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The concentrations o f butyltin compounds in sea
water were measured at nine sites in the UK  
during 1986. In popular yachting centres con
centrations o f  tributyltin (TBT) ranged from less 
than detectable ( < l n g d m - 3 ) in the winter, up to 
1500n gd m - 3 in marinas in the summer. M easure
ments o f wastewater generated by high-pressure 
hosing o f yachts demonstrated that even higher 
environmental concentrations of TBT resulted 
from the procedure. The results of the monitoring 
programme are discussed in relation to the toxicity  
of TBT and recent government legislative actions.
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IN T ROD UCTIO N

T he deleterious effects of tribu ty ltin  (TBT) 
leached from  an tifou ling  fo rm ulations to  the 
m arine env ironm ent have been the subject of 
increasingly extensive studies du ring  the last six 
years (see reviews in the Proceedings o f the 
O ceans 86 sym posium 1). F ro m  these studies it 
has becom e ap p a ren t th a t certa in  uses o f TB T 
result in unaccep tab le  env ironm enta l harm , and  
unregu la ted  use of the com pound  can  lead  to  
ca tastro p h ic  dam age to  sensitive stages of a 
variety of aq u a tic  o rganism s, and  especially m ol- 
luscan species. A tten tio n  has focused particu larly  
on the  co n trib u tio n  o f leachates from  yach t anti- 
foulings to  local env ironm en ta l con tam ination , 
since sm all boa ts  a re  often m oored  in  shallow  
enclosed estuaries. Such areas historically  have 
also been the  m ajo r sites for shellfish p ro d u ctio n  
in the U K , as well as nursery  g rounds for 
com m ercially  im p o rta n t fish species, and  conser
vation areas. D uring  1985 the U K  G o vernm en t 
took  ac tion  un d er the C o n tro l of P o llu tion  Act 
(1974)2 to  regulate the sale o f T B T -based an ti
fouling pain ts  for use on sm all vessels. A package

of m easures was in troduced  including: (i) regu
la tions to  co n tro l reta il sale o f the paints; (ii) a 
vo lun tary  no tification  schem e for new antifouling 
paints; (iii) guidelines for handling  paints; (iv) 
coo rd ina tion  of research; (v) estab lishm ent of an  
environm ental quality  ta rge t (EQ T) concen tra
tion. D etails of the co n tro l m easures are des
cribed in the U K  D ep artm en t of the E nvironm ent 
P ollu tion  P aper 25.3

Subsequently, regu la tions were m ade to  contro l 
the am o u n t of o rg an o tin  allow ed in the dry film 
of the fo rm ulation  w hen applied  to  a hull. After 
13 Jan u ary  1986, reta il sale was restricted  to 
pain ts con tain ing  less th an  7.5% tin in copolym er 
and  2.5% in free associa tion  pain ts respectively.

In  1985 the E Q T  was set a t a w ater con 
cen tra tio n  of T B T  of 2 0 n g d m -3 , a level which a t 
the tim e was th o u g h t w ould  give adequate p ro 
tection  to  m arine organism s. This value was no t 
p roposed  as a s ta n d a rd  because the toxicological 
evidence was based  on  a few com m ercially- 
im p o rtan t species, an d  did  no t take in to  account 
effects on  o ther m ore sensitive organism s. It was 
in effect a ta rge t co n cen tra tio n  which pa in t 
m anufactu rers could  use to  dem onstra te  th a t the 
la test generation  of T B T -based  pain ts could be 
environm entally  acceptable. T he target was set 
for TBT, since w ith in  the  range of o rganotin  
com pounds used in p a in t form ulations TBT was 
the m ost com m on and  m ost p o ten t biocide, being 
som e 10 to  100 tim es m ore toxic than  d ibutyltin  
(DBT).4 7

A t th a t tim e few analy tica l procedures were 
capable of specia ting  the various o rgano tin  com 
pounds below  the  2 0 n g d m -3 level. Hence, in 
o rder to  gauge the efficacy of the action, the U K  
D epartm en t of the E nv ironm en t com m issioned a 
research and  m o n ito rin g  p rogram m e, a large p art 
o f which was carried  o u t by the M inistry  of 
A griculture, F isheries an d  F o o d  a t B urnham -on- 
C rouch. As p a rt of the program m e, analytical 
m ethods were ad o p ted  an d  developed to  speciate
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an d  m easure T B T  in seaw ater, in o rd er to  as
certain  w hether o r n o t the E Q T  was likely to  be 
achieved. This paper presents a sum m ary  of the 
concen tra tions o f o rg an o tin  com pounds found in 
U K  estuaries in 1986, an d  results are  discussed in 
the con tex t of the p resen t know ledge of TBT 
toxicity  to  m arine organism s.

MAT ERIA L S AND M E T H O D S

W ater sam ples were tak en  from  40 sta tions 
a ro u n d  the U K  du ring  1986, b u t m onito ring  
effort was co n cen tra ted  a t nine sites: one enclosed 
bay, one open coasta l site, and  seven estuarine 
sites, all of w hich trad itiona lly  su ppo rted  shell- 
fisheries, and  six o f w hich were p o p u la r  yachting  
centres. W ithin  each estuary  a t least three 
s ta tions were m on ito red , chosen w here possible 
to  represent: (a) a location  high in  the estuary  to 
reflect the  quality  of w ater flowing in to  the 
estuary; (b) a location  su ppo rting  shellfish culture 
(at these sites oysters and  m ussels were relaid as 
ind icato r species and  results are to  be presented  
elsewhere); (c) a h a rb o u r  o r m arina  area  where 
concen tra tions w ere likely to  be highest w ithin 
the estuary . T he frequency of sam pling varied 
from  site to  site, b u t w as generally m onthly . In 
the C rouch  estuary  13 s ta tions were m onito red  
m onth ly  an d  sam ples from  a s ta tio n  close to  the

M A F F  lab o ra to ry  were collected a t least fort
nightly. Sam pling sites are listed in Table 1 and 
show n in Fig. 1. U sually , single sam ples of whole 
w ater co lum n w ere collected and, wherever 
possible, w ater sam ples were collected a t slack 
w ater low tide.

In add ition  to  the above sam pling regime, 
dep th  and  tidal profiles of concen tra tion  were 
m easured  a t som e s ta tions during  the yachting 
season. W ater sam ples were also taken  to  identify 
‘ho t spo ts’, by  m easu ring  the  con tribu tion  to  the 
su rround ing  w ater of leachates from  hosed 
yachts, newly p a in ted  yachts and  contam inated  
sedim ents. C o ncen tra tions of o rgano tin  in the 
sam ples were m easured  using the m ethod  devel
oped by M atth ia s  et al. (1986).8 A lkyltin com
pounds are reduced to  the hydride form  and 
sim ultaneously  ex tracted  in to  dichlorom ethane. 
T he ex tract is reduced in volum e and  injected 
in to  a gas ch ro m a to g rap h  w ith a  flame pho to 
m etric detector. T he lim it o f detection  for TBT 
com pounds is approx im ate ly  l n g d m - 3 . The 
m ethod  allow s the unam biguous identification of 
m ono-, di-, and  tri-alky ltin  com pounds.

Tw o-litre w ater sam ples were collected in 
calib rated  2.7-litre glass bottles w ith Teflon-lined, 
screw -capped lids. The m ajority  of sam ples were 
collected by h an d  at a dep th  of approxim ately 
10 cm below  the w ater surface (sub-surface). 
D eeper w ater sam ples were collected a t some 
sites using a P T F E  and  stainless-steel bottle

Menai
S tra it

Milford A 
Haven Blackw ater

'C r o u c h

Plymouth/ reign

T a m a r ^ "  Dart 
S a lcom be

Brighton
Poole

H arbour
Beaulieu

Fai

Figure 1 Sam pling sites.
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holder. An ap p ro p ria te  am o u n t of in te rnal s ta n 
dard (trip ropy ltin  chloride, TPTC1) in d ich loro- 
inethane was added  to  the w ater sam ple followed 
by a sod ium  bo ro h y d rid e  pellet (0.25 g) and  
40 cm 3 of d ich lo rom ethane. The bo ttle  was 
capped and  shaken  on  an  o rb ita l shaker for 
1 5 min, and  then  allow ed to  stand  while the 
solvent phase sep ara ted  ou t. T he d ich loro- 
xnethane was then  d raw n  off in to  a capped, glass 
centrifuge tube, an d  centrifuged a t 1000 rpm  for 
10 min. Any w ater in the  tube was rem oved using 
a P asteur p ipette an d  the ex trac t blow n dow n to 
approxim ately  3 cm 3 using a gentle stream  of 
com pressed air a t am b ien t tem perature . T he ex
trac t was then  transferred  to  a ‘reactiv ial’ and  
blow n dow n to  app rox im ate ly  200^1. A lthough  
d ich lo rom ethane is reasonab ly  soluble in w ater 
and only a b o u t 15 cm 3 of solvent was recovered 
using a single ex traction , the ra tio  of T B T to 
in ternal s ta n d a rd  recovered was constan t. A t the 
5 0 n g d n U 3 level, the m ean recovery for T B T O  
was 88% (S D = 1 5 , n = 1 2 ).

G C  analysis w as carried  o u t using a C arlo  
E rba 4160 G C  equ ipped  w ith a flam e p h o to 
m etric d e tec to r an d  linked  to  a  H ew lett P ack a rd  
1000 m inicom puter. O rg an o tin s  were separa ted  
on a 25 m  X 0.3 m m  ID  fused silica cap illary  
colum n coated  w ith  a crosslinked 5% phenyl- 
m ethylsilicone fluid w ith  a film thickness of 
0.52 ¡i m. U sing  a ca rrie r gas flow ra te  of 
2 cm 3 m in " 1, an d  tem p era tu re  program m e; in itial 
40°C, increasing a t 15°C m in “ 1 to  200°C, the 
re ten tion  tim es of M B T , D B T  were 2.25, 6.92 and  
10.33 m in  respectively.

O rg a n o tin  co n cen tra tio n s in w astew ater collec
ted du ring  hosing  o p era tions on yachts trea ted  
with T B T  w ere m easured  using to luene ex trac
tion  and  e lec tro therm al atom ic ab so rp tio n  
sp ec tropho tom etry .9 T he EAAS m eth o d  was used 
for convenience, in o rd e r  to  keep separate  the 
highly co n tam in ated  sam ples from  those used for 
trace analysis. F u rth e r  details of the sam pling 
strategy, exact site locations, num bers an d  d is tri
b u tio n  o f b o a ts  p resen t an d  concen tra tions of 
T B T  in  in d ica to r species are in p repara tion .

RESULTS

R esults are expressed as concen tra tions of alkyl- 
tin  ca tion  in the sam ple; in the case o f TB T these 
are 2.5 tim es Sn concen tra tions. M onth ly  survey 
d a ta  are  listed in  T ab le  1. Results are show n for

tribu ty ltin , and  b reakdow n products di- and 
m ono-buty ltin . T o ta l o rg an o tin  loading of the 
w ater co lum n is presented  for com parisons with 
earlier d a ta .1,9 At the th ree  sites where w ater 
sam ples could be taken  a t the riverine end of the 
estuary  above the influence of yachts, only low 
levels of o rgano tin s were detected  in the water. 
T B T concen tra tions were barely above detection  
lim its a t s ta tio n  1 in the Beaulieu, Teign and 
D a rt sites, suggesting th a t no  significant inputs of 
T B T were en tering  the estuaries from  the riverine 
end. D espite the inclusion of these values in the 
d a ta  set, concen tra tions of TB T found in alm ost 
half of the 250 sam ples taken  from  April to 
D ecem ber 1986 were equal to  o r in excess of 
the E Q T  (2 0 n g d m “ 3) for TBT. H arb o u rs  and 
m arinas invariab ly  show ed the highest concen
tra tio n s of T B T  in the w ater and  values reflected 
the degree of flushing; for exam ple in S utton  
m arina, P lym outh , w hich is enclosed and  has 
po o r w ater exchange, concen tra tions exceeded 
1000 n g d m - 3 from  M ay to  Septem ber, up to 75 
tim es the E Q T. T he D a rt m arina  is well flushed 
and  w ater concen tra tions d id  n o t rise above 
2 0 0 n g d m " 3.

C o ncen tra tions of TB T in open estuarine 
locations exceeded the E Q T  in six of the nine 
sites studied; by up to  th ree  o r four tim es in the 
D art, C rouch , B lackw ater and  Poole H arbour, 
and  by up  to  ten tim es at Salcom be and  Beaulieu. 
All six are p o p u la r yach ting  estuaries. Sam ples 
from  the Teign, M enai S tra it an d  M ilford H aven 
con tained  low b u t often detectab le concentra tions 
of o rgano tins, an d  in one sam ple from  the Teign 
in  Septem ber concen tra tions were ju s t above the 
EQ T. Sam ples from  the M enai S tra it showed 
unusually  high concen tra tions o f D B T  com pared 
w ith TBT, b u t few boats were present near the 
site, and  it seems im probab le  th a t the D B T  arose 
from  yacht an tifou ling  agents.

T he ra tios of tri- to  di- and  m ono-buty ltins 
were variable. In  m arinas, w here there were 
co n s tan t inpu ts of T B T  from  leachates, TB T 
predom inated . A t sites rem ote from  boats, TB T 
levels were a ro u n d  half the  to ta l o rgano tin  con
tent, w ith  a co rrespond ing  increase in DBT. 
M on o b u ty ltin  (M BT) concen tra tions were gener
ally low.

T able 2 show s concen tra tions of o rgano tin  
com pounds found in w ater outside the B urnham  
lab o ra to ry  a t weekly o r fortn ightly  intervals. 
M ean  values for each m o n th  are displayed in 
Fig. 2. It can  be seen th a t concen tra tions rose 
rapidly in the spring  a t the tim e o f launching,
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Table 1 C oncentrations o f organotin  com pounds in m arine and estuarine w aters around the U K  during  1986 (ngdm  3)

Site S tation

A pril M ay June July

M BT D B T TB T M o H M BT D BT T B T M 
i 

o H 
1

M BT D B T TB T L o t M BT D BT TBT E O T

C rouch  (1) W oodham  F errers ___ 5 24 9 38
(2) F am bridge  M arina 6 141 336 483 23 137 425 585
(3) Fam bridge 7 24 23 54 nd nd 18 18 6 15 13 34 2 29 23 54
(4) Bridgem arsh nd 74 22 96 nd nd 24 24 6 32 19 57 2 20 9 31
(5) C reeksea nd 30 28 58 nd 65 19 84 3 28 17 48 3 30 28 61
(6) Essex M arina nd 111 158 269 5 36 44 85 4 26 20 50 10 41 52 103
( 2 ) End M oorings nd 41 40 81 4 43 50 97 _ — — — — — —

(8) M A F F  L abo rato ry nd 25 32 57 nd 113 70 183 9 40 28 77 2 41 61 103
(9) End M oorings nd 40 39 79

(10) Bush Shore — — — — 2 29 39 70 2 23 24 49 2 8 18 28
(H ) R oach  M ou th nd .23 13 36 6 30 20 56 5 31 18 54 3 40 20 63
(12) Holliwell Buoy nd 10 <1 10 — — — 3 23 16 42 2 19 10 31
(13) Holliwell P o in t nd 16 8 24 nd 7 25 32 5 7 7 19 — — — —

B lackw ater (1) G oldhanger nd 5 <1 5 32 29 3 64 8 17 7 32 1 7 2 10
(2) W est M ersea nd 9 10 19 nd 18 37 55 8 34 46 88 1 27 70 98
(3) B lackw ater M arina nd 67 351 418 nd 108 831 939

Beaulieu (1) Leygreen F arm nd 7 <1 7 nd <1 <1 <1 6 6 4 16 3 4 <1 7
(2) Bucklers H ard nd 22 45 67 nd 29 50 79 10 83 107 200 14 52 44 110

Poole H a rb o u r  (1) S andbanks 21 88 17 136 _ — —

(2) C om m ercial D ock 5 17 8 30 — — —

(3) M id -H arb o u r 4 9 <1 13 7 26 45 78 5 28 6 39 4 26 19 49
(4) H arb o u r  Entrance <1 5 <1 5 — — —

(5) C obbs Q uay  M arina nd 72 282 354 nd 245 331 576 24 299 1520 1840 12 221 1190 1420

Teign (1) N ew ton  A bbot ___ __ __ ___ nd 2 <1 2 <1 2 1 3 3 <1 <1 3
(2) A rchbrook — — — — nd <1 <1 <1 nd 10 15 25 3 9 4 16
(3) Teignm outh  H arb o u r — — — — — — — — nd 3 8 11 3 11 5 19

D art (1) C adda fo rd nd <1 <1 < 1 nd <1 <1 <1 <1 <1 2 2 5 <1 <1 5
(2) Blackness Poin t nd <1 < 10 <10 nd <1 1 1 nd 7 40 47 2 5 56 63
(3) D artm o u th  M arina nd 9 4 13 6 29 48 83 nd 12 109 121 21 23 106 150

Saleom be (1) K ingsbridge _ _ . . . — < 1 <1 < 1 < 1 nd 14 29 43 17 16 29 62
(2) F rogm ore  Creek — — — — 8 33 16 57 nd 15 23 38 25 16 17 58
(3) Saleom be H arb o u r nd 11 36 47 nd nd 80 80 nd 9 60 69 26 29 264 319

M i l f o r d  H a v e n  ( 1 ) West W illiam son <1 6 <1 6 13 4 2 19 <1 4 10 14 2 2 1 5
(2) C osheston  Point <1 <1 <1 < 1 < 1 3 3 6 <1 4 10 14 <1 2 4 6
(3) Brunnel Q uay M arina 4 10 17 31 < 1 35 221 256 2 17 80 99 3 34 290 327

M enai S trait (1) T a l - y - F o e l — — — — — - — — - 5 17 <1 22

C onw y Conw y T ow n — — — — — — — - — - - — — 3 1 3 7

P lym outh Su tton  M arina nd 286 398 684 5 112 1070 1190 193 150 1210 1550 26 45 1090 1160

Brighton B righton M arina nd 25 57 82 nd nd 101 101 29 231 573 833 48 141 879 1070
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A ugust Septem ber O ctober N ovem ber D ecem ber

MBT D B T T B T M O H M BT D BT T B T M
 

o 
I

—i M BT D BT TBT M o H M BT D BT TB T L o t M BT DBT TBT L 0T

_ _ _ 2 19 18 39 _ _ _ _ _ _ _ _ _ _ _ _
_- — — 4 91 525 620 .... — -- _ — — — — — —
<■] 2 4 6 — — — — 4 15 7 26 4 16 19 39 3 8 3 14

4 34 37 75 — — - — 3 18 7 28 3 14 20 37 6 13 6 25
2 24 47 73 — — — — 3 19 18 40 3 15 16 33 2 6 3 11

_ — — — _ — — — 2 10 49 61 18 26 37 81
1 22 32 55

31 32 76 139 2 25 44 71 3 20 24 47 4 20 24 48 9 26 32 67

1 11 24 36 _ 2 8 9 19 7 26 129 162
3 30 44 77 2 10 20 32 2 11 9 22
2 13 8 23 2 9 14 25 4 8 <1 12

— 1 9 16 26 4 9 2 15

nd <1 4 4 <1 4 4 8 <1 13 2 15 nd 7 4 11 5 4 <1 9
<1 3 16 19 1 16 22 39 3 21 76 100 __ — — — <1 4 2 6

2 81 700 783 1 55 652 708 — — — — 9 30 206 245 8 145 60 213

<1 2 5 7 <1 <1 1 1 3 4 <1 7 1 3 <1 4 6 2 <1 8
3 26 146 175 3 34 120 157 2 23 34 59 3 <1 21 24 5 6 4 15

5 72 59 136 1 5 6 12 <1 8 5 13 2 4 5 11 — — —
12 415 315 742 4 92 686 782 5 73 192 270 6 39 113 158 — - —

<1 24 2 26 <1 2 1 3 3 5 I 9 3 6 1 10 3 3 2 8
3 6 13 22 <1 <1 26 26 <1 3 1 4 3 4 <1 7 4 13 4 21
4 15 16 35 <1 15 57 72 1 7 4 12 2 4 4 10 10 49 41 100

1 2 2 5 2 I 1 4 1 2 <1 3 nd 6 <1 6 4 2 <1 6
2 6 10 18 <1 2 81 83 1 5 5 11 4 3 8 15 1 4 13 18
4 16 20 40 2 21 191 214 1 10 30 41 nd 5 8 13 2 9 18 29

3 11 25 39 4 36 238 278 1 8 9 18 4 <1 10 14 3 7 5 15
2 8 8 18 1 13 10 24 1 9 7 17 3 4 4 11 5. 5 11 21
4 17 103 124 2 27 78 107 1 4 75 80 26 42 243 311 2 9 46 57

<1 1 4 5 1 1 3 5 <1 11 4 15 2 4 1 7 _ _ _ _
<1 4 5 9 <1 4 5 9 1 <1 7 8 2 <1 1 3 — — — —
<1 12 111 124 <1 4 56 60 <1 7 27 34

3 51 2 56 <1 20 <1 20 4 55 <1 59 3 3 3 9 — — —
<1 3 3 6 <1 3 9 12 1 2 1 4 <1 2 1 3 — - — —

6 165 1140 1310 3 121 1270 1400 4 121 667 792 3 31 157 191 2 14 83 99
9 200 389 598 1 13 132 146 1 39 285 325 2 32 178 212 5 25 27 57

Abbreviations: nd, no t determ ined; £ O T , to tal organic tin.
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Figure 2 C oncen trations o f o rganotin  in water at B urnham -on-C rouch during  1986 (ngdm  3). (TO T =  total organotin).

Table 2 C oncen trations o f organotin  in sub-surface samples 
of w ater a t B urnham  during  1986 (n g d m -3 )

D ate (1986) M BT DBT TBT X O T

28 Jan. nd nd 7 7
10 Feb. nd 4 4 8
14 M ar. nd 4 7 11
2 Apr. nd 4 9 13
8 Apr. 6 17 32 55

28 Apr. 10 23 12 45
16 May 11 29 68 108
27 M ay nd 79 66 145
10 Jun. 9 28 33 70
25 Jun. 9 40 28 77

8 July 8 34 34 76
15 July 4 36 36 76
16 July 21 40 32 93
28 July 2 41 61 104

6 Aug. 4 42 56 102
21 Aug. 31 32 76 139
4 Sept. <  1 22 36 58

11 Sept. 2 25 44 71
22 Sept. 2 21 21 44
29 Sept. 5 31 45 81

7 Oct. 2 19 30 51
10 Oct. <1 12 14 26
24 Oct. 3 20 24 47

5 Nov. 4 20 28 52
13 Nov. 4 16 18 38
21 Nov. 2 9 6 17
28 Nov. 4 19 12 35
12 Dec. 3 7 3 13
19 Dec. 5 nd 14 19

A bbreviations: nd, no t determ ined; £ O T , total organic tin.

reduced slightly in m id-sum m er, and  there was 
then  a second peak in the late sum m er. The 
second peak  has in the past been a ttribu ted  to 
hosing dow n and  repa in ting  of yachts for 
B urnham  R egatta  week in A ugust. M id-season • 
cleaning an d /o r  repa in ting  and  late-season 
scrubbing  off directly  in to  the estuary  were com 
m on practices in all o f the estuaries under study, 
and  a sim ilar late-season peak was often 
observed.

T ab le 3 show s concen tra tions of o rganotins 
m easured  du ring  tidal cycles and  a t various 
dep ths in estuaries of the C rouch, Fai and 
T am ar. D a ta  are show n for S u tton  m arina, 
P lym outh  (an  enclosed m arina  site), and for 
Essex m arina  in the C rouch  (open to the estuary). 
O rg an o tin s  were well m ixed th ro u g h o u t the 
w ater colum n at open estuarine locations, bu t a 
m arked  grad ien t w ith dep th  was seen in the 
enclosed m arin a  a t S u tton  harbou r. Samples 
taken  from  the surface m icrolayer a t the same 
locations show ed higher concen tra tions of 
o rg an o tin s .10

T ab le 4 show s concen tra tions of organotins 
m easured  in the vicinity o f hosed and  recently 
repain ted  yachts. W astew ater after exposure of 
b oa ts to  high-pressure hoses was collected and 
analysed, and  the T B T  con ten t determ ined. H ard , 
free associa tion  form ulations released 0.1-0.7 g of 
o rg an o tin  per boat, w hereas softer, copolym er f
fo rm ulations released 1-6 g on hosing (Table 4a).
W here yachts were hosed on the foreshore at low 
tide, sam ples o f sub-surface w ater in the general



Table 3a D epth  profiles o f o rganotin  concentrations in the Crouch, Fai and  T am ar 
during  1986 (n g d m -3 )

Site S tation D ate D epth M BT D BT TBT EOT

C rouch (■7) End M oorings May 1 cm 4 62 43 109
10 cm 4 43 50 97

1 m 3 40 62 105
5 m 2 21 80 103

10 m 6 16 48 70

Crouch (5) Creek sea July 1 cm 18 38 37 93
10 cm 13 40 37 90

1 m 13 35 43 91
2 m 33 38 30 101
3 m 28 36 29 93
3.5 m 14 42 26 82

C rouch (8) Burnham July 1 cm 19 38 36 93
10 cm 21 40 32 93

1 m 13 36 30 79
2 m 21 37 28 86
3 m 10 35 41 86
4 m 20 33 21 74
5 m 22 36 24 82
6 m 11 35 35 81

Fai K ing H arry Sept. 1 cm 1 5 11 17
Ferry 10 cm 1 6 17 24

1 m 1 7 15 23
5 m <1 3 15 18

10 m 1 3 6 10

Table 3b O rganotin  concentrations during a tidal cycle in the C rouch (ng dm 3)

Site Station Time Tide M BT D BT TBT E O T

C rouch (8) Burnham 8.40 Ebb 4 32 44 80
10.20 Slack low 5 25 43 73
11.45 1/3 Flood 5 37 36 78
13.45 Flood 4 42 46 92
15.45 Slack high 5 31 60 96
17.40 2h  Ebb 13 42 67 122

Site S tation D ate D epth MBT D BT TBT E O T

Crouch (7) End M oorings Aug. 1 cm 2 14 33 49
10 cm 1 22 32 55

1 m 1 18 33 52
5 m 2 16 44 62
7.5 m 1 18 33 52

C rouch (5) Creeksea Aug. 1 cm 1 19 11 31
10 cm 1 21 60 82

1 m 1 15 23 39
2 m 1 24 42 67
4 m 1 12 13 26

Crouch (6) Essex M arina May 1 cm 5 31 73 109
10 cm 5 36 44 85

1 m 6 35 82 123
5 m 3 32 56 91
7 m 11 31 35 77

Plym outh Sutton  M arina Sept. 10 cm 3 121 1270 1400
1 m 1 33 170 204
5 m 1 4 11 16

T am ar D evonport Sept. 1 cm <1 3 4 7
10 cm 1 4 5 10

1 m <  1 4 9 13
5 m 1 9 17 27

10 m <1 1 18 19
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Table 4a C oncentrations o f organotins in the C rouch at 
sites o f hosing and repainting yachts during  1986—  
w astew ater from hosing of yachts 7 to 8 m long

Form ulation
W ashw ater 
(mg d m -3 )

Calculated am ount 
of organotin  
rem oved from 
hull (g)

Free association 0.5 0.1
1.4 0.4
2.3 0.7

C opolym er 4.0 1
7.0 2

14.3 4
15.3 5
19.3 6

Table 4b Estuarine w ater in the vicinity of hosing operations 
(sam ple taken  on rising tide after hosing) (n g d m -3 )

M BT DBT TBT I O T

Sam ple (1) 80 1630 7080 8790
(2) 34 1740 6540 8310

Table 4c Release o f o rganotin  from contam inated  sediments 
on  the foreshore (ng dm  -3 )

M BT D B T TBT I O T

W hole w ater colum n 98 192 502 792
Centrifuged water 24 80 134 238
O ffshore whole w ater colum n 2 41 61 104

Table 4d Sub-surface w ater in the vicinity of a yacht newly 
painted with a copolym er form ulation (n g d m -3 )

D istance 
from  yacht MBT DBT TBT I O T

5 cm 7 142 1230 1380
30 cm 6 83 257 326

1 m 6 55 50 111

vicinity  were taken once the tide had com e in
(w ater dep th  approx im ate ly  2 m). C oncen tra tions 
o f T B T  in sub-surface w aters were approxim ately  
7 / tg d m -3  (Table 4b).

T o  m easure the release o f T B T  from  co n 
tam ina ted  m uds, w ater sam ples con tain ing  high

levels o f suspended particu la tes were taken  from 
the w ater/foreshore interface (w ater depth 
approxim ately  30 cm) outside a local boatyard. 
T B T  at 50 0 n g d m ” 3 was found in the whole 
w ater colum n and, after centrifugation , over 
130n g d m - 3 was found in solution. F u rth e r from 
the shore, concen tra tions of TB T were 6 0 n g d m - 3 
in the whole w ater co lum n (Table 4c).

Sub-surface sam ples were also taken  close to 
the hull o f a newly pain ted  8 m yacht. A gradient 
o f T B T  was found  aw ay from  the hull (Table 4d).

DIS C U S SI O N

Inevitably, w hen designing a m on ito ring  strategy 
it is difficult to  select sites typical for the whole 
coun try , and  one o r a few sta tions w hich are 
tru ly  represen tative o f each estuary. U pper es- 
tua rine  sta tions were chosen to  confirm  tha t 
inputs o f T B T  o th er than  from  boats were un
likely to  occur, and  estuaries w ith  few m oored 
yachts were selected to  dem o n stra te  th a t environ
m ental p roblem s w ith T B T  are specifically related 
to  sm all boats. C learly, these results are atypical 
o f the m ajority  of enclosed estuaries w ith large 
num bers of pleasure craft. F u rthe rm ore , even in 
estuaries w ith large num bers o f m oored  boats, 
s ta tions were selected to  be representative of 
those used for m ariculture; for exam ple at 
Saleom be, D art and  Poole, s ta tions were several 
k ilom etres from  the nearest im p o rta n t m ooring 
areas. Sam ples were also taken  before the yacht
ing season began in A pril and  long after boating  
activity  had  ceased in  N ovem ber and  Decem ber.

All of these factors suggest th a t the d a ta  set 
presented here was biased to  underestim ate the 
co n tam in an t concen tra tions in the estuaries as a 
whole. The po in t is fu rther illu stra ted  by the 
m ore detailed study of the C rouch  estuary. 
Spatial, tem poral and  dep th  in form ation  for the 
estuary  dem onstra ted  th a t concen tra tions were 
highest in m id-estuary  close to  sw inging m oor
ings (stations 6 to  9 in Table 1) in the summ er, 
were evenly d istribu ted  th ro u g h o u t the water 
colum n, and  were low er a t slack w ater low tide 
th an  during  the rest o f the tidal cycle. Hence, 
sub-surface sam ples taken  a t slack w ater at 
s ta tions rem ote from  m oorings at o ther sites 
w ould no t represent m axim um  concen tra tions of 
T B T  in the estuary.

D espite the b ias tow ards underestim ation , d u r
ing the sum m er concen tra tions of T B T in open
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estuarine locations a t all six estuaries w ith signifi
cant yachting  activ ity  were a t least th ree or four 
times the EQ T. C o n cen tra tio n s of T B T  in 
m arinas and  h arb o u rs  were 10 to  50 tim es higher 
than  the E Q T , and  such sites, clearly, act as a 
m ajor inpu t o f the toxin. The significance of the 
sink for T B T  in heavily-contam inated  m arina 
sedim ents is cu rren tly  under investigation.

Even h igher concen tra tions of T B T (som e 350 
times the EQ T) were detected  in sub-surface 
w aters above sedim ents con tam inated  by hosing 
opera tions on the previous tide. The significance 
of such situa tions is difficult to  quantify , bu t 
plum es of co n tam in a ted  w ater from  this source 
are certain ly  presen t in the C rouch . M easure
m ents of w astew aters from  hosing opera tions give 
a better perspective of the degree of po ten tia l 
env ironm ental dam age, e.g. up  to  6 g of T B T  was 
hosed from  an  8 m  yacht previously coa ted  w ith 
a T B T -based  copolym er form ulation . This w ould 
require d ilu tion  w ith over 300000 m 3 of w ater to  
achieve the EQ T.

F igure 3 show s results of m onito ring  for 
o rgano tin  co n cen tra tio n s in  w ater from  the 
C rouch  from  1982 to  1986. The d a ta  recorded 
before 1986 suffered from  the higher detection  
lim it of 100n g d m '3 available a t th a t time. 
H ow ever, in each  year, o rg an o tin  concen tra tions 
increased in  the  spring  w ith the launching  of 
yachts, usually  follow ed by a secondary  peak  in 
¡ater sum m er o r au tu m n  associated  w ith repa in t
ing o r hosing  off activities, an d  concen tra tions fell 
aw ay du rin g  the  w inter. D uring  the  period  of 
study there was a g radua l decrease in  env iron
m ental co n cen tra tio n s p ro b ab ly  associated  w ith  a 
change in the com position  of the pain ts, as free 
associa tion  p ro d u c ts  gave way to  copolym er for
m ulations. N o  m arked  decrease in the concen
tra tio n s of o rg an o tin s  occurred  in 1986 following 
restric tions under the C o n tro l of P o llu tion  A ct.2

T ab le 5 sum m arizes the toxicological infor
m a tio n  cu rren tly  available for tribu ty ltin  com 
pounds, and  show s concen tra tions of o rgano tins 
found  du rin g  the last five years in open  estuarine 
an d  m arin a  lo ca tio n s.1,3 The m arked  overlap  
betw een observed concen tra tions and  effect d a ta  
leaves little d o u b t th a t a variety  of m arine o rg an 
isms have been killed o r deb ilita ted  by the  use of 
p o ten t T B T  biocides. A t first sight, T able 5 
appears to  suggest th a t fish and  crustaceans were 
less sensitive th a n  m ost o th e r phyla. H ow ever, 
m ost research has cen tred  on lethal effects and  
there is little in fo rm ation  on long-term , sub-lethal 
responses. F ish  and  crustaceans have been de

m onstra ted  to  have a g rea ter ability  to  m e ta
bolize T B T  than  m olluscs,65 bu t until long-term  
tests are com pleted  conclusions m ust be guarded.

O n  the basis of chronic exposure d a ta , m o l
luscs and  algae exhibit extrem e sensitivity to 
TBT. G ross abnorm alities, shell th ickening and 
cham bering  in Pacific oysters (Crassostrea gigas) 
occurred  a t 50 n g d m '3, a concen tra tion  a t which 
larval g row th was also inh ibited .46 G row th  and  
survival was norm al at 2 0 n g d m '3. G row th  of 
recently m etam orphosed  E uropean  flat oysters 
(Ostrea edulis) was reduced at 6 0 n g d m '3, and 
m arginally  so a t 20 n g d m '3.53 However, the 
grow th of spa t (juveniles) of C. gigas, the mussel 
(.M ytilus edulis) and  the clam  ( Venerupis semi
decussata) was severely reduced a t 24 0 n g d m “ 3, 
although  no t th a t of large O. edulis spat, and  the 
inference is th a t the la tte r is m ore resistant. Tests 
on  the veliger larvae of M. edulis52 exposed to 
100n g d m “ 3 show ed th a t there was a 50% m o r
tality  by 15 days, and  m any of the survivors were 
m oribund  and  their grow th  rate  was reduced; 
low er concen tra tions were no t tested.

O ne of the effects no ted  w ith g as tro p o d  m ol
luscs exposed to  T B T  com pounds was the devel
opm ent of ‘im posex’— the developm ent of m ale 
sex characteristics in the female— leading to  im 
pairm en t of reproduction . Bryan e t al. (1986)55 
show ed th a t this effect was produced  in the 
com m on dogw helk (Nucella lapillus) exposed to 
5 0 n g d m '3 T B T  under lab o ra to ry  conditions, 
and  a com parison  between the tissue concen
tra tio n  of T B T  associated  with im posex in  this 
experim ent and  concen tra tions found in N . lapil
lus from  coasta l areas of SW  E ngland, where 
p o p u la tio n s were sim ilarly affected, ind icated  tha t 
w ater concen tra tions as low as 2 .5 n g d m '3 TB T 
m ay  give rise to  the effect. This and  o ther 
evidence suggests th a t the decline in the com m on 
dogw helk in and  a ro u n d  the U K  estuaries m ay 
be caused by the lower reproductive capacity  
induced by TB T, ra th e r than  by m ortality .

F ro m  consideration  of the m ost recently p u b 
lished d a ta , it w ould  appear th a t the E Q T  was 
set a t to o  high a level to safeguard all sensitive 
m arine species.

C urren t in form ation  suggests th a t to  achieve 
env ironm ental pro tection , the E Q T  w ould have 
to  be reduced by a t least a factor of ten. 
A lthough  the con tro l m easures taken  on 13 
Ja n u ary  1986 m ay have b ro u g h t ab o u t some 
reduction  in environm ental concentra tions, they 
were no t effective in reducing con tam ination  to  a 
now -acceptable level.
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Table 5 Toxicity o f TB T to  m arine organism s

EQT

0.001
fig  TBT dm -3  

0.1 1

Fish
Agonus cataphractus11 
Alburnus alburnus12 
Brevoortia tyrannus13 
Citharichthys stigmaeus14 
Citharichthys stigmaeus15 
Cyprinodon variegatus16 
Cyprinodon variegatus17 
Dicentrarchus labrax18 
Fundulus heteroclitus19 
Fundulus heteroclitus20 
Gambusia affinis21 
Leuresthes tenuis22 
M orone saxatilis23 
M orone saxatilis13 
Pomatoschistus microps24 
Solea solea11

T unicata  
Ascidia  sp.25 
Borylloides sp .25 
Didemnum candidum25

E chinoderm ata 
Asterias rubens24 
Ophioderma brevispina26

Bryozoa
Schizoporella errata25 

C rustacea
Acanthomysis sculpta27 
Acanthomysis sculpta15 
Acanthomysis sculpta28 
^ c a r ita  tonsa14 
Acartia tonsa29 
Balanus amphitrite30 
Balanus balanoides31 
Carcinus maenus11 
Crangon crangon11 
Elminius modestus31 
Eurytemora  sp.30 
Gammarus oceanicus32 
Gammarus oceanicus33 
Hemigraspus nudus34 
Homarus americanus31 
Homarus vulgaris2'1 
M etamysidopsis elongata14 
M ysidopsis bahia35 
Nitrocra spinipes12 
Orchestia traskiana32 
Orchestoidea califoriana36 
Palaemonetes pugio26 
Pandalus montagui211 
Penaeus duoarum37 
Rhithropanopeus harrisii38 
Rhithropanopeus harrisii39 
Uca pugilator40

0.001 100

Open es tuarine Marinas

Significant m ortality , # g 9 6 h ;  0 > 9 6 h .  Sublethal effects, A .
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Table 5 C ontinued

EQT pg TBT d r r r 3
0.1 1

,46

M ollusca 
Anomia nobilis25 
Crassostrea gigas41 
Crassostrea gigas42 
Crassostrea g igas11 
Crassostrea gigas43 
Crassostrea gigas41 
Crassostrea gigas 
Crassostrea gigas 
Crassostrea gigas47 
Crassostrea virginica48 
Crassostrea virginica15 
Crassostrea virginica25 
Crassostrea virginica49 
Crassostrea virginica50 
Mercenaria mercenaria5 ' 
M ytilus edulis11 
M ytilus edulis52 
M ytilus edulis30 
M ytilus edulis15 
M ytilus edulis53 
M ytilus galloprovinciallis41 
Nassarius obsoletus54 
Nucella lapillus55 
Ocenebra erinacea56 
Ostrea edulis53 
Peotothaca stam inea14 
Rangia cuneata11 
Kenerupis decussata53 
Venerupis semidecussata53

Annelida
Arenicola cristata57 
Hydroides elegans25 
Neanthes arenceodentata14 
Ophryotrocha diadema2i

C oelenterata 
Campanularia flexuosa58

Rotifera
Brachionus plicatilus8 

Algae
Dunaliella tertiolecta59 
Dunaliella tertiolecta60 
Enteromorpha intestinalis61 
Gymnodinium splendens59 
Pavlova lutheri60 
Phaeodactylum tricornutum59 
Skeletonema costatum 62 
Skeletonema costatum 11 
Skeletonema costatum63 
Skeletonema costatum60 
Thalassiosira pseudonana63

0.001

0.001
O pen  es tuarine

1 10 I

Marinas

Significant m ortality, # g 9 6 h ;  0 > 9 6 h .  Sublethal effects, ,
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Figure 3 C oncentrations of organotin  and tributyltin  in water at B urnham -on-C rouch 1982-1986. □ ,  Toluene-extractable
organotin; 0 ,  tributyltin  (ngdm  •'), nd =  not detected.
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As a result of th is evidence, in F eb ru ary  1987 
the U K  G o vernm en t announced  its in ten tion  to 
in troduce fu rther con tro ls under the C o n tro l of 
P o llu tion  Act (1974);2’66 it now  includes a 
com plete ban  on retail sale of pa in t fo rm ulations 
contain ing  T B T  and  a ban  on the w holesale and 
retail sale o f p ro d u c ts  con tain ing  T B T  used to 
trea t fish farm  cages. R egulations were laid  before 
P arliam en t on  7 M ay 1987, an d  were effective 
from  28 M ay 1987. M ore com prehensive contro ls 
will be pu t in hand  from  1 Ju ly  1987 w hen all 
antifoulings, w hether or no t they co n ta in  TBT, 
becom e subject to the provisions of the F o o d  and 
E nvironm ent P ro tec tio n  Act (1985).67 After tha t 
date, all fo rm ulations con ta in ing  aq u a tic  biocides 
will require p rio r app rova l by M inisters before 
they can  be sold o r used.
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