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D i s c u s s i o n  

The dual phase nature of dumped dredger spoil has 
been noted by other workers in this field. Gordon (1974) 
reported a turbulent jet that was found to accompany 
spoil dumping and the Hydraulics Research Station 
(1971) observed twin phase behaviour in sludge 
deposited by a dredger in Liverpool Bay. 

A cloud of suspended sediment was also observed by 
Nittrouer & Sternberg (1975) during dredger dumping in 
Puget Sound, Washington. The formation of mud 
'pebbles' or 'balls' has been noted by Kornicker et al. 
(1958) and by Hellier & Kornicker (1962) who concluded 
that the presence of mud pebbles in sediments was a 
definite indication of dredger spoil dumping. 

The production of a turbid cloud of suspended 
particulates of high mobility may even result in the re- 
silting of the harbour from which the spoil was 
obtained, should the currents at the time of dumping be 
in an unfavourable direction. During the course of this 
study, in Autumn 1976, the Lowestoft Harbour 
Authorities reported an accelerated silting of the dock 
which suggested that this might indeed be the case. This 
evidence was supported by current meter records and 
calculations of the suspended sediment flux off the 
Lowestoft coast, Joyce (1976), which showed a 
transport of suspended silt towards the harbour mouth 
and confirmed by the Hydrographer for the Navy who 
demonstrated a southerly tide residual towards the 
harbour mouth. On the recommendations produced by 
this project the dump site was subsequently re-located 
once again to a site some 1500 m south of the Old 

Newcome Channel site (position B on Fig. 1). It has 
been recommended that, wherever possible, dumping 
should take place on a south-going tide so that the 
turbid cloud of suspended solids that is produced will be 
carried safely away from the harbour mouth. 

Clearly the need can be seen for a greater 
understanding of the mechanism of inshore spoil 
dumping and for the identification of the forces 
operating on both phases of the dredger spoil once it is 
introduced into the marine environment. 
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Pelagic tar and plastic have been measured along 158°W in 
the North Pacific. Maxima in the abundance of tar are 
associated with convergent meso scale and with small scale 
surface circulation features observed at the same lime. 
There is no significant correlation between abundance of 
tar and that of plastic. It appears that this difference in 
distributions is the result of different input patterns or 
residence times. 

The occurrence of pelagic tar and plastic in the world 
ocean has been repeatedly documented in the past decade 
(inter alia: Sleeter et ai., 1976; Shekel & Ravid, 1977 and 
references therein). Three lines of evidence suggest that 
much of this tar is introduced by human activity 
(National Academy of Sciences, 1975). First, abundant 

tar occurs in regions of heavy oil transport. Second, the 
normal alkane distribution of most tar balls is bimodal, 
a characteristic of sludge from tank ship holds. Third, 
the concentration of iron in most tar balls is higher than 
for crude oils, indicating contact with steel structures. 
While the most intense study of pelagic tar and plastic 
has been in the Mediterranean, Atlantic and Caribbean, 
several surveys in the North Pacific (Marumo & Kamada, 
1973; Wong et ai., 1974; Wong et aL, 1976; Shaw, 1977) 
have indicated that the major source of tar in this region 
is the tanker route southwest of Japan and that tar 
moves around the North Pacific through the Kuroshio- 
subtropical gyre system. 

All studies have shown a large degree of patchiness in 
tar and plastic distribution. A dramatic example of the 
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patchiness of pelagic tar comes from sequential samplings 
at a station near Bermuda in the Sargasso Sea (Butler 
et al., 1973). There it was observed that the abundance 
of tar could change by a factor of 100 in 2 weeks and 
by a factor of 10 in 2 h. In this note we report the 
abundance of pelagic tar and plastic in the North Pacific 
along a transect extending roughly between the islands 
of Kodiak and Hawaii. Furthermore, we relate these 
abundances to simultaneously observed surface circula- 
tion features to elucidate some of the causes of the 
observed patchiness. 

Patchiness in the pelagic environment is a well recog- 
nized phenomenon (Parsons & Takahashi, 1973). For 
plankton, patchiness has been observed on scales 
ranging from meters to thousands of kilometers and a 
variety of biological and physio-chemical causes have 
been investigated. One of the reasons that patchiness of 
organisms remains incompletely understood is that it is 
the result of many variables (light, temperature, salinity, 
advection, reproduction, behavior, competition, etc.) 
acting together. However, for inanimate pelagic material 
such as tar and plastic it is possible to ascribe patchiness 
to currents, winds and geographically non-uniform 
inputs. 

Methods 
Seston tows for tar and plastic were made in October 

and November, 1976, as the R/V M o a n a  Wave proceeded 
south along 158 ° west longitude. Twenty-eight tows 
were made between 56 ° and 22 ° north latitude during a 
2-week period. For each tow a seston sampler made to 
the design of Sameoto and Jaroszynski (1969) was 
deployed for one nautical mile (1.85 km) thereby 
sampling 740 m 2 of sea surface. Tar and plastic were 
picked from the catch. In the laboratory on shore 
weights of tar and plastic, including encrusting 
organisms if any, were determined and for six tar 
samples gas chromatographic (GC) profiles were 
obtained. For these a portion of tar was taken up in 
hexane, insoluble residue removed by centrifugation 
and an aliquot of the solution chromatographed on an 
OV-101 support coated open tubular column with 
temperature programming and flame ionization 
detection. 

Results and Discussion 
Figure 1 shows the abundance of tar and plastic as a 

function of latitude together with 0-1000 dbar dynamic 
topography determined from hydrographic data collected 
during the same cruise (Royer, 1978). Negative slope in 
the dynamic topography signifies westward flow and 
positive slope eastward flow. Thus the large hydrographic 
features are the westward flowing Alaska Stream from 
55.5 ° to 54 ° N and the eastward flowing North Pacific 
Current between 54 ° and 22 ° N. Several regions of 
current reversal (negative slope) are embedded in the 
North Pacific Current. The mesoscale (400-600 km) 
features south of 35 ° N have been identified as eddies by 
Bernstein (1974). Roden (1977) has documented the 
continued,presence of these eddies and discussed their 
origin. Four regions of smaller scale (75 km) eddies at 
approximately 38 °, 43 °, 47 ° and 51°N have been 
identified by Royer (1978). 

A relationship exists between tar abundance and the 
mesoscale eddies south of 35 ° N. It has been shown that 
a cyclonic eddy results in surface convergence (Schmitz 
& Vastano, 1975) while an anticyclonic eddy produces 
surface divergence (Schmitz & Vastano, 1976). For 
discussion we assume that the dynamic topography 
shows anticyclonic, divergent eddies centres at 24 °, 27 ° 
and 30°N. (The alternate assumption of cyclonic, con- 
vergent eddies at 25.5 °, 28.5 ° and 32°N leads to exactly 
the same conclusions.) The zones of divergence correspond 
to local minima in tar abundance (Fig. 1). This is 
eminently reasonable; the divergent surface flow at 24 ° , 
27 ° and 30°N sweeps seston out of those areas and 
causes it to accumulate at adjacent latitudes, i.e., 25.5 ° , 
28.5 ° and 32 °. 

Small scale eddy regions identified by Royer at 47 ° 
and 38°N also coincide with local maxima in tar abund- 
ance. However, the scale of these eddies is too small, 
relative to the scale of tar sampling, to allow detailed 
correlation of maxima and convergences. 

In keeping with the primary North Pacific pelagic tar 
source southwest of Japan and the dispersal of that tar 
by the Kuroshio-subtropical gyre system, Wong et  al. 
(1974) found that along 35°N in the Pacific, peak tar 
concentrations were associated with subtropical water 
while low tar abundance was associated with subarctic 
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Fig. 1 Pelagic tar (solid squares), pelagic plastic (open squares) and 0/1000 dbar dynamic topography 
(smooth line, adapted from Royer, 1978) observed along 158°W longitude. 
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water. The surface boundary between subarctic and 
subtropical water on our north to south transect is 
indistinct because of seasonal surface cooling at the time 
of sampling; however the boundary is in the region 39 ° 
to 43°N (Royer, personal communication). Relatively 
l i t t le tar  and  no  plas t ic  wha t soever  was f o u n d  to the 
nor th  o f  this region.  Thus ,  the  a s soc ia t ion  o f  ta r  and  
plas t ic  wi th  sub t rop i ca l  wate r  is con f i rmed .  

The  fac tors  con t ro l l ing  'the a b u n d a n c e  o f  plas t ic  are  
more  complex  than  those  for  the ta r  jus t  discussed.  F o r  
the region  where  p las t ic  was f o u n d  (i .e. ,  south  o f  38°N) 
there  is no  s ta t i s t ica l ly  s igni f icant  co r re l a t ion  be tween  
the abundances  o f  tar  and  plast ic .  However ,  i f  the  d a t a  
f rom only  two s ta t ions  (25.5 ° and  32°N) is re jec ted ,  the  
co r re l a t ion  be tween  the abundances  o f  tar  and  plas t ic  
sou th  o f  38°N becomes  h ighly  s ignif icant .  

Because the  two suspect  s ta t ions  had  the highest  
abundances  o f  tar  o f  the  ent i re  t ransect ,  we cons ide red  
the poss ib i l i ty  tha t  some  o f  tha t  ta r  was ' ex t r a '  f rom 
some add i t i ona l  source  such as a recent ly  passed  ship. 
However ,  we d i sca rded  this hypothes is  for  two reasons .  
Fi rs t ,  the GC prof i les  o f  tar  f rom these s ta t ions  were 
s imi lar  to o thers  in degree  o f  wea the r ing  and  b i m o d a l  
a lkane  d i s t r ibu t ion .  Second ,  ta r  f r o m  these s ta t ions  was,  
l ike all ta r  and  plas t ic  col lected be tween  24 ° and  35°N,  
encrus ted  by  b ryozoans .  The  a l t e rna te  hypothes is ,  tha t  
p las t ic  abundances  at  25.5 ° and  32°N are  a r t i f ic ia l ly  low, 
is m o r e  d i f f icu l t  to eva lua te  direct ly,  bu t  also appea r s  
unlikely.  This  wou ld  requi re  tha t  some plas t ic-specif ic  
r emova l  process  ope ra t e  only  at  those  two loca t ions .  

We feel tha t  there  is i nadequa t e  evidence to f i rmly  
re jec t  the two suspect  s ta t ions  and  conc lude  tha t  the  
d i f ferences  in the  d i s t r ibu t ion  o f  tar  and  plas t ic  ref lect  
e i ther  d i f fe ren t  input  pa t t e rns  or  d i f fe ren t  survival  t imes 

at  sea. 
O u r  results  a long  158°W show a m a x i m u m  in plas t ic  

a t  a b o u t  29°N and  re la t ive ly  low abundances  no r th  o f  
38°N and  sou th  o f  26°N.  Wong  and  co -worke r s  (1974) 
f o u n d  tha t  the m a x i m u m  plast ic  a b u n d a n c e  a long  35°N 
occur red  at  142°W and  tha t  very l i t t le  was present  e i ther  
east  o f  tha t  l oca t ion  or  west  o f  180 ° . The  sugges t ion  
(Wong  e t  al. ,  1974) tha t  plas t ic  accumula tes  in this 
reg ion  because  o f  low net  wind stress appea r s  val id  in 
view of  all ava i lab le  results.  

The  fact  tha t  the m a j o r i t y  o f  the plas t ic  occurs  more  
to the south  and  east  t han  do  the highest  tar  concent ra -  
t ions may,  as suggested by  Wong,  be the  resul t  o f  a 
s igni f icant  input  o f  p las t ic  bu t  not  ta r  f rom Hawai i .  The  
d i s t r ibu t ions  m a y  also reflect  a longer  l i fe t ime for  
plast ics  which enter  the  system in the Weste rn  Pac i f ic  
a long  with the  tar. Thus ,  it m a y  be tha t  plas t ic  enter ing 

the Western Pacific in low abundance has a long enough 
residence time on the sea surface to accumulate in the 
Northeast Pacific. 

Conclusions 
Our  obse rva t ions  indica te  tha t  small  scale (75 km) 

and  mesosca le  (500 km) ta r  d i s t r ibu t ion  is inf luenced by  
sur face  c i rcu la t ion  features .  A l t h o u g h  the s i tua t ion  is 
not  near ly  as clear  cut  w i t h  regard  to  plast ic ,  sur face  
c i rcula t ion  mus t  be i m p o r t a n t  here too.  W i n d  pa t te rns  
appea r  to con t ro l  the  a c c umula t i on  o f  plas t ic  in the 
Nor theas t  Paci f ic .  The  lack o f  a high tar  concen t ra t ion  
in this a rea  m a y  indica te  tha t  the ta r ' s  l i fe t ime is not  
g rea t  enough to pe rmi t  t r anspo r t  f r om the a rea  o f  or igin 
southwes t  o f  J a p a n .  These  advect ive  forces  con t ro l l ing  
the d i s t r ibu t ions  o f  ta r  and  plast ic  in the N o r t h  Paci f ic  
mus t  be a m o n g  those  inf luencing the pa tchiness  o f  
pelagic  o rgan i sms  in the region.  
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