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ABSTRACT

Contam ination o f the Firth of Forth (Scotland) by tributyltin  compounds leached from antifoul- 
ing paints has been identified using the degree o f penis developm ent (im posex) in the common 
dogwhelk N ucella lapillus. In 1987, a high degree of im posex was observed in  the v icin ity  o f  
pleasure craft activity, fishing harbours and a boat yard, reflecting localised  inputs o f  tributyltin  
from these sources.

Dogw helks collected  in  1975 from sites comparable to those surveyed in  1987 showed lower  
degrees o f im posex and also a lower incidence of penis developm ent in  fem ales.

INTRODUCTION

M ethods to  assess th e  degree o f co n tam in a tio n  o f coasta l w a te rs  by tr ib u ty l­
t in  (TBT) hav e  included  seaw a te r an a ly sis  (C leary and  S tebbing, 1985; B alls, 
1987; W aldock e t al., 1987), and  the  use of b io in d ica to r o rgan ism s h av in g  
ch a rac te ris tic  responses. In  th is  la tte r  ca tegory  shell th ick en in g  in  th e  Pacific 
oyster, Crassostrea gigas  (W aldock and  T hain , 1983), and  th e  developm ent of a 
penis and  o th er m ale ch a rac te ris tic s  by fem ales (imposex) (Sm ith, 1981) in  th e  
com m on dogw helk, N ucella  lap illus  (Gibbs et al., 1987), have  been  used.

T he ex am ina tion  of im posex in  dogw helks is rap id  and  s tra ig h tfo rw ard , and  
h as  proved to  be th e  m ost sen sitiv e  in d ica to r of TBT con tam in atio n . G rad ien ts  
in  co n tam in a tio n  h av e  been d em onstra ted  in  estuaries, open co asta l a reas  and  
sea lochs sub jected  to  TBT in p u ts  (B ryan e t al., 1986; D avies e t al., 1987).

A low degree o f im posex in  dogw helks w as first rep o rted  in  B rita in  in  1969 
(B laber, 1970). N o fu r th e r stud ies were published  u n til th e  w ork  of B ry an  e t al. 
(1986) in  so u th e rn  E ngland , by w hich  tim e m any of th e  sam ples th ey  exam ined 
show ed a  h ig h  degree of im posex. The developm ent of a penis and  vas deferens

* Author to whom correspondence should be addressed.
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in  fem ale dogw helks m ay re su lt from long- or sho rt-term  exposure to  TBT 
com pounds (B ryan  et al., 1987). T here is no evidence th a t  th ese  ch a rac te ris tic s  
regress if  th e  source of TBT co n tam in atio n  is rem oved, and  th u s  B ry an  e t al. 
(1986) cou ld  provide li tt le  inform ation  as to  w hen th e  a d u lt dogw helks th ey  
exam ined w ere firs t affected. The lin k  betw een  TBT and  im posex w as es tab lish ­
ed large ly  th ro u g h  lab o ra to ry  experim ents (B ryan  e t al., 1986), because  of th e  
difficulty in  determ in ing  th e  previous exposure of dogw helks in  th e  field to  
TBT. T his was supported  by field observations of th e  d is trib u tio n  of affected 
po p u la tio n s  in  re la tio n  to  sources of TBT, and  a know ledge of th e  h is to ry  o f 
TBT usage.

Copper-based an tifo u lin g  pain ts  boosted  by low co n cen tra tio n s  (1% ) of TBT 
com pounds w ere av a ilab le  in  th e  mid-1960s, and  w ere w idely used on bo th  
y ach ts  an d  com m ercial vessels. In  1969/70, tw o lead ing  p a in t m an u fac tu re rs  
in tro d u ced  y ach t an tifo u lan ts  w hich  re lied  solely on h ig h  co n cen tra tio n s  of 
TBT ( ~  12%) as th e  tox ic com ponent. These " free -asso c ia tio n ” p a in ts  rap id ly  
gained  in  p opu larity , and  by 1972 accoun ted  for 80-90%  of th e  y ac h t m arke t. 
Such p a in ts  w ere large ly  rep laced  in  th e  1980s by co-polym er p a in ts  w hich  
co n ta in ed  ra th e r  less TBT ( ~  5-7% ), h u t w ere found to  be as effective and  
longer la s tin g  th a n  e a rlie r  types.

The F ir th  of F o rth  on th e  east coast of S co tlan d  is a cen tre  for com m ercial 
and  re c re a tio n a l b o a tin g  activ ity . In  th is  rep o rt, im posex in  c u r re n t (1987) 
p o p u la tio n s of dogw helks is used to  iden tify  th e  m ain  sources of TBT in  th e  
a rea , and  com parisons a re  m ade w ith  th e  developm ent of im posex in  dogw helks 
co llected  in  1975.

MATERIALS AND METHODS

Sam ples of 40 ad u lt dogw helks (as iden tified  by C ro thers, 1985) w ere 
co llected  d u rin g  1987 from  37 s ites  in  th e  F ir th  of F o rth  (Fig. 1). F o r each  
an im al th e  shell len g th  w as m easured and  th e  sex d eterm ined  by th e  p resence 
o r absence of a sperm -ingesting g land  and  th e  ap p earan ce  of th e  gonad  (Gibbs 
e t al., 1987). T he len g th  of the penis (w here p resen t) w as m easured  using  th e  
eye-piece g ra ticu le  of a  b in o cu lar m icroscope. T he degree of im posex (volum e 
of the  fem ale pen is as a percen tag e  of th a t  of th e  m ale penis) w as ca lcu la ted  
follow ing Gibbs e t al. (1987).

A rch ived  sam ples of 20 ad u lt dogw helks [collected from  six sites  (Fig. 1) in  
1975 an d  p reserved  in  alcohol] w ere m ade av a ilab le  by th e  R oyal S co ttish  
M useum , E d inburgh , and  were exam ined as above.

RESULTS

T he ex ten t of th e  1987 survey w as lim ited  to  a reas  eas t of Q ueensferry  by th e  
absence o f dogw helks fu r th e r w est, w here su itab le  su b s tra te s  a re  ra re , and  th e  
sa lin ity  is reduced. Some degree of penis developm ent was show n by a ll bu t one 
of th e  fem ales exam ined, and, in  m ore severely  affected  popu lations, fem ales 
w ere o ccasionally  found w ith  bi- and  tri-fu rca ted  penes (c.f. B ryan  e t al., 1986).
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Fig. 2. G eographical d istribution of degrees of im posex (%) in  the Cockenzie/Port Seton area (Firth  
of Forth, Scotland).
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Fig. 3. G eographical distribution of degrees o f im posex (%) around fishing harbours in  the East 
N euk o f F ife (Firth of Forth, Scotland).
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TABLE 1

Comparison of developm ent of im posex in dogwhelks sampled in  1975 and 1987

L ocation N atl Grid Ref. % fem ales with 
penis

Imposex %

1975 1987 1975 1987 1975 1987

1 Long Craigs NT415765 413763 80 100 2.0 31.2
2 Craigielaw NT446800 456805 70 100 0.1 17.0
3 Gullane NT465834 473833 0 100 0 15.1
4 D irleton NT515862 515862 0 100 0 15.9
5 Seacliff NT610849 609846 30 100 0.4 10.0
6 Skateraw NT750750 750750 0 95 0 4.4

T he degree of im posex (Fig. 1) ranged  from 2 to  110%, w ith  a m ean v a lu e  of 
23.0%. The degree of im posex was low est (<  5%) in  sam ples from open N o rth  
Sea coasta l a reas  beyond F ife N ess and  D unbar. P en is  developm ent was m ost 
advanced  in  groups of sam ples from th e  C ockenzie/Port S eton  reg ion  (31-110% 
im posex, Fig. 2), and  th e  E as t N euk of Fife (14-64% , Fig. 3).

Fem ale dogw helks from  th re e  of th e  sites in  th e  1975 survey  (Table 1) show ed 
no in d ica tio n  o f penis developm ent (0% imposex). A t th e  rem ain in g  th ree  sites, 
~  50% of th e  fem ales show ed some in d ica tio n  of penis developm ent, b u t th e  
degree of im posex w as low ( < 2%).

DISCUSSION

T rib u ty ltin  h as  en tered  th e  m arine env ironm en t p rim arily  th ro u g h  leach ing  
from  an tifo u lin g  coa tings on th e  h u lls  of com m ercial and  p leasu re  craft, from 
th e  m a in ten an ce  (c leaning, scrap ing  and p a in tin g ) of such  vessels, and  from 
an tifo u lan t p re p a ra tio n s  used  in  m aricu ltu re  (DOE, 1986).

The degrees of im posex observed th ro u g h o u t th e  F ir th  of F o rth  in  1987 
exceed th e  va lues of < 1% reported  in  a reas  d is ta n t from  know n sources of TBT 
(B ryan  e t ah , 1986; D avies e l ah, 1987), in d ica tin g  a genera l co n tam in atio n  of 
th e  study area.

In  th e  absence of m a ric u ltu re  operations, th e  m ajo r sources of TBT in  the  
F ir th  of F o rth  w ould be an tic ip a ted  to  be from m arin as, sm all bo at anchorages, 
fishing h arb o u rs , b o a t yards, and large  vessels on  passage to  ports such  as 
L eith , H ound P o in t and  G rangem outh .

M arinas a nd  sm all boat anchorages

P leasu re  c ra f t a c tiv ity  is co n cen tra ted  in  th e  m ore sh e lte red  w estern  p a rts  
o f th e  F ir th , w ith  th e  m ain  m ooring and an ch o rag e  fac ilities  being located  a t 
Q ueensferry , K inghorn , and  A berdour (Fig. 1). T he levels of im posex a t  these 
lo ca tio n s (31-37%) w ere h ig h e r th a n  those in  dogw helks from  ad jacen t sites 
and  exceeded th e  overall m ean  value of 23% for th e  F irth .
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F ish in g  harbours

T he m ain  fishing h a rb o u rs  a re  on the  n o rth  coast of th e  F ir th  in  the  E ast 
N euk  of Fife (Fig. 3). Im posex is w ell developed th ro u g h o u t th is  area, p a r­
t ic u la r ly  in  dogw helks collected  close to  th e  fishing po rts  a t  C rail (64%), 
A n s tru th e r  (40%) and  P ittenw eem  (55%). The h ig h  degrees of imposex 
elsew here (Pans Goat, 35%; B illow  Ness, 34%) reflect th e  close proxim ity  of 
TBT sources a t the  h arbours.

B oat repair and  construction yards

T he h ig h est degree of im posex found in  th e  F ir th  (110%) occurred  in  
dogw helks collected from  ro ck s ad jacen t to  th e  slipw ay a t a  b o a t y ard  in  th e  
in n e r  h a rb o u r a t Cockenzie (Fig. 2). A degree of im posex in  excess of 59% was 
found over a d istance of 1.5 km  betw een Cockenzie and  W recked  C raig  (P o rt 
Seton), b u t fell to  average levels w ith in  a fu r th e r  2 km. T he m ore advanced 
developm ent of im posex a t Cockenzie h a rb o u r com pared w ith  o th e r harb o u rs 
in  th e  F ir th  m ay reflect an  ad d itio n a l in p u t o f  TBT a ris in g  from  h u ll cleaning, 
scrap in g  and  p a in tin g  a t  th e  boat yard  (W aldock e t al., 1987).

T he F ir th  of F o rth  is also an  im p o rtan t sup p o rt a re a  for th e  N o rth  Sea oil 
in d u stry . Oil rigs a re  b ro u g h t to  Largo Bay fo r m a in ten an ce  and  re p a ir  and rigs 
a re  co n stru c ted  in  a yard  a t  B uckhaven . T rib u ty ltin  an tifo u lan ts  are n o t 
n o rm ally  used  on oil rigs, how ever, and  th is is confirm ed by th e  com paratively  
low degree of im posex (8-15%) found in  th e  B u ck h av en -L arg o  B ay area.

D espite th e  general co n tam in a tio n  of the  F ir th  by TBT, sev era l local sources 
can  c lea rly  be identified. The h ig h  degrees of im posex re su ltin g  from  these 
in p u ts  a re  re s tr ic ted  to  sm all a reas  and  a re  n o t iden tifiab le  a t  d istances m ore 
th a n  2 km  from  the  sources. T he capacity  of th e  receiv ing  w a te rs  to  d ilu te  and 
d isperse a co n tam in an t in p u t w ill influence th e  a rea  over w h ich  its  effects m ay 
be detected . In  enclosed w aters of S co ttish  sea  lochs, D avies e t al. (1987) found 
th a t  a m odera te  num ber of b o a ts  or fish cages could re su lt in  th e  co n tam in a tio n  
of th e  en tire  area, b u t th a t  im posex rap id ly  fell to  b ack g ro u n d  levels ( < 1%) in  
th e  m ore exposed co asta l a reas  a t  th e  m ouths of th e  lochs. In  th e  m ore open 
w a te rs  of th e  E ng lish  C hannel, w here th e re  a re  la rg e  num bers of boats, B ryan  
e t al. (1986) rep o rted  affected  popu lations 5-10 km  from  recogn ised  sources of 
TBT. By co n tra st, effects w ere localised  in  the  v ic in ity  of h a rb o u rs  on the  
exposed n o rth  coast o f C ornw all.

The F ir th  of F o rth  is in te rm ed ia te  in  degree of exposure betw een  th e  sea 
lochs and  th e  n o rth  C orn ish  coast, and th ere fo re  m ig h t be expected  to  resem ble 
th e  C hannel coast in  p a tte rn  of TBT co n tam in atio n . As described  for the  
C hannel coast, p a r tic u la rly  stro n g ly  affected  dogw helks a re  assoc ia ted  w ith  
definable sources of TBT (e.g. Cockenzie and  th e  E as t N euk  of F ife harbours), 
b u t betw een  these  a reas  im posex is w ell above "b ack g ro u n d ” levels. W hilst a ll 
th e  read ily  recognised  sources of TBT w ith in  th e  F o rth  m u st co n trib u te  to th is  
w idespread  effect, i t  is n o t possible to  determ ine th e  re la tiv e  im portance of
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localised  in p u ts , and  m ore diffuse sources, such as th e  la rg e r com m ercial and 
n av a l vessels on passage th ro u g h  th e  F irth .

D ogw helks av a ilab le  from  1975 w ere lim ited  to  six sites east of C ockenzie on 
th e  so u th e rn  side of th e  F ir th . No penis grow th  w as detected  a t  th ree  o f the 
sites, and  in  a ll cases th e  degree of im posex (1-2% ) was m uch low er th a n  in  
com parable  1987 sam ples (Table 1). The degree of im posex found in  these 
po p u la tio n s  w ould now  be assoc ia ted  w ith  a reas  d is ta n t from any TBT source. 
P en is developm ent w as found  in  a ll bu t one of th e  1987 fem ales and  th e  degree 
o f im posex in  th ese  an im als decreased  eastw ard s from  31% a t Long C raigs 
(P o rt Seton) to  4% a t  S kateraw . I t  m ay be concluded  th a t, in  1975, th e  F ir th  of 
F o rth  ea s t of C ockenzie was la rg e ly  free from  co n tam in a tio n  by TBT. H ow ever, 
s ince 1975 co n tam in a tio n  h as  becom e w idespread, and  a num ber of ad d itio n a l 
sources h as  been  identified .

T he first re co g n itio n  of im posex in  dogw helks n e a r  a m arin a  a t  P ly m o u th  in  
1969 (B laber, 1970) coincided  w ith  th e  ea rly  stages of th e  rap id  expansion  in  the 
u sage of TBT y ach t p a in ts . F rom  th e  p ro p o rtio n  of affected fem ales, B ry an  et 
al. (1986) es tim ated  th e  degree of im posex in  th ese  sam ples to  be < 5% , and 
m ade com parisons w ith  1985 levels of 48-67% . Y ach tin g  ac tiv ity  in  th e  F o rth  
is m uch less in ten se  th a n  in  P lym ou th  Sound, and  is co n cen tra ted  in  w estern  
a reas  w here m arin as  hav e  developed since 1979. A t th e  Cockenzie b o a ty ard  
" free -asso c ia tio n ” p a in ts  w ere n o t uséd, a lth o u g h  th e  TBT-boosted copper 
p a in ts  w ere used for m any years u n til th ey  w ere rep laced  by co-polym er p a in ts  
in  ab o u t 1983 (D. M acn am ara , personal com m unication , 1987). T he u nexpected ­
ly low  degrees of im posex ea s t of Cockenzie in  1975 m ay reflect a com paratively  
low  usage of TBT in  th e  a rea . T he increase  in  th e  degree of im posex betw een  
1975 and  1987 coincides w ith  in creasin g  num bers of p leasu re  c raft in  th e  area, 
and  th e  change on com m ercial vessels to  co-polym er p a in ts  co n ta in in g  h ig h er 
c o n cen tra tio n s  of TBT.

R ecently , com prehensive s ta tu to ry  con tro ls  u n d er th e  Food and  E n v iro n ­
m en t P ro tec tio n  A ct (1985) h av e  been in troduced . From  1 Ju ly  1987, p a in ts  
co n ta in in g  tr io rg a n o tin  com pounds w ere n o t approved for use on vessels less 
th a n  25 m, or fish farm  n ets  and  cages. The sale, supply, sto rage , adv ertisem en t 
and  use of TBT p a in ts  for th ese  purposes is th e re fo re  proh ib ited , an d  i t  is 
expected th a t  a  g rad u a l recovery  of the  dogw helk  po p u la tio n s from  th e  effects 
of TBT w ill now  occur.
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