli- 
cate analyses and another 1 for dry weight determina- 
tion. Tripropyltin was added as an internal standard 
and the sample was solubilised with tetramethylarnmo- 
nium hydroxide (TMAH) in a low power microwave 
(Microdigest A301, Prolabo) field. After adjusting the 
pH to 5, the OTs were ethylated using a 1 % (w/v) solu- 
tion of sodium tetraethylborate (NaBEt4), and then ex- 
tracted to isooctane. This organic phase was injected in 
a GC-AED system (Gas Chromatograph with Atomic 
Emission Detector; HP 6890 and HP G2350A) by means 
of an  automatic sampler. The procedure was validated 
using 2 CRMs: the Japanese NIESll fish tissue [certi- 
fied TBT content = 1.3 5 0.1 pg g-l dry weight (DW), ref- 
erence TPhT value = 6.3 pg g-' DW] and another ani- 
mal tissue currently under certification by the BCR. The 
result of the former was 1.25 pg g-' DW for TBT and 
5.81 i 0.81 pg g-' DW for TPhT, and that of the latter 
also fell within acceptable limits (official range still con- 
fidential). The concentration obtained for every OT is 
reported here as mean ng Sn g-' DW (ppb). 

The normal distribution of imposex and OT data sets 
was checked prior to establishing the statistical rela- 
tionships among them; the significance levels are 
depicted below as "' and ", respectively, for p < 
0.001 and p < 0.01. 
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RESULTS 

Imposex levels 

All Nucella lapillus populations investigated in the 
Galician coast were found to be affected by imposex 
(Table 1). Values for RPSI, VDSI and O/o sterilisation 
ranged from 6 to 59, from 3.2 to 4.6 and from 0 to 54, re- 
spectively. The correlation between % sterilisation and 
RPSI (Fig. 2, r = 0.73"') was the weakest of those that 
could be established between any pair of these 3 data 
sets. Lowest imposex indexes (e.g. RPSI 5 10) were 
shown by samples from the exposed shores of the north- 
ern coast (Sites 1, 2,  7, 17 and 18); highest values (e.g. 
RPSI > 35) were displayed by those collected within in- 

dustrial bays (Sites 8, 13-15, 32 and 33), and also by 
some populations inhabiting the sheltered reaches of 
mussel-culturing southern estuaries (e.g. Site 24). 

Imposex versus TBT 

Every imposex index depended logarithmically on 
the concentration of TBT in female tissues (see Fig. 3 
for RPSI), with correlation coefficients close to 0.80"' 
In no case was the relationship improved by relating 
the indexes to the residues of other OTs, nor by pooling 
together TBT plus any combination of the other com- 
pounds. Thus, the geographical pattern of TBT 
residues generally agrees with that of imposex values: 

Table 1.  Nucella lapillus ~n Galicla 1996. Results of the survey, including site, code and UTM co-ordinates of the populations 
studied, their values for imposex ~ndexes,  the percentage of sterilised females in the sample (% st), and their mean female organ- 

otlri cuncentrati.ons (ng Sn DW). See text for further details. nq: not quantifiable 

Site Code UTM RPSl VDSl O/u st MBT DBT TBT TPhT 

Kibadeo i 2~TPj587240 9 3.2 0 "=l 243" 5 i b  "9 
Foz 2 29TPJ410267 10 4.2 18 
Viveiro 3 29TPJ119372 45 4.2 23 
Barqueiro 4 29TPJ065433 33 4.3 25 
Cariiio 5 29TNJ914443 19 4.2 16 nq 
Cedeira 6 29TNJ750344 2 1 4.1 7 
Prior 7 29TNJ564216 9 3.2 3 
Mugardos 8 29TNJ591128 45 4.3 33 250b 
Centroiia 9 29TNJ652070 24 4.0 17 93C 
Perbes 10 29TNJ636029 13 3.9 11 
Sada 11 29TNJ610012 37 4.1 10 
Veigue 12 29TNJ573040 22 4.1 9 
Mera 13 29TNJ.522037 3 7 4.2 25 165' 
Bastiagueiro 14 29TNH.520994 5 9 4.5 40 149" 
Sta. Cristina 15 29TNH509992 5 1 4.5 46 1 9 8 ~  
Dique 16 29TNJ500022 2 1 4.1 2 1 nq 
Langosteira 17 29TNJ417012 7 3.3 0 nq 
Malpica 18 29TNH159970 6 3.6 0 nq 
Laxe 19 29TNH008852 3 2 4.1 9 
Muxia 20 29TMH832724 33 4.2 26 
Corcubion 2 1 29TMH821547 18 4.3 28 nq 
Louro 22 29TMH908342 18 3.9 6 
Muros 23 29T MH958373 38 4.3 28 
Creo 24 29TNH019374 57 4.6 54 "9 
Ribeira 25 29TNH012113 39 4.3 29 nq 
Vilagarcia 26 29TNH181160 28 4.5 44 55C 
Cambados 27 29TNH142072 18 4.0 15 
A Toxa 28 29TNH128041 43 4.3 33 nq 
Sanxenxo 29 29TNG153943 28 3.8 11 
Poio 30 29TNG259976 30 4.5 50 l l O b  
Mann 3 1 29TNG233933 4 1 4.3 40 
Rande 32 29TNG280813 4 7 4.6 53 69' 
Bouzas 33 29TNG280813 3 6 4.4 36 157" 
Samil 34 29TNG 184742 4 1 3.5 10 58' 
Canido 35 29TNG 169748 32 4.3 29 
Baiona 36 29TNG123636 3 5 4.0 6 
A Garda 37 29TNG 103390 43 4.4 4 6 qnr 

1 n,'',r,d,e'Standard deviation as a 74, oi the mean: 1-5. 5-10. 10-15, 15-20. 20-25 and 25-30, respec t i~ t~ l i~  
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Fig. 2. Nucella lapillus in Galicia 1996. P14 q' % sterilised 
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Fig. 3. Nucella lapillus in Galicia 1996. PI& cd Wative Penis 
Size Index versus TBT 

lowest (below 80 ppb) in samples from the open north- 
ern coast (Sites 1, 17, 18 and 21), and hk@hest (above 
450 ppb) in those within industrial bays4SSes 8, 13-15, 
32 and 33). 

Organotin residues 

OT concentrations found in female tissue; are shown 
in Table 1. Their total ranged from 288 2198 ppb. 
TBT and DBT were ubiquitous in all 20  i k s ,  spanning 
from 36 to 974 and from 169 to 909 pm. nespectively. 
MBT (range from 65 to 387 ppb) was qumtifiable in 
most of the samples examined, and TPhTmly in half of 
them (range from 39 to 250 ppb). A lbw. correlation 
could be established between TBT and mery other OT. 
MBT (r = 0.?1"), DBT (r = 0.89"') ax l  TPhT (r = 

0.77"). Where present, TPhT was a varifkde and inde- 
pendent fraction of TBT (Fig. 4) .  The pflrcentage of 
TBT with respect to the aggregate TBT -t EfBT was also 
wide-ranging (from 16 to 60), but increased with the 
concentration of TBT (Fig 5, r = 0.93"'i 

TB1 (ppb DW) 

Fig. 4 .  Nucella lapillusin Galicia 1996. Plot of TPhT/TBT ratio 
versus TBT 
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Fig. 5. Nucella lapillus in Galicia 1996. Plot of TBT/(TBT + 
DBT) ratio versus TBT 

DISCUSSION 

Imposex levels and their environmental implications 

It is well established that imposex in populations of 
Nucella lapillus is specifically caused by TBT (e.g. 
Gibbs & Bryan 1996). The present work confirms that 
its assessment is a reliable technique for the bioindica- 
tion of TBT pollution even over long and diverse coast- 
lines. The results give evidence that the whole Gali- 
cian coast is contaminated by TBT concentrations 
resulting in biological effects, and complete a detailed 
database showing that imposex is conspicuous 
throughout the European range of this gastropod, from 
Iceland (Svavarsson & Skarphedinsdottir 1995) to Scot- 
land and S England (e.g. Gibbs et al. 1991), France 
(e.g. Huet et al. 1996) and, now, Spain. In addition, 
most samples included female individuals effectively 
sterilised by TBT (see Table l), although no current 
population is considered to be at risk of extinction 
since even the worst affected ones showed a propor- 
tion of functional females of around 50%. In a first 
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instance, this would seem in fortunate contrast with 
studies reporting that the species has been wiped off 
considerable shoreline stretches elsewhere: UK (Gibbs 
& Bryan 1996), Ireland (Minchin et al. 1997), The 
Netherlands (Ritsema et  al. 1991) and France (Huet et 
al. 1996). From a literature revlew, however, it is clear 
that at  least a few populations within this area (1  oppo- 
site our Site 15 and 2 upstream of Site 8)  have indeed 
disappeared between the 1960s and 1990s. As for the 
time evolution of imposex, we can relate our N. laplllus 
RPSI data to those similarly obtained by Pefia & 
Kendall (1989) from a summer 1987 survey. For thls 
comparison to be significant, only those sites sampled 
9 yr apart and where we have not found any aphallic 
individuals are considered (i.e. our Sites 13, 17, 32 and 
36): all RPSI values in 1996 are  higher (1.6-, 1.8-, 3.1-, 
and 1.1-fold, respectively) than in 1987. This is a clear 
in l ca t ion  that the directive regulating the use of TBT 
paints (CCE i989j has not been effective in reducing 
OT contamlnation over the Galician coast, thereby 
suggesting that the local TBT sources are mainly 
larger merchant and fishing vessels escaping current 
l, .-:-l-.+;e- 
IcyIJI'.LI"II. 

Imposex versus TBT: differential sensitivity of 
local populations? 

Although Harding et  al. (1997) found a relationship 
between % sterilisation and RPSI similar to that dis- 
played in Fig. 2, their slope is steeper than ours. Thus, 
Scottish Nucella lapillus populations with an RPSI of 40 
showed more than 70% of their females with a blocked 
vulva (i.e. unable to lay egg capsules), whereas the 
corresponding value for that RPSI in Galicia is only 
30% sterilisation. Furthermore, while the correlation 
of RPSI versus TBT female residues (Fig. 3) is of a 
shape very much like that found for SW England N. 
lapillus (Fig. 9A in Gibbs et al. 1987), there is a n  inter- 
esting difference between both data sets: the RPSI 
value reached by females containing TBT at 400 ppb is 
above 60 in UK versus one around 40 in Galicia; for 
females similarly contaminated, a disagreement of 
nearly 1 VDSI unit can be gathered from comparing 
their Fig. 9B to the data in Table 1. Gibbs et al. (1991) 
showed that the level of sensitivity and development of 
N. lapillus imposex as a response to TBT pollution is 
uniform throughout the UK (from the Shetlands to SW 
England), but it has recently been argued that the high 
variability that can be observed in the expression of 
imposex in this gastropod in the southern reaches of its 
European range is based on genetic differences (Gibbs 
& Bryan 1996, Oehlrnann et al. 1996). The results 
above thus provide novel grounds for suspecting dif- 
ferentlal sensitivity to TBT of meridional populations. 

One alternative contention to this bioaccumulation evi- 
dence is that analytical dirferences could account for 
the conflict. However, i l  ran probably be ruled out In 

view of the findings of M i h i n  et al. (1997) using mod- 
ern protocols validated by Certified Reference Materi- 
als: in 4 out of 5 Irish .V. Iapillus populations contami- 
nated at 500 to 700 ppb TEiT DW, 100% of the females 
showed a blocked vulva. This contrasts so markedly 
with the proportion of sterilisation we found in simi- 
larly contaminated f e m a l e  (below 50%, see Table 1) 
that the matter certamh- warrants further lnvestiga- 
tion. 

Organotin residues and  their sources 

No data on tissue TPhT are  known for Nucella lapil- 
lus, nor can we speculate on l.ts metabolism since the 
microwave used in tn; analyticai prorocoi breaks the 
labile phenyl-Sn bonds of both di- and mono- 
phenyltin. Still, some mteresting insights can be 
obtained from comparing our data with those pertain- 
ing to other related carnivorous gastropods, particu- 
larly if attention is paid to the fact that TPhT is more 
hydrophobic than TB7 (md therefore binds to partic- 
ulate matter to a larger extent, e.g. Tolosa et al. 1992). 
Thus, Mensink et al. 1[1996) found that phenyltin 
residues were higher than butyltins in Dutch sedi- 
ment-dwelling whelks (e.g. 92 and 12 ppb, respec- 
tively for TPhT and TBT); the same holds for the 
Japanese rock shell (Horiguchi et al. 1994), a species 
showing marked potentid for sediment contamination 
monitoring (Han et al. 19%) The apparent contrast of 
these 2 reports with the present data (remember N. 
lapillus inhabits only rocky bottoms) reinforces the 
conclusion of Stab et al. r 1996) that TPhT residues are 
higher than TBTs in in~rnals  living in or near to the 
sediment. As for its sources, TPhT is the only OT used 
as a fungicide for crop protection, can be transported 
in considerable q u a n t l t j ~  via the atmosphere and is 
added in low proportions 1<10% of TBT) as a CO-toxl- 
cant to some long-performance antifouling paints 
(Stab et al. 1995, 1996). Such paints are overwhelm- 
ingly applied to smali pleasure boats and,  according 
to the literature, this results In a pattern of triorgan- 
otin occurrence, mussels from a marina contained 
both TBT and TPhT (3.516 and 31 1 ppb, respectively) 
whlle those collected rvi%m Barcelona commercial 
harbour accumulated considerable TBT but no TPhT 
(Morclllo et  al. 19971; :similarly, subsurface waters 
from the Cote dlAzwr were contaminated by both 
compounds if collected ir. marinas (mean of 37 and 
4.5 ng Sn I-', respectively, for TBT and TPhT) whereas 
most port samples cont&ed higher TBT but unde- 
tectable TPhT (Tolosa et al. 1996). It appears then that 
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these 2 triorganotins are expected to coexist in areas 
where pleasure boats constitute a substantial source 
of OT (TPhT being a small fraction of TBT) while only 
TBT is to be found where larger merchant and fishing 
vessels predominate. This pattern generally agrees 
with our data in that both TBT and TPhT occurred in 
samples within embayments while the latter was not 
detected in those from the open coast. In addition, the 
high proportion of TPhT (25 to 50% of the TBT 
residue, see Fig. 4) in most samples where both 
organometals have been detected probably indicates 
that other activities such as diverse crops (TPhT is 
used world-wide as a fungicide in agriculture) and 
industries contribute to the environmental TPhT load 
(see Stab et al. 1995); the variability in location and 
intensity of these additional sources would prevent 
the TPhT fraction from being related to TBT. 

The persistence of TBT in marine waters is short, 
with degradation mainly involving successive debuty- 
lation to DBT and MBT; its typical half-life ranges 
from 1 wk in estuaries to 2-3 wk in open ocean 
waters (see review by Batley 1996). On the one hand, 
this results in water samples usually showing a posi- 
tive correlation for either derivative versus the parent 
compound, which indicates a common origin for all 3 
butyltins (e.g. Seligman et al. 1996). Since Bryan et al. 
(1989) showed that the TBT body burden of Nucella 
lapillus is accumulated mostly from water rather than 
from food, our correlations between TBT and the 
other butyltins agree with that general rule. Devia- 
tions probably stem from the variable OT metabolisn~ 
of this predator gastropod and, possibly, its prey 
(mostly mussels and/or barnacles). This metabolism is 
indeed mutable at least for N. lapillus, for field and 
laboratory data showed that TBT concentration fac- 
tors at high sea water contanfination levels (107 ng Sn 
1-l) are only one third of the values typical for ambient 
concentrations 1 order of magnitude lower (Bryan et 
al. 1987); this drop was ascribed to accelerated degra- 
dation of TBT by the tissues, and it is thought that 
such a detoxifying mechanism may also account for 
the curvilinear shape of Fig. 5. On the other hand, 
these TBT features above allow the relative propor- 
tion of TBT and DBT in water samples (expressed as a 
percentage of their aggregate or as their ratio) to be 
used as a marker of proximity to pollution sources 
(e.g.  Seligman et al. 1996) or, in other words, fresh- 
ness of contaminant inputs (e.g. Tolosa et al. 1996). 
Differences in exposure of biota can also be inferred 
from this sort of relative index when butyltin specia- 
tion is applied to samples encompassing a wide range 
of environmental scenarios. For instance, based on the 
positive relation between. TBT/DBT and TBT they 
found while working with freshwater mussels 
throughout The Netherlands, Stab et al. (1995) pro- 

posed that sites with low TBT/DBT ratios are not near 
sources and are characterised by low TBT residues in 
tissues. This reasoning firstly explains the negative 
gradient observed in Vigo (Site 32 down to 34, see 
Fig. 5), an estuary where, as usual, industrial activities 
releasing TBT (shipyards, dry docks, etc.) tend to con- 
centrate in the more protected upper reaches. And, 
secondly, it indicates that OT contamination in open 
coast sites where TBT is around 20% of aggregate 
TBT + DBT originates from a distant source. 

Conclusions 

It has been found that the populations of Nucella 
lapillus throughout the Galician coast are affected by 
imposex; the local expression of this consequence of 
TBT contamination resembles more closely the vari- 
able phenomenon observed in France than the consis- 
tent anomaly characteristic of northern latitudes. 
Imposex has led to frequent female sterilisation in 
most of the populations, but none of them is feared to 
be at risk of disappearance. This may bear some rela- 
tionship with the observation that the TBT body 
residues determined result in a sterilising effect which 
is less intense than in northern populations. Since 
pleasure boating is of limited popularity in the area, 
the main source of OT pollution is likely to be the con- 
siderable number of larger commercial and fishing 
vessels entering embayments. However, there are 
some patterns of OT bioaccumulation (i.e. unde- 
tectable TPhT and low proportion of TBT in tissues) 
suggesting that imposex in several open coast popula- 
tions stems from nearshore merchant shipping via the 
horizontal transport of paint leachates. 
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