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Distribution and A bundance of Heavy Metals in 
Finfish, Invertebrates and Sedim ents Collected 
at a Deepwater Disposal Site

•sm
A nalyses o f  deep water finfish  to several heavy m etals 

indicate that deep water fish have less m etal in m uscle 
tissue than do fish  taken from  the continental sh elf. Liver 
tissue from  deep water fish also, generally, contain  less 
m etals. Sedim ents and a single invertebrate collected at 
deep water stations have also been analysed for heavy 
m etals.

In  recent years som e scientists have become increasingly 
concerned ab o u t the accum ulation o f  toxic heavy m etals 
and  o ther contam inants in m arine finfish and  their forage 
species. Several papers and reports have indicated the 
possib leextent o f  heavy metal buildup or accum ulation in 
invertebrates and  finfish taken from  estuaries and  the 
coastal zone (W right, 1976; Fowler & Oregioni, 1976). 
Suspected m ovem ents o f metals from  the coastal zones to 
the deeper seas beyond the shelf-slope break have no t been 
conclusively dem onstrated , however, and very little is 
know n abou t m etal contam ination  o f  organism s in deeper 
waters. B arber et al. (1972) reported on m ercury 
concentrations in axial muscle rem oved from  bentho- 
pelagic fish caught in 1971 and 1972 as well as preserved 
specimens taken  in 1883 and 1886. G ibbs et al. (1974) 
discussed problem s inherent in analysing tissues which 
have been fixed or preserved in standard  preservatives. 
The present paper presents values for nine metals 
m easured in fou r species o f deepw ater dem ersal finfish 
and  one benthic invertebrate, the red crab (Geryon 
quinquedens). In  addition, data  are given fo r three species 
o f  pelagic or surface-dwelling finfishes taken in a general 
area o f  deepw ater disposal site No. 106 (bounded by 
38°40 'N , 39°00 'N , 72°00'W  and 72°30 'W ). Depths range 
from  1550 m in the northw est corner o f the disposal area 
to 2750 m in the southeast corner.

Finally, d a ta  are presented on the d istribution and 
abundance o f six heavy m etals in surficial sediments 
collected from  nine benthic sam pling stations located in or 
near the deepw ater site. This site is utilized fo r disposal of 
.a rious industrial wastes deemed too  toxic fo r inshore 
disposal operations. Some o f these wastes are know n to 
contain  heavy m etals and other toxic m aterials.

Materials and Methods
Sam ples o f organism s were collected by bo ttom  

traw ling devices and  surface nets utilized in the general 
area o f the deepw ater disposal site N o. 106. Sedim ent 
samples were collected from  the subm ersible A lv in  using 
m etal-free core liners. A fter collection, fish and 
invertebrates as well as sedim ents were frozen until 
chem ical analysis could be com pleted. All samples were 
kept as free as possible o f  contam ination by metals and 
m etal containers. Latitude and  longitude o f the collection 
site for each sam ple is given in Table 1.

C hem ical analyses for heavy m etal content o f  the 
organism s and  sedim ents were conducted as follows: 
Biological sam ples were stored frozen in plastic bags until 
dissection. Tissues were rem oved and ground with

stainless steel and glass equipm ent. These were then 
refrozen in plastic containers until analysis. For analysis 
for Ag, Cd, C r, Cu, Ni, P b , and Zn concentrated H N 0 3 

was added repeatedly to  the sam ples which were being 
charred on a hotplate. A  white ash resulted which was 
dissolved in 10% H N 0 3, filtered and analysed directly. 
A rsenic was isolated by prelim inary wet ashing in 
concentrated  H N 0 3 and subsequent dry ashing in a 
m uffle furnace. This was followed by dissolution in HC1 
and  analysis by arsine generation. For m ercury analysis 
the sam ple was digested in a concentrated  solution of 
H 2 SO 4  and HNO3 and was fu rther oxydized by K M n 0 4. 
The solution was reduced and aerated  to reduce free 
m ercury and then analysed by a flameless technique.

Sediments were stored frozen in plastic cores until 
w ork-up. T he cores were thaw ed and  the top  4 cm 
rem oved. D etritus was physically rem oved from  the 
sam ples which were then dried at low tem perature, ground 
and' stored in plastic containers under a  desiccated 
atm osphere until analysed. For analysis for Cd, Cr, Cu, 
Ni, P b , and Zn the sam ple was wet-ashed in concentrated 
H N O 3 and H 2 O 2 , taken u p in aso lu tio n  containing H N O 3 , 
H C L , N H 4 CI and C a (N 0 3 )2 .4H 20  and filtered. The 
resulting solution was analysed directly with the P e rk in -  
Elm er M odel 403 atom ic absorp tion  spectrophotom eter. 
Analysis for m ercury was done by adding dilute aqua regia 
to the samples which were heated, fu rther oxydized with 
KMnCL and reheated to com plete the digestion. The 
m ixture was reduced, aerated and  analysed by a flameless 
technique.

It should be em phasized that our heavy m etal analyses 
have been in tercalibrated with those o f o ther laboratories 
using sim ilar techniques as well as through neutron 
activation m ethodology for certain m etals (Greig, 1975).

Results and Discussion
The results o f  our analyses o f  finfish are given in T  abies 

1 and  2. We were able to  examine only one deepwater 
crustacean fo r body burdens o f  m etals, the red crab, 
Geryon quinquedens. W hen com pared with W right’s 
findings (1967) for Cd, Cu, Ni and  Zn in muscle and gills 
from  the coastal green crab, Carcinus maenas, red crab 
has 0.10 ppm  Cd, 8.3 ppm  Cu, 0.48 ppm  Ni and  69.0 ppm 
Zn in muscle vs 0.51 ppm  C d, 6.00 ppm  Cu, 6.20 ppm  Ni 
and  43.24 ppm  Zn in muscle o f the green crab. Gills from 
the red crab has 0.81 ppm  Cd, 31.3 ppm  Cu, 0.50 ppm  Ni 
and  20.2 ppm  Zn; the green crab gills contained 0.63 ppm 
Cd, 10.90ppm C u, 6 .7 0 p p m N ia n d  14.16 ppm  Zn. These 
com parisons indicate th a t Ni was significantly higher in 
the coastal green crab but other m etals occurred within the 
sam e orders o f  m agnitude.

As noted by Barber et al. (1972) a  knowledge o f the 
present abundance and distribution of m ercury and other 
m etals in the ocean is necessary to understand  the natural 
biogeochem ical flux o f these elements th rough the coastal 
and  deepw ater ecosystems and to docum ent and possibly 
predict the im pact o f m an ’s activities in the world ocean.
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TABLE 1
M etal concen tra tio n s (ppm , w et weight) in fish and  crabs collected  in the vicinity  o f  a deep w ate r d u m p  site  (N o. 106) in the M iddle A tlan tic  Bight.

S p e c ie s
L a t i t u d e

N
L o n g i tu d e

W
T is s u e N o .  o f  

a n im a ls

A v e r a g e
l e n g th
( m m )

A v e r a g e
w e ig h t

(8 ) A g A s C d C r C u H g N i P b Z n

1 . ’ A n t im o r a 3 8 ° 5 3 ' 7 0 ; 4 2 ' M u s c le 1 0 4 3 0 7 0 6 .0 < 0 . 0 9 2 1 .1 < 0 . 0 9 < 0 .5 2 < 0 . 5 0 0 .6 2 < 0 .5 1 < 1 .0 0 2 .4 0
ro s tra ta L iv e r 1 0 4 3 0 7 0 6 .0 0 .1 3 4 .8 0 .3 2 < 0 .5 2 3 .3 4 — < 0 .4 8 < 1 .0 0 4 3 .0 0

3 8 ° 2 7 ’ 7 3 ° 0 3 ' M u s c le 5 0 .1 5 — < 0 . 1 2 < 0 .6 1 < 0 . 5 1 0 .4 9 < 0 .5 1 < 0 .8 0 2 .8 4
M u s c le 5 0 . 1 2 — < 0 . 1 2 < 0 .6 1 < 0 . 5 1 0 .3 2 < 0 .5 1 < 0 .8 0 3 .1 5
L iv e r 5 0 .1 1 — 0 .3 6 0 .5 9 1 .9 6 — < 0 .4 5 0 .7 0 1 2 .2 0
L iv e r 5 0 .1 1 - 0 .3 3 0 .5 7 1 .8 6 - <  0 .4 7 1 .2 0 1 1 .1 0

2 . ’ N e m a to n u r u s 3 8 ° 5 3 ' 7 0 ° 4 2 ' M u s c le 1 0 355 1 8 9 .0 < 0 . 1 0 2 0 . 0 < 0 . 1 0 < 0 .5 2 < 0 . 5 0 0 .2 8 < 0 . 6 0 1 .0 0 2 .9
a rm a tu s L iv e r 1 0 355 1 8 9 .0 — 10 .4 1 .3 3 0 .5 2 0 .7 0 0 .3 1 <  0 .5 0 < 1 .0 0 5 0 .0 0

M u s c le 7 6 0 9 2 1 7 .0 < 0 . 1 0 1 0 .0 < 0 . 1 0 < 0 .5 2 < 0 . 5 0 < 0 . 1 0 <  0 .5 0 < 1 .0 0 1 .4
L iv e r 7 6 0 9 2 1 7 .0 — — 1 .2 1 < 0 .8 6 4 .8 0 — <  0 .8 2 < 1 .6 1 6 .2
M u s c le 4 0 .1 1 — < 0 .1 1 < 0 .5 3 < 0 . 4 4 0 .3 0 <  0 .4 4 < 0 .7 3 .1 3
M u s c le 4 0 .1 4 — 0 .1 4 < 0 .6 8 < 0 . 5 7 0 .4 4 < 0 .5 7 0 .9 3 .1 9

3 . 'H a lo s a u r o p s is 3 9 ° 4 5 ' 7 0 ° 4 3 ‘ M u s c le 3 < 0 . 1 2 __ < 0 . 1 2 0 .9 8 1 .4 9 0 .0 9 < 0 .4 8 < 0 .7 2 .4 5
m a c ro ch ir 3 8 ° 2 7 ' 7 3 =0 3 - M u s c le 3 0 . 1 2 - < 0 . 1 2 1 .17 1 .65 0 . 1 0 < 0 .5 0 0 . 8 2 .3 7

4 .  ’ S y n a p h o b ra n c h u s 3 9 ° 5 2 ’ 7 0 ° 5 5 ' W h o le  a n im a l 10 3 2 .4 < 0 . 0 9 8 .0 0 . 1 2 < 0 . 4 2 1 .6 2 < 0 . 1 5 < 0 .4 9 < 1 .0 0 6 . 8
k a u p i

5 .  * G eryon 39= 52- 7 0 °55" M u s c le 7 93 2 2 7 .0 < 0 . 1 3 1 .6 < 0 . 1 0 < 0 .5 1 8 .3 0 .2 3 < 0 .4 8 < 1 .0 0 6 9 .0 0
q u in q u e d e n s G ills 7 93 2 2 7 .0 0 .4 3 9.1 0 .8 1 < 0 . 5 2 3 1 .3 < 0 . 1 6 < 0 .5 0 < 1 .0 0 2 0 . 2

6 . Serio la 3 8 ° 3 3 ‘ 7 2 ° 1 0 ' M u s c le 6 1 45 6 3 .6 < 0 . 1 0 1 .2 < 0 . 1 0 < 0 . 5 2 < 0 . 6 3 < 0 . 1 0 < 0 .5 0 < 1 .0 0 3 .7
L iv e r 6 145 6 3 .6 0 .2 4 - 0 .2 4 <  1 .2 6 1 .9 6 - < 1 .2 0 < 2 .4 15 .5

7 .  H y g o p h u m 3 8 ° 4 7 ’ 7 2 ° 3 8 ' W h o le  a n im a l 10 _ < 0 . 0 9 __ < 0 .1 1 <  0 .4 9 <  0 .4 7 _ < 0 .4 7 < 0 .9 5 7 .4
h y g o m i 3 8 ° 2 7 ' 7 2 ° 1 0 ' W h o le  a n im a l 15 _ 0 .0 8 — 0 .1 1 < 0 . 3 5 0 .6 4 _ 0 .7 4 1 .0 8 .5

3 8 ° 4 2 ' 7 2 ° 4 4 ’ W h o le  a n im a l 15 - — < 0 . 0 7 — 0 .0 9 < 0 .3 1 0 .5 7 — 0 .3 7 < 0 .6 0 7 .7
3 8 ° 4 8 ‘ i m a W h o le a n im a l 15 - - < 0 . 1 0 — < 0 . 0 7 < 0 . 3 7 0 .7 3 - 0 .5 3 < 0 .7 5 6 .9

8 . S te p h a n o le p s is 3 8 °2 7 " 7 2 °  10’ W h o le  a n im a l 6 _ _ < 0 . 0 7 _ 0 .1 4 < 0 . 3 6 < 0 . 9 0 __ 0 .4 8 LO _

h isp id u s 3 8 ° 5 3 ' 7 2 ° 1 1 ' W h o le a n im a l 5 — 2 1 .5 < 0 . 0 9 1.5 < 0 . 1 3 < 0 . 5 2 0 .8 9 < 0 .1 1 < 0 .4 9 < 1 .0 7 10 .3

* Species generally  regarded  as b o ttom  dwellers.

As noted by the aforem entioned au thors it is a  popular 
assum ption th a t the deeper parts o f the oceans have been 
the least affected by chemical contam inants. However, 
certain elements o f society advocate using the deep seas 
for waste disposal; it is believed th a t wastes, even highly 
toxic m aterials, will be sufficiently diluted o r isolated in 
the hadai and abyssal regions o f the oceans. O thers argue 
th a t the deepsea benthic com m unities are particularly  
subject to  any stress and waste disposal may have 
extensive effects on these stable populations which have 
evolved through long periods o f tim e within narrow  
ranges o f  physical and chemical variation.

Since B arber et al. (1972) presented data  on a single 
m etal, H g, in several fish, our com parisons w ith their 
values m ust be limited to  Hg. They noted th a t H g in axial 
muscle increased with the standard  length o f the fish and 
reported  th a t H g (ppm wet weight) ranged from  0.24 in a 
fish 33.5 cm long to 0.76 in one 52.2 cm long. These fish 
were taken  either on 28 July 1971 or 5 July 1972. These 
au thors also analysed a single fish o f the sam e species, 
A n tim o ra  rostrata, o f  approxim ately the sam e length 
(45.7 cm) but collected in 1883. T he fish contained 
0.50 ppm  o f Hg. We analysed the hom ogenated muscle 
tissues from  ten A. rostrata, averaging 43.0 cm in length,

and  found 0.62 ppm  o f  Hg (Table 1), a sim ilar value to 
those found by B arber et al. ( 1972) in fish o f  sim ilar length.

The H g conten t in axial muscle and liver from  other 
species o f finfish is show n in T able 1. D ata  are also given 
for eight other m etals from  m ost finfish species analysed.

A lthough b o th  the recent and 1883 fish o f  Barber et al. 
(1972) were collected southeast o f  Cape H atteras in an 
area less likely to  be contam inated with m aterials similar 
to the industrial wastes disposed o f  at site No. 106, the 
values they repo rt fo r H g in axial muscle were sim ilar to 
those we found in fish o f the sam e species collected at 
deepw ater disposal site No. 106 o ff  the New York Bight.

Because there seems to be no signficant variation in Hg 
in deepwater fish taken o ff New Jersey and Cape H a tte ras , 
or fo r th a t m atter, in fish collected alm ost a century apart, 
it is possible th a t other metals show n in Table 1 represent 
norm al levels in deepwater fish.

A  recent study (Greig et al., 1975) o f H g concentration 
in fish tak en in  1971 from  N orth  A tlan tic  offshore waters, 
indicates that the  deepwater fish reported upon here 
generally have ab o u t the same concentrations o f  Hg as fish 
taken from  the continental shelf. T he highest values in the 
previous study were .0.49 ppm  in the muscle o f cusk 
CBrosm e brosm e).and 0.53 ppm  in spiny dogfish (Squalus

T A B LE 2
Elem ental concentrations§  (ppm , dry weight) in sedim ents o b ta in ed  from  a deepw ater dum psite  in the New York Bight.

L atitude
(N)*

L ongitude
(W)*

Field
code

Sam pling
date

D epth
(m) Cd Cr Cu H g Ni Pb Zn

38°31 .9' 72°10.5 ' 584 2 6 /7 /7 5 2812 <1.25 16.7 25.8 29.7 13 47.8
38°31.2 ' 72°12.1 ' 585 2 7 /7 /7 5 2818 <1.25 16.7 23.0 33.1 15 47.0
38°46‘ 72°30.2 ' 586 2 8 /7 /7 5 2351 <1.25 14.6 17.2 19.8 14 40.2
38°49.9 ' 7 2 °3 4 .1' 587 2 9 /7 /7 5 2027 <1.25 15.8 18.7 22.2 14 42.5
38°52.7 ' 72°16.6 ' 589 3 1 /7 /7 5 2452 <1.25 14.7 14.9 17.4 13 39.1
38°56.7 ' 7 2 °2 5 .1' 590 0 1 /8 /7 5 1688 <1.25 16.2 17.9 20.8 13 44.3
38°55' 72°05.5 ' 591 0 2 /8 /7 5 2477 <1.25 13.0 13.8 15.8 8 32.0
39°09.9 ' 71°54.8 ' 592-1 0 3 /8 /7 5 1959 <1.25 13.5 13.9 16.3 15 36.7
39°10' 71°5 5 .1' 592-2 0 3 /8 /7 5 1982 <1.25 6.0 6.5 < 7 .4 7.5 19.5

* L atitu d e  and  longitude given are  fo r the tending vessel L u lu  only . § Values ind ica ted  are averages o f  either two o r  th ree  replicates. 
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acanthias) muscle. The greatest concentrations o f Hg 
noted in deepw ater finfish were 0.62 ppm  in A ntim o ra  
rostrata  and  0.44 ppm  in N em atonurus armatus. We 
found an average o f  0.30 ppm  for all deepw ater fish 
muscle sam pled com pared to an average o f 0.154 ppm 
reported by Greig et al. (1975) for muscle from  offshore 
continental shelf finfish.

Values for metals o ther than  H g in coastal finfish have 
recently been reported  by Peden et al. (1973), H ardisty 
etal. (1974) and W right (1976). The latter noted metal 
values com parable to  those reported  by Peden and 
H ardisty. A com parison o f our data  with data  from  the 
above papers indicates th a t C d, Cu, Ni and Zn were 
generally higher, som etim es much m ore so, in coastal fish 
from  G reat B ritain, with coastal fish showing Cd 
concentrations 3 to 10 times those o f deepwater fish. 
C opper was also generally higher in muscle from  coastal 
fish when com pared with deepw ater species. Nickel was 5 
to 14 times m ore abundan t in muscle tissue from  coastal 
fish and  Zn was as m uch as 60 times m ore abundan t in 
coastal finfish (W right, 1976).

The foregoing indicates th a t deepw ater finfish have less 
metal in muscle tissue than  do fish taken from  the 
continental shelf. C om parisons o f m etals in liver tissues 
'ndicate th a t, generally, coastal fish have som ewhat 
0reater concentrations o f Cd and Cu. Ni and Zn were 
som ew hat m ore elevated in liver tissues from  coastal fish. 
However, Zn was high in the liver o f  the deepwater 
A ntim o ra  and N em atonurus  bu t was less than  half that 
found in the English sprat.

A dditional analyses o f organism s from  deepw ater and 
m idw ater trawls are being m ade to increase our baseline 
m easurem ents. We are also analysing tissues from  
additional m idw ater and  surface finfish collected at the 
deepw ater dum p site No. 106 to  determ ine if surface or 
m idw ater dwelling fish become contam inated  with metals 
in wastes disposed at the site. C ertain  fish are known to 
move from  surficial waters to deeper benthic environ­
ments; such fish may provide a ‘link’ whereby toxic heavy 
m etals and  other contam inants are m oved from  surface 
waters to  great depths.

In addition to analysing anim al tissues for heavy 
m etals, we have exam ined two collections o f sediments

taken a t stations in or near the dum psite. Table 2 gives the 
am ounts o f  m etals found in sediments collected at benthic 
stations located near the deepw ater disposal site No. 106. 
These values are very similar to those previously found  in 
sedim ents collected from  sim ilar stations in 1973 (Pearce 
e ta l.,  1975). Future collection o f sedim ents from  these 
stations can be analysed to provide data  on possible 
accum ulations o f  m etals due to ocean disposal operations 
and terrigenous export seaward via the H udson Shelf 
Valley.
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An A ssessm ent of the  Pollution of Cornish 
Coastal W aters

A detailed survey o f p o llu tion  was undertaken in five 
areas around the Cornw all coast in south-w est England, at 
St. A ustell and M evagissey B ays, F alm outh  Bay, M ounts 
B ay, St. Ives Bay and Portreath. T he aim  o f  the study was 
to establish baseline values against which subsequent 
changes could be detected and their im portance evaluated. 
Three m ajor investigations were undertaken in each area 
involving seawater sam pling and analysis, heavy metal 
analysis o f  seaweed specim ens and quantitative surveys o f  
intertidal fauna and flora. In general, the areas studied  
show ed few  signs o f  being exposed  to  sign ificant levels o f  
industrial or sewage pollu tion .

The county  o f  C ornw all is fo rtunate  in possessing an 
exposed and  scenically attractive coastline free from  
large areas o f  industrialization  and urbanization. The 
im portance o f fisheries and tourism , both o f  which 
occupy a significant p a rt in the econom ic developm ent o f 
the area, dem and, however, that the quality o f  the 
coastal w aters be m aintained a t a high level and that the 
effects o f  pollu tion by sewage discharges and activities 
associated w ith the m ining o f china clay and other 
minerals are kept to  a m inim um .

Recognising the im portance o f  w ater quality to the sea 
fisheries for which they are responsible, Cornw all Sea
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FIG URE 2

CORNWALL
FIGURE 6

FIGURE 5

FIGURE 3

FIGURE A

Fig. 1 M ap  o f  the coun ty  o f  C ornw all show ing locations o f  the s tudy  areas.

Fisheries Com m ittee requested A tkins Research and 
Developm ent to undertake an appraisal o f the existing 
sta te  o f  coastal w aters under its jurisdiction. A  
prelim inary study showed th a t five coastal areas 
appeared to  be m ost at risk from  the effects o f  industrial 
a n d /o r  sewage waste (A tkins Research and Developm ent, 
1974). These areas were St. A ustell and Mevagissey Bays; 
Falm outh  Bay; M oun t’s Bay; St. Ives Bay and the 
P o rtrea th  area (Fig. 1 and  T able 1).

From  late 1974 to  the au tum n  o f  1975, three m ajor 
investigations were undertaken  in the above areas 
involving:

T A B LE 1
M ajorsources o f  po llu tion  in the fivestudy  areas.

Coastal sewage discharges

S tudy N um ber o f  T o ta l volum e M ajo r types o f
area  outlets (m V day) industria l w aste

St. Austell &
Mevagissey
Bays

5 6600 C h in a  d a y  w aste— 1.5 m 
tonnes in 1972, but 
progressive reduction  to 
near zero in 1976.

F alm outh  Bay 4 6400 C hina  clay w aste (residue 
recovery schem es have 
reduced loads); m ining 
w aste particu larly  via 
C a rn o n  River.

M ounts Bay 15 9500 —

St. Ives Bay 3 5100 500 m V d o f  cream ery w aste; 
m ining w aste via Red River; 
327,300 m V d cooling w ater.

P o rtrea th
area

2 6400 M ining w aste; processing 
w astes.

D ata from  S outh  W est W ater A u tho rity  (pers. com m .) and D epart­
m ent o f  the E nvironm ent and  W elsh O ffice (1973).

(i) the establishm ent o f  w ater quality m onitoring 
sta tions, collection o f  w ater samples and analysis 
o f  their chemical and  bacteriological quality;

(ii) the  collection o f samples o f  the brow n seaweed 
Fucus vesiculosus and their analysis for heavy 
m etal content; (This investigation was carried out 
in collaboration  w ith the Institu te for M arine 
E nvironm ental Research and form s part o f their 
w ork on the accum ulation o f  trace elements in 
brow n aglae);

(iii) the establishm ent o f perm anent shore transect sites 
and surveys o f  the fauna and flora o f  these sites.

T he m ain purpose o f  these investigations was to provide 
a baseline against which subsequent changes could be 
detected and  their im portance evaluated. Consequently 
their full value will only be realised when they are repeate 
and the results com pared with the situation in 1974/75.

This paper sum m arises the m ain findings o f these 
investigations, full details o f which have been reported  to 
the Sea Fisheries C om m ittee (A tkins Research and  
D evelopm ent, 1976).

Sample Sites, M ethods and Analysis
Seawater T hirteen water quality  m onitoring stations, 
generally 1-1.5 km offshore, were established within the  5 
survey areas (Figs. 2 -6 ). At each sta tion , during A ugust 
1975, seaw ater samples were taken  every 3h  over a 
com plete tidal cycle and at varying depths, depending on 
w hether or not a  therm ocline or halocline was present. All 
sam ples were analysed for nutrients, particulate m atter, 
Escherichia coli and  faecal Streptococci. In addition, a 
p roportion  o f the samples were analysed for a range of 
heavy m etals using atom ic absorp tion  spectrophotom etry.
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