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Mathematical models have been set up to describe the 
dispersing plume formed when liquid effluent is dis- 
charged to a ship's wake and the susbequent dilution of 
the waste field after it has spread over the disposal area. 
Comparisons were made between the dilution obtain- 
able at the disposal site off the River Tees with that at a 
site off the Humber. On the basis of the rather limited 
oceanographic data available, the models indicate that 
the waste would mix throughout depth more quickly at 
the Humber site than at the Tees but the shallowness 
of the water at the Humber would limit the rate of sub- 
sequent dilution. Within 48 h of the waste becoming 
spread over the disposal area, the dilution at the 
Humber ground was predicted to be 2.2 X 106 times; in 
the same period the waste discharged off the Tees 
would be 9.7 × 106 times dilution. Under the stratified 
conditions which can occur at the Tees disposal area in 
summer, the estimated dilution would be reduced to 
3.7 x 106 times. 

With steady and relatively weak residual currents, it 
was predicted that diluted effluent would not be com- 
pletely cleared from either disposal area in the 2 -3  days 
between successive discharges. However, the estimated 
dilution of the effluent in this interval is several orders 
higher than concentrations known to be toxic to sensi- 
tive marine species and stronger residual flows than 
those assumed are known to occur intermittently, so 
that significant build-up is unlikely and the waste would 
not have any long term adverse effects on marine life. 

The seas around the British Isles may be regarded as 
a resource in that they provide rich fishing grounds and 
regions where strong tidal currents ensure that wastes 
are rapidly reduced in concentration. Particular con- 
cern has been expressed recently that undue harm may 
be being caused to fish stocks by the direct discharge 
from ships of sewage sludge and industrial effluents. To 
assess whether a particular disposal operation is having 
an adverse effect, studies have to be undertaken of the 
physical, chemical and biological features of the dis- 
charge area, taking into account the method of 
discharge and the load involved. 

Currently by-product acid from the manufacture of 
methyl methacrylate is discharged to the North Sea in 
an approved disposal area some 16 km off the mouth of 
the River Tees. This waste is released into the wake of 
the disposal vessel, resulting in the formation of a 
diluting plume. To ensure that the effluent is widely 
spread, the ship traverses the disposal zone in a series 
of zigzag tracks so that, shortly after completion of the 
discharge operation, the plume has dispersed to form a 
patch of diluted waste of similar size to the disposal 
area. Subsequently, this patch is advected by the local 
currents and further diluted by turbulent mixing in the 
sea. 

Various studies have been made of the initial dilution 
stage of discharge to the wake of a moving vessel 
(Tromp, 1976; Lewis, 1985; Byrne et al., 1987), 
resulting in predictive formulae which can be used to 
assess the immediate impact of the waste discharge. On 
a much broader scale, models covering the southern 
North Sea have been used to predict the long term fate 
of pollutants resulting from estuary outflows and 
marine ouffalls (van Pagee et al., 1986). A major study 
of North Sea pollution which involves modelling and 
extensive field observations commenced in 1988 
(Huthnance, 1987). However, to date very little atten- 
tion has been paid to the intermediate scale dispersion 
of wastes (i.e. on a time scale of hours to days), pro- 
cesses which are particularly relevant to an assessment 
of the environmental impact of sea disposal operations. 

This paper describes the development of mathe- 
matical models to simulate this intermediate scale 
dispersion and uses the results to assess the impact of 
the sea disposal operation off the Tees; comparisons are 
made between this disposal site and an alternative site 
off the Humber estuary. 

S t r u c t u r e  o f  t h e  m o d e l s  

Model of  the dispersing plume 
The initial mixing of effluent with the sea in the wake 

of a discharging tanker is greatly aided by turbulence 
generated by the drag of the ship and the stirring of the 
propellor. Subsequent mixing is due to wind and tidally 
generated turbulence and, for a continuous discharge, 
the waste forms an expanding plume behind the ship. 
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Dilution of any element of this plume is caused by 
mixing transversely or vertically downwards but is not 
assisted by longitudinal mixing as that process mixes 
diluted waste with itself. 

The first stage in the study was to develop a plume 
model which would describe the transverse and vertical 
mixing of an element of waste released at a particular 
time during the disposal operation. This model used the 
IMO formula (Tromp, 1976) to compute dilution in the 
immediate wake of a disposal vessel. For a single dis- 
charge orifice, the IMO formula indicates that the dilu- 
tion, DI, due to wake mixing is given by, 

0.0030 Uvl4LI'6 t 0"4 
D 1 -- Q (1) 

where U v is the ship's speed (m s-l), 
L is the ship's length (m), 
t is the time from discharge (s) 

and Q is the volume discharge rate (m 3 s-l). 

Subsequent to the wake mixing, the transverse and 
downwards spreading of the plume was described by a 
plume model with an assumed Gaussian distribution in 
the horizontal plane and a semi-bounded Gaussian dis- 
tribution in the vertical. Thus, the dilution, D 2, along the 
plume axis is given by, 

FI Sy S z 
D2= Q U~ (2) 

where Sy, S z are the standard deviations of the concen- 
tration distributions across the plume and vertically 
downwards. 

The standard deviations can be related to mixing 
coefficients, which include the effects of turbulent 
motions and the dispersive influence of current shear, 
by the expressions, 

S~ = 2Ky t (3) 

S 2 = 2K Z t (4) 

where Ky, K z are transverse and vertical turbulent 
mixing coefficients 

and t is the time after the wake dilution stage. 
Vertical mixing is assumed to be complete (Pasquill & 
Smith, 1983, p. 328) when, 

Sz=0.8 h (5) 

where h is the total depth. 

To set up each plume model, details of the hydro- 
graphic characteristics of the study region are required 
at mesh points on a grid covering the area. The model 
tracks the movement of a plume element, using the 
stored values at the comers of the grid in which the 
element lies to derive interpolated values for the current 
and depth. These values are employed by the model to 
compute the movement and dilution of the element at a 
series of time steps from completion of the wake dilu- 
tion stage. Values for the mixing coefficients are read in 
from separate computer data files. The model uses 
equation (1) to calculate the starting dilution and equa- 
tions (2) to (4) to compute the dilution of the waste 
element at each time step thereafter. The output from 

the model shows the movement of the waste relative to 
the coastline and the corresponding dilution with time 
on a VDU display. 

Random walk model of spreading patch 
Once an individual disposal operation has been com- 

pleted, the trail of diluted waste continues to expand 
and merges to form a spreading field (Fig. 1). For the 
second stage in the study a random walk model was set 
up to describe the advection and dispersion of this field. 
This model, which has the same data bases as the plume 
model, also allows for dilution by mixing of the waste 
along the direction of the mean flow. The starting size 
for the waste field was assumed to have a total area 
equal to that of the disposal zone. The starting depth of 
each field was assumed to be that to which the effluent 
would mix in 4 h, this period being the average time 
available for vertical mixing in an 8 h disposal opera- 
tion. 

The minimum dilution for the dispersing patch was 
determined by computing the consecutive positions of a 
cluster of particles as they move away from the disposal 
area. Each particle was assumed to be displaced by tur- 
bulence by an amount, Dj, in the time interval, dt, 

Dj= (6Kj dt)°'5 R i (6) 

where Kj are mixing coefficients in the x direction (east- 
west), the y direction (north-south) and the z 
direction (vertically downwards), 

and Rj are random numbers in the range - 1  to +1 
(Webb, 1982). 

If tidal and turbulent displacement take the particle 
outside the bounds of the model grid then it is lost to 
the calculation and the overall number of particles is 
reduced by one. This assumption is justified for dis- 
charges which are not close to the edge of the model 
(i.e. particles can only be taken out of the area by the 
residual drift current, not directly by the tidal current). 
If the displacement takes the particle onto the land, 
then the diffusion is recalculated with different random 
numbers since it is impossible for material to be 
diffused across the shoreline. Similarly, if the vertical 
diffusion step takes the particle above the water surface 
or below the seabed, then the diffusion is recalculated 
using a new random number. 

The effect of shear in the direction of the mean flow 
was simulated by introducing a variation in the tidal and 
wind induced current using the following formula: 

U = U s (1-(z /h)  n) (7) 

where U is the tidal current at depth z down from the 
sea surface, 

Fig. 1 

15 km 

Formation of a diluted waste field from the spreading wake 
plume. 
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U, is the surface tidal current, 
and n is a power coefficient determined from current 

measurements in the area. 

Hydrographic characteristics of  the disposal 
areas 

The essential requirements for setting up a model are 
data on the local bathymetry, tidal currents, non-tidal 
residual drift and the mixing conditions. Bathymetric 
data for the Tees and Humber  areas were derived from 
Admiralty Charts. Tidal current data were obtained 
from tidal stream records (Admiralty, 1975/1976). The 
principal data on the residual drift were derived from 
the MAFF recording current meter which was anchored 
in the disposal area over a twelve month period 
spanning 1978 and 1979 (S. R. Jones, pers. comm.). 
Additional estimates of the magnitude and variation of 
the residual drift were obtained from studies by MAFF 
(Durance & Jones, 1976; Medler, 1977), Institute of 
Oceanographic Sciences (Davies, A. M., 1983) and the 
ICI Brixham Laboratory (Lewis, 1984). 

The selection of appropriate mixing coefficients 
depends on whether they are required for the small 
scale eddies involved in plume dispersion or for the 
large scale turbulence which controls the spreading of 
the overall waste patch. The most important hydro- 
graphic differences between the two disposal areas are 
the total depth and tidal current speeds; the Tees area 
has a mean depth of some 55 m compared with about 
15 m off the Humber,  and the tidal current amplitude 
on a spring tide has a magnitude of 0.5 m s - t  in the 
Tees area compared with 1.0 m s -1 off the Humber.  
Stratification developing at a depth of 10 to 15 m has 
been reported to occur in summer to the north of Flare- 
borough Head (Ramster, 1977) and density measure- 
ments on 11 July, 1984 confirmed the presence of such 
layering within the Tees disposal area (Fig. 2). 

On the basis of dye dispersion experiments at a 
variety of coastal sites (Talbot & Talbot, 1974; Bowden 
& Lewis, 1973), the following approximate relationship 
was established for the small scale mixing: 

Ky=A.Um 2 (8) 

where Ky is the coefficient of mixing across the mean 
current 
A is a constant of proportionality, value 1.4 s 

and U m is the peak depth mean tidal current speed. 

To estimate the larger scale horizontal mixing coeffi- 
cients in the Tees and Humber  disposal areas, use was 
made of the four-thirds power law relation between dis- 
persion coefficients and eddy scale (Okubo, 1971). 
Okubo showed that many of the large scale dye tracing 
experiments undertaken in the North Sea under exer- 
cise R H E N O  supported the four-thirds law. The size of 
the Tees disposal area is appreciably greater than that at 
the Humber  (Table 1) and on the basis of Okubo's 
definition of length scale, 1, values for 1 were estimated 
to be 15.5 and 8.4 km for the Tees and Humber  dis- 
posal areas respectively. From the four-thirds law, the 
corresponding horizontal mixing coefficients were esti- 
mated to be 16.0 and 6.0 m 2 s -1. 
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Values for the vertical mixing coefficients were 
derived from the results of various dye experiments in 
the North Sea (Talbot & Talbot, 1974). Typical values 
under mixed conditions appear  to be about 0.0020 m 2 
s -1 and this rate was assumed for both the Tees and 
Humber  areas. In practice, the strong tidal flows off the 
Humber  are likely to result in a higher mixing rate than 
this. 

A summary of the mixing coefficients used in the 
plume and patch models is given in Table 2. 

Results 

Predictions of the plume dispersal stage 
For the disposal of by-product waste from the manu- 

facture of methyl methacrylate, a particular vessel, 
volume discharge rate and speed are employed (Table 
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Fig. 2 Vertical density structure in the Tees disposal area, 11 July, 
1984. 

TABLE 1 
Approximate dimensions of disposal area. 

East-West North-South Depth 
(km) (km) (m) 

Tees 13 13 55 

Humber 5.4 9.2 15 

TABLE 2 
Mixing coefficients assumed in modelling studies. 

Tees Humber 
(m 2 s -l) 

Small scale mixing coefficients 
Vertical (homogeneous conditions) 0.0020 0.0020 
Horizontal 0.3500 1.4000 

Large scale mixing coefficients 
Vertical (homogeneous conditions) 0.0020 0.0020 
Horizontal 16.0000 6.0000 
Shear rate, n, 4.0 

TABLE 3 
Discharge conditions for methyl methacrylate by-product waste 

disposal operation. 

Total discharge in one disposal operation (t) 
Effluent discharge rate (t h -1) 
Effluent density (kg m -3) 
Length of vessel (M.V. Yarrow) (m) 
Speed during discharge (m s -l) 

1000 
120 

1400 
65 
4.0 
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3). It has been  estimated from experimental studies 
(Delvigne, 1983) that the wake energy due to the ship is 
sufficiently dissipated for the energy of natural turbu- 
lence to dominate dilution some 12 min. after discharge. 
Considering the first 12 min. after discharge, the IMO 
formula for wake mixing predicts that a dilution of 
9600 times is achievable in this time. Recent studies 
suggest that the IMO formula provides a rather con- 
servative estimate of the dilution obtainable in the wake 
(Byrne et al., 1987). The plume model assumes that 
there are no interactions with waste discharged earlier 
and, therefore, the model ceases to be valid when the 
ship's track crosses the diluting plume formed on the 
previous traverse of the disposal area. It is estimated 
that no interactions are likely to occur over at least the 
first hour of dispersion and this period was used to 
compute the dilution change along the axis of the dis- 
charge plume. Values for the plume dilutions attained in 
this time in the Tees and Humber  areas are given in 
Table 4. These results show that over the first hour  after 
discharge the surface dilution at the Humber  was pre- 
dicted to be approximately double that at the Tees 
disposal ground. 

However, the near-bed dilution at the Humber  indi- 
cates that the waste was beginning to become mixed to 
the seabed because the waters are so shallow; once 
mixed through depth further dilution would depend on 
horizontal mixing alone. At this stage of the dilution 
process, vertical mixing is still a significant factor at the 
Tees disposal area. 

Predictions of the patch dispersal stage 
As stated earlier, by the end of an 8 h disposal opera- 

tion, the mean time for mixing would be 4 h. Using the 
vertical diffusion coefficient of 0.0020 m 2 s -I  (Table 2), 
the estimated mean field depth was calculated to be 15 
m. This is the approximate depth of the thermocline 
which develops in summer at the Tees area and equals 
the average water depth at the Humber.  

The random walk model was run to simulate the 
movement and dilution of the waste field over a period 
of 5 days under well mixed conditions at each of the 
disposal areas. Figure 3 shows the displacement and 
spread of particles released at the Tees disposal area 
after 2, 3, and 5 days. The results of these runs are 
shown as plots in Fig. 4. Table 4 gives dilution estimates 
at the start of the formation of the waste field and after 
48h .  

Effect of stratification 
The plume and patch models were also run to show 

the effect of the summer stratification at the Tees area 
on plume and patch mixing. Predicted dilutions at the 
surface and immediately above the density interface are 
shown in Table 4. The change in surface concentration 
of the patch at the Tees under stratified conditions is 
also plotted in Fig. 4. 

Discussion 

Studies of the toxicity of methyl methacrylate by- 

(a) 

T E E S  
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(b) 
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3--, 

(c 

TEES 

Fig. 3 Advection and dispersion 

(d 

of waste field formed in Tees dis- 
posal area after (a) 0 days, (b) 2 days, (c) 3 days, (d) 5 days. 
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product acid to zooplankton indicate that a dilution of 
1.5 X 104 would render the waste safe for an exposure 
period of 48 h. As can be seen from Table 4, the 
effluent would be diluted well above this level within the 
first hour after discharge at the Tees or Humber  areas. 
Thus, apart from species exposed to the acidic effluent 
in the immediate wake of the vessel, acutely toxic effects 
to marine life are unlikely to occur. 

The relative merits of the Tees and Humber  disposal 
areas were assessed using the plume and random walk 
model predictions. Once the waste had become spread 
over the disposal area, corresponding to time, t - - 0  in 
the patch stage, the minimum dilution off the Humber  
was estimated to be about one-third that off the Tees. 
As can be seen from Fig. 3, the dilution in the Tees area 
was predicted to increase much more rapidly than at the 
Humber  and after 48 h the Tees dilution reaches 
9.7 x 106 times whilst the Humber  is 2.2 x 106. Under  
stratified conditions at the Tees disposal area, vertical 
mixing is limited and after 48 h there would be only a 
marginal increase on the starting dilution of 3.6 × 106 
times. Thus, the Tees disposal area generally offers 
more favourable conditions for diluting waste than the 
Humber  area; however, this advantage would be far 
smaller under the stratified conditions which have been 
observed to occur in summer. 

It should be noted that the above predictions apply 
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Fig. 4 Predicted dilution with time for dispersion of patches formed on 
Tees and Humber disposal areas. Mean tidal ranges and zero 
wind stress assumed. 

T A B L E  4 
Predicted dilutions at different stages of dispersion. 

Dispersion time (h) 

T e e s  area  
Homogenous Surface 

Seabed 

Stratified Surface 
(15 m) Above interface 

H u m b e r  a r e a  
Homogenous Surface 

Seabed 

Plume Patch 
0.1 1.0 0 48 

9.6X103 2.1X105 3.6X106 9.7×106 
inf inf inf 4.4× 107 

9.6X103 2.1X10 s 3.6×106 3.7X106 
inf 1.4×108 3.6X!106 3.7×106 

9.6X10 3 4.3X10 5 1.0Xl0 6 2.2×10 6 
inf 4.7x10 8 1.0×10 6 2.2×10 6 
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to the existing licensed areas. If the Humber  disposal 
area were made equal to that at the Tees, the patch 
model would predict similar dilutions at the Humber  
and at the Tees under stratified conditions. This conclu- 
sion rests on the assumptions that the depth of the 
density interface at the Tees is similar to the mean 
depth at the Humber  and that the mixing coefficients 
would increase with scale according to the four-thirds 
law. In practice, the stronger currents at the Humber  
could make the rate of dilution of the waste field exceed 
that at the Tees disposal area. 

The model was also used to assess the possibility that 
a concentration build-up could occur in each disposal 
area due to the superimposition of wastes from succes- 
sive disposal operations. In the Tees and Humber  areas, 
the usual time between successive discharges of 2-3 
days may be insufficient for either area to be completely 
clear of waste before the next discharge (Fig. 3). This 
suggestion rests on the assumed values of 0.04 and 0.05 
m s -1 for the residual flow through the Tees and 
Humber  disposal regions respectively. The results of 
long term recording current meter observations indicate 
that residual currents along the east coast of England 
display a considerable variation. Measurements to the 
north of Flamborough Head and in the Tees disposal 
area have revealed a marked difference between 
summer and winter flows (Ramster, 1977). In winter 
there appears to be a clockwise gyral, which follows the 
same pattern at all depths, whereas in summer, a two 
layer system develops with a tendency for the surface 
waters to move offshore, countering a near-bed shore- 
wards drift. Overall, the strength of the residual current 
shows a considerable variability and other observations 
suggest that the longshore flow intermittently streng- 
thens and reverses direction (Lewis, 1984). It seems, 
therefore, that the chances of waste being introduced 
into a disposal area which already contains materials 
from an earlier disposal operation are relatively small. 
Even if this situation were to arise, the predictions 
indicate that the waste from the previous discharge 
would have been well diluted, so that chronic effects on 
plankton, fish and benthic fauna would be unlikely. 

Conclusions 

The modelling study of the dispersion of wastes dis- 
charged to the wake of a moving ship suggested that: 

1. Waste would dilute more rapidly during the first hour 
after release in the Humber  disposal area than in the 
Tees area due to the vigorous turbulence generated by 
the strong tidal currents in the former region. The 
shallowness of the Humber  site would, however, limit 
the rate of subsequent dilution whereas dilution by 
vertical mixing in the Tees area would not be so 
restricted. 

2. Under  homogeneous conditions, the rate of dilution 
of the overall waste field formed at the Tees site would 
be markedly faster than that f o r  the Humber  and after 
48 h the predicted dilution at the Tees would be at least 
9 . 7 ×  10 6 times as compared with 2 .2× 106 at the 
Humber.  However, under the stratified conditions 
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which are  k n o w n  to occur  in the  Tees d i sposa l  a rea  in 
summer ,  the ra te  of  d i lu t ion  wou ld  be  much  s lower  and  
the d i lu t ion  a t ta ined  after  48 h wou ld  be  3 . 7 x  106 
t imes.  This  is still app rec i ab ly  grea ter  than  the d i lu t ion  
achievable  in the s ame  t ime in the  s ame  smal le r  d i sposa l  
area  off the H u m b e r .  
3. If the res idual  drif t  a long the coas t  is s t eady  and  
small ,  it is p r ed i c t ed  that  the usual  t ime be tween  succes-  
sive d ischarges  of  2 - 3  days  would  be  insuff icient  for  
e i ther  the Tees or  H u m b e r  areas  to b e  c o m p l e t e l y  
c leared  of  waste  be fore  the next  d ischarge .  H o w e v e r ,  
the known  var iabi l i ty  of  the  res idual  f lows a long the 
east  coas t  of  E n g l a n d  and the high d i lu t ions  p r e d i c t e d  
by the mode l s  suggest  that  concen t r a t i ons  wou ld  not  
bui ld  up to levels which wou ld  cause  chron ica l ly  toxic 
effects to the mar ine  life. 

Admiralty. (1975,/76). Tidal stream atlas: North Sea-Northern portion 
NP 252 & Southern portion NP 251. 

Bowden, K. F. & Lewis, R. E. (1973). Dispersion in flow from a con- 
tinuous source at sea. WaterRes. 7, 1705-1722. 

Byrne, C. D., Law, R. J., Hudson, P. M., Thain, J. E. & Fileman, T. W. 
(I989). Measurements of the dispersion of liquid industrial waste 
discharged into the wake of a dumping vessel off the River Tees. 
Water Res. (In press.) 

Davies, A. M. (1983). In Flushh,g times of the North Sea. ICES 1983/ 
CRR: 123. 

Delvigne, G, A. L. (1987). Experiments on the dilution capacity of 
wakes from dumping tankers in the North Sea. In Oceanic Processes 
in Marine Pollution, Vol. 2 (T. P. O'Connor, W. V. Burt & 1. W. 
DuedaU, eds), pp. 000-000. Robert E. Krieger Publishing Co., 
Malabar, Florida. 

Durance, J. A. & Jones, S. R. (1976). Spatial variability of residual drift 
offthe east coast of England in 1975. ICES CM 1976/C:3. 

Huthnance, J. (1987). NERC North Sea Project. NERC News, 
October, 1987. 

Lewis, R. E. (1985). Dilution of waste in the wake of a ship. Water Res. 
18, 941-945. 

Lewis, R. E. (1984). Circulation and mixing in estuary outflows. Cont. 
Shelf Res. 3,201-214. 

Medler, K. J. (1977). Residual drift regimes in the west central North 
Sea during JONSDAP 76. ICES 1977/C:5. 

Okubo, A. (1971). Oceanic diffusion diagranls. Deep Sea Res. 18,789- 
802. 

Pasquill. F. & Smith, E B. (1983). Atmospheric DiffiLsion. Third edition. 
Ellis Horwood Ltd., Chichester. 

Ramster, J. W. (1977). Residual drift reNmes off the north-east coast of 
England. ICES CM 1977/C:8. 

Talbot, J. W. & Talbot, G. A. (1974). Diffusion in shallow seas and in 
English coastal and estuarine waters. Rapp. P-v. Rdun. Cons. inc 
Explor. Mer. 167, 93-110. 

van Pagee, J. A., Gerritsen, H. & de Ruijter, W. R M. (1986). Transport 
and water quality modelling in the southern North Sea in relation to 
coastal pollution research and control. WaterSci. Tech. 18, 245-256. 

Webb, A. J. (1982). A random walk model of the dispersion of 
caesium-137 in the Irish Sea. M.Sc. thesis. University of Wales. 

Marine Pollution tJtdletin, Volume 20, No. 3, pp  129-133,  1989 
Printed in Great Britain. 

0025-32( ,X/89  S3.00+0 0c) 
~) 1989 Pergamon Prcs~ plc 

An Analytical Method for Butyltin 
Species in Shellfish 
D A V I D  S. P A G E  
B o w d o i n  College Hyd r o ca r b o n  Research Center, Brunswick ,  M a i n e  04011, USA 

A method for analysing tributyltin (TBT) and dibutyltin 
(DBT) in shellfish is presented that places modest 
requirements on equipment and supplies. It is based on 
capillary gas chromatographic analysis of hexyl 
derivatives of any extractable organotin species present. 
Two internal standards are used. Data are presented 
showing that the precision and accuracy of the method 
are generally better than _+20%. 

Tributy l t in  (TBT) conta in ing  m a r i n e  an t i fou lan ts  have  
seen w idesp read  use for  over  20 years .  C o n c e r n  abou t  
the adverse  effects on mar ine  life of  T B T  leaching  f rom 
t rea ted  surfaces  has resul ted in str ict  con t ro l s  of  its use  
in F rance ,  the Un i t ed  K i n g d o m ,  the Un i t ed  States,  and  
o the r  ju r i s id ic t ions  (see C h a m p  & Pugh,  1987; 
W a l d o c k  et al., 1987a;  C la rk  et al., 1988).  Cur ren t  

c onc e rn  a b o u t  the adver se  effects of  T B T  on shellf ish 
began  with the ident i f ica t ion  of TBT- l eacha t e  f rom anti-  
foul ing pa in ts  as be ing  respons ib le  for  the co l l apse  of 
the oys te r  f ishery a r o u n d  A r c a c h o n ,  F r a n c e  in 1980 
(see Alz ieu ,  1986). It is now recogn ized  that  wate r  
c o n c e n t r a t i o n s  of  T B T  in the 1 0 - 5 0  ng 1-1 range  can 
exer t  le thal  and  suble tha l  effects on a wide var ie ty  of  
mar ine  o rgan i sms  par t i cu la r ly  for the  case  of  sensi t ive 
juven i le  life fo rms  (Waldock  et al., 1987b;  Ca rdwe l l  & 
She ldon ,  1986).  

Mic rob i a l  d e g r a d a t i o n  is p r o b a b l y  the d o m i n a n t  
p rocess  for  the b r e a k d o w n  of  T B T  in n e a r s h o r e  waters  
(Se l igman et al., 1986; Lee  et al., 1987) with d ibu ty l t in  
(DBT)  the ma jo r  d e g r a d a t i o n  p r o d u c t  (Lee  et aL, 

1987).  Whi l e  D B T  a p p e a r s  to be  at least  an  o r d e r  of  
magn i tude  less toxic to mar ine  an imals  (Laugh l in  & 
L inden ,  1985; T h a i n  et al., 1987), its w i d e s p r e a d  use as 
a s tab i l i ser  for  PVC plas t ics  (B lunden  et al., 1985) and  
its r e l a t ionsh ip  to T B T  as a d e g r a d a t i o n  p r o d u c t  makes  
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