
In
te

rn
a
tio

n
a
l 

G
o
n
n
eil 

fo
r 

th
e 

E
x

p
lo

ra
tio

n
 
o
f 

th
e 

S
ea

C
„M

„1975/E
rl 

A
d
m

in
istra

tiv
e 

R
ep

o
rt

FISH
E

R
IE

S 
IM

PRO
V

EM
EN

T 
CO

M
M

ITTEE

by

P
. 

K
o

rrin
g

a

B
elgium

 

(R
o 

de 
G

lerck
)

T
he 

stu
d

ie
s 

o
f 

th
e 

e
ffe

c
ts 

o
f 

th
e 

dum
ping 

o
f 

in
d
u
stria

l 
w

aste 
alo

n
g
 
th

e 
B

elg
ian

 
c
o
a
st 

on 
th

e 
sto

ck
s 

o
f 

fish
 an

d 
sh

rim
p
 

and 
on 

p
lan

k
to

n
 

and 
in

v
e
rte

b
ra

te
s 

w
ere 

c
o
n
tin

u
ed

0 
In
 

tw
o 

a
re

as 
o
f 

dum
ping 

sam
p
lin

g
 w

as 
c
a
rrie

d
 

o
u
t 

on 
a m

o
n

th
ly
 
b
a
sis 

by m
eans 

o
f 

re
se

a
rc

h
 v

e
sse

l 
c
a
tch

e
s.

T
he 

d
e
term

in
a
tio

n
 
o
f 

h
eav

y
 m

e
tals, 

PC
B

5s 
and 

p
e
stic

id
e
s 

in
 
fis

h
 

and 
sh

rim
p
s 

w
as 

co
n

tin
u

ed
. 

Tw
o 

m
o
n
ito

rin
g
 

program
m

es 
w

ere 
c
a
rrie

d
 

o
u

t. 
T

he 
firs

t 
co

n
­

cern
ed
 

sh
rim

p
s, 

p
la

ic
e
, 

so
le

, 
cod 

and w
h

itin
g
 
o
ff 

th
e 

B
elg

ian
 
c
o

a
st. 

T
he 

seco
n
d
 

co
n
cern

ed
 
so

le
s 

fro
m
 
th

e 
N

o
rth

 
S

ea, 
th

e 
B

risto
l 

C
h

an
n

el 
and 

th
e 

Irish
 

S
ea.

C
anada 

(EoG
o 

B
lig

h
)

S
alm

o
n
id
 
C

u
ltu

re

A
n 

ex
p
erim

en
t 

d
esig

n
ed
 
to
 

d
eterm

in
e 

th
e 

d
iffe

re
n

c
e
 
in
 
th

e 
n

u
trie

n
t 

req
u
irem

en
ts 

o
f 

rain
b
o
w
 
tro

u
t 

grow
n 

in
 
fre

sh
 w

ater 
as 

com
pared w

ith
 
th

o
se 

re
a
re

d
 
in
 
s
a
lt 

w
ater 

h
as 

b
een

 
co

m
p
leted

. 
G

row
th d

a
ta 

in
d
ic

a
te
 
th

a
t 

p
ro

te
in
 u

tilis
a
tio

n
 is 

b
e
tte

r 
in
 
s
a
lt 

w
ater 

th
an

 fre
sh

 w
a
ter. 

O
th

er 
b
io

ch
em

ical 
a
n

a
ly

se
s 

from
 
th

is 
ex

p
erim

en
t 

w
ill 

be 
co

m
p
leted

 
sh

o
rtly

.

A
n 

ex
p

erim
en

t 
is 

in
 p

ro
g
re

ss 
to
 

d
eterm

in
e 

th
e 

p
ro

te
in
 

and 
en

erg
y
 
req

u
irem

en
ts 

o
f 

th
e 

A
tla

n
tic

 
salm

o
n
 
(S

alm
o 

s
a
la

r.). 
T

he 
resp

o
n
se 

c
rite

ria
 
fo

r 
th

is 
e
x
p
e
ri­

m
ent 

in
c
lu

d
e 

§ 
g

ro
w

th
, 

feed
 
e
ffic

ie
n
c
y
, 

n
e
t 

p
ro

te
in

 u
tilis

a
tio

n
, 

en
erg

y
 re

te
n
tio

n
 

and 
th

e 
ch

an
g

e 
in

 liv
e
r g

ly
co

g
en

, 
p
ro

te
in
 

and 
lip

id
 
le

v
e
ls. 

T
h
is 

in
fo

rm
atio

n
 
is 

re
q
u

ire
d
 
fo

r 
d
ev

elo
p
in

g
 
d
ie

ts 
to
 
red

u
ce 

fo
r A

tla
n
tic
 

salm
on 

th
e 

tim
e 

re
q
u
ire

d
 
in

 
fre

sh
 w

ater 
p
rio

r 
to
 

sm
o

ltin
g

.

C
age 

re
a
rin

g
 

o
f 

A
tla

n
tic
 

salm
on 

in
 
sa

ltw
a
te

r w
as' co

n
tin

u
ed
 

th
ro

u
g

h
 

1974 
n
e
a
r 

H
a
lifa

x
, 

N
.S

. 
T

he 
o

b
je

c
tiv

e
 

w
as 

to
 

p
ro

d
u

ce 
"ste

a
k
-siz

e
86 (2.2 

to
 

4*5 
k

g
) 

fis
h
, 

and 
alth

o
u
g
h
 
se

v
e
ra

l 
m

o
rta

litie
s 

o
ccu

rred
, 

good 
g
ro

w
th
 ra

te
s 

w
ere 

ach
iev

ed
.

B
y 

th
e 

end 
o
f 

D
ecem

ber 
1974» 

one 
p
ro

d
u
ctio

n
 g

ro
u
p
 

(18 
m

onths 
in
 
s
a
lt 

w
ater) 

had 
ach

iev
ed
 

a 
siz

e
 

o
f 

2
.7
 

k
g
. 

T
he 

seco
n
d
 
g
ro

u
p
 

o
f 

salm
on 

re
a
re

d
 
fo

r 
six

 
m

onths 
to
 

end 
o
f 

D
ecem

ber, 
1974» 

av
erag

ed
 

1
.1
 

k
g
. 

M
ajo

r p
ro

b
lem

s 
en

co
u
n
tered

 
so 

fa
r 

in
 

th
e 

re
a
rin

g
 

program
m

e 
in

clu
d

ed
 
su

p
e
rc

h
illin

g
 

o
f 

w
ater 

and 
to

x
ic

 
p
h
y
to

p
lan

k
to

n
 bloom

s 
in
 w

in
te

r. 
T

he 
b
e
st 

re
a
rin

g
 
fa

c
ility

 
trie

d
 

so 
fa

r 
h
as 

b
een

 
a k

n
o
tle

ss 
n

y
lo

n
 n

e
t 

w
eig

h
ted

 
on 

th
e 

b
o
tto

m
 an

d 
hung 

from
 
a 

flo
a
tin

g
 

p
la

tfo
rm

.

T
h

ere w
as 

a 
sig

n
ific

a
n
t 

in
c
re

a
se
 
in
 
th

e 
num

bers 
o
f 

h
a
tc

h
e
ry

-re
a
re

d
 
fish

 
c
o
n
tri­

b
u

tin
g
 
to
 
th

e 
A

tla
n
tic
 

salm
on 

sp
aw

n
in

g 
escap

em
en

t 
in
 

th
e 

S
t 

Jo
h
n
 R

iv
er, 

N
ew

 
B

ru
n

sw
ick

, 
in
 

1974. 
O

f 
13 

847 
a
d

u
lt 

salm
on 

cap
tu

red
 
a
t 

M
actaquac 

D
am

, 
5 

632 
(40.7^

)w
ere 

o
f 

h
a
tch

e
ry
 
o
rig

in
, 

com
pared w

ith
 

2 
371 

a
d
u
lt 

h
a
tc

h
e
ry

-re
a
re

d
 
fis

h
 

re
tu

rn
in

g
 
in
 

1973. 
H

atch
ery

 
sto

ck
s 

are 
a
iso

 
b
ein

g
 u

sed
 
e
ffe

c
tiv

e
ly
 
in
 

d
ev

elo
p
p
in

g
 

a ru
n
 

o
f A

tla
n
tic
 

salm
o
n
 in

 
a 

trib
u
ta

ry
 

o
f 

th
e 

L
aH

ave 
R

iv
er, 

N
ova 

S
c
o
tia

.
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A
d
u
lt 

salm
on p

a
ssin

g
 
th

ro
u

g
h
 
th

e
 

fish
w

ay
 
a

; 
lí ... 

. 
F

a
lls 

in
 

1974 
to

ta
lle

d
 

381, 
o
f w

h
ich 

339 
(8

9
^) 

w
ere 

id
e
n
tifie

d
 
as 

h
a
tc

h
e
ry

-re
a
re

d
 
fish

o

P
ath

o
g
en

ic 
fis

h
 
d

ise
a
se

s 
sig

n
ific

a
n
tly

 
a
ffe

c
te

d
 
ju

v
e
n
ile

 
A

tla
n
tic
 

salm
on 

re
a
rin

g
 program

m
es 

a
t 

tw
o 

N
ova 

S
c
o

tia
 
h

a
tc

h
e
rie

s 
in
 

1974®
 

T
he 

p
ath

o
g
en

ic 
b
a
c
te

ria
l 

d
ise

a
se

,P
a
ste

u
re

lla
 
sp

. 
w

as 
te

n
ta

tiv
e
ly
 
id

e
n
tifie

d
 
a
t 

K
ejim

- 
k

u
jik

 
H

atch
ery

 
in

 A
tla

n
tic
 

salm
o
n
 F

in
g

e
rlin

g
s 

and y
e
a
rlin

g
s o 

T
h
is 

w
as 

th
e 

firs
t 

re
co

rd
 

o
f 

P
a
ste

u
re

lla
 
sp

. 
in
 C

an
ad

ian
 w

aters 
and 

b
ecau

se 
o
f 

th
e 

se
rio

u
sn

e
ss 

o
f 

th
e
 
d

ise
a
se

, 
a
li 

sto
ck

s 
h
ad 

to
 

be 
d
e
stro

y
e
d

0 
T

he 
A

tla
n

tic
 

salm
o
n
 re

a
rin

g
 program

m
e 

a
t 

M
arg

arse 
H

atch
ery

 h
as 

b
een 

term
in

ated
 

b
ecau

se 
o
f 

co
n
tin

u
ed
 
in

fe
c
tio

n
 
o
f 

sto
ck

s 
w

ith
 
C

o
ry

n
eb

acte
rra

l 
k
id

n
ey
 

d
isease®

T
h
ree  

hom
em

ade 
d

ie
ts 

u
sin

g
 v

a
rio

u
s 

sc
rap

 
fish

 
(co

d 
v
isc

e
ra

, 
h

e
rrin

g
 h

ead
s 

and 
ta

ils
, 

and 
sea cucum

ber m
eal) 

w
ere 

com
pared w

ith
 
th

re
e
 

b
ran

d
s 

o
f 

co
m

m
ercial 

p
e
lle

ts 
on 

th
e 

g
ro

w
th
 

o
f 

rain
b
o
w
 
tro

u
t 

in
 
flo

a
tin

g
 
fish

 p
en

s.
T

he 
hom

em
ade 

d
ie

t, 
c
o
n
sistin

g
 

o
f 

cod v
isc

e
ra

, 
h
e
rrin

g
 m

eal, 
w

h
eat 

m
id

d
lin

g
s 

w
hey 

pow
der 

an
d 

a v
itam

in
 p

ack
, 

p
ro

v
ed
 
su

p
e
rio

r. 
In
 
a
n
o
th

e
r 

tria
l,

1 
000 

lb
 

o
f 

sea 
cucum

bers w
ere 

p
ro

cessed
 
a
t 

a 
lo

c
a
l 

fis
h
 m

eal 
p
la

n
t 

and 
su

b
stitu

te
d
 fo

r fis
h
 m

eal 
in
 
a 

tro
u

t 
d
ie

t. 
P

ro
x
im

ate 
a
n
a
ly

sis, 
am

ino 
a
c
id
 

sp
ectru

m
 and 

c
a
ro

te
n
o
id
 
c
o

n
ten

t 
seem

ed 
su

ita
b
le

. 
H

ow
ever, 

th
e
re
 

w
as 

a 
p
a
la

ta
b
ility

 p
ro

b
lem

 
and 

th
e 

fish
 
d
id
 n

o
t 

e
a
t 

o
r 

grow
 
w

e
ll.

P
rom

 
a 

se
rie

s 
o
f 

p
in

k
 

salm
on 

(O
ncorhynchus 

g
o
rb

u
sch

a) 
egg p

la
n

tin
g

s 
d
u
rin

g
 

th
e 

e
a
rly

 
1960®

s 
from

 B
ritish

 
C

olum
bia 

to
 
N

o
rth

 H
arb

o
u
r 

R
iv

er, 
S

t 
M

ary’s 
B

ay, 
N

ew
foundland, 

a 
sm

all 
sto

c
k
 
o
f n

a
tu

ra
l 

sp
aw

n
in

g fis
h
 w

as 
e
sta

b
lish

e
d

. 
R

etu
rn

s 
from

 
th

e
se
 
fis

h
 a

re 
ste

a
d

ily
 
d

e
c
lin

in
g

. 
T

he 
to

ta
l 

num
ber 

re
p
o
rte

d
 

in
 

1974 w
as 

2
8
, 

d
istrib

u
te

d
 

as 
fo

llo
w

s 
i 

18 
in
 N

o
rth

 H
arb

o
u

r R
iv

er, 
^ 

in
 

th
e 

co
m

m
ercial 

fish
e
ry

, 
and 

5 
o
b
serv

ed
 
in
 
o
th

e
r 

riv
e
rs. 

A
li 

re
tu

rn
s 

w
ere 

fro
m
 
S

t 
M

ary’s 
B

ay. 
T

hese 
w

ere 
th

e 
p
ro

g
en

y
 

o
f 

58 
a
d
u
lts w

h
ich 

spaw
ned 

in
 

1972 
and 

a 
su

b
seq

u
en

t 
fry

 ru
n
 

o
f 

37 
000 

d
u
rin

g
 
th

e 
sp

rin
g
 
o
f 

1
9

7
3

*

L
o
b
sters

Ju
v

e
n

ile
 
lo

b
ste

r n
u
tritio

n
 
stu

d
ie

s 
show

ed no 
e
ffe

c
t 

o
f 

ad
d
ed 

d
ie

ta
ry

 
g

lu
co

sam
in

e 
o
f 

B
-caro

ten
e 

on g
ro

w
th

, 
m

o
lt 

su
rv

iv
a
l 

o
r p

ig
m

en
tatio

n
 

com
pared w

ith
 

th
e 

c
o
n
tro

l 
a
rtific

ia
l 

d
ie

t. 
T

he 
a
d
d
itio

n
 

o
f 

d
ie

ta
ry

 
m

in
eral 

m
ix 

sig
n

ific
a
n

tly
 im

p
ro

v
ed
 g

ro
w

th
, 

m
o
lt 

and 
su

rv
iv

a
l 

o
f 

ju
­

v
e
n
ile

 
lo

b
ste

rso

S
tu

d
ies 

to
 

d
eterm

in
e 

th
e 

lip
id
 
so

lu
b
le 

v
itam

in
 req

u
irem

en
ts 

o
f 

ju
v
e
n
ile

 
lo

b
ste

rs 
w

ere 
in

itia
te

d
 
in

 N
ovem

ber 
1974°

A
d
u
lt 

lo
b
ste

rs 
have 

b
een

 
show

n 
to
 re

q
u
ire

 
ap

p
ro

x
im

ately
 

5io 
o
f 

th
e 

d
ry

 
w

eig
h

t 
o
f 

th
e 

d
ie

t a&
 lip

id
. 

C
od 

liv
e
r 

o
il 

is
 
sig

n
ific

a
n
tly

 b
e
tte

r 
th

an
 co

rn
 o

ri 
o
r 

co
co

n
u

t 
o
il 

as 
a 

d
ie

ta
ry
 
lip

id
 
fo

r 
a
d
u
lt 

lo
b

ste
rs 

b
ased

 
on g

ro
w

th
, 

p
e
rce

n
t 

e
d
ib

le
 

m
eat 

an
d 

o
th

e
r 

c
o

n
d

itio
n
 fa

c
to

rs. 
A 

c
h
o
le

ste
ro

l 
d
e
fic

ie
n
c
y
 w

as 
show

n in
 lo

b
ste

rs 
fe

d
 
a 

ste
ro

l-fre
e
 
d
ie

t 
fo

r 
IO
 m

o
n

th
s.

T
he 

G
LC 

a
n

a
ly

sis 
o
f 

a
d
u
lt 

lo
b
ste

r 
tissu

e
 
fa

tty
 
a
c
id
 
co

m
p
o
sitio

n
 

and 
th

e 
e
ffe

c
ts 

o
f 

d
ie

ta
ry

 
lip

id
s 

on 
th

is 
co

m
p
o
sitio

n
 
a
re 

in
 
p

ro
g

re
ss. 

T
h
is 

w
ill 

co
m

p
lete w

ork 
on 

th
e 

10-m
onth 

liv
e
 

an
im

al 
tria

l 
c
a
rrie

d
 
o

u
t 

to
 

d
eterm

in
e 

p
ro

te
in
 and 

lip
id
 
req

u
irem

en
ts 

o
f 

a
d
u
lt 

lo
b
ste

rs.

A
 
p

ilo
t 

sc
a
le
 
lo

b
ste

r 
c
u
ltu

re
 
fa

c
ility

 
is 

b
ein

g
 c

o
n
tru

c
te

d
 
a
t 

th
e 

S
t 

A
ndrew

s, 
N

.B
., 

B
io

lo
g
ic

a
l 

S
ta

tio
n
 
to
 

e
v
a
lu

a
te 

th
e 

econom
ic 

fe
a
s
ib

ility
 

o
f 

lo
b
ste

r 
c
u
ltu

re
. 

P
rim

ary
 
em

p
h
asis 

w
ill 

be 
on m

axim
um

 p
ro

d
u
ctio

n
 
a
t 

m
inim

um
 
c
o
st 

w
ith

 
lo

c
a
lly

 
a
v

a
ila

b
le
 
m

a
te

ria
ls. 

T
he 

p
la

n
t, 

sca
led

 
to

 
an

n
u
al 

p
ro

d
u
ctio

n
 
o
f 

1 
000 

lb
, 

w
ill 

in
c
o
rp

o
rate

 
re

se
a
rc

h
 
fa

c
ilitie

s
 

and 
a 

sm
all 

sh
e
llfish

 
c
u
ltu

re
 
u
n
it 

to
 

e
v
a
lu

a
te 

th
e 

m
u
ltic

u
ltu

re
 
p

o
te

n
tia

l.
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-

A
n

tib
o

d
ies 

h
av

e 
b

een
 p

rep
ared

 
a
g
a
in

st 
th

e 
“fem

ale 
p
ro

te
in

” 
in
 
th

e 
y
o
lk

 
o
f 

lo
b
ste

r 
eggs 

so 
th

a
t 

o
n

set 
o
f 

o
v

a
rian

 m
a
tu

ra
tio

n
 
can

 
be 

d
eterm

in
ed

 
and 

tim
e 

o
f 

egg 
la

y
in

g
 p

red
icted

,, 
A

d
d

itio
n

a
l 

w
ork 

on 
th

e 
fem

ale 
re

p
ro

d
u
ctiv

e 
cy

cle 
h

as 
re

v
e
ale

d
 
th

a
t 

th
e
 
tra

d
itio

n
a
l 

co
n

cep
t 

o
f 

m
o
lt 

and 
eg

g 
la

y
in

g
 

in
 
a
lte

rn
a
te
 
y
e
a
rs 

is
 

o
n
ly
 p

a
rtia

lly
 
c
o
rre

c
t. 

O
ne 

ag
e 

c
la

ss 
p
re

d
ic

ta
b
ly

 
m

o
lts 

an
d 

la
y
s 

eg
g
s 

in
 
th

e 
sam

e 
sum

m
er, 

and 
th

e
se 

fem
ales 

a
re 

v
a
lu

ab
le
 
fo

r 
c
u
ltu

re
 
p
u
rp

o
ses 

b
ecau

se 
o
ffsp

rin
g
 

o
f 

p
lan

n
ed
 
m

atin
g
s 

m
ay be 

o
b
tain

ed
 

in
 

a 
sh

o
rt 

tim
e.

C
ape 

B
reto

n
 A

q
u

acu
ltu

re 
D

evelopm
ent

T
he 

th
ird

 
y
ear 

o
f 

a m
ajo

r p
ro

g
ram

 
o
f 

a
q
u
a
c
u
ltu

re 
d

ev
elo

p
m

en
t 

w
as 

co
m

p
leted

 
in
 

C
ape 

B
reto

n
 
Isla

n
d
, 

w
h
ich 

m
akes 

up 
th

e 
e
a
ste

rn
 
q
u
a
rte

r 
o
f 

th
e 

P
ro

v
in

ce 
o
f 

N
ova 

S
c
o
tia

 
and 

c
o

n
ta

in
s 

an 
e
x
ten

siv
e
 

(1
 

100 km
“

) 
b

ra
ck

ish
 

(2
0
-2

4
^) 

lak
e 

sy
stem

. 
T

o 
d
ate 

th
e 

p
ro

g
ram

 h
as 

co
m

p
rised

 
th

re
e
 
m

ajo
r 

a
re

as 
o
f 

e
ffo

rts

I. 
T

he 
d
e
sc

rip
tio

n
 
o
f 

th
e 

m
arin

e 
and 

se
le

c
te

d
 
fre

sh
w

a
ter 

a
re

a
s 

in
 

term
s 

o
f 

th
e
ir 

p
h
y
sic

a
l, 

ch
em

ical 
and 

b
io

lo
g
ic

a
l 

p
aram

eters, 
and 

an
 
a
sse

ss­
m

ent 
o
f 

th
e
ir 

a
q

u
a
c
u

ltu
re 

p
o

te
n

tia
l?

2. 
In

v
e
stig

a
tio

n
 
o
f 

th
e 

b
io

lo
g
y
 
o
f 

se
le

c
te

d
 
ta

rg
e
t 

sp
e
c
ie

s, 
d
ev

elo
p
m

en
t 

and 
te

stin
g
 
o
f 

p
ro

d
u
ctio

n
 

and m
ark

etin
g
 

tech
n
o
lo

g
y
 

and 
its

 
econom

ic 
e
v
a
lu

a
tio

n
. 

S
p
ecies 

c
u
rre

n
tly

 u
n

d
er 

stu
d
y
 
in

c
lu

d
e 

s 
o
y
ste

rs, 
salm

o
n
id

 
fish

e
s, 

m
u
ssels, 

e
e
ls 

and m
arin

e 
alg

ae?

3. 
C

om
m

ercial 
th

ro
u

g
h
 
p
ilo

t 
to
 
fu

ll 
co

m
m

ercial 
sc

a
le
 

p
ro

d
u
ctio

n
 

and m
ark

etin
g

 
o
f 

sp
e
cie

s 
fo

r w
h
ich 

a
p
p
lic

a
b
le
 

and 
eco

n
o

m
ically

 p
ro

m
isin

g
 re

a
rin

g
 

tech
n
o
lo

g
y
 
is
 
a
v
a
ila

b
le

.

O
y

sters 
p

re
se

n
tly

 g
ro

w
in

g
, 

la
rg

e
ly

 u
sin

g
 
su

sp
en

sio
n
 
te

c
h

n
iq

u
e
s, 

a
re 

p
ro

je
c
te

d
 

to
 

p
ro

d
u
ce 

a 
te

n
-fo

ld
 
in

c
re

a
se
 

(IO
 

000 b
u

) 
in
 
an

n
u
al 

p
ro

d
u
c
tio

n
 

fro
m
 
th

e 
isla

n
d
 
in
 
th

e 
n
ex

t 
tw

o 
y
e
a
rs.

A 
p
ilo

t 
co

m
m

ercial 
sc

a
le
 

rain
b

o
w
 
tro

u
t 

re
a
rin

g
 
o
p
e
ratio

n
 u

sin
g
 m

arin
e 

cag
es, 

p
ro

d
u

ced
 

25 
000 

lb
 
in
 1

9
7
4

° 
A
 
p
ro

d
u
ctio

n
 
ta

rg
e
t 

o
f 

300 
000 

lb
 

is
 

p
lan

n
ed
 
fo

r 
1975» 

A
n
o
th

er 
p
ilo

t 
sc

a
le
 

co
m

m
ercial 

re
a
rin

g
 
o
p
e
ra

tio
n

 
w

ill 
b
eg

in
 
in
 

1975 
fo

r m
u
ssels.

U
se 

o
f 

T
herm

al 
E

fflu
e
n
t 

fo
r A

q
u
acu

ltu
re

A F
e
d
e
ra

l-P
ro

v
in

c
ia

l 
C

o
o
rd

in
atin

g
 C

om
m

ittee 
is
 
c
o
n
tin

u
in

g
 

to
 

stu
d
y

 
th

e 
p
o
te

n
tia

l 
fo

r u
se 

o
f 

th
erm

al 
e
fflu

e
n
t 

fro
m
 

an 
o
il-fire

d
 
e
le

c
tric

a
l 

g
e
n

e
ra

tin
g
 p

la
n
t 

in
 

th
e 

a
q
u
a
cu

ltu
re 

program
m

e 
a
t 

L
o
rn

e
v
ille

, 
N

.B
.

B
ased 

on 
a 

fe
a
s
ib

ility
 

stu
d
y
, 

a reco
m

m
en

d
atio

n
 w

as 
m

ade 
th

a
t 

a 
co

m
m

ercial 
p
la

n
t 

n
o
t 

be 
d
ev

elo
p
ed
 
th

e
re
 

b
ecau

se 
o
f 

h
ig

h
 
c
a
p
ita

l 
and 

o
p

e
ratin

g
 
c
o
sts 

w
hich w

ould 
n
o
t 

be 
o

ffse
t 

by m
ark

et 
p
ric

e
s. 

H
ow

ever, 
in

te
re

s
t 

in
 
th

e 
u

se 
o
f 

th
erm

al 
e
fflu

e
n
t 

fo
r 

a
q

u
a
cu

ltu
re 

co
n

tin
u

es 
and 

th
e 

C
o
o
rd

in
atin

g
 

C
om

m
ittee 

is
 
c
u
rre

n
tly

 p
ro

m
o
tin

g
 
th

e 
d

ev
elo

p
m

en
t 

o
f 

a p
ilo

t 
p
la

n
t 

to
 

co
n­

d
u
ct 

m
u
tid

isc
ip

lin
a
ry
 
stu

d
ie

s 
on 

th
e 

b
io

lo
g
ic

a
l, 

e
n
g
in

ee
rin

g
, 

econom
ic 

and m
ark

etin
g
 
a
sp

ec
ts 

o
f 

p
ro

d
u
ctio

n
 
o
f 

v
a
rio

u
s 

p
ro

m
isin

g
 a

q
u
a
c
u
ltu

re 
c
a
n
d

id
a
te

s.

O
y

sters
T

he 
fiv

e
-y

e
a
r 

o
y
ste

r 
(C

ra
sso

stre
a
 v

irg
in

ic
a
-) 

s
p

a
tfa

ll 
m

o
n

ito
rin

g
 program

m
e 

to
 

d
eterm

in
e 

co
m

m
ercially

 re
lia

b
le

 -sp
at 

c
o
lle

c
tio

n
 
a
re

as 
w

as 
co

n
tin

u
ed
 
fo

r 
th

e 
fo

u
rth

 y
e
a
r. 

R
e
su

lts 
show

 
th

a
t 

1974 w
as 

one 
o
f 

th
e 

b
e
st 

y
e
a
rs 

to
 

d
ate 

fo
r 

co
m

m
ercial 

siz
e
 
s
p

a
tfa

ll 
se

ts 
th

ro
u
g
h
o
u
t 

th
e 

sam
p
led 

a
re

a
s. 

S
p
atfaH

 
su

ccess 
ra

te
s 

in
 

1974 w
ere 

th
e 

h
ig

h
e
st 

d
u

rin
g
 
fo

u
r y

e
a
rs 

o
f 

sam
p
lin

g
 
in

 
b
o
th
 P

rin
c
e 

E
dw

ard 
Isla

n
d
 

and 
so

u
th

ern
 N

ew
 

B
runsw

ick? 
o
n
ly
 n

o
rth

e
rn
 N

ew
 

B
ru

n
sw

ick 
h

ad 
s
p
a
tfa

ll 
su

ccess 
ra

tes- below
 
th

e 
fo

u
r-y

e
a
r 

av
erag

e 
fig

u
re

.
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S
tu

d
ie

s  .on co
m

p
arativ

e 
g
ro

w
th
 

and 
su

rv
t 

“ 
-b

e
llstrin

g
 
o
y
ste

rs
re

a
re

d
 
a
t 

v
a
rio

u
s 

d
e
n
sitie

s 
w

ere 
co

m
p

leted
. 

H
e- . A

s 
show

ed 
th

a
t 

g
ro

w
th

 
w

as 
re

ta
rd

e
d
 

on 
d
en

sely
 
se

t 
c
o
lle

c
to

rs, 
and 

th
e
re
 

w
as 

a w
id

er v
a
ria

tio
n

 
in
 
o
y
ste

r 
siz

e
s 

th
an
 

on 
th

e 
o
n
es 

le
ss 

d
en

sely
 
seto
 

T
h

ere w
as 

a
iso

 
a 

h
ig

h
 p

ercen
tag

e 
o
f 

p
o
o
rly

 
sh

ap
ed
 
o
y
ste

rs 
on 

th
e 

m
ore 

d
en

sely
 
se

t 
c
o
lle

c
to

rs. 
R

e
su

lts 
in

d
ic

a
te
 
th

a
t 

a 
su

rv
iv

in
g
 
se

t 
o
f 

20 
to
 

25 
sp

a
t 

p
er 

sh
e
ll 

by 
th

e 
firs

t 
fa

ll 
is
 

m
ost 

d
e
sira

b
le
 

an
d
, 

w
ith

 
re

aso
n
ab

le
 m

ain
ten

an
ce, 

sh
o
u
ld
 y

ie
ld
 

IO
 
to
 

12 w
ell-sh

ap
ed

 m
ark

etab
le 

o
y
ste

rs.

A 
p
ilo

t 
p
la

n
t 

d
e
p
u
ratio

n
 o

p
e
ratio

n
 
fo

r 
so

ft-sh
e
lle

d
 
clam

s 
(M

ya 
a
re

n
a
ria

) 
in
 
th

e 
A

n
n
ap

o
lis 

B
asin

 
a
re

a
 
o
f 

N
ova 

S
c
o
tia w

as 
in

itia
te

d
 w

ith
 
lim

ite
d

 
su

c
c
ess. 

F
u
rth

e
r 

p
ilo

t 
p
la

n
t 

stu
d
ie

s 
w

ill 
be 

co
n
d
u
cted

 
in
 

1975»

T
he 

E
u
ro

p
ean 

fla
t 

o
y
ste

r 
(O

strea 
e
d
u
lis) 

w
as 

in
tro

d
u
ce

d
 
t"
 
E

a
ste

rn
 

C
anada 

by h
a
tch

e
ry
 
b
reed

in
g
 

from
 a

d
u
lts 

o
f 

a D
utch

 
sto

c
k
 h

eld
 
in
 
q
u
a
ra

n
tin

e 
in
 

1
9
6
9

° 
T

he 
fin

a
l 

p
h
ase 

o
f 

ex
p
erim

en
tal 

fie
ld
 
e
v
a
lu

a
tio

n
 

ox 
u
n
is 

sp
e
cie

s 
is
 

now
 u

n
d
er w

ay. 
S

to
ck

s 
o
f 

th
e 

th
ird

 
h
a
tc

h
e
ry

-re
a
re

d
 
g

e
n

e
ra

tio
n
 
are 

b
ein

g
 h

eld
 u

n
d
er 

o
b
serv

a
tio

n
 
in
 
fo

u
r 

s
ite

s
 
in
 

N
ova 

S
c
o
tia and 

one 
in

 
P

rin
c
e 

E
dw

ard 
Isla

n
d

. 
T

he 
sp

e
cie

s 
co

n
tin

u
es 

to
 

show
 g

re
a
t 

co
m

m
ercial 

p
ro

m
ise. 

G
row

th 
and 

su
rv

iv
a
l 

h
av

e 
b
een

 
e
x
c
e
lle

n
t. 

G
onad m

a
tu

ra
tio

n
 

and 
sp

aw
n

in
g 

ap
p
ears 

to
 

be 
n

o
rm

al 
and 

in
 p

h
ase 

w
ith

 n
a
tiv

e
 
m

o
llu

scan
 

sp
e
c
ie

s. 
R

eg
u
lar h

isto
lo

g
ic

a
l 

ex
am

in
atio

n
 h

as 
show

n 
no 

p
a
ra

site
s 

o
r 

d
ise

a
se 

sym
ptom

s.

H
eavy m

etals

S
q
u
are-fo

o
t 

b
o

tto
m
 

sam
p
les 

o
f 

th
e 

in
v
e
rte

b
ra

te
 

fau
n
a 

in
 
th

e 
m

outh 
o
f 

th
e 

T
om

ogonops 
R

iv
er 

and 
im

m
ed

iate 
dow

nstream
 
a
re

a
s 

o
f 

th
e 

N
o

rth
w

est 
M

iram
iciii 

w
ere 

an
aly

sed
 

in
 

1974° 
A

lth
o
u
g
h
 
c
o
n
sid

e
rab

le
 
re

d
u
c
tio

n
 
in

 
h
eav

y
 m

atai 
c
o
n
c
e
n
tra

tio
n
s 

in
 
th

e 
T

om
ogonops 

w
ater h

as+
b
een

 
ach

iev
ed

,
Z

n+ 
c
o
n
c
e
n
tra

tio
n
s 

w
ere 

o
f 

th
e 

o
rd

er 
o
f 

20 
x>ph 

and 
C

u' 
o
f 

2 
to
 

4 
P

pL
. 

C
o
n
cen

tratio
n
s 

in
 

th
e 

N
o
rth

w
est 

M
iram

ich
i 

above 
(u

p
stream

 
o
f) 

th
e 

m
outh 

o
f 

th
e 

T
om

ogonops 
w

ere 
le

ss 
th

an
 

1 
ppb 

fo
r b

o
th
 m

e
ta

ls• 
T

he 
m

ean 
num

ber 
<j>f 

in
v

e
rte

b
ra

te
s 

p
e
r 

sq
u
are 

fo
o
t 

in
 w

ater 
c
o

n
ta

in
in

g
 

20 
o
r m

ore 
ppb 

Z
n+

l 
w

as 
32 

(ran
g
e 

o
f 

1
3
-6

6
) 

fo
r 

7 
sam

p
les. 

T
he 

m
ean fo

r w
a
te

r 
co

n
­

ta
in

in
g
 

5 
to
 

15 
ppb 

Z
n 

(N
oW

o 
M

iram
ich

i 
im

m
ed

iately
 

dow
nstream

 
o
f 

th
e 

T
om

ogonops) 
w

as 
64 

(ran
g
e 

o
f 

1
5

-8
5

) 
fo

r 
4 

sam
p
les<> 

T
he 

m
ean fo

r w
ater 

c
o
n
tain

in
g
 
le

ss 
th

an
 

1 
ppb 

Z
n 

w
as 

I
63 

(ran
g

e 
o
f 

1
0

8
-1

8
8

) 
fo

r 
3 

sam
p
les » 

A
li 

sam
p
les w

ere 
tak

en
 

from
 
a
re

a
s 

o
f 

co
b
b
le 

w
ith

 no 
la

rg
e
 
ro

c
k

s.

C
o
p
p
er, 

one 
of 

th
e 

m
ost 

to
x
ic
 

o
f 

th
e 

h
eav

y
 m

e
ta

ls, 
h
as 

b
een

 
te

ste
d
 
to

 
d

eterm
in

e 
its

 
to

x
ic

ity
 
to
 
lo

b
ste

rs 
and 

to
 
p

ro
v

id
e 

a 
c
lu

e 
to
 

th
e 

s
e
n
s
itiv

ity
 

o
f 

lo
b
ste

rs 
to
 

h
eav

y m
etals 

in
 g

en
éralo
 

T
he 

le
th

a
l 

th
re

sh
o

ld
 

o
f 

co
p

p
er 

to
 
lo

b
ste

rs 
is
 

ab
o
u
t 

56 
¡ig

/l 
an

d 
is
 

n
o
t 

a
ffe

c
te

d
 by 

tem
pe­

ra
tu

re
 

o
v
er 

th
e 

ran
g

e 
5 

to
 

1
3

ÖC 
o
r 

s
a
lin

ity
 
o
v
er 

th
e 

ran
g

e 
20-3C

$o.
T

he 
tim

e 
to
 
d
e
a
th
 a

t 
a p

a
rtic

u
la

r 
le

th
a
l 

c
o

n
c
e
n

tra
tio

n
 o

f 
co

p
p
er 

is
 

re
la

te
d
 
to
 
te

m
p
era

tu
re

, 
b
ein

g
 
tw

ice 
as 

lo
n

g
 as 

5 
as 

a
t 

1
3

° C
.

T
h
alliu

m
 w

as 
d
e
te

c
te

d
 
in
 
th

e 
e
fflu

e
n
ts 

fro
m
 b

ase 
m

etal 
m

in
es 

in
 n

o
rth

­
e
a
ste

rn
 N

ew
 

B
ru

n
sw

ick
 

and 
in
 
th

e 
re

c
e
iv

in
g
 w

a
te

rs0 
T

he 
c
o

n
ce

n
tra

tio
n

 
o
f 

th
a
lliu

m
 in

 
th

e 
S

o
u
th
 T

om
ogonops 

R
iv

er w
as 

0
.8
 

to
 

20 
p
g
/l 

and 
th

e 
c
o
n
c
e
n
tra

tio
n
s 

fo
u
n
d
 
in

 th
e 

S
o
u
th
 L

ittle
 
R

iv
er ran

g
ed
 

fro
m
 

9 
to
 

88 
M

g/1.

T
h
alliu

m
 
is
 

ap
p
ro

x
im

ately
 as 

a
c
u
te

ly
 
to

x
ic
 

as 
co

p
p
er 

in
 
so

ft 
w

a
te

r 
to

 
ju

v
e
n

ile
 A

tla
n

tic
 

salm
on 

and m
o

rta
litie

s 
w

ere 
o
b
serv

ed
 
a
t 

30 M
g
/l. 

In
 

c
o
n
tra

st 
to
 
co

p
p

er, 
th

e 
L

T
50 

v
s 

c
o

n
c
e
n

tra
tio

n
 
cu

rv
e 

o
f 

th
a
lliu

m
 

d
o
es 

n
o

t 
h
av

e 
a 

sh
arp

 
b

re
ak

o
ff 

p
o

in
t 

in
d
ic

a
tin

g
 
an
 
in

c
ip

ie
n

t 
le

th
a
l 

le
v
e
l. 

T
he 

acu
te 

to
x
ic

ity
 
o
f 

c
o
p
p
e
r-th

a
lliu

m
 an

d 
z
in

c
-th

a
lliu

m
 m

ix
tu

res 
is
 
n
o
t 

a
d
d
itiv

e
. 

T
he 

accu
m

u
latio

n
 c

o
e
ffic

ie
n
t 

(tissu
e
 
c
o

n
c
e
n

tra
tio

n
/w

a
te

r 
c
o

n
c
e
n

tra
tio

n
) 

o
f 

th
a
lliu

m
 
in
 la

b
o
ra

to
ry
 
ex

p
o
sed

 
ju

v
e
n
ile

 
A

tla
n
tic

 
salm

on 
is
 

som
ew

hat 
h
ig

h
e
r 

th
an
 
th

a
t 

o
f 

co
p
p
er.
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C
adm

ium
 
le

v
e
ls 

w
ere 

d
eterm

in
ed
 
in

 th
e 

e
d
ib

le
 
p
o
rtio

n
s 

o
f 

lo
b
ste

rs 
from

 
se

le
c
te

d
 
a
re

a
s 

p
ick

ed
 

to
 

sam
ple 

th
e 

b
u
lk
 

o
f 

th
e 

lo
b
ste

r fish
e
ry

 
in

 
th

e 
fo

u
r A

tla
n

tic
 
P

ro
v
in

ces 
o
f 

C
anada. 

M
ost 

o
f 

th
e 

cadm
ium

 
in
 
th

e 
lo

b
ste

r w
as 

in
 
th

e 
d

ig
e
stiv

e
 
g

la
n

d
, 

w
h
ich 

is 
u
sed

 
fo

r 
lo

b
ste

r p
a
ste

 
(to

m
a
lle

y
), 

and 
ran

g
ed
 

from
 

2
.8

2
 

to
 

1
6

.7
3
 

ppm
 w

h
ile m

u
scle 

le
v

e
ls 

w
ere 

le
ss 

th
an
 
1
.0
 

ppm
. 

C
a
lc

u
late

d
 

cadm
ium

 
le

v
e
ls 

in
 
th

e 
to

ta
l 

e
d
ib

le 
p

o
rtio

n
 ran

g
ed

 fro
m
 

0
.5

1
 

to
 

2
,9

8
 

ppm
. 

It 
w

as 
th

o
u
g
h
t 

th
a
t 

m
ost 

o
f 

th
e 

cadm
ium

 w
as 

o
f 

g
eo

lo
g
ic 

o
rig

in
,

A
 
sh

o
rt-te

rm
 p

re
lim

in
a
ry
 
ex

p
erim

en
t 

w
as 

c
a
rrie

d
 

o
u
t 

to
 

d
eterm

in
e 

th
e 

e
ffe

c
t 

o
f 

a 
lo

b
ste

r 
to

m
alley

 
d

ie
t, 

w
ith

 
o
r 

w
ith

o
u
t 

added 
cadm

ium
 

(+ 
ED

TA
) 

as 
com

pared w
ith

 
a 

b
eef 

liv
e
r 

d
ie

t, 
on fe

rtilis
a
tio

n
 
c
a
p
a
c
itie

s 
o
f 

sperm
 an

d 
eggs fro

m
 
b

ro
o

k
 
tro

u
t. 

S
perm

 fro
m
 fish

 
on 

th
e 

to
m

alley
 
d
ie

t 
(5

.2
 

ppm
 C

d) 
h
ad
 
th

e 
sam

e 
fe

rtilis
a
tio

n
 
c
a
p

a
c
ity

 
as 

th
e 

fis
h
 

on 
th

e 
b
eef 

c
o
n
tro

l 
d
ie

t. 
T

he 
a
d

d
itio

n
 
o
f 

IO
 

ppm
 

cadm
ium

 
to
 

th
e 

to
m

alley
 

and 
b
eef 

liv
e
r 

d
ie

ts 
red

u
ced

 
th

e 
fe

rtilis
a
tio

n
 
c
a
p
a
c
itie

s 
o
f 

sperm
 

co
n­

sid
e
ra

b
ly

. 
C

adm
ium

 
ad

d
ed 

to
 
th

e 
b
eef 

liv
e
r 

d
ie

t 
o
f 

m
atu

re 
fem

ale 
fish

 
red

u
ced

 
th

e 
v

ia
b

ility
 

o
f 

th
e 

eg
g
s 

b
u

t 
cadm

ium
 

added 
to
 
th

e
 

to
m

alley
 
d
ie

t 
o
f 

th
e 

m
atu

re 
fem

ale 
tro

u
t 

d
id
 
n
o
t 

ap
p

ear 
to
 

h
av

e 
an

y 
e
ffe

c
t. 

ED
TA

 
added 

to
 

th
e 

b
e
e
f 

liv
e
r 

p
iu

s 
cadm

ium
 
d
ie

t 
o
f 

fem
ale 

fis
h
 
red

u
ced

 
th

e 
m

o
rta

lity
 
o
f 

th
e 

eggs 
b

u
t 

ED
TA
 

ad
d
ed 

to
 
th

e 
to

m
alley

 p
iu

s 
cadm

ium
 
d
ie

t 
o
f 

fem
ale 

fish
 g

av
e 

th
e 

o
p

p
o

site 
e
ffe

c
t.

W
ork h

as 
b
eg

u
n 

on 
th

e 
p
ro

c
essin

g
 
rem

o
v
al 

o
f 

cadm
ium

, fro
m
 
lo

b
ste

r 
h

ep
ato

- 
p

an
creas 

p
rio

r 
to
 
its

 
in

c
o
rp

o
ra

tio
n
 
in

to
 

a 
lo

b
ste

r 
p
a
ste

 
p
re

p
a
ra

tio
n
.

In
v

e
stig

a
tio

n
s w

ere 
c
a
rrie

d
 

o
u

t 
to
 

exam
ine 

th
e 

e
ffe

c
t 

o
f 

sh
o

rt-term
 

ex
p

o
su

re 
o
f 

fe
rtilis

e
d
 
h
e
rrin

g
 

eg
g

s 
to
 

cadm
ium

. 
In
 
th

e
se
 

ex
p

erim
en

ts, 
eg

g
s 

w
ere 

a
b

le 
to
 

h
atch

 
to
 w

hat 
seem

ed 
to
 

be 
m

o
rp

h
o
lo

g
ically

 n
o

rm
al 

la
rv

a
e
 
b

u
t 

o
n

es 
th

a
t w

ere 
la

c
k
in

g
 c

o
o

rd
in

a
tio

n
. 

H
ow

ever, 
m

etab
o
lic 

stu
d

ie
s 

on 
th

e
se
 

eg
g
s 

re
v
e
ale

d
 
th

a
i 

sh
o
rt 

ex
p
o
su

re 
to
 

cadm
ium

 had 
a 

d
e
p

ressiv
e 

e
ffe

c
t 

on 
th

e 
re

la
tiv

e
 
a
c
tiv

ity
 
o
f 

som
e 

o
f 

th
e 

k
ey
 

enzym
es 

in
v

o
lv

ed
 
in
 
carb

o
n
 
d
io

x
id

e 
fix

a
tio

n
^
 

n
am

ely
, 

p
ro

p
io

n
y
l 

C
o-A

 carb
o
x
y
lase 

and 
H

A
D

- 
an

d N
A

D
P

-m
alic 

enzym
es. 

I
t 

is 
su

g
g

ested
, 

th
e
re

fo
re

, 
th

a
t 

th
e
se 

enzym
es 

m
ay p

lay
 

an 
im

p
o

rtan
t 

ro
le
 
in
 
ach

iev
in

g
 
th

e 
re

q
u
ire

d
 
c
o
o
rd

i­
n
a
tio

n
 
fo

r 
th

e 
h

atch
ed
 
la

rv
a
e
. 

It 
is
 
a
iso

 
p
o
ssib

le
 
th

a
t 

th
e
se
 

enzym
es 

co
u
ld
 

be 
u
sed

 
as 

p
aram

eters 
fo

r 
e
a
rly

 w
arn

in
g
 

o
f 

b
io

lo
g
ic

a
l 

dam
age.

A
rsen

ic 
le

v
e
ls 

ran
g
ed
 
fro

m
 1

,0
4
 

to
 

3
7

»29 
ppm

 
in

 fis
h
 
fle

sh
 
su

rv
ey

ed
 

b
u
t 

in
d
ic

a
tio

n
s 

are 
th

a
t 

th
e
 
a
rse

n
ic
 
is
 
p
re

se
n
t 

in
 

a 
re

la
tiv

e
ly

 non­
to

x
ic
 

fo
rm

. 
T

he 
e
ffe

c
t 

o
f 

fro
z
en

 
sto

ra
g

e 
and h

e
a
t 

trea
tm

e
n
t 

on 
th

e 
re

d
u
c
tio

n
 

o
f 

a
rse

n
a
te
 

to
 
a
rse

n
ite

 
h
as 

b
een

 in
v
e
stig

a
te

d
 
alo

n
g
 w

ith
 

th
e 

e
ffe

c
ts 

o
f v

a
rio

u
s 

know
n 

b
io

ch
em

icals 
on 

th
is 

re
a
c
tio

n
.

A
rsen

ic 
le

v
e
ls 

in
 
lo

b
ste

r 
d

ig
e
stiv

e
 
g
lan

d
 ran

g
ed

 fro
m
 
6
.6I 

ppm
 from

 
sp

ecim
en

s 
o

b
tain

ed
 

from
 

G
aspé, 

P
.Q

,,, 
to
 

1
6

.2
 

ppm
 
in
 
sp

ecim
en

s 
o

b
tain

ed
 

from
 

S
am

bro, 
H

,S
, 

L
ittle

 
o
f 

th
e
 
a
rse

n
ic
 
is 

p
re

se
n

t 
as 

in
o
rg

an
ic 

to
x
ic
 
a
rse

n
ic

.

In
 v

itro
 
stu

d
ie

s 
c
a
rrie

d
 

o
u
t 

on 
th

e 
g
rey

 
se

a
l 

h
av

e 
show

n 
th

a
t 

c
e
rta

in
 

co
n
tam

in
an

ts 
(S

e, 
A

s, 
PC

D
, 

H
g 

and 
C

d) 
a
ffe

c
t 

c
e
rta

in
 

enzym
e 

sy
stem

s 
w

hich 
d
eterm

in
e 

th
e 

p
ath

w
ay

s 
and 

en
d

-p
ro

d
u

cts 
d
u
rin

g
 
ste

ro
id

o
g

e
n

e
sis. 

A
lth

o
u

g
h
 

th
e 

ste
ro

id
 
a
n
a
ly

se
s 

are 
co

m
p
leted

, 
it 

is
 
n
e
c
e
ssa

ry
 
to
 

d
e­

term
in

e 
tissu

e
 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

th
e 

co
n

tam
in

an
ts 

u
n
d
er 

stu
d

y
 
in
 

o
rd

er 
to
 
a
sso

c
ia

te
 
th

e
ir 

c
o

n
c
e
n

tra
tio

n
 w

ith
 
th

e 
end re

su
lts

.

A 
c
o
lla

b
o
ra

tiv
e
 

stu
d
y
 w

ith
 
th

e 
U

n
iv

e
rsity

 
o
f 

G
uelph 

on th
e
 
in
 v

iv
o

 
trea

tm
e
n
t 

o
f h

arp
 
se

a
ls 

w
ith

 m
eth

y
l 

m
ercu

ry
 h

as 
ju

st 
b
een

 
co

m
p
leted

.
In
 

tw
o 

ex
p
erim

en
ts 

anim
a-ls 

re
c
eiv

e
d
 

0
.2

5
 

m
g m

eth
y
l m

ercu
ry
 p

e
r kg 

body w
eig

h
t 

d
a
ily

 fo
r 

tw
o 

and 
th

re
e
 

m
o

n
th

s, 
re

sp
e
c
tiv

e
ly

. 
D

u
rin

g
 
th

e
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co
u
rse 

o
f 

th
e
 

ex
p

erim
en

ts 
th

e 
an

im
als 

w
ere 

u
n
d
er 

c
o
n
sta

n
t 

su
rv

e
illa

n
c
e
 
fo

r 
sym

ptom
s 

o
f 

iii h
e
a
lth

, 
a
lte

re
d
 
b
eh

av
io

u
r 

o
r 

e
a
tin

g
 h

a
b

its, 
an

d 
a v

a
rie

ty
 

o
f 

p
h

y
sio

lo
g
ic

a
l 

and 
b

io
ch

em
ical 

te
s
ts
 

w
ere 

done 
on 

th
e 

an
im

als 
and 

on 
th

e
ir 

tissu
e
s. 

A
lth

o
u
g
h
 
d
e
ta

ile
d
 
a
n

a
ly

sis 
o
f 

th
e 

d
a
ta
 
a
re 

s
till 

u
n
d
er w

ay, 
th

e
re 

w
as 

a 
sig

n
ific

a
n
t 

d
e
c
lin

e
 
in
 
ste

ro
id
 
p
ro

d
u
c
tio

n
 
in
 
th

e
 
tre

a
te

d
 
an

im
als.

T
he 

in
flu

e
n

c
e
 

o
f 

su
b

le
th

a
l 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

zin
c 

on 
th

e 
g
ro

w
th
 

and 
b

io
­

g
e
n
e
tic

s 
o
f A

tla
n
tic
 

salm
on 

p
a
rr 

is
 
b
ein

g
 
in

v
e
stig

a
te

d
. 

T
he 

fo
o
d
 
in

ta
k

e
 

o
f 

p
a
rr 

ex
p
o
sed

 
to
 

zin
a 

an
d fe

d
 
to
 
sa

tia
tio

n
 

once 
d
a
ily

 
is
 
in

itia
lly

 
d
e­

p
re

sse
d
 b

u
t 

ap
p
ro

ach
es 

c
o
n
tro

l 
le

v
e
ls 

a
fte

r 
12 

d
ay

s 
ex

p
o
su

re. 
A

fte
r 

day 
55 ? 

fo
o
d
 
in

ta
k
e
 

o
f 

th
e
se
 
fis

h
 
in

c
re

a
se

s 
to
 
le

v
e
l 

35/^ g
re

a
te

r 
th

an
 
c
o
n
tro

ls 
re

fle
c
tin

g
 an

 in
c
rea

se
d
 
en

erg
y
 
e
x

p
en

d
itu

re
. 

C
u

rren
t 

ex
p

erim
en

ts 
are 

d
e­

sig
n
ed
 
to
 

exam
ine 

ch
an

g
es 

in
 
th

e 
g
ro

w
th
 
ra

te
 

and p
ro

x
im

ate 
body 

co
m

p
o
sitio

n
 

o
f 

salm
o
n
 p

a-rr 
ex

p
o

sed
 
to
 
su

b
le

th
a
l 

c
o
n
c
e
n
tra

tio
n
s 

o
f zinc 

and 
fe

d
 
fix

e
d

 
d
a
ily

 
ra

tio
n
s. 

O
rgans 

o
f 

th
e 

ex
p
o
sed

 
fish

 
a
re 

b
ein

g
 

exam
ined 

fo
r 

zin
c 

accu
m

u
latio

n
 
to
 
h

e
lp
 
e
x

p
lain

 
th

e 
o
b
serv

ed
 
p

h
y

sio
lo

g
ic

a
l 

re
sp

o
n
se

s.

P
e
stic

id
e
s

P
h
o
sp

h
am

id
o
n
, 

an
 
o
rg

an
o
p
b
o
sp

h
ate 

in
se

c
tic

id
e
 

u
sed

 
in
 fo

re
st 

sp
ray

in
g
 
is 

50 
to
 

60 
tim

es 
le

ss 
to

x
ia
 

to
 
lo

b
ste

rs 
th

an
 
fe

n
itro

th
io

n
. 

T
he 

to
x
ic

ity
 
o
f 

phospham
idon 

is
 
n

o
t 

a
ffe

c
te

d
 

by 
tem

p
eratu

re 
o
v
er 

th
e 

ran
g

e 
4 

to
 

13°C
 

ex
cep

t 
th

a
t 

th
e 

tim
e 

to
 
d
eath

 
a
t 

a p
a
rtic

u
la

r 
le

th
a
l 

c
o

n
ce

n
tra

tio
n
 
is
 
fo

u
r 

tim
es 

lo
n
g
e
r 

a
t 

th
e 

lo
w

er 
te

m
p
e
ratu

re
. 

T
he 

h
a
lf 

life
 

o
f 

phospham
idon 

in
 

sea 
w

ater 
is
 
re

p
o
rte

d
 
to
 

be 
ab

o
u
t 

tw
o w

eek
s. 

P
hospham

idon w
ith

 
le

th
a
l 

th
re

sh
o

ld
 

o
f 

0
d
8
 

¡¿g
/l 

(p
p
b
) 

an
d 

fe
n
itro

th
io

n
 w

ith
 
a 

th
re

sh
o
ld
 

o
f 

0
.0

1
5
 
^
g
/l»
 

are 
p
o
te

n
tia

l h
azard

s 
to
 
lo

b
ste

rs 
sh

o
u
ld
 
th

ey
 re

ac
h
 an

d 
p

e
rsis

t 
in
 
th

e
 

sea.

T
he 

o
lfa

c
to

ry
 resp

o
n
se 

o
f 

lo
b
ste

rs 
to
 
fis

h
 m

u
scle 

e
x
tra

c
t 

w
as 

n
o

t 
a
ffe

c
te

d
 

by 
ex

p
o
su

re 
o
f 

a 
few

 m
in

u
tes 

to
 

phospham
idon 

a
t 

le
th

a
l 

co
n
cen

­
tra

tio
n

s 
n
o
r 

to
 

ex
p
o
su

re 
fo

r 
48 

h
o
u
rs 

a
t 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

0*7 
to
 

1
.8
 

o
f 

th
e 

le
th

a
l 

th
re

sh
o
ld

. 
S

h
o

rt 
ex

p
o
su

re 
to
 

co
p

p
er 

a
t 

le
th

a
l 

c
o
n
c
en

tra
tio

n
s 

red
u
ced

 
th

e 
o
lfa

c
to

ry
 
resp

o
n
se 

in
d
ire

c
tly

 b
y
 cau

sin
g
 av

o
id

an
ce 

b
eh

av
io

u
r. 

E
x
p
o
su

re 
fo

r 
48 

h
o
u
rs 

to
 
c
o

n
c
e
n

tra
tio

n
s 

o
f 

0
.7
 

"to 
1
.6
 

o
f 

th
e 

le
th

a
l 

th
re

sh
o
ld

 
cau

sed
 a g

ra
d
u
al 

im
p
airm

en
t. 

T
he 

red
u
ced

 re
sp

o
n
siv

e
n
e
ss 

o
f 

th
e 

an
im

als 
w

as 
a
ttrib

u
te

d
 to

 
d

isru
p

tio
n
 
o
f 

eh
em

o
recep

to
r 

fu
n
c
tio

n
. 

R
esp

o
n
se 

re
tu

rn
e
d
 

'to 
n
o
rm

al 
d

u
rin

g
 

48 
h
o
u
rs 

in
 
c
le

a
n
 w

a
ter. 

O
f 

th
re

e
 
d

iffe
re

n
t 

ty
p
es 

o
f 

co
n

­
tam

in
an

ts 
te

ste
d
 
to
 
d
a
te

, 
in

d
u

s
tria

l 
w

astes 
(b

leach
ed

 
K

ra
ft 

m
iii 

e
fflu

e
n
t), 

o
rg

an
o
p
b
o
sp

h
ate 

in
se

c
tic

id
e
s, 

and h
eav

y
 m

e
tals, 

o
n
ly
 
co

p
p
er h

as 
b
een

 
show

n 
to
 
a
ffe

c
t 

o
lfa

c
to

ry
 
resp

o
n
se 

o
f 

lo
b
ste

rs.

W
hen 

ju
v
e
n
ile

 A
tla

n
tic

 
salm

o
n
 w

ere 
ex

p
o
sed

 
to
 

sodium
 p

en
tach

lo
ro

p
h
en

ate 
an
 a

n
ti-fu

n
g

ic
id

e
, 

a
t 

a 
c
o
n
c
e
n
tra

tio
n
 o

f 
50 ppb 

fo
r 

24 
h
o
u
rs 

in
 
o
rd

e
r 

to
 

d
eterm

in
e 

its
 
e
ffe

c
t 

on therm
al 

p
re

fe
re

n
c
e
, 

ex
p
erim

en
tal re

su
lts 

show
ed 

th
a
t 

th
e 

trea
tm

e
n

t 
lo

w
ered

 
tem

p
eratu

re 
se

le
c
te

d
 

from
 

13°5 
to
 

9o5°C
.

T
he u

su
a
l 

a
n

a
ly

se
s 

o
f h

e
rrin

g
 
fo

r PC
B

, 
D

D
E. 

D
ll), 

D
D

T, 
and 

d
ie

ld
rin

 fo
r 

th
e 

OECD 
T

o
x
ic 

C
h
em

icals 
in
 
th

e 
E

n
v
iro

n
m

en
t 

P
rogram

m
e w

ere 
c
a
rrie

d
 
o
u
t, 

an
d 

th
e 

a
n

a
ly

se
s 

o
f 

d
o
u
b
le

-c
re

ste
d
 

co
rm

o
ran

t 
eg

g
s 

fo
r 

th
e 

sam
e 

com
pounds 

w
ere 

com
­

p
le

te
d
. 

T
he 

re
s
u
lts 

in
d
ic

a
te
 
th

a
t 

th
e
 
en

v
iro

n
m

en
tal 

le
v
e
ls 

o
f 

PC
B
 

and 
c
h
lo

rin
a
te

d
 h

y
d
ro

carb
o
n
 
p
e
stic

id
e
s 

resp
o

n
d
 

o
n
ly
 
slo

w
ly
 

to
 

th
e 

ch
an

g
es 

o
f 

in
p
u
t.

A
 num

ber 
o
f 

c
h

lo
ro

b
ip

h
e
n

y
lo

ls 
(PC

B
 m

e
ta

b
o
lite

s) 
w

ere 
p
rep

ared
. 

S
p
e
c
tra

l 
and 

g
as 

ch
ro

m
ato

g
rap

h
ic 

p
ro

p
e
rtie

s 
o
f 

th
e
se
 

com
pounds 

w
ere 

d
eterm

in
ed

, 
and 

a 
m

ethod 
fo

r 
th

e 
d
e
term

in
a
tio

n
 
o
f 

c
h
lo

ro
b
ip

h
e
n
y
lo

ls 
in

 b
io

lo
g
ic

a
l 

sam
p
les 

w
as 

d
ev

elo
p
ed

, 
T

he 
d

e
te

c
tio

n
 lim

its 
fo

x
 c

h
lo

ro
b
ip

h
e
n
y
lo

ls 
are 

m
uch h

ig
h
e
r 

th
an

 
th

o
se 

fo
r PC

B
 

an
d 

c
h

lo
ro

b
ip

h
e
n

y
lo

ls 
h
av

e 
n
o
t 

b
een

 a
s 

y
e
t 

d
e
te

c
te

d
 
in
 

en
­

v
iro

n
m

en
tal 

sam
p
les.
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A 
su

rv
ey
 
o
f 

p
en

tach
lo

ro
p
h
en

o
l 

le
v

e
ls 

in
 
fis

h
 

from
 
th

e 
S

t 
C

ro
ix
 

and 
S

a
in

t 
Jo

h
n
 R

iv
er E

stu
ary

, 
and 

in
 h

a
tc

h
e
ry

-re
a
re

d
 
ju

v
e
n
ile

 
A

tla
n
tic

 
salm

on w
as 

c
a
rrie

d
 
o
u
t. 

O
nly v

ery
 

low
 

and 
p
ro

b
ab

ly
 
to

x
ic

o
lo

g
ic

a
lly

 
in

sig
n
ific

a
n
t 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

p
en

tach
lo

ro
p
h
en

o
l 

(0
.3

4
 
n

g
/g
 w

et w
eig

h
t) 

w
ere 

fo
u
n
d
.

In
 

th
e 

a
re

a
 
o
f 

h
ig

h
-m

o
lecu

lar-w
eig

h
t 

c
h

lo
rin

a
te

d
 
p

a
ra

ffin
s, 

th
e 

fra
c
tio

n
a
tio

n
 

o
f 

co
m

m
ercial 

p
re

p
a
ra

tio
n
 by 

so
lv

en
t 

p
a
rtitio

n
in

g
 w

as 
stu

d
ie

d
. 

D
im

eth
y
l 

su
lfo

x
id

e
 

w
as 

th
e 

b
e
st 

so
lv

e
n
t 

and 
th

e 
fra

c
tio

n
a
tio

n
s 

o
ccu

rred
 m

ain
ly
 
acco

rd
in

g
 

to
 
th

e 
ty

p
e 

o
f 

th
e 

p
a
ren

t 
h
y
d
ro

carb
o
n
 
(stra

ig
h
t 

c
h

ain
, 

b
ran

ch
ed

, 
and 

c
y
c
lo

­
p
a
ra

ffin
). 

In
 
c
o
n
tra

st 
to
 

PC
B

, 
c
h

lo
rin

a
te

d
 p

a
ra

ffin
s 

a
re 

m
uch 

le
ss, 

if 
a
t 

a
li, 

accu
m

u
lated

 
by 

ju
v
e
n
ile

 
A

tla
n
tic

 
salm

o
n
 w

hen 
th

e 
fis

h
 
a
re 

ex
p
o
sed

 
to
 

c
h
lo

rin
a
te

d
 

p
a
ra

ffin
 ad

so
rb

ed
 

on 
s
ilic

a
, 

o
r 

fed
 
co

n
tam

in
ated

 
fo

o
d
, 

b
u
t 

m
ay be 

to
x

ic
 
a
t 

IO
 

and 
100 

g
/g
 fo

o
d

. 
C

h
lo

rin
a
ted

 
p

a
ra

ffin
s 

a
re 

d
eg

rad
ed
 
in
 
b

o
th
 
a
e
ro

b
ic 

and 
an

aero
b

ic 
sed

im
en

ts. 
I
t 

is
 
v

ery
 
lik

e
ly
 
th

a
t 

a
t 

p
ro

d
u
c
tio

n
 
le

v
e
ls 

co
m

p
arab

le 
to
 

th
o
se 

o
f 

PC
B

, 
c
h
lo

rin
a
te

d
 
p

a
ra

ffin
s 

w
ill 

n
o

t 
cau

se 
en

v
iro

n
m

en
tal 

p
ro

b
lem

s.

14
A

d
so

rp
tio

n
 
o
f 

C 
D

D
T 

from
 

sea w
ater 

by p
a
rtic

le
s 

ran
g
in

g
 
in
 
siz

e
 

fro
m

 
b
a
c
te

ria
l 

c
e
lls 

to
 
la

rg
e
 

san
d
 
g
ra

in
s 

is
 
in

v
e
rse

ly
 re

la
te

d
 
to
 

m
ean 

p
a
rtic

le
 

d
iam

eter 
an

d 
d
ire

c
tly

 re
la

te
d
 
to
 

c
o

n
ce

n
tra

tio
n
 
if 

sa
tu

ra
tio

n
 
le

v
e
ls 

are 
n
o
t 

exceededo
 

S
im

ila
r 

ex
p

erim
en

ts 
w

ith
 
o
th

e
r 

o
rg

a
n
o
-ch

io
rin

e com
pounds 

of 
d
iffe

rin
g
 
so

lu
b

ility
 
in

d
ic

a
te
 
th

a
t 

a
d
so

rp
tio

n
 is

 
in

v
e
rse

ly
 
re

la
te

d
 
to

 
so

lu
b
ility

.

T
he 

le
v
e
ls 

o
f 

D
D

T 
re

sid
u
e
s w

ere 
d
eterm

in
ed
 
in
 
th

re
e
 

sp
e
cie

s 
o
f 

eu
p
h
au

siid
s 

fro
m
 
th

e 
G

u
ii 

o
f 

S
t 

L
aw

ren
ce. 

T
he 

accu
m

u
latio

n
 
o
f D

D
T 

by m
arin

e 
C

opepoda 
and 

th
e 

p
o

s
s
ib

ility
 
th

a
t 

th
ey

 m
etab

o
lise 

D
D

T h
as 

b
een

 
ex

am
in

ed. 
T

he 
e
ffe

c
t 

o
f 

D
D

T 
on 

te
sto

ste
ro

n
e
 
m

etab
o
lism

.in
 
sk

a
te
 
is
 

b
ein

g
 
stu

d
ie

d
, 

as 
is
 

th
e 

u
p
tak

e 
and 

m
etab

o
lism

 
o
f 

n
-o

c
tan

o
-1

- 
4C

-h
y

d
ro

x
am

ie 
a
c
id
 

from
 w

ater 
by fre

sh
w

a
ter 

m
ain

tain
ed

 
b
ro

o
k
 
tro

u
t0

A
 

su
rv

ey
 

o
f 

v
a
rio

u
s 

m
arin

e 
o
rg

an
ism

s 
fo

r 
b

ip
h

en
y

l 
(th

e 
sim

p
le

st 
m

o
lecu

le 
o
f 

th
e 

PC
B
 
se

rie
s) 

h
y
d
ro

x
y
la

tin
g
 
a
c
tiv

ity
 h

as 
b
een

 
co

m
p
leted

. 
T

he 
ex

p
erim

en
tal 

c
o
n
d
itio

n
s 

fo
r 

an
 
in
 v

itro
 

assay
 

o
f 

b
ip

h
en

y
l 

h
y

d
ro

x
y

la
tin

g
 
a
c
tiv

ity
 
in
 
tro

u
t 

h
av

e 
b

een
 
e
sta

b
lish

e
d
 w

ith
 
a v

iew
 
to
 

stu
d

y
in

g
 how

 
th

is 
a
c
tiv

ity
 
is
 

stim
u
la

te
d

 
by 

p
re

-tre
a
tm

e
n
t w

ith
 P

C
B

^s.

Q
ii 

P
o
llu

tio
n

S
tu

d
ies 

o
f 

th
e 

e
ffe

c
ts 

o
f 

th
e 

1970 
o
il 

s
p

ill 
in
 

C
h
ed

ab
u
cto

 
B

ay 
c
o
n
tin

u
e
. 

S
ub­

s
ta

n
tia

l 
am

ounts 
o
f 

o
il 

rem
ain

 
d
e
p
o
site

d
 

on b
each

es 
and 

in
 
lag

o
o
n
s 

an
d 

co
n

­
tin

u
e
 
to
 
co

n
tam

in
ate 

in
te

r- 
and 

su
b
-tid

a
l 

o
rg

an
ism

s 
a
t 

c
e
rta

in
 
lo

c
a
tio

n
s.

It 
w

ill 
ta

k
e 

a
t 

le
a
st 

a 
d
ecad

e 
fo

r 
a
li 

tra
c
e
s 

o
f 

o
il 

to
 

d
isap

p
ear,,

T
h
ree 

se
p

a
ra

te 
sam

p
lin

g
 program

m
es 

w
hich

 
w

ere 
d
esig

n
ed
 
to
 
d
e
fin

e
 

b
ack

g
ro

u
n
d 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

p
etro

leu
m
 h

y
d
ro

carb
o
n
s 

in
 
th

e 
en

v
iro

n
m

en
t w

ere 
co

m
p
leted

«
T

hese 
w

ere 
stu

d
ie

s 
on 

th
e 

le
v

e
l 

o
f 

p
etro

leu
m
 h

y
d

ro
carb

o
n

s 
in
 
th

e 
sed

im
en

ts 
and 

w
ater 

colum
n 

o
f 

C
om

e-by-C
hance 

B
ay, 

a p
re

lim
in

a
ry
 
in

v
e
stig

a
tio

n
 
o
f 

th
e 

le
v
e
ls 

o
f 

p
etro

leu
m
 
h
y
d
ro

carb
o
n
s 

fo
u

n
d
 

aro
u
n
d
 
th

e 
d
rillin

g
 
rig

s 
on 

th
e 

E
a
ste

rn
 

C
an

ad
ian

 
C

o
n
tin

e
n
ta

l 
S

h
elf ¿ 

an
d 

th
e 

stu
d

y
 
o
f 

b
ack

g
ro

u
n

d
 
le

v
e
ls 

alo
n
g
 

a 
se

c
tio

n
 
o
f 

th
e 

N
o

rth
w

est 
A

tla
n
tic

 
ru

n
n

in
g
 fo

rm
 H

a
lifax

 
to
 

B
erm

uda.» 
A

d
d
itio

n
al 

im
p
ro

v
em

en
ts 

in
 

sam
p
lin

g
 

and 
a
n

a
ly

tic
a
l 

m
ethods 

w
ere 

a
iso

 
re

p
o

rte
d

.

A 
p
ilo

t 
stu

d
y
 

on 
th

e 
to

x
ic

ity
 

and 
e
ffe

c
tiv

e
n
e
ss 

o
f 

o
il 

d
isp

e
rsa

n
ts 

u
sin

g
 
la

rg
e

 
o

u
td

o
o

r 
tan

k
s 

is
 
b
ein

g
 
c
a
rrie

d
 
o
u
t 

in
 
c
o

n
ju

n
ctio

n
 w

ith
 
th

e E
n
v
iro

n
m

en
tal 

P
ro

te
c
tio

n
 S

e
rv

ic
e
. 

W
ork 

is
 

b
ein

g
 
co

m
p
leted

 
on 

th
e
 
a
n
a
ly

se
s 

o
f 

sed
im

en
ts 

from
 

th
e 

S
c
o
tia

n
 
S

h
e
lf 

and 
som

e 
d
eep 

o
cean

 
sam

p
les 

fo
r 

p
etro

leu
m
 h

y
d
ro

carb
o
n

s.
W

e 
a
re 

a
iso

 
in

to
 
th

e
 

seco
n
d
 y

e
a
r 

o
f 

a p
ro

je
c
t 

to
 

d
eterm

in
e 

a h
y
d
ro

carb
o
n
 b

u
d
g
et 

fo
r B

ed
fo

rd
 
B

asin
.

A
 
stu

d
y
 h

as 
re

c
e
n
tly

 b
een

 
com

pleted, 
on 

th
e 

e
ffe

c
ts 

o
f 

se
le

c
te

d
 
p

etro
leu

m
 h

y
d
ro

­
carb

o
n

s 
on 

p
u
re 

c
u
ltu

re
s 

o
f m

arin
e 

p
h

y
to

p
lan

k
to

n
. 

V
olum

e 
and 

num
ber 

o
f
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c
e
lls 

o
f D

u
n
a
lie

lla
, 

F
ra

g
ila

ria
,, 

M
o
n
o
ch

ry
sis9 

S
k
eleto

n
em

a and 
C

h
aeto

seras 
w

ere 
m

o
n
ito

red
 hy C

o
u
lte

r 
C

o
u
n
ter 

d
u

rin
g
 
lo

g
 
p
h
ase 

o
f 

g
ro

w
th
 
in
 
th

e 
p
resen

ce 
o
f 

K
uw

ait 
cru

d
e, 

V
en

ezu
elan

 
cru

d
e, 

o
£
j^2

 
fu

e
l 

o
il 

in
 
th

e 
ppb 

ran
g

e 
(m

easu
red

 
by 

flu
o
resc

e
n
ce 

sp
ectro

sco
p
y
)»
 

N
o 

sig
n
ific

a
n
t 

stim
u
la

tio
n
 
o
r 

d
ecrease 

in
 

g
ro

w
th
 w

as 
o
b
serv

ed
 
o
v
er 

th
is 

p
erio

d
? 

I
t 

is
 

su
g
g
ested

 
th

a
t 

low
 
le

v
e
ls 

o
f 

th
e
se
 
o
ils 

h
av

e 
little

 
e
ffe

c
t 

on g
ro

w
th
 

o
f 

th
e 

alg
ae 

sp
e
cie

s 
stu

d
ied

»

D
enm

ark

(O
o 

V
agn 

O
lsen

 & P
0 

Jo
h
an

sen
)

D
enm

ark
S

m
all 

sc
a
le
 

ex
p

erim
en

ts w
ith

 
th

e 
sh

rim
p
 
L

ean
d
er 

ad
sp

ersu
s 

h
av

e 
b
een

 co
n
tin

u
ed

 
in
 
a 

c
lo

sed
 

aq
u
ariu

m
 

sy
stem

 w
ith

 re
c
irc

u
la

te
d
 w

ater»
 

H
atch

in
g
 

and 
re

a
rin

g
 

o
f 

eggs 
and 

la
rv

a
e
 

have b
een

 
c
a
rrie

d
 

o
u
t w

ith
 
su

c
c
e
ss.

G
reen

lan
d

A
t 

M
arm

o
rilik

, 
W

est 
G

reen
lan

d
, 

re
se

a
rc

h
 w

as 
in

itia
te

d
 

on 
th

e 
e
ffe

c
t 

o
f 

th
e 

d
isp

o
sa

l 
o
f w

aste 
from

 
a 

le
ad
 

and 
zin

c 
m

ine 
an

d m
iii 

on 
th

e 
m

arin
e 

en
v
iro

n
­

m
en

t. 
A

n
aly

sis 
fo

r 
P

b
, 

Z
n, 

H
g, 

C
d, 

C
u 

and P
e 

h
av

e 
b
een

 c
a
rrie

d
 

o
u

t 
in
 
sea 

w
a
ter, 

sed
im

en
ts, 

zo
o
p
lan

k
to

n
, 

F
u
cu

s 
v
e
sic

u
lo

su
s, 

F
. 

d
istic

h
u

s, 
m

y
tilu

s 
e
d
u
lis, 

A
n
arrh

ich
as 

m
in

o
r, 

R
e
in

h
ard

tiu
s 

H
ip

p
o
g
lo

sso
id

es, 
and 

G
adus 

o
g
ac. 

In
 
a
d
d
itio

n
 

q
u
a
n
tita

tiv
e
 
in

v
e
stig

a
tio

n
s 

w
ere 

m
ade 

on 
th

e 
co

m
p
o
sitio

n
 
o
f 

th
e 

b
e
n
th

ic 
fau

n
a.

P
re

lim
in

a
ry
 re

s
u
lts 

in
d
ic

a
te
 

a v
ery

 h
eav

y
 
co

n
tam

in
atio

n
 
o
f 

sea w
ater 

an
d 

a 
v
ery

 p
ro

n
o
u
n
ced

 
n
e
g
a
tiv

e 
e
ffe

c
t 

on 
th

e 
b
e
n
th

ic 
fau

n
a 

c
lo

se
 
to
 

th
e 

w
aste 

o
u
t­

le
t, 

w
h
ereas 

a few
 
k

ilo
m

e
ters 

aw
ay 

from
 
th

e 
o

u
tle

t 
little

 
o
r no 

e
ffe

c
t 

w
as 

o
b
v
io

u
s 

F
. 

v
e
sic

u
lo

su
s 

and F„ 
d

istic
h

u
s 

h
av

e 
p

ro
v

ed
 
to
 

be 
v
ery

 good 
in

d
ic

a
to

rs 
o
f 

th
e 

h
eav

y
 m

etal 
co

n
tam

in
atio

n
.

F
e
d
e
ra

l 
R

ep
u
b
lic 

o
f 

G
erm

any

S
in

ce 
1969 

th
e 

e
ffe

c
ts 

o
f 

su
lp

h
u
ric 

a
c
id
 

an
d 

iro
n
 
su

lp
h
ate 

w
a
ste

s(o
rig

in
a
tin

g
 

from
 
th

e 
p
ro

d
u
c
tio

n
 
o
f 

tita
n
iu

m
 
d

io
x

id
e
) 

on 
th

e 
b
e
n
th

ic 
m

aero
fau

n
a h

av
e 

b
een

 
in

v
e
stig

ate
d
 c

o
n

tin
u

o
u

sly
 
in
 
th

e
 
d
isch

a
rg

e 
a
re

a
 
in
 
th

e 
G

erm
an B

ig
h
t. 

In
 

a
d
d

itio
n
 
to
 
p
o
p
u
la

tio
n
 
stu

d
ie

s, 
la

b
o
ra

to
ry
 
ex

p
erim

en
ts 

on 
th

e 
In

flu
en

c
e
 

o
f 

fe
rric

 
h

y
d

ro
x

id
e 

fla
k

e
s 

on 
filte

r-fe
e
d
in

g
, 

b
eh

av
io

u
r, 

g
ro

w
th

, 
m

o
rta

lity
 and 

iro
n
 
c
o

n
ten

t 
o
f 

m
u
ssels 

h
av

e 
b
een

 co
n
d
u
cted

. 
P

re
se

n
t 

la
b
o
ra

to
ry
 
stu

d
ie

s 
w

ith
 

M
y
tilu

s 
e
d
u
lis 

are 
se

t 
up 

to
 
in

v
e
stig

a
te
 

th
e 

to
x
ic

ity
 

and 
accu

m
u
latio

n
 

o
f 

lead
 

an
d 

an
tim

o
n
y
. 

F
u
rth

erm
o
re, 

th
e 

in
flu

e
n

c
e
 

o
f 

su
sp

en
d

ed
 
s
ilt 

and w
aste 

p
ro

d
u
cts 

o
f 

th
e 

a
sb

esto
s 

in
d
u
stry

 
on g

ro
w

th
 

and 
m

o
rta

lity
 
in

 M
y

tilu
s 

e
d
u
lis 

is
 

b
ein

g
 

in
v
e
stig

a
te

d
. 

S
tu

d
ies 

o
f 

th
e 

fa
te
 

o
f 

o
rg

an
o
-h

alo
g
en

 
com

pounds 
in
 m

arin
e 

o
rg

an
ism

s 
an

d 
sed

im
en

ts 
w

ith
 
sp

e
c
ia

l 
re

fe
re

n
c
e
 

to
 

accu
m

u
latio

n
, 

e
lim

in
a
tio

n
, 

tra
n
sfo

rm
a
tio

n
 
in
 

a b
e
n

th
ic 

fo
o
d
 
ch

ain
 

and 
in
 b

a
c
te

ria
 
a
re 

co
n
tin

u
ed

. 
L

ab
o
rato

ry
 
ex

p
erim

en
ts 

a
re 

u
n
d
er w

ay 
em

p
lo

y
in

g
 
1

4
c
-la

b
e
lle

d
 

com
pounds 

u
n
d
er 

c
o
n
d
itio

n
s 

sim
ila

r 
to
 

th
o
se 

fo
u
n
d
 
in
 
th

e 
n
a
tu

ra
l 

en
v
iro

n
m

en
t.

In
 
co

n
n

ectio
n
 w

ith
 
th

is 
program

m
e 

a
n
a
ly

tic
a
l 

m
ethods 

fo
r 

d
e
term

in
a
tio

n
 

o
f 

o
rg

an
o
-h

alo
g
en
 

com
pounds 

in
 N

o
rth

 
S

ea 
an

d 
B

a
ltic

 
an

im
als 

fro
m
 
d
iffe

re
n
t 

tro
p
h
ic
 
le

v
e
ls 

a
re 

b
ein

g
 
d
ev

elo
p
ed

. 
R

esid
u
al 

c
o
n
c
e
n
tra

tio
n
s 

in
 
th

e
se

 
o
rg

an
ism

s 
are 

e
v
a
lu

ate
d
 
in
 
re

la
tio

n
 

to
 

e
c
o
lo

g
ic

a
l 

p
aram

eters. 
T

he 
a
b
io

tic
 

tra
n
sfo

rm
a
tio

n
 
o
f 

o
rg

an
o
-h

alo
g
en
 

com
pounds 

in
 
th

e 
m

arin
e 

en
v
iro

n
m

en
t 

w
as 

lo
o
k
ed
 
in

to
.

In
v
e
stig

a
tio

n
s 

on 
e
ffe

c
ts 

o
f 

p
e
stic

id
e
s 

on 
em

b
ry

o
n
ic 

and 
la

rv
a
l 

d
ev

elo
p

­
m

ent 
o
f 

co
d

, 
flo

u
n
d
e
r 

and 
p

la
ic

e
 

w
ere 

co
n
tin

u
ed
 

and 
ex

ten
d
ed
 
in
 
o
rd

e
r 

to
 

te
s
t 

to
x
ic
 
e
ffe

c
ts 

o
f D

D
E 

in
 
co

m
b
in

atio
n
 w

ith
 D

D
T.



A
ccu

m
u
latio

n
 

of' 
C

d w
as 

m
easu

red
 
in
 

em
bryos 

and 
la

rv
a
e
 

o
f 

th
e 

flo
u

n
d
e
r 

re
a
re

d
 
in
 
d
iffe

re
n
t 

s
a
lin

itie
s
. 

L
ab

o
rato

ry
 
ex

p
erim

en
ts 

in
 
o
rd

e
r 

to
 
a
sse

ss 
th

e 
to

x
ic

ity
 o

f 
d
iffe

re
n
t 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

C
d 

an
d Pb 

on 
th

e 
b
a
c
te

rie
 

o
f 

th
e 

h
e
te

ro
tro

p
h
ic
 
flo

ra
 
o
f 

th
e 

W
eser 

e
stu

a
ry
 
are 

u
n
d
er w

ay. 
In

 lo
n
g
-term

 
co

n
tin

u
o
u
s 

c
u
ltu

re
 

ex
p
erim

en
ts 

th
e 

in
flu

e
n

c
e
 

o
f 

le
a
d
 

on 
v
a
rio

u
s 

p
h

y
sio

lo
g

ic
a
l 

g
ro

u
p
s 

o
f 

b
a
c
te

ria
 
o

c
cu

rrin
g
 
in
 
th

e 
sed

im
en

ts 
w

as 
te

ste
d
 

and 
accu

m
u

latio
n
 
o
f 

th
e 

h
eav

y
 

m
etal 

w
as 

d
eterm

in
ed
 

by m
eans 

o
f 

ato
m

ic-ab
so

rp
tio

n
-sp

ectro
sco

p
y

»

In
 m

icro
b
io

lo
g

ic
a
l 

fie
ld
 
stu

d
ie

s 
seaso

n
al 

ch
an

g
es 

in
 
stan

d
in

g
 
cro

p
 

o
f 

sew
age 

b
a
c
te

ria
, 

b
ra

ck
ish

 w
ater b

a
c
te

ria
, 

and 
te

rre
s
tria

l 
sap

ro
p
h
y
tic 

b
a
c
te

ria
 w

ere 
m

o
n
ito

red
 
p
ay

in
g
 
sp

e
c
ia

l 
a
tte

n
tio

n
 
to
 

th
e 

in
flu

e
n

c
e
 

o
f 

m
an

's 
a
c
tiv

itie
s
 

on 
th

e W
eser 

e
stu

a
ry

0

F
u

rth
erm

o
re, 

m
en

tio
n
 m

ay 
be 

m
ade 

o
f 

th
e 

stu
d
ie

s 
on 

fu
n
g
al 

p
ro

p
a
rg

y
lie

s 
in
 
th

e 
W

eser 
e
stu

a
ry

, 
o
f 

w
h
ich 

th
e 

m
ain 

o
b
je

c
ts 

are 
: 

d
ev

elo
p

m
en

t 
o
f 

su
ita

b
le
 

m
ethods 

fo
r 

c
o
n
tro

l 
o
f 

fu
n
g
al 

m
em

bers 
in
 
e
stu

a
rin

e
 
w

aters 
and 

sed
im

en
ts, 

e
ffic

ie
n

c
y

 
te

s
ts
 

o
f 

th
e
se
 

m
ethods 

th
ro

u
g
h

o
u
t 

th
e 

y
e
a
r,iso

la
tio

n
 
an

a 
tax

o
n

o
m

ical 
id

e
n

ti­
fic

a
tio

n
 
o
f 

th
e 

fu
n
g
i 

en
co

u
n
tered

.

N
ew
 
ex

p
erim

en
ts 

on 
th

e
 
e
ffe

c
t 

o
f 

m
ech

an
ical 

stre
ss 

on p
e
la

g
ic
 
fis

h
 

eg
g
s w

ere 
se

t 
u
p
. 

O
th

er 
in

v
e
stig

a
tio

n
s 

are 
d
e
a
lin

g
 w

ith
 
th

e 
m

etab
o
lism

 
o
f 

e
u
ry

h
a
lin

a 
fis

h
 
in
 

sm
all 

c
o
n
ta

in
e
rs 

a
t 

d
iffe

re
n
t 

s
a
lin

itie
s
 

and 
th

e 
g
ro

w
th
 

o
f 

salm
o
n
id

s 
u
n
d
er 

d
iffe

re
n
t 

en
v

iro
n

m
en

tal 
c
o
n
d
itio

n
s.

T
he 

in
v
e
stig

a
tio

n
s 

on 
th

e 
e
ffe

c
t 

o
f 

su
rfa

c
ta

n
ts 

on 
fish

 
and 

fo
o
d
 

an
im

als 
and 

on 
th

e 
d

eco
m

p
o

sitio
n
 
o
f 

th
e 

ch
em

icals 
in
 

seaw
ater 

a
t 

v
a
rio

u
s 

tem
p

eratu
res 

are 
co

n
tin

u
ed

. 
T

he 
ex

p
erim

en
ts 

on 
tan

k
 
farm

in
g
 

o
f 

salm
o
n
id

s 
in

 w
arm

 w
ater 

d
isch

arg
ed
 

by 
co

n
v
en

tio
n
al 

pow
er 

p
la

n
ts 

in
 
th

e 
K

iel 
fjo

rd
 
a
re 

co
n
tin

u
ed

. 
L

ast 
y

e
a
r's 

ex
p
erim

en
ts 

on 
cag

e 
farm

in
g
 

o
f 

salm
o
n
id

s 
in
 

co
m

b
in

atio
n
 w

ith
 m

u
ssel 

c
u
ltu

re
 
y
ie

ld
e
d
 
p
ro

m
isin

g
 
re

su
lts

. 
R

earin
g
 
ex

p
erim

en
ts 

w
ith

 rain
b
o
w
 

tro
u
t- 

in
 cag

es 
b
o
th
 
in
 
fresh

w
a
te

r 
and 

in
 
c
o
a
sta

l 
w

aters 
o
f 

th
e 

w
estern

 B
a
ltic

, 
aim

in
g

 
a
t 

th
e
 

d
ev

elo
p
m

en
t 

o
f 

o
p
tim

al 
tro

u
t 

fe
e
d
s, 

w
ere 

co
n
tin

u
ed

.

A
 g

re
a
t 

d
eal 

o
f 

th
e 

above 
m

en
tio

n
ed
 
re

se
a
rc

h
 

en
d
eav

o
u
rs 

w
as 

su
p

p
o

rted
 

and 
c
o
o
rd

in
a
ted

 
by 

th
e 

D
eu

tsch
e 

F
o

rsch
u
n
g
sg

em
ein

sch
aft.

F
in

lan
d

(P
. 

T
u

u
n

ain
en

 & A
. 

V
o
ip

io
)

F
ish

 
C

u
ltu

re

P
ro

d
u
ctio

n
 
o
f 

rain
b
o
w
 
tro

u
t, 

S
alm

o 
g
a
ird

n
e
ri 

in
 n

e
t 

cag
es 

in
 

th
e 

SW
 
a
rc

h
i­

p
elag

o
 

o
f F

in
lan

d
 
h

as 
b
een

 ab
o
u

t 
th

e 
sam

o 
as 

re
p
o
rte

d
 
in
 

1974.

Som
e 

p
re

lim
in

a
ry
 
ex

p
erim

en
ts 

on 
re

a
rin

g
 
B

a
ltic

 
salm

o
n

, 
S

alm
o 

sa
la

r 
sm

o
lts 

fo
r 

sto
ck

in
g
 
p
u
rp

o
ses, 

and 
rain

b
o
w
 
tro

u
t 

fo
r 

co
n
su

m
p
tio

n
 
in
 co

o
lin

g
 w

ater 
o
f 

e
le

c
tric

 
pow

er 
p
la

n
ts 

h
av

e 
b

een
 
sta

rte
d
 
in
 

1974»

M
arine 

P
o

llu
tio

n

S
tu

d
ies 

on m
arin

e 
p

o
llu

tio
n
 h

av
e 

b
een

 
co

n
tin

u
ed
 

alo
n
g
 
th

e 
lin

e
s 

re
p
o
rte

d
 

e
a
rlie

r.

M
arin

e 
san

d
 

and 
graevei 

e
x

tra
c
tio

n
 w

as 
stu

d
ie

d
 
fo

r 
th

e W
orking G

roup 
o
f 

IC
E

S 
and 

th
e
se
 

stu
d
ie

s 
h

av
e 

b
een

 
co

n
tin

u
ed
 
as 

w
e
ll.

A
 
q
u
ite
 

e
x
ten

siv
e
 

stu
d
y
 

on 
th

e 
e
ffe

c
ts 

o
f 

e
fflu

e
n
ts 

from
 
th

e 
tita

n
iu

m
 

d
io

x
id

e 
in

d
u
stry

 
on m

arin
e 

b
io

ta
 

and 
fis

h
e
rie

s, 
sta

rte
d
 
in

 1973, 
w

as 
c
a
rrie

d
 

th
ro

u
g
h
 
in
 

1974« 
T

h
is 

w
ork 

in
clu

d
ed

 
am

ong 
o
th

e
r 

th
in

g
s 

stu
d
ie

s 
on 

th
e 

le
v
e
ls 

o
f 

H
g, 

Z
n, 

C
d, 

C
r 

and 
Sb 

in
 
B

a
ltic

 
h
e
rrin

g
 

(C
lu

p
ea H

aren
g
u
s 

L
.)



IO

w
h
ite

fish
 

(C
o
reg

o
n
u
s 

la
v
a
re

tu
s. 

L
o
), 

p
ik

e 
(E

sox 
lu

c
iu

s 
L

o
), 

bream
 

(A
bram

is 
bram

a Lo ), 
ro

ach
 

(R
u

tilu
s 

ru
tilu

s
 

L
. ), 

b
u
rb

o
t 

(L
o
ta 

lo
ta
 L

. ), 
p

erch
T

P
e
rc

a
 

flu
v
ia

tilis
 

L
.) 

and 
fo

u
rh

o
rn
 
sc

u
lp

in
 

(M
yoxocephalus 

q
u

a
d

ric
o

rn
is 

L
o)

F
ran

ce 
(L

o 
M

a
rte

li)

Io 
A

q
u
acu

ltu
re

L
es 

trav
au

x
 
e
n
tre

p
ris 

précédem
m

ent 
su

r 
le

s 
d
iffé

re
n
te

s 
esp

èces 
d

fin
v
e
rté

­
b
ré

s 
e
t 

de 
p
o
isso

n
s 

o
n
t 

é
té
 
p

o
u

rsu
iv

is 
en 

1974»

M
o
llu

sq
u
eso 

E
n d

eh
o

rs 
d
es 

étu
d
es 

co
n

cern
an

t 
la
 
c
o

n
c
h

y
lic

u
ltu

re
 
tra

d
i­

tio
n
n
e
lle
 

(h
u
ître

s, 
m

oules 
e
t 

a
u
tre

s) 
d
o
n
t 
il 

e
st 

ren
d
u
 

com
pte 

au
 

C
om

ité 
d
es 

C
o

q
u

illa
g

es, 
la
 p

ro
d
u
c
tio

n
 

de 
n
a
issa

in
 
d

9O
stre

a
^ e

d
u
lis 

a 
é
té
 
te

n
té

e
 
p
a
r 

le
 

C
en

tre 
o
céan

o
lo

g
iq

u
e 

de 
B

retag
n
e 

(C
»0eB

o) 
en g

ran
d

 
volum

e 
(20 

nr ) 
e
t 

en
 c

o
n
tin

u
. 

L
e 

p
ro

céd
é 

p
erm

et 
se

m
b
le

-t-il 
un ra

cc
o
u
r­

cissem
en

t 
im

p
o
rtan

t 
de 

la
 v

ie
 
la

rv
a
ire

. 
D

e 
m

êm
e, 

la
 p

ro
d
u
ctio

n
 
d

9orm
eaux 

(H
a
lio

tis 
tra

b
e
c
u

la
ta

) 
a 

é
té
 
p
o
u
rsu

iv
ie
 

av
ec 

su
ccès 

e
t 

u
n
 
e
ssa

i 
d

1élev
ag

e 
en n

a
tu

re
 

d
es 

m
o
llu

sq
u
es 

p
ro

d
u
its 

en 
1973 

e
st 

en co
u
rs»

C
ru

sta
c
és» 

L
e 

d
év

elo
p
p
em

en
t 

de 
la
 
p
ro

d
u
ctio

n
 d

es 
p

o
st-la

rv
e
s 

de 
hom

ard 
T

H
o
m

aru
s^"v

u
lg

aris), 
en v

u
e 

du rep
eu

p
lem

en
t 

d
es 

zone 
c
ô
tiè

re
s, 

a 
p
erm

is 
de 

d
o
u
b
le

r, 
de 

1973 
à 

1974» 
le

s 
q

u
a
n

tité
s 

p
ro

d
u
ite

s 
à 

lE
c
lo

s
e
rie

 
ex

­
p
é
rim

e
n
ta

le 
de 

l
9IX

e 
d

9Y
eu av

ec 
le
 

co
n
co

u
rs 

du 
la

b
o
ra

to
ire

 
de 

R
o
sco

ff 
(in

s
titu

t 
d

es 
P

êch
es)»

L
e 

m
êm

e 
la

b
o
ra

to
ire

 
a m

is 
au
 p

o
in

t 
d

es 
p
ro

céd
és 

p
erm

ettan
t 

d
9au

g
m

en
ter 

le
 

tau
x
 

de 
su

rv
ie
 

d
es 

p
o
st «

larv
es 

de 
la
 
c
re

v
e
tte
 

(P
alaem

o
n 

se
rra

tu
s) 

e
t 

de 
ra

c
c
o

u
rc

ir 
le

s 
tem

ps 
d

9in
term

u
es 

g
râce 

au
x 

a
m

élio
ra

tio
n
s 

ap
p
o

rtées 
à 

1
9 a

lim
e
n

ta
tio

n
 
e
t 

au
x 

c
o
n
d
itio

n
s 

de 
m

ilieu!»

D
e 

so
n
 
c
ô
té

, 
le
 

C
»0»B

o 
a 

te
n

té
,u

n
e
 

ex
p
érien

ce 
de 

p
ro

d
u

c
tio

n
 

de P» 
se

rra
tu

s 
en g

ran
d
 

volum
e 

(2
0
 n

r)§
 

m
alg

ré 
u

n
 bon 

d
év

elo
p

p
em

en
t 

la
rv

a
ire

, 
au

 m
om

ent 
d
es 

m
étam

o
rp

h
o

ses, 
une 

fo
rte

 
m

o
rta

lité
 
e
st 

su
rv

en
u
e 

p
o
u
r 

d
es 

cau
ses 

d
iv

erses»
 

L
es 

anim
aux 

su
rv

iv
a
n
ts 

on 
é
té
 
m

ain
ten

u
s 

en p
ré

­
g
ro

ssissem
en

t 
à 

22° 
C 

p
en

d
an

t 
2 

m
ois 

av
an

t 
d

9ê
tre

 
m

is 
en
 
élev

ag
e 

en
 n

a
tu

re
 

ou 
la
 
fin

 de 
I

san
n
ée 

ils
 
a
v

a
ie

n
t 

a
tte

in
t 

la
 
ta

ille
 

co
m

m
erciale 

av
ec 

un 
tau

x
 

de 
su

rv
ie
 

de 
53^»

P
o
isso

n
s»
 

L
e 

C
en

tre 
o

céan
o

lo
g
iq

u
e 

de 
B

retag
n

e 
a p

o
u
rsu

iv
i 

le
s 

étu
d
es 

su
r 

la, 
re

p
ro

d
u
c
tio

n
 en

 
c
a
p
tiv

ité
 

du b
a
r, 

de 
la
 
so

le 
e
t 

du 
tu

rb
o
t»
 

L
es 

m
e
ille

u
rs 

ré
su

lta
ts 

o
n
t 

é
té
 

o
b

ten
u

s 
su

r le
 

b
ar» 

S
im

u
ltan

ém
en

t, 
la

 
c
ro

issa
n
c
e
 
e
t 
l

9a
lîm

e
n
ta

tio
n
 
o

n
t 

é
té
 

étu
d
iées»

2» 
S

ab
les 

e
t 

G
rav

iers 
- 

(im
p

act 
su

r 
la
 
p
êch

e)

D
ans 

le
 

cad
re 

d*une 
étu

d
e 

su
r 

le
s 

e
ffe

ts 
de 

1
9 e

x
p
lo

ita
tio

n
 d

es 
sa

b
le

s 
e
t 

g
ra

v
ie

rs 
m

arin
s 

su
r 

1
9en

v
iro

n
n
em

en
t 

e
t 

le
s 

a
c
tiv

ité
s
 
h
a
lie

u
tiq

u
e
s,

I
s In

s
titu

t 
de 

P
êch

es 
e
t 

le
 
C

en
tre 

n
a
tio

n
a
l 

p
o

u
r 

1 E
x
p
lo

ita
tio

n
 
d
es 

O
céans 

se 
so

n
t 

a
sso

c
ié

s 
av

ec 
le
 

C
oO

»B
» 

(C
en

tre 
o
céan

o
lo

g
iq

u
e 

de 
B

re
ta

g
n
e
), 

le
 

CEA
 

(C
o

m
m

issariat 
à 1 E

n
e
rg

ie
 

ato
m

iq
u
e) 

e
t 

la
 
S

ta
tio

n
 

de 
B

io
lo

g
ie 

m
arin

e 
de 

R
o
sco

ff 
p
o
u
r 

re
e
e
u
illir 

le
 m

axim
um

 
d

9 in
fo

rm
atio

n
s »

L
e 

program
m

e 
g
é
n
éra

l 
ay

an
t 

tra
it 

aux 
e
ffe

ts 
su

r 
la
 p

êch
e 

a 
é
té
 

ex
p
o
sé 

en 
a
v
ril 

1974 
ara co

u
rs 

de 
la

 réu
n
io

n
 

du G
roupe 

de 
tra

v
a
il 

q
u
i 

s
9e

st 
ten

u
e 

so
u
s 

la
 p

ré
sid

e
n
c
e 

de 
M
 A

»J» 
L

ee, 
au 

la
b
o
ra

to
ire

 
d
es 

P
êch

es 
de 

L
o
w

esto
ft »
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A
 
la
 fin

 
de 

l
’an

n
ée 

1974» 
on a

rriv
e
 

aux 
co

n
clu

sio
n
s 

p
ré

lim
in

a
ire

s 
su

iv
a
n

te
s, 

re
c
u

e
illie

s
 

su
r 

1*e
x

p
lo

ita
tio

n
 
ex

p
érim

en
tale 

ré
a
lisé

e
 

en B
aie 

de 
S

ein
e 

s 
la

 
se

u
le
 
n
u
isan

ce 
de 

q
u
elq

u
e 

im
p
o
rtan

ce 
p
o
u
r 

la
 p

êch
e 

c
o
n
sta

té
e
 

d
an

s 
l

’é
ta

t 
a
c
tu

e
l 

^e 
n
o
s 

o
b
serv

a
tio

n
s 

p
ro

v
ien

t 
de 

ce 
que 

la
 

zone 
creu

sée 
(en

v
iro

n
0
.1

5
 

km
 

su
r u

n
e 

p
ro

fo
n
d
eu

r 
m

oyenne 
de 

4 m
) 

e
st 

d
ev

en
u

e 
in

a
c
c
e
ssib

le
 

aux 
c
h
a
lu

ts 
de 

fondo 
P

ar 
a
ille

u
rs

, 
en un 

an 
d
’o

b
se

rv
a
tio

n
s, 

on 
a 

rem
arq

u
é 

au
cu

n
e 

re
c
o
n
stitu

tio
n
 
n

o
ta

b
le 

du 
fond» 

P
o
u
r 

ce 
q

u
i 

co
n
cern

e 
le
 

b
en

th
o
s, 

il 
e
st 

b
ien

 
en

ten
d
u
 
d
é
tru

it 
p

a
r 

le
s 

o
p
é
ratio

n
s 

de 
d
rag

ag
e. 

A
p

rès 
q
u
elq

u
es 

m
ois 

de 
re

p
o
s, 

de 
n

o
u

v
e
lle

s 
esp

èces 
b
en

th
iq

u
es 

o
n

t 
re

c
o
lo

n
isé

 
la
 
so

u
ille

 
c
re

u
sé

e. 
T

o
u
tefo

is, 
ce 

b
en

th
o

s 
ne 

form
e 

p
as 

en
co

re 
u
n
e 

b
io

co
en

o
se 

é
q

u
ilib

ré
e
 
e
t 
l
’on 

ig
n
o
re 

en
co

re 
q

u
e
lle

 
se

ra
 
sa 

c
o
n
stitu

tio
n
 
d
é
fin

itiv
e
.

I
l 

s
’a

g
it 

là
 

de 
c
o

n
c
lu

sio
n

s 
p

ré
lim

in
a
ire

s 
q

u
i 

d
ev

ro
n

t 
ê
tre

 
p

ré
c
isé

e
s 

d
an

s 
un 

an
, 

lo
rsq

u
e
 
ces 

re
c
h
e
rc

h
e
s 

au
ro

n
t 

a
b

o
u

ti 
à u

n
e 

co
n
n
aissan

ce 
p

iu
s 

ap
p
ro

fo
n
d
ie 

d
es 

e
ffe

ts 
de 

te
lle

s
 
e
x
tra

c
tio

n
s 

su
r 
l

’en
v
iro

n
n
em

en
t 

m
arin

.

R
êp

o
rt 

on M
arin

e A
g

g
reg

ate 
P

ro
d
u
ctio

n
 fo

r Y
ear 

1974

C
o
u
n
try

s 
P

ran
ce

Issu
in

g
 A

u
th

o
rity

? 
CN

EX
O 

(E
stim

atio
n
s)

R
ep

o
rtin

g
 
P

erio
d
 
(if 

d
iffe

re
n
t 

from
 

ab
o

v
e)

T
ype 

o
f M

a
te

rial
X

T
o
tal

P
ro

d
u
ctio

n
L

o
c
a
litie

s
S

ize 
R

ange
o

m
illio

n
 m

m
illio

n
 
to

n
s

S
ands

0
.063-2

.0
 

mm
2

M
anche 

& M
er 

du F
o
rd

G
rav

els
2
•0m

m
 - 

6 » 4om
2

M
anche 

& M
er 

du F
o
rd

P
eb

b
les/C

o
b
b
les

6o4 
cm

0o 02
L

itto
ra

l 
h

au
te 

F
o
rm

an
d
ie

C
alcareo

u
s

S
h
e
ll

L
ith

o
th

am
n
io

n
 

O
th

er 
(S

p
e
c
ifiy

)

A
li 

siz
e
s

0
.7

L
itto

ra
l 

b
re

to
n

T
he 

siz
e
 
ran

g
es 

show
n h

ere 
a
re 

id
e
a
lise

d
, 

and 
a
re 

in
ten

d
ed

 m
erely

 
as 

a g
u

id
e 

to
 

th
e 

ty
p

e o
f 

c
a
te

g
o

risa
tio

n
 re

q
u
ire

d
.

3. 
P

o
llu

tio
n
s

M
étaux: 

lo
u
rd

s

L
es 

trav
au

x
 

com
m

encés 
le

s 
an

n
ées 

p
ré

c
éd

e
n
te

s 
co

n
cern

an
t 

le
s 

te
n

e
u

rs 
en 

m
ercur®

 
de 

d
iv

e
rse

s 
esp

èces 
de 

p
o
isso

n
s 

c
a
p
tu

rés 
au
 
co

u
rs 

d
es 

cam
pagnes, 

o
céan

o
g
rap

h
iq

u
es, 

o
n
t 

é
té
 
p

o
u

rsu
iv

is. 
lis

 
co

n
firm

en
t 

que 
le

s 
te

n
e
u
rs 

v
a
rie

n
t 

en fo
n

c
tio

n
 
d
es 

esp
èces 

e
t 

so
n
t 

p
iu

s 
é
le

v
ée

s 
ch

ez 
le

s 
p
réd

a­
te

u
rs. 

lis
 

co
n

firm
en

t 
a
u
ssi 

que 
le

s 
te

n
e
u

rs 
so

n
t 

p
iu

s 
é
le

v
ée

s 
en 

M
éd

iterran
ée 

q
u
’en A

tla
n
tiq

u
e
.

P
ar 

a
ille

u
rs, 

le
 
m

ercu
re 

e
t 

le
s 

m
étaux 

su
iv

an
ts? 

P
b
, 

C
d, 

C
u 

e
t 

Z
n 

on 
é
té
 
re

ch
e
rch

é
s 

d
an

s 
l

’eau
 

de 
m

er 
p
ro

v
en

an
t 

de 
ré

g
io

n
s 

litto
ra

le
s
 
b

ie
n

 
lo

c
a
lisé

e
s 

e
t 

à p
ro

x
im

ité 
d
’e

stu
a
ire

s. 
C

om
m

e 
on p

o
u
v
ait 

s
’y
 
a
tte

n
d
re

, 
le

s 
te

n
e
u

rs 
so

n
t, 

d
’u

n
e 

m
an

ière 
g
é
n
é
ra

le
, 

n
o
tab

lem
en

t 
p
iu

s 
é
le

v
ée

s 
q

u
’en 

h
au

te 
m

er.
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C
es 

m
êm

e 
m

étaux 
o
n
t 

é
té
 

en
 
o

u
tre 

d
éterm

in
és 

d
an

s 
d
es 

c
o
q
u
illa

g
e
s 

(m
o
u

le, 
h

u
ître

) 
de 

ces 
m

êm
es 

ré
g

io
n

s 
c
ô

tiè
re

s»
 

L
es 

fo
rte

s 
v
a
ria

tio
n
s 

d
es 

te
n
e
u
rs 

en 
fo

n
c
tio

n
 

d
es 

lie
u

x
, 

notam
m

ent 
en m

ercu
re, 

o
n
t 

p
erm

is 
p

a
rfo

is 
de 

rem
o

n
ter 

aux 
so

u
rces 

de 
co

n
tam

in
atio

n
*

R
e
jets 

in
d
u
strie

ls

P
o
u
r 

co
m

p
léter 

le
s 

ex
p
érien

ces 
d

é
jà
 fa

ite
s
 

en 
la

b
o
ra

to
ire

, 
d
es 

étu
d
es 

de 
te

rra
in
 

o
n
t 

é
té
 
e
n

tre
p

rise
s 

p
o
u
r 

d
éterm

in
er 

le
s 

e
ffe

ts 
ré

e
ls 

d
es 

re
je

ts
 

de 
fa

b
ric

a
tio

n
 

d
'o

x
y

d
e 

de 
tita

n
e
»
 

C
es 

étu
d

es 
se

ro
n

t 
m

enées 
à 

le
u

r 
term

e 
en 

1
9

7
5

«

P
es 

étu
d
es 

sim
ila

ire
s 

o
n
t 

é
té
 
e
n
tre

p
rise

s 
p
o
u
r 

su
iv

re 
l'é

v
o

lu
tio

n
 
d
es 

zo
n
es 

de 
re

je
t 

de 
p
h
o
sp

h
o
g
y
p
se»

Ic
ela

n
d

(i. 
H

allg
rim

sso
n
)

R
o
u
tin

e 
h
y
d
ro

b
io

lo
g
ic

al 
su

rv
ey

s 
w

ere 
c
a
rrie

d
 

o
u
t 

in
 
Ic

e
la

n
d
ic
 
w

aters 
co

v
erin

g
 
n
u
trie

n
t,o

x
y
g
en

, 
p

rim
ary

 p
ro

d
u
ctio

n
 

and 
zo

o
p
lan

k
to

n
 
stu

d
ie

s.

S
tu

d
ies 

on m
ercu

ry
 c

o
n

c
e
n

tra
tio

n
s 

w
ere 

m
ade 

in
 
sea w

ater 
and 

in
 

th
e 

b
ra

in
 

and 
liv

e
r 

o
f 

young 
seáis»

 
T

h
is 

program
m

e 
w

ill 
be 

co
n
tin

u
ed

.

Ire
la

n
d

 

(Fo 
A» 

G
ib

so
n
)

P
o

llu
tio

n

P
o

llu
tio

n
 
stu

d
ie

s 
w

ere 
co

n
tin

u
ed
 
in
 

1974 
alo

n
g
 
th

e 
lin

e
s 

re
p
o
rte

d
 fo

r 
1975° 

A
 
s
p
ill 

in
v

o
lv

in
g
 

600 
000 

g
a
llo

n
s 

o
f 

cru
d

e 
K

uw
ait 

@
13 

cau
sed

 
by 

an
 
e
rro

r 
d
u
rin

g
 
lo

a
d
in

g
 p

ro
ced

u
res 

o
ccu

rred
 
in
 B

an
try

 B
ay 

on IO
 

O
cto

b
er 

1974° 
A 

co
m

b
in

atio
n
 
o
f 

m
ild

 
b

rig
h

t 
calm

 w
eath

er, 
a g

e
n
tle

 
n
o
rth

-w
e
ste

rly
 
a
irstre

a
m

 
and 

n
eap 

tid
e
s., 

com
bined w

ith
 
e
x

ten
siv

e 
reco

v
ery

 
o
f 

cru
d

e 
o
il, 

m
in

im
ised

 
th

e 
sh

o
re 

a
re

a
 a

ffe
c
te

d
 by 

th
e 

s
p

ill 
and k

ep
t 

m
o

rta
lity

 am
ongst 

th
e 

flo
ra

 
and 

fau
n
a 

to
 

a m
inim

um
0 

S
tu

d
ies 

o
f 

th
e 

eco
sy

stem
s 

o
f 

B
an

try
 B

ay w
ill 

be 
in

te
n
sifie

d
 
in

 1975 
an

d 
1976> 

in
 

an
 
e
ffo

rt 
to
 

fo
llo

w
 up 

th
e
 

lo
n
g
 
term

 
e
ffe

c
ts 

a
risin

g
 

frcm
 
th

e 
o
p
ilio

A h
y
d
ro

g
rap

h
ical 

su
rv

ey
 w

as 
m

ade 
o

v
er 

an
 
a
re

a
 
o
f 

som
e 

50 
sq

u
are 

m
iles 

(13O 
sq

u
are 

k
ilo

m
etres}

', 
o

u
tsid

e 
th

e 
te

rrito
ria

l 
lim

its 
so

u
th
 

o
f 

C
ork 

H
arbour» 

T
he 

ra
p
id
 
in

d
u
s
tria

lis
a
tio

n
 o

f 
C

ork H
arb

o
u
r 

c
a
lls 

fo
r 

a m
in

i­
m

isa
tio

n
 
o
f 

th
e 

ra
te
 

o
f 

d
isch

arg
e 

in
to
 

th
e 

H
arb

o
u
r w

aters»
 

A
t 

p
re

se
n

t 
th

e 
a
lte

rn
a
tiv

e
 
is
 
to
 

dum
p 

p
e
rm

issib
le
 
e
fflu

e
n
ts 

in
to
 
o

ffsh
o

re
 

areas»
 

T
h
is 

is 
co

n
sid

ered
 
as 

an
 in

te
rm

e
d
ia

te
 

ste
p
 w

h
ilst 

new
 m

eth
o
d
s 

o
f 

tre
a
tm

e
n
t, 

o
r 

re
c
y
c
lin

g
 
o
r m

aking 
su

ita
b
le
 
a
lte

rn
a
tiv

e
 
u
ses 

o
f 

w
astes 

are 
d

ev
elo

p
ed

.
Iris

h
 
in

d
u
stria

l 
co

n
cern

s 
a
re 

aw
are 

o
f 

th
e 

recom
m

end
atio

ns 
b
ein

g
 m

ade 
to

 
a
lte

r 
th

e 
g

e
n

e
ra

l 
p
a
tte

rn
 
o
f w

aste 
d
isp

o
sa

l 
and m

any 
o
f 

them
 h

av
e 

ex
p
ressed

 
th

e
ir 

stro
n
g
 
d
e
sire

 
to
 

ad
o
p
t 

a
lte

rn
a
tiv

e
 

and 
sa

fe
r m

ethods 
o
f 

d
isp

o
sin

g
 

o
f w

astes.

F
ish

 
tra

n
sp

la
n
ta

tio
n
 and 

c
u

ltiv
a
tio

n

M
u

ssel 
tra

n
sp

la
n
ta

tio
n
 

from
 

sea 
a
re

a
s 

to
 
e
stu

a
rie

s 
w

as 
co

n
tin

u
ed
 
in

 
1974° 

E
x

p
erim

en
ts 

w
ith

 m
ethods 

to
 
a
s
sis

t 
th

e 
se

ttle
m

e
n
t 

o
f 

n
a
tu

ra
lly

 
fe

rtilis
e
d
 
o
y
ste

r 
"sp

a
t1* 

w
ere 

co
n
tin

u
ed

»
 

H
ow

ever, 
in
 

1974? 
Ire

la
n
d

 
ex

p
erien

ced
 

one 
o
f 

th
e 

c
o
ld

e
st 

and 
in

clem
en

t 
sum

m
ers 

on reco
rd

»
A

cco
rd

in
g
ly

, 
fo

i 
th

e 
firs

t 
tim

e 
sin

ce
 

1970, 
and 

fo
r 

o
n
ly
 
th

e 
seco

n
d

 
tim

e 
in
 
l6
 
y
e
a
rs, 

T
ralee 

B
ay 

o
y
ste

rs 
fa

ile
d
 
to
 

h
av

e 
a 

su
c
c
e
ssfu

l 
sp

a
t­

fa
ll 

in
 

1974°
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A
t 

th
e 

M
arin

e 
S

ta
tio

n
 
a
t 

C
arn

a, 
C

ounty G
alw

ay, 
on 

th
e 

ex
trem

e w
est 

c
o
a
st 

o
f 

Ire
la

n
d
, 

la
rv

a
e
 
o
f 

C
ra

sso
stre

a
 g

ig
a
s 

and 
O

strea 
e
d
u
lis 

w
ere 

p
ro

d
u
ced

 
in
 
lim

ite
d
 
q
u
a
n
titie

s. 
O

th
er 

sp
e
cie

s 
spaw

ned 
in
 
c
a
p
tiv

ity
 

in
c
lu

d
in

g
 

V
en

eru
p
is 

d
e
c
u
ssa

ta
. 

A
iso 

a
tte

m
p

ts 
w

ere 
m

ade 
to
 

co
m

p
lete 

th
e 

cy
cle 

o
f 

th
e 

v
e
lig

e
r 

o
f P

ecten
 m

axim
us 

u
n
d
er 

la
b
o
ra

to
ry
 
c
o
n
tro

l.

A
t 

th
e 

S
alm

on R
esearch

 T
ru

st, 
T

ra
e
n
la

u
r, 

C
ounty

 M
ayo, 

arran
g
em

en
ts 

w
ere 

co
m

p
leted

 
fo

r 
th

e 
stu

d
y
 

o
f 

salm
o
n
id
 
re

a
rin

g
 
in
 
sa

ltw
a
te

r 
ta

n
k

s. 
E

x
p

eri­
m

ents 
w

ere 
c
a
rrie

d
 

o
u
t 

by 
th

e 
Iris

h
 

S
ea F

ish
e
rie

s 
B

oard 
in

to
 

th
e 

fe
a
s
ib

ility
 

o
f 

re
a
rin

g
 

salm
on 
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rsity

 
in
 G

daásk?

h
) 

T
ech

n
ical 

U
n
iv

e
rsity

 in
 G

daásk?

i) 
T

ech
n
ical 

U
n

iv
e
rsity

 
in
 

S
zczecin

?

j) 
A

rg
ric

u
ltu

ra
l 

A
cadem

y 
in
 
S

zczecin
?

k
) 

M
aritim

e 
S

ch
oo

l 
in
 
S

zczecin
?

l) 
S

a
n
ita

ry
 
S

e
rv

ice
.

P
o

rtu
g

al

(M
.Jo 

de 
F

ig
u
reid

o
)

A 
program

m
e 

w
as 

sta
rte

d
 
la

te
 
in
 1974 

to
 

a
sse

ss 
th

e 
w

ater 
q
u
a
lity

 
in
 
a
q

u
a
ria 

p
ro

v
id

ed
 w

ith
 
b
io

lo
g
ic

a
l 

filte
rs

, 
and 

its
 
s
u
ita

b
ility

 fo
r 

c
ru

sta
ce

an
s 

and 
fish

 
re

a
rin

g
 
in
 re

c
irc

u
la

tin
g
 w

a
ter. 

S
am

ples 
w

ere 
tak

en
 

tw
ice 

a w
eek 

to
 

d
eterm

in
e 

th
e 

fa
c
to

rs 
oxygen, 

pH
 and 

s
a
lin

ity
 

and 
to
 

m
easu

re 
th

e 
n

u
trie

n
ts 

n
itrite

s
, 

n
itra

te
s
, 

p
h
o
sp

h
ates 

and 
s
ilic

a
te

s
. 

S
im

u
ltan

eo
u
sly

 
som

e 
b
a
c
te

ria
l 

a
sp

e
c
ts, 

such, as 
to

ta
l 

num
ber 

o
f 

b
a
c
te

ria
e
, 

w
ere 

stu
d

ie
d

.

C
u
ltu

re
s 

o
f 

h
e
rb

iv
o

re
s 

w
ere 

k
ep

t 
an

d 
d

ev
elo

p
ed
 

d
u
rin

g
 

1974» 
C

opepods 
o
f 

th
e 

g
en

era 
C

a-lan
ip

ed
a, 

T
isb

e 
and 

C
leto

cam
p
tu

s 
w

ere 
c
u
ltiv

a
te

d
 
in
 
s
ta

tic
 

and 
in

 
re

c
irc

u
la

tin
g
 w

a
ter, 

u
n
d
er 

id
e
n

tic
a
l 

c
o
n
d
itio

n
s 

o
f 

lu
m

in
o
sity

 
and 

tem
p
eratu

re.
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M
ixed 

c
u

ltu
re

s 
o
f 

th
e 

ro
tife

r 
B

rach
io

n
u

s 
p
lic

a
tilis

 
and 

th
e 

copepod 
T

isb
e 

sp
. 

h
av

e 
b
een

 re
a
re

d
 u

sin
g
 
d

iffe
re

n
t 

ty
p
es 

o
f 

fo
o
d
 

an
d 

a
ir 

su
p

p
ly

.
T

he 
p
h
y
to

fla
g
e
lla

te
s 

T
e
traselm

is 
su

e
c
ic

a
, 

P
laty

m
o

n
as 

sp
. 

and 
N

an
n

o
ch

lo
ris 

sp
. 

w
ere 

trie
d
 
as 

fo
o
d
, 

and 
th

e 
b
e
st 

re
s
u

lts 
(190 

B
rach

io
n

u
s/m

l) 
w

ere 
o

b
tain

ed
 w

ith
 
T

e
tra

se
lm

is,, 
A

cco
rd

in
g
ly

, 
c
u
ltu

re
s 

o
f 

th
e
se
 
p
h
y
to

fla
g
e
lla

te
s 

h
av

e 
b

een
 

d
ev

elo
p
ed
 
in
 
o
rd

e
r 

to
 
a
tta

in
 
o
p
tim

al 
c
o

n
c
e
n

tra
tio

n
s.

D
eterm

in
atio

n
s 

o
f 

b
a
c
te

rio
lo

g
ic

a
l 

p
o
llu

tio
n
 
in
 
o
y
ste

rs 
and w

ater 
o
f 

th
e 

E
stu

ary
 
o
f 

th
e 

R
iv

er 
S

ado 
h
av

e 
b
een

 
c
a
rrie

d
 

o
u
t 

d
u

rin
g
 
sp

rin
g
 

and 
sum

m
er 

1974-0 
'

S
p

ain

(io
 

T
o
rre)

R
esearch

 w
as 

c
a
rrie

d
 

o
u
t 

on w
ater 

p
o
llu

tio
n
 
in
 
th

e 
B

ay 
o
f 

P
alm

a 
de 

M
ajo

rca, 
p
ro

d
u

ced
 

by 
c
ity

 
sew

ag
e. 

S
p

e
cia

l 
a
tte

n
tio

n
 w

as 
p
aid

 
to
 
th

e 
e
ffe

c
t 

o
f 

e
u
tro

p
h
ic

a
tio

n
, 

show
ing 

a 
zo

n
atio

n
 
in
 re

la
tio

n
 
to
 

th
e 

in
te

n
sity

 
o
f 

th
e 

in
flu

x
 
o
f 

sew
age.

A
 
stu

d
y
 

on 
sew

age 
p

o
llu

tio
n
 
in

 M
ahon H

arb
o
u
r w

as 
sta

rte
d
 
in
 
th

e 
autum

n 
o
f 

1974. 
P

aram
eters 

to
 

be 
stu

d
ie

d
 
a
re 

§ 
c
h
lo

ro
p
h
y
ll 

d
istrib

u
tio

n
, 

p
h
y
to

­
p
lan

k
to

n
 and 

zo
o

p
lan

k
to

n
 
co

m
p
o
sitio

n
, 

n
itrite

s
, 

n
itra

te
s
 

and 
p
h
o
sp

h
ates, 

d
isso

lv
e
d
 

o
x
y
g
en

, 
and 

E
. 

c
o

li 
and 

S
trep

to
co

ccu
s 

fe
c
a
lis 

d
istrib

u
tio

n
.

T
he 

stu
d
y
 

on 
th

e 
su

lp
h
u
r 

c
o

n
ten

t 
in
 
th

e 
b
o
tto

m
 
d

e
p

o
sits 

o
f 

th
e 

R
ia 

de 
P

o
n
tev

ed
ra w

as 
co

n
tin

u
ed

.

T
he 

co
m

p
arativ

e 
stu

d
y
 

on 
ato

m
ic 

a
b
so

rp
tio

n
 

an
d 

flam
e 

p
h

o
to

m
etry

 
to

 
e
v

a
lu

a
te 

th
e 

lith
iu

m
 
c
o

n
ten

t 
in
 
sea w

ater, 
and 

its
 
a
p

p
lic

a
tio

n
 
to
 

th
e 

R
ia 

de 
¿
ro

sa
, 

w
as 

co
m

p
leted

.

T
e
sts 

on a
rtific

ia
l 

fe
ed

in
g
 
in
 
th

e 
clam

 V
en

eru
p

is 
d
e
c
u
ssa

ta k
ep

t 
in

 
a
q
u
aria

 w
ere 

c
a
rrie

d
 

oui,.

T
ests 

w
ere 

m
ade 

on a
rtific

ia
l 

su
b
stra

te
s 

fo
r 

th
e 

se
ttin

g
 
o
f 

re
d
 
a
lg

a 
G

elid
iu

m
 
se

x
q

u
ip

e
d

a
le

.

W
ork 

on h
a
tch

e
ry
 re

a
rin

g
 
o
f _0. 

e
d
u
lis, 

V
. 

d
e
c
u

ssa
ta
 

and V
. 

p
u
lla

stra
 

w
as 

co
n
tin

u
ed

, 
le

ad
in

g
 
to
 
sa

tisfa
c
to

ry
 re

su
lts

.

S
w

eden

(H
o 

A
ck

efo
rs 

&
 B

o
l. 

D
ybern)

B
a
ltic

 
S

ea

O
ff-sh

o
re 

in
v
e
stig

a
tio

n
s 

are 
c
a
rrie

d
 

o
u

t 
co

n
cern

in
g
 p

h
y
sic

a
l-c

h
em

ica
l, 

b
io

lo
g
ic

a
l 

and 
to

x
ic

o
lo

g
ic

a
l 

stu
d
ie

s. 
P

h
y
sica

l-c
h
e
m

ic
a
l 

in
v
e
stig

a
tio

n
s 

em
brace 

te
m

p
era

tu
re

, 
s
a
lin

ity
, 

oxygen, 
h
y
d
ro

g
e
n
-su

lp
h
id

e, 
pH

, 
n
u
trie

n
t 

s
a
lts

. 
T

he 
b
io

lo
g
ic

a
l 

in
v
e
stig

a
tio

n
s 

em
brace 

p
rim

ary
 p

ro
d
u
ctio

n
 

( 
4C

- 
te

c
h
n
iq

u
e), 

p
h
y
to

p
lan

k
to

n
 
fo

r 
q
u
a
lita

tiv
e
 

and 
q
u
a
n
tita

tiv
e
 
a
n

a
ly

sis 
an

d fo
r 

c
h
lo

ro
p
h
y
ll 

a 
and 

ch
em

ical 
a
n

a
ly

sis 
o
f 

C
sN

sP
, 

seco
n

d
ary

 p
ro

d
u
c
tio

n
 
o
f 

zo
o
p
lan

k
to

n
 

and m
icro

zo
o
p
lan

k
to

n
 

and 
in

v
e
stig

a
tio

n
s 

co
n
cern

in
g
 m

acro­
b

en
th

o
s. 

G
od, 

h
e
rrin

g
, 

p
la

ic
e
 

an
d 

flo
u
n
d
e
r 

h
av

e 
b

een
 
c
o

lle
c
te

d
 
fo

r 
a
n

a
ly

sis 
o
f 

c
h
lo

rin
a
te

d
 h

y
d
ro

carb
o
n
s 

and h
eav

y
 m

e
ta

ls. 
R

eg
io

n
al 

and 
lo

c
a
l 

in
v
e
stig

a
tio

n
s 

co
n
cern

in
g
 
th

e 
e
ffe

c
ts 

o
f 

sew
age 

w
ater 

d
isch

a
rg

e, 
in

d
u
stria

l 
w

aste 
an

d w
arm

 w
ater 

d
isch

a
rg

e 
from

 
pow

er 
p
la

n
ts.
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4* 
S

p
e
cia

l 
in

v
e
stig

a
tio

n
s 

h
av

e 
b
een

 
c
a
rrie

d
 

o
u

t 
in
 
co

n
n

ectio
n
 w

ith
 
p

re
se

n
t 

an
d fu

tu
re
 

w
arm

 w
ater 

d
isc

h
a
rg

e
s, 

e
.g

. 
a
t 

F
o
rsm

ark
 

and 
O

skarsham
n- 

S
im

p
ev

arp.

5. 
S

w
eden 

and F
in

lan
d
 h

av
e 

sta
rte

d
 

a 
com

m
on program

m
e 

fo
r 

in
v
e
stig

a
tio

n
s 

in
 
th

e 
B

ay 
o
f 

B
o

th
n

ia.

U
n
ited

 K
ingdom

Io 
E

n
g
lan

d
 

(A
o
P

resto
n
)

1
. 

F
ish

 
C

u
ltiv

a
tio

n
 - F

ish
e
rie

s 
L

ab
o
rato

ry
, 

L
o
w

esto
ft

T
u
rb

o
t

L
arv

al 
re

a
rin

g

E
a
rlie

r 
su

ccesses 
w

ith
 
la

rv
a
l 

tu
rb

o
t 

w
ere 

ach
iev

ed
 

by u
sin

g
 
la

rg
e
 
re

a
rin

g
 

tan
k
s 

(fro
m
 

5 
000 

l). 
S

u
rv

iv
a
l 

w
as 

p
o

o
r, 

fo
r 

reaso
n
s 

n
o

t 
fu

lly
 u

n
d
ersto

o
d

 
and 

d
iffic

u
lt 

to
 

ex
p
lo

re 
w

ith
o
u
t 

m
assiv

e 
fa

c
ilitie

s
. 

T
ria

ls 
o
f 

sm
a
lle

r 
sy

stem
s 

w
ere 

th
e
re

fo
re
 
u

n
d

ertak
en

?

a) 
la

rg
e
 

tan
k
s 

w
ith

 
in
 
s
itu

 p
ro

d
u
ctio

n
 o

f 
a
lg

a
e 

an
d ro

tife
rs

 ?

b
) 

as 
a
), 

b
u

t w
ith

 
la

rv
a
e 

h
eld

 
in
 
su

sp
en

d
ed
 
c
h
iffo

n
 
cag

es 
(60x

30x
30 

cm
)?

c) 
sm

all 
tan

k
s 

(300 
l) 

w
ith

 in
 
s
itu

 p
ro

d
u
ctio

n
 
o
f 

alg
ae 

an
d 

ro
tife

rs £

d) 
sm

all 
tan

k
s 

(300 
l) 

in
c
o
rp

o
ra

tin
g
 b

io
lo

g
ic

a
l filte

rs
 

w
ith

 
la

rv
ae

 
re

ta
in

e
d
 
in
 
c
h

iffo
n
 
cag

es?

e) 
sm

all 
tan

k
s 

(30 
l) 

w
ith

 
ad

d
ed 

ro
tife

rs
 

and 
m

u
ssel 

la
rv

a
e
.

A
li 

fiv
e
 

sy
stem

s 
p

ro
d

u
ced

 m
etam

orphosed 
fish

 w
ith

 
b
e
st 

su
rv

iv
a
ls 

of 
2io -

6$
 in

 
b 

and 
e. 

O
ne 

la
te
 
tria

l u
n

d
er 

sy
stem

 
b

, 
u
sin

g
 
tu

rb
o
t/b

rill 
h
y
b
rid

s, 
p
ro

d
u
ced

 
50^

 
su

rv
iv

a
l 

to
 
la

te
 
stag

e
 
4

®

E
a
rly

 fe
e
d
in

g
 

on 
ro

tife
rs
 

now
 
ap

p
ears 

to
 

be 
easy

 
to
 

ach
iev

e 
and m

o
rta

litie
s 

o
ccu

r m
o
stly

 
d
u
rin

g
 
th

e 
p
e
rio

d
 
a
fte

r w
ean

in
g
 

o
n

to
 
A

rtem
ia n

a
u
p
lii.

S
tu

d
ies 

o
f 

g
u
i 

c
o
n
te

n
ts, 

h
o
w

ev
er, 

re
v

ea
led

 
th

a
t 

tu
rb

o
t'/b

ri 11 
h
y
b
rid

s 
feed

 
m

uch m
ore 

h
e
a
v
ily

 
on ro

tife
rs
 

th
an

 
do 

tu
rb

o
t 

and 
h
av

e 
a m

uch b
e
tte

r 
su

rv
iv

a
l. 

It 
rem

ain
s 

p
o
ssib

le
 
th

e
re

fo
re
 
th

a
t 

th
e 

in
itia

l 
fe

ed
in

g
 
le

v
e
l 

in
 
tu

rb
o
t 

is
 
s
till 

in
a
d

eq
u

a
te.

S
tu

d
ies 

o
f 

g
u

t 
c
o

n
te

n
ts 

a
iso

 
re

v
e
ale

d
 

an
 
a
sso

c
ia

tio
n
 b

etw
een

 
la

rv
a
l 

p
ig

­
m

en
tatio

n
 

and 
fe

ed
in

g
 
ra

te
5 

h
e
a
v
ily

 
p
ig

m
en

ted
 

(b
la

ck
) 

la
rv

ae
 

h
ad 

le
ss 

fo
o
d
 
in

 th
e
 
g
u
t 

th
an
 
th

e 
m

ore 
lig

h
tly

 
co

lo
u
red

 
(brow

n) 
in

d
iv

id
u
a
ls. 

'
C

o
lo

u
r 

w
as 

re
v
e
rsib

le
 

an
d 

d
ep

en
d
en

t 
on b

ack
g

ro
u

n
d
 

- 
b
lack

 
on 

lig
h

t 
b
ack

­
g
ro

u
n
d
 

and 
brow

n 
on 

darko

O
n-grow

ing

0
-g

ro
u

p
 
tu

rb
o
t 

w
ere 

grow
n in

 
a c

lo
se

d
 
c
irc

u
it 

sy
stem

 
o
f 

4 
000 

1 
c
a
p

a
c
ity

. 
D

u
rin

g
 

IO
 

m
onths 

g
ro

w
th
 
a
t 

1
2
°-1

5
°C

, 
m

ean w
eig

h
t 

in
c
re

a
se

d
 

fro
m
 

5
.7

g
 
to

 
2
1
4
.6

g
 w

ith
 

98cfo 
su

rv
iv

a
l. 

F
in

a
l 

lo
ad

in
g
 

o
f 

th
e 

sy
stem

 
co

m
p
rised

 
40 kg 

fis
h
.

3
-g

ro
u

p
 
tu

rb
o
t 

re
a
re

d
 

fro
m
 

0
-g

ro
u
p
s 

on 
a 

d
ie

t 
o
f 

tra
sh

 fis
h
 
m

atu
red

 
s
a
tis

fa
c
to

rily
 

and 
p

ro
d

u
ced

 good 
q
u
a
lity

 
eg

g
s 

a
fte

r 
one 

y
e
a
r 

a
t 

am
b
ien

t 
tem

p
eratu

re 
le

v
e
ls.
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S
o
le

O
ver 

20 
000 m

etam
orphosed 

so
le 

w
ere 

p
ro

d
u
ced

, 
95$ o

f 
w

hich w
ere 

n
o

rm
ally

 
p
ig

m
en

ted
. 

F
u
rth

e
r w

ork w
ith

 
th

is 
sp

e
cie

s 
is
 
d

e
fe

rre
d
 

p
en

d
in

g
 p

ro
g
re

ss 
to

w
ard

s 
a 

so
lu

tio
n
 

o
f 

th
e 

fe
ed

in
g
 p

ro
b
lem

s a
sso

c
ia

te
d
 w

ith
 
th

e 
o
n
-g

ro
w

in
g

 
p

h
ase.

H
alib

u
t

F
e
rtile

 
eg

g
s 

w
ere 

re
c
eiv

e
d
 

from
 

C
anada 

an
d N

orw
ay• 

N
o 

la
rv

a
e
 

su
rv

iv
ed

 
beyond 

5 
d
ay

s 
a
fte

r 
h
a
tc

h
in

g
.

M
ales 

in
 a re

sid
e
n
t 

sp
aw

n
in

g
 
sto

ck
 m

atu
red

 
fo

r 
th

e 
seco

n
d
 
y
e
a
r. 

O
ne 

fem
ale 

o
v
u
lated

 
in
 M

ay 
1974, 

a
n
o
th

e
r 

in
 N

ovem
ber 

1974 
and 

se
v
e
ra

l 
fem

ales 
p
ro

d
u

ced
 

eg
g
s 

in
 F

eb
ru

ary
 

1975« 
A h

a
tch

e
ry
 program

m
e 

is
 
in
 
h

an
d

0

2
. 

F
ish

 C
u
ltiv

a
tio

n
 
- 

F
ish

e
rie

s 
L

ab
o
rato

ry
, 

P
o
rt 

E
rin

 

T
u
rb

o
t

L
arv

al 
re

a
rin

g

S
u

rv
iv

a
l 

fro
m
 

egg 
to
 

m
etam

o
rp

h
o
sis w

as 
p
o
o
r, 

o
n

ly
 190 

fish
 w

ere 
re

a
re

d
 

beyond m
etam

o
rp

h
o
sis. 

T
he 

v
a
lu

e 
o
f 

th
e 

p
resen

ce 
o
f 

a
lg

a
e 

d
u
rin

g
 
th

e 
ro

tife
r 

fe
e
d
in

g
 
stag

e
 

w
as 

co
n
firm

ed
 
fo

r 
tu

rb
o

t 
an

d 
lem

on 
so

le
. 

F
ish

 o
f 

th
e 

la
tte

r 
sp

e
cie

s w
h
ich

 h
ad 

re
ce

iv
ed

 
ro

tife
rs
 
w

ith
o
u
t 

alg
ae 

show
ed 

a p
o

o
rer 

g
ro

w
th
 ra

te
 
a
fte

r m
etam

o
rp

h
o

sis 
w

hen com
pared 

to
 
fis

h
 w

h
ich h

ad
 
re

c
eiv

e
d

 
ro

tife
rs
 
p
iu

s 
alg

ae«
 

T
h
is 

d
em

o
n
strates 

th
e 

p
o
te

n
tia

l 
lo

n
g
 

term
 
e
ffe

c
t 

o
f 

d
iffe

re
n
c
e
s 

in
 fo

o
d
 
q

u
a
lity

 
in
 
e
a
rly

 
la

rv
a
l 

life
.

A
rtem

ia m
e
tan

a
u

p
lii, 

u
sed

 
as 

fo
o
d
 
fo

r 
la

te
 

stag
e
 
tu

rb
o

t 
la

rv
a
e
, 

h
av

e 
b

een
 

re
a
re

d
 
to
 m

a
tu

rity
 in

 ab
o
u
t 

14 
d

ay
s 

a
t 

24°C
 

on 
a 

d
ie

t 
o
f 

b
ak

ers 
y
e
a
st, 

u
sin

g
 

50 
1 

v
e
rtic

a
l 

colum
ns 

and 
co

n
tin

u
o

u
s 

w
ater 

c
irc

u
la

tio
n
.

Ju
v
e
n
ile
 

stu
d
ie

s
G

row
th w

as 
d
ep

ressed
 w

hen pC
O

^ 
in

c
re

a
se

d
 

above 
1
0
-1

3
 x
 

13* ^ 
a
tm

., 
g
iv

in
g

 
a pH

 
o
f 

b
elo

w
 

6«8-6«7« 
N

itrite
 
n
itro

g
e
n
 
c
o
n
c
e
n
tra

tio
n
s 

up 
to
 

23 m
g
/litre

 
had 

no 
e
ffe

c
t 

on g
ro

w
th

. 
In
 
fre

sh
w

a
te

r, 
salm

on 
and 

tro
u
t 

a
re
 
k
ille

d
 
a
t 

le
v
e
ls 

below
 

1 
m

g n
itrite

-n
itro

g
e
n
/litre

.

D
over 

S
ele

W
eaning 

o
f 

20 m
m
 
so

le
 

o
n
to
 

a 
siev

e
d
 
d
ry
 p

a
rtic

le
 

g
av

e 
v

a
ria

b
le
 
m

o
rta

lity
, 

2
5
-8

9
$
, 

an
d p

o
o
r g

ro
w

th
. 

W
eaning 

o
n
to
 

a p
a
ste

 
o
f 

h
o
m

o
g
en

ised 
fro

z
en

 m
u

ssel 
g

av
e 

lo
w

er m
o
rta

lity
 
1

8
-2

3
$
 and 

b
e
tte

r 
g
ro

w
th

. 
A

li 
su

b
seq

u
en

t 
fe

ed
in

g
 h

as 
b

een
 

w
ith

 m
o
ist 

p
e
lle

ts 
o
f 

40$
 w

ater 
c
o
n
ten

t 
b

ased
 

on d
ry

 pow
dered 

c
o
n
stitu

e
n

ts. 
T

hese 
h
av

e 
g

iv
en

 g
ro

w
th
 ra

te
s 

o
f 

0
.6

-0
.7
 

m
m

/day 
on 

d
ie

ts 
ran

g
in

g
 from

 
100$ 

m
u

ssel 
to
 

50$ m
u
ssel, 

50$ fis
h
. 

T
h
is 

co
m

p
ares 

w
ith

 g
ro

w
th
 ra

te
s 

o
f 

0
.7

­
0

.9
 

m
m

/day fo
r 

fis
h
 
o
f 

sim
ila

r 
siz

e
 
fe

ed
in

g
 

on L
u

m
b

ric
illu

s.

D
isease 

stu
d
ie

s

T
u
rb

o
t 

la
rv

a
e
 

show
ed 

an
 in

c
rea

se
d
 
in

c
id

en
c
e 

o
f V

ib
rio

 
p

rio
r 

to
 
m

o
rta

lity
. 

H
isto

lo
g
ies,1 

ex
am

in
atio

n
 

show
ed 

la
rg

e
 

num
bers 

o
f 

b
a
c
te

ria
 
in
 
th

e
 
g
u
t 

and 
d
eg

en
erativ

e 
ch

an
g

es 
in
 g

u
t 

e
p

ith
eliu

m
. 

T
he 

in
c
id

en
c
e 

o
f 

h
e
p
a
to

-re
n
a
l 

sy
n

­
drom

e 
in
 
ju

v
e
n

ile
 
tu

rb
o
t 

w
as 

ab
o
u
t 

30$
 and w

as 
u
n
re

la
te

d
 
to
 
d
ie

t, 
w

ater 
co

n­
te

n
t 

o
r 

fe
ed

in
g
 le

v
e
l. 

T
he 

c
o

n
d

itio
n
 h

as 
a
iso

 
b
een

 n
o
ted

 
in
 D

over 
so

le 
and 

p
o
ssib

le
 
cau

ses 
a
re 

b
ein

g
 
in

v
e
stig

a
te

d
.

3» 
M

arin
e 

P
o

llu
tio

n
 - 

F
ish

e
rie

s 
L

ab
o
rato

ry
, 

B
urnham

-on-C
rouch

 

M
o
n
ito

r!n
g
 In

v
e
stig

a
tio

n
s

T
he 

tw
ice 

y
e
a
rly

 
sam

p
lin

g
 

an
d 

a
n

a
ly

sis 
program

m
e 

fo
r 

co
d
, 

w
h
itin

g
, 

p
la

ic
e
, 

h
e
rrin

g
 

and 
m

ack
erel 

from
 

9 
p
o
rts 

aro
u

n
d
 E

n
g
lan

d
 

an
d 

W
ales 

w
as 

m
ain

tain
ed

.



A
s 

an 
e
x
ten

sio
n
 
o
f 

th
is 

stu
d
y
 
a m

ethod 
h

as 
b
een

 
d

ev
elo

p
ed
 
fo

r ro
u
tin

e
 

a
n

a
ly

sis 
o
f 

a
rse

n
ic
 
in

 fis
h
 an

d
 
s
h
e
llfish

 an
d 

th
e 

m
ethod 

h
as 

b
een

 u
sed

 
on 

som
e 

o
f 

th
e 

ro
u
tin

e
 

sam
p
les 

as 
p
a
rt 

o
f a 

su
rv

ey
 
o
f 

a
rse

n
ic
 
le

v
e
ls 

in
 

fis
h
 

and 
s
h

e
llfis

h
 fro

m
 aro

u
n

d
 
th

e 
U

n
ited

 K
ingdom

. 
F

u
rth

e
r 

im
p
ro

v
em

en
ts 

h
av

e 
b

een
 m

ade 
in
 
th

e 
m

ethod u
sed

 
fo

r m
ercu

ry
 

and m
ost 

o
f 

th
e 

so
u

rces 
o
f 

e
rro

r h
av

e 
b

een
 
e
lim

in
a
te

d
. 

T
he 

m
ethod h

as 
b

een 
d
e
scrib

e
d
 
in

 d
e
ta

il 
and 

is 
in

ten
d

ed
 
fo

r p
u
b
lic

a
tio

n
.

T
he 

re
s
u
lts 

o
f 

th
e 

e
n

tire
 
m

o
n
ito

rin
g
 
o
p
e
ra

tio
n
s 

1
9

7
1

-1
9

7
3 

in
c
lu

siv
e
 

have 
b

een
 co

m
p

iled
 

and 
a re

p
o
rt 

p
rep

ared
 
fo

r 
p
u
b
licatio

n
®
 

In
 
th

e 
co

u
rse 

o
f 

th
e 

co
m

p
ilatio

n
 
it 

becam
e 

ap
p

aren
t 

th
a
t 

th
e 

n
o

n
-ro

u
tin

e 
sam

p
lin

g
 h

as 
b

een
 

v
ery

 
sc

a
tte

re
d
 

an
d 

h
as 

so
m

etim
es 

b
o
rn

e 
little

 
re

la
tio

n
sh

ip
 

to
 

th
e 

a
rea

s 
w

hich
 
a
re 

m
ost 

im
p

o
rtan

t 
in
 

term
s 

know
n 

in
p
u
ts 

o
f 

p
o
llu

tio
n
 
o
r 

q
u
a
n
titie

s 
o
f 

fish
 
cau

g
h

t. 
A

s 
a re

su
lt 

p
la

n
s 

a
re 

now
 
in

 p
re

p
a
ra

tio
n
 fo

r 
a 

su
b
sta

n
tia

lly
 

in
c
re

a
se

d
 m

o
n
ito

rin
g
 

program
m

e 
ta

k
in

g
 
acco

u
n

t 
o
f 

th
e
se
 
n
eed

s. 
M

ost 
m

ajo
r 

fish
in

g
 a

re
a
s 

w
ill 

be 
sam

p
led 

and 
p

a
rtic

u
la

r 
a
tte

n
tio

n
 w

ill 
be 

p
aid

 
to
 

th
e 

N
o
rth

 
S

ea 
a
re

a
. 

A
ttem

p
ts 

w
ill 

be 
m

ade 
to
 
lin

k
 

th
e 

program
m

e 
w

ith
 
th

e 
sea 

w
ater 

sam
p
lin

g
 

and 
a
n
a
ly

sis 
program

m
e 

o
f 

th
e 

L
o
w

esto
ft L

a
b

o
ra

to
ry

.

D
in

o
fla

g
e
lla

te
 
to

x
ic

ity

A
nnual 

m
o
n

ito
rin

g
 
o
f 

th
e 

n
o

rth
-e

a
st 

c
o
a
st 

o
f 

E
n
g
lan

d
 
fo

r 
th

e 
p

resen
ce 

o
f d

in
o
fla

g
e
lla

te
 

to
x
in

s 
in

 m
u
ssels 

co
n
tin

u
ed

. 
R

eg
u
lar w

eek
ly
 

sam
p

les 
w

ere 
c
o
lle

c
te

d
 

from
 
th

e 
n
o
rth

-e
a
st 

c
o
a
st 

b
etw

een
 M

arch and 
A

u
g
u
st. 

O
f 

122 
sam

p
les 

ex
am

in
ed

, 
IO
 y

ie
ld

e
d
 
d

e
te

c
ta

b
le
 to

x
ic

ity
. 

T
o

x
ic

ity
 firs

t 
ap

p
eared

 
a
t 

B
erw

ick 
in

 m
id-M

ay an
d w

as 
s
till 

e
v
id

en
t 

a
t 

S
u
n
d
erlan

d
 

and 
H

a
rtle

p
o
o
l 

a
t 

th
e 

end 
o
f 

Ju
n

e. 
W

ith 
th

e 
ex

cep
tio

n
 
o
f 

tw
o 

sam
p

les 
tak

en
 

a
t 

H
a
rtle

p
o
o
l 

in
 Ju

n
e w

h
ich

 
co

n
tain

ed
 

1 
13O 

an
d 

2 
730 

m
ouse 

u
n
its 

(m
.u

.) 
o
f 

to
x
in

/lO
O
 

g 
s
h
e
llfis

h
 
a
li 

to
x
ic
 

sam
ples 

rem
ain

ed
 

below
 

th
e 

safe 
lim

it 
o
f 

400 
m

.U
o/iO

O
 
g
.

N
o 

bloom
s 

o
r u

n
u
su

al 
b
io

lo
g
ic

a
l 

ev
en

ts 
w

ere 
reco

rd
ed
 
in
 
th

e 
a
rea

 
d
u
rin

g
 

th
e 

y
e
a
r 

and 
p
h
y
to

p
lan

k
to

n
 a

n
a
ly

sis 
o
f m

u
ssel 

g
u
ts 

d
id
 
n
o
t 

re
v
e
a
l 

la
rg

e
 

num
bers 

o
f 

d
in

o
fla

g
e
lla

te
. 

T
o

x
ic

ity
 a

t 
H

a
rtle

p
o
o
l 

an
d 

S
u
n
d
erlan

d
 w

as 
a
sso

c
ia

te
d
 w

ith
 
th

e 
p

resen
ce 

o
f 

G
o
n
y
au

lax
 
tam

aren
sis 

(e
x
ca

v
a
ta?) 

and 
G

o ry
an

i ax
 

sp
. 

in
 num

bers 
n

o
t 

le
ss 

th
an

 
th

o
se 

fo
u
n
d
 

elsew
h
ere? 

a
t 

B
erw

ick 
P

e
rid

in
iu

m
 
sp

. 
w

as 
d
o
m

in
an

t w
hen 

to
x
ic

ity
 w

as 
d

e
tec

ted
 
in

 m
u

ssels.

W
ith 

th
e 

su
g

g
e
stio

n
 
th

a
t 

th
e 

to
x

ic
 

form
 

o
f 

G
o
n
y
au

lax
 

tam
aren

sis 
sh

o
u

ld
 

now
 

be 
c
a
lle

d
 

G
onyaulax 

ex
cav

ata it 
is
 

p
lan

n
ed
 

to
 

sen
d
 
re

p
re

se
n

ta
tiv

e
 

sam
p

les 
o
f 

p
h
y
to

p
lan

k
to

n
 

from
 
th

e 
1975 

program
m

e 
to
 

th
e 

U
SA
 
in
 
o
rd

e
r 

th
a
t 

a m
ore 

p
re

c
ise

 
id

e
n
tific

a
tio

n
 
can

 
be 

m
ade.

E
c
o
lo

g
ic

a
l 

in
v
e
stig

a
tio

n
s

a
. W

astes 
dum

ped 
a
t 

sea

W
ith 

th
e 

p
a
ssin

g
 
o
f 

th
e B

um
ping 

a
t 

S
ea A

ct 
(1

9
7
4
) 

th
e 

M
in

istry
 
o
f 

A
g
ric

u
ltu

re
, 

F
ish

e
rie

s 
and F

ood 
h

as 
assum

ed 
sta

tu
to

ry
 
c
o
n
tro

l 
o
v
er 

th
e 

d
isp

o
sa.! 

o
f w

astes 
by 

dum
ping 

aro
u

n
d
 
th

e 
U

K
 c

o
a
st. 

T
he 

s
u
ita

b
ility

 
o
f 

p
ro

p
o

sed
 

and 
e
x
istin

g
 

dum
ping g

ro
u
nd

s an
d 

th
e 

e
ffe

c
ts 

o
f w

aste 
d
is­

p
o
sa

l 
on 

th
e 

fis
h
e
rie

s 
and g

e
n

era
l 

eco
lo

g
y
 
o
f 

th
e 

a
re

a
 h

av
e 

b
een

 in
v

e
stig

­
a
te

d
. 

T
he 

m
ag

n
itu

d
e 

an
d 

d
iffic

u
lty

 
o
f 

th
e 

ta
sk

 h
as 

re
su

lte
d
 
in
 
th

e 
B

urnham
-on-G

rouch
 L

ab
o
rato

ry
 g

iv
in

g
 m

uch 
a
tte

n
tio

n
 
to
 

th
e 

p
ro

b
lem

 
o

v
er 

th
e 

p
a
st 

y
e
a
r 

an
d 

th
e 

d
ev

elo
p
m

en
t 

o
f 

a 
ra

p
id
 
assessm

en
t 

ap
p
ro

ach
.

T
he 

aim
 is

 
to
 
u
n
d
ertak

e 
a 

sy
n
o
p
tic 

su
rv

ey
 

o
f 

th
e 

a
re

a
 

and 
to
 
g

a
in
 
as 

m
uch 

in
fo

rm
a
tio

n
 

on 
v

a
rio

u
s 

a
sp

ec
ts 

o
f 

th
e
 
a
re

a
 
as 

p
o
ssib

le
 
in
 
th

e 
lim

ite
d

 
tim

e 
a
v
a
ila

b
le

. 
T

he 
n

a
tu

re
 

an
d 

e
x
te

n
t 

o
f 

a fie
ld
 
in

v
e
stig

a
tio

n
s 

d
e­

p
en

d
s 

upon 
th

e 
p
re

c
ise

 
ax

ea 
in
 
q
u
e
stio

n
, 

its
 
fish

e
rie

s 
and 

th
e 

w
aste 

it 
is
 
re

c
e
iv

in
g
. 

H
ow

ever, 
m

uch 
o
f 

th
e 

em
p

h
asis 

o
f 

th
e 

in
v
e
stig

a
tio

n
 

rem
ain

s 
on 

a
sse

ssin
g
 

th
e 

sta
tu

s 
o
f 

th
e 

b
en

th
o
s 

(b
o

th
 
in

-fa
u
n
a
 

and



'¿2 
-

ep
ifam

ia) 
in
 re

la
tio

n
 
to
 

th
e 

sed
im

en
t 

ty
p
es 

p
re

se
n
t. 

H
ow

ever, 
in

ste
a
d

 
o
f 

d
e
ta

ile
d
 
la

b
o
ra

to
ry
 
id

e
n
tific

a
tio

n
, 

th
e 

fau
n
a 

is 
an

aly
sed

, 
as 

fa
r 

as 
p
o
ssib

le
, 

o
n

-b
o

ard
 

an
d 

o
n
ly
 
sed

im
en

t 
sam

p
les 

a
re 

re
tu

rn
e
d
 
to
 
th

e 
L

ab
o

ra­
to

ry
 fo

r p
a
rtic

le
 

siz
e
/o

rg
a
n
ic
 
a
n
a
ly

sis„

It 
is
 
p
o
ssib

le 
by 

th
is 

m
ethod 

to
 

d
eterm

in
e 

th
e 

m
ain fa

u
n
a
l 

com
ponents 

and 
co

m
m

u
n

ities, 
and 

so 
allo

w
 

co
m

p
ariso

n
 w

ith
 fu

tu
re
 
y

e
a
rs 

an
d 

fo
r 

g
ro

ss 
ch

an
g
es 

to
 

be 
d
etected«

,

T
he 

o
th

e
r 

im
p

o
rtan

t 
a
sp

e
c
t 

o
f 

th
e
se
 

sy
n

o
p

tic 
su

rv
ey

s 
is
 
th

e 
c
o

lle
c
tio

n
 
o
f 

fish
, 

b
en

th
o
s 

and 
sed

im
en

ts 
fro

m
 
th

e 
v
ic

in
ity

 
o
f 

th
e
 

dum
ping g

ro
u
n
d
s 

fo
r 

ch
em

ical 
a
n

a
ly

sis 
in
 
o
rd

e
r 

th
a
t 

th
e 

p
o
ssib

le
 
accu

m
u

latio
n
 

o
f 

p
e
rsiste

n
t 

su
b
stan

ces 
m

ay be 
m

o
n
ito

red
„

U
sin

g
 
th

is 
g
e
n
era

l 
ap

p
ro

ach
 
th

e 
m

ajo
r 

dum
ping g

ro
u
n
d
s 

aro
u

n
d
 E

n
g
lan

d
 

and 
W

ales 
h
av

e 
heeri 

su
rv

ey
ed
 
d

u
rin

g
 
th

e
 
p

a
st 

y
e
a
r 

to
 

d
eterm

in
e 

th
e 

d
istrib

u
tio

n
 

o
f 

sed
im

en
ts 

and 
b
en

th
o
s 

and 
th

e
ir m

etal 
co

n
ten

to
 

V
a
ria

tio
n
s 

on 
th

is 
b
a
sic

 
ap

p
ro

ach
 w

ill 
be 

em
ployed 

in
 fu

tu
re
 
y
e
a
rs 

to
 

su
p

p
lem

en
t 

an
d 

ex
ten

d
 

o
rig

in
a
l 

su
rv

e
y

s„

bo 
G

rav
el 

e
x
tra

c
tio

n
D

u
rin

g
 
th

e 
p
a
st 

y
e
a
r a

 
stu

d
y
 h

as 
b
een

 in
itia

te
d
 
to
 

d
eterm

in
e 

(i) 
th

e 
im

p
o
rtan

ce 
o
f 

th
e 

b
en

th
o
s 

a
s 

fish
 
fo

o
d
 
in
 

an a
re

a
 

o
f 

g
ra

v
e
l 

su
b

stra
te

s 
and 

(ii) 
w

h
eth

er an
y
 

ch
ang

e 
in
 
sp

e
cie

s 
co

m
p

o
sitio

n
 
o
r 

ab
u
n
d
an

ce 
o
f 

th
e
se 

an
im

als 
cau

sed
 b

y
 g

ra
v
e
l 

e
x
tra

c
tio

n
 is

 
lik

e
ly
 
to
 
re

su
lt 

in
 
ch

an
g

es 
in

 
th

e
 
a
c
c
e
p

ta
b

ility
 

o
f 

th
e 

a
re

a
 

as 
a 

fe
e
d
in

g
 g

ro
u

n
d
 
to
 
v
a
rio

u
s 

sp
e
cie

s 
o
f 

fish
o
 

D
istin

c
tio

n
 h

as 
b

een
 m

ade 
b
etw

een
 
se

d
en

ta
ry
 
an

im
als 

th
a
t 

liv
e

 
in
 

th
e 

sed
im

en
t 

(in
-fa

u
n

a
), 

w
hose 

re
c
o
lo

n
isa

tio
n
 w

ill 
be 

d
ep

en
d
en

t 
m

ain
ly

 
upon re

c
ru

itm
en

t 
o
f 

la
rv

a
e
 

from
 
o

u
tsid

e
 
p

o
p

u
latio

n
s 

(c
o

lo
n

isa
tio

n
 by 

th
e
se

 
an

im
als 

is
 
th

e
re

fo
re
 
lik

e
ly
 
to
 

be 
re

la
tiv

e
ly
 
slo

w
) 

and m
o
b
ile 

su
rfa

c
e

­
liv

in
g
 
ep

i-fau
n
a? 

th
e 

m
ig

ra
tio

n
 
o
f 

th
e 

la
tte

r 
in

to
 
a
 dredged a

re
a
 m

ay 
be 

th
e 

m
eans 

o
f 

m
ore 

ra
p

id
 re

co
v

e
ry

. 
S

im
ila

r 
d

istin
c
tio

n
 

w
ill 

be 
m

ade 
b
etw

een
 
fish

 
sp

e
cie

s 
th

a
t 

fe
ed

 m
ain

ly
 

on 
e
p
i-b

e
n
th

ic
 
fau

n
a 

an
d 

th
o
se 

th
a
t 

tak
e 

m
ain

ly
 
in

-fa
u
n
a
,

D
u
rin

g
 
th

e 
p
a
st 

y
ea

í, 
th

e 
d
istrib

u
tio

n
 

an
d 

ab
u
n
d
an

ce 
o
f 

th
e 

re
sid

e
n

t 
e
p

i­
fau

n
a 

an
d
 
in

-fa
u

n
a
 m

 
an
 
e
sta

b
lish

e
d
 
d
red

g
in

g
 
a
re

a
 an

d 
in

 a n
earb

y
 
c
o
n
tro

l 
a
re

a
 h

as 
b
een

 d
eterm

in
ed
 
q

u
a
n

tita
tiv

e
ly

 by g
rab

b
in

g
 an

d 
beam

 
tra

w
lin

g
.

T
h
is 

sam
p
lin

g
 program

m
e w

ill 
co

n
tin

u
e 

once 
in

te
n

siv
e
 

d
red

g
in

g
 

com
m

ences 
in

 
o
rd

e
r 

to
 

d
eterm

in
e 

its
 
e
ffe

c
ts 

and 
th

e 
ra

te
 

o
f 

re
c
o
lo

n
isa

tio
n
 
o
f 

th
e 

v
a
rio

u
s 

com
ponents 

o
f 

th
e 

b
en

th
o
s.

S
tep

s 
h
av

e 
b
een

 
tak

en
 
to
 

com
ply w

ith
 
th

e 
re

q
u
e
st 

o
f 

th
e
 W

orking 
G

roup 
on 

"E
ffe

c
ts 

on fis
h

e
rie

s 
o
f m

arin
e 

san
d
 
an

d
 g

ra
v
e
l 

e
x
tra

c
tio

n
88 

to
 
p

ro
v

id
e 

in
fo

rm
atio

n
 

on an 
an

n
u
al 

b
a
sis 

on m
arin

e 
san

d 
and 

g
ra

v
e
l 

e
x
tra

c
tio

n
 in

 
th

e
ir 

se
c
to

r.

LA
BO

RA
TO

RY
 IN

V
ESTIG

A
TIO

N
'S

a
. 

T
o

x
ic

ity
 
te

sts

T
he 

b
io

lo
g

ic
a
l 

assessm
en

t 
o
f 

in
d
u
stria

l w
astes 

in
ten

d
ed

 
fo

r 
d
isp

o
sa

l 
a
t 

sea h
as 

co
n
tin

u
ed
 
to
 

be 
b
ased

 
on a 

ro
u
tin

e
 
b
io

a
ssa

y
 
tech

n
iq

u
e 

in
 w

h
ich 

th
e 

in
c
ip

ie
n
t le

th
a
l 

c
o

n
c
e
n

tra
tio

n
 
o
f 

th
e
 w

aste 
to
 

brow
n 

sh
rim

p
 

(C
ran

g
o

n C
ran

g
o
n

) 
an

d 
to
 
th

e
 

arm
ed 

b
u
llh

ead
 

(A
gonus 

c
a
ta

p
h
ra

c
tu

s) 
is
 

c
a
lc

u
la

ted
«
 

T
hese 

ro
u
tin

e
 
te

s
ts
 
fo

r 
a
c
u

te 
to

x
ic

ity
 have 

b
een

 
su

p
p

o
rted

 
by 

ex
p

erim
en

ts 
to
 
d
e
te

r­
m

ine 
th

e 
in

flu
e
n

c
e 

o
f 

d
iffe

re
n
t 

te
stin

g
 p

ro
ced

u
res 

on 
th

e 
le

th
a
l 

c
o

n
c
e
n

tra
tio

n
, 

to
 

m
easu

re 
th

e 
s
u
s
c
e
p
tib

ilitie
s
 

o
f 

sh
rim

p
s 

o
f 

d
iffe

re
n
t 

siz
e
s 

an
d 

th
e 

re
la

tiv
e
 
s
u
s
c
e
p
tib

ilitie
s
 

o
f 

d
iffe

re
n

t 
te

s
t 

sp
e
c
ie

s. 
A

ttem
p
ts 

h
av

e 
b
een

 
m

ade 
to
 
p
re

d
ic

t 
th

e 
to

x
ic

ity
 

o
f 

m
ix

tu
res 

o
f 

w
astes 

fro
m
 

bhe 
to

x
ic

ity
 
o
f 

th
e
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in
d
iv

id
u
a
l 

com
ponents« 

T
hese 

re
s
u

lts 
and 

th
o
se 

o
f 

sim
ila

r 
ex

p
erim

en
ts 

h
av

e, 
in
 
c
o
n
ju

n
ctio

n
 w

ith
 fie

ld
 
o
b
se

rv
a
tio

n
s, 

m
ade 

it 
p
o
ssib

le 
to
 
d
e
fin

e
 

m
ore 

p
re

c
ise

ly
 
th

e 
d

isch
arg

e 
req

u
irem

en
ts 

fo
r 

th
e 

d
isp

o
sa

l 
v
e
sse

l,

b
. 

U
p

tak
e 

stu
d
ie

s

C
o
n
sid

erab
e 

e
ffo

rt 
tias 

en
ab

led
 
th

e 
U

K
 
to
 

m
ake 

sig
n

ific
a
n

t 
c
o
n
trib

u
tio

n
s 

to
 

th
e W

orking 
G

roup 
on 

d
e
g
ra

d
a
b
ility

 
o
f 

o
rg

an
o
h
alo

g
en

s 
se

t 
up 

u
n

d
er 

th
e 

a
u
sp

ic
e
s 

o
f 

th
e 

O
slo 

C
om

m
ission,. 

M
easu

rem
en

ts 
o
f 

b
io

 accu
m

u
lai io

n
 

o
f 

p
en

tas 
c
h

lo
ro

e
th

a
n

e
, 

p
en

tach
lo

ro
b

en
zen

e 
and 

d
ie

ld
rin

 
fro

m
 
sea w

ater by 
sh

rim
p

s, 
m

u
ssels 

and 
fis

h
 h

av
e 

en
ab

led
 
accu

m
u

latio
n
 
fa

c
to

rs 
fo

r 
th

e
se
 

com
pounds 

to
 

be 
c
a
lc

u
la

te
d
. 

S
im

ila
rly

, 
th

e
ir b

io
lo

g
ic

a
l 

h
a
lf-liv

e
s 

h
av

e 
b

een
 
d
eterm

in
ed
 

fro
m
 
lo

ss 
e
x
p
e
ri­

m
en

ts. 
T

he 
im

p
o
rtan

ce 
o
f 

th
e 

le
n

g
th
 

o
f 

th
e 

ex
p

o
su

re 
p

e
rio

d
, 

th
e 

c
o

n
ce

n
tra

tio
n

 
o
f 

th
e 

com
pound 

in
 
sea w

a
ter, 

th
e
 
siz

e
 

and 
c
o

n
d

itio
n
 

o
f 

th
e 

te
s
t 

o
rg

an
ism

s 
and 

th
e 

te
st 

sp
e
c
ie

s, 
in
 
d
eterm

in
in

g
 
th

e 
v

a
lu

es 
o
f 

accu
m

u
latio

n
 fa

c
to

r 
an

d 
b

io
lo

­
g

ic
a
l 

h
a
lf-life

 
h
av

e 
b
een

 
assessed

«

c
. 

L
o
n
g
-term

 
su

b
-le

th
a
l 

stu
d
ie

s

A
n 

in
c
re

a
sin

g
 

am
ount 

o
f 

a
tte

n
tio

n
 
is
 

b
ein

g
 
g
iv

en
 

to
 

d
eterm

in
in

g
 
su

b
-le

th
a
l 

resp
o
n
ses 

o
f 

an
im

als 
to
 
p
o
llu

ta
n
ts«
 

A 
d
e
ta

ile
d
 
lite

ra
tu

re
 

su
rv

ey
 

o
f 

p
rev

io
u

s 
stu

d
ie

s 
h
as 

show
n 

th
a
t 

m
ost 

m
ethods 

are 
in

a
p
p
ro

p
ria

te
 
b
ecau

se 
it 

is
 

n
o

t 
p
o
ssib

le 
to
 
a
sse

ss 
th

e 
sig

n
ific

a
n
c
e
 

o
f 

th
e 

su
b
-le

th
a
l 

resp
o

n
se«
 

P
re

lim
in

ary
 

ex
p

erim
en

ts 
h
av

e 
show

n 
th

a
t 

C
rep

id
u

la 
fo

rn
ic

a
ta
 m

ay be 
fe

d
 
c
u
ltu

re
d
 
alg

ae 
and 

th
a
t 

g
ro

w
th
 

and re
p
ro

d
u
c
tio

n
 w

ill 
ta

k
e 

p
la

ce
 
in
 
th

e 
la

b
o
ra

to
ry

. 
T

he 
e
ffe

c
ts 

o
f 

low
 
le

v
e
ls 

o
f 

se
le

c
te

d
 
p
o
llu

ta
n
ts 

on 
th

e 
a
b

ility
 
o
f 

Cre
p
id

u
la
 p

o
p
u
la

tio
n

s 
to
 
m

ain
tain

 
th

em
selv

es 
o
v
er 

se
v
e
ra

l 
g
e
n
e
ra

tio
n
s 

in
 
th

e 
la

b
o
ra

to
ry
 
are 

now
 

p
lan

n
ed

«

O
IL
 

PO
LLU

TIO
N
 

STU
D

IES

O
il 

p
o

llu
tio

n
 re

se
a
rc

h
 c

o
n

tin
u

es 
to
 

occupy 
a g

re
a
t 

d
e
a
l 

o
f 

tim
e 

an
d
, 

as 
e
x
p
lo

ita
tio

n
o
f 

th
e 

N
o
rth

 
S

ea g
a
in

s 
m

om
entum

, 
an
 
in

c
re

a
sin

g
 

am
ount 

o
f 

tim
e 

is
 

b
ein

g
 
sp

en
t 

in
g

iv
in

g
 
ad

v
ice 

on 
th

e 
fish

e
ry

 an
d 

e
c
o
lo

g
ic

a
l 

im
p
lic

a
tio

n
s 

o
f 

th
is 

developm
ent«

a. 
Im

proved 
te

s
ts 

o
f 

to
x

ic
ity

T
he 

m
ajo

r 
p
ra

c
tic

a
l 

e
ffo

rt 
th

is 
y

e
a
r h

as 
b
een

 
d
ev

o
ted

 
to
 
th

e
 

d
ev

elo
p
m

en
t 

o
f 

an
 im

p
ro

v
ed
 
tech

n
iq

u
e 

fo
r 

a
sse

ssin
g
 
th

e 
to

x
ic

ity
 
o
f 

o
ils

, 
o
il 

d
isp

e
rsa

n
ts 

and 
o

il/d
isp

e
rsa

n
t 

m
ix

tu
res. 

T
h
ese 

su
b

stan
ces 

a
re 

v
ery

 
d
iffic

u
lt 

to
 
te

st 
b

ecau
se 

th
ey

 
fre

q
u

e
n
tly

 
c
o

n
tain

 
im

m
iscib

le 
com

ponents 
and 

in
 

a 
stan

d
a
rd
 
s
ta

tic
 
te

s
t 

tan
k
 m

uch 
o
f 

th
e 

m
a
te

ria
l 

u
n
d
er 

te
s
t 

rem
ain

s 
a
t 

th
e 

su
rfa

c
e 

o
f 

th
e 

seaw
ater 

and 
th

e
re

fo
re
 
n
o
t 

in
 
c
o

n
ta

c
t 

w
ith

 
th

e 
te

s
t 

an
im

als. 
T

o 
com

pare 
th

e 
to

x
ic

ity
 

o
f 

su
ch
 

su
b
stan

ces 
in
 

a m
ean

in
g
fu

l 
w

ay, 
it 

is
 
n
e
c
e
ssa

ry
 
to
 

c
o
n
sta

n
tly

 
a
g
ita

te
 

th
e 

te
st 

so
lu

tio
n
 

and 
so 

o
b

ta
in
 

a 
d
isp

e
rsio

n
 

o
f 

sim
ila

r 
size

d
 
d
ro

p
le

ts 
th

ro
u
g

h
­

o
u

t 
th

e 
w

ater 
colum

n 
o
f 

th
e 

te
s
t 

tan
k
.

A 
sy

stem
 h

as 
now

 b
een

 
d
ev

elo
p
ed
 
th

a
t 

s
a
tis

fie
s
 

th
e
se
 
req

u
irem

en
ts 

and 
it 

is
 

now
 
b
ein

g
 u

sed
 
to
 
a
sse

ss 
on 

a 
ro

u
tin

e
 
b
a
sis 

th
e 

to
x
ic

ity
 
o
f 

o
il 

d
isp

e
rsa

n
ts 

in
 

c
o

n
ju

n
ctio

n
 w

ith
 
o

il. 
A

n 
in

d
ire

c
t 

d
riv

e 
m

echanism
 
fo

r 
th

e
 
s
tirre

r 
sy

stem
 h

as 
a
iso

 
b
een

 
d
ev

elo
p
ed
 
to
 

allo
w
 

ex
p
erim

en
tal 

tan
k
s 

to
 

be 
se

ale
d
 
to
 

overcom
e 

p
ro

b
lem

s 
p
o
sed

 
by 

th
e 

v
o
la

tility
 

and 
flam

m
ab

ility
 

o
f 

som
e 

ty
p
es 

o
f 

o
il.

A
n
o
th

er 
te

s
t 

is
 

b
ein

g
 
d
ev

elo
p
ed
 

to
 

sim
u
late 

th
e 

u
se 

o
f 

o
il 

d
isp

e
rsa

n
ts 

on 
b
each

es 
in
 
o
rd

e
r 

to
 

d
eterm

in
e 

w
hich

 
a
re 

m
ost 

su
ita

b
le
 
fo

r u
se 

u
n
d
er 

su
ch 

c
o

n
d

itio
n

s.

b
. 

F
ie

ld
 
in

v
e
stig

a
tio

n
s

In
 
c
o

o
p

era
tio

n
 w

ith
 
S

c
o
ttish

 
and 

N
orw

egian 
fish

e
ry
 
la

b
o
ra

to
rie

s 
fu

rth
e
r 

c
ru

ise
s 

h
av

e 
b
een

 
c
a
rrie

d
 

o
u
t 

in
 
th

e 
N

o
rth

 
S

ea 
in
 
a
re

a
s 

o
f 

o
il 

e
x
p
lo

ita
tio

n
^
 

sam
p

les 
o
f 

sed
im

en
ts, 

b
en

th
o
s 

and fis
h
 h

av
e 

b
een

 
o
b
tain

ed
 
fo

r h
y
d
ro

carb
o
n
 
a
n
a
ly

sis.
T

o 
o
b
ta

in
 g

re
a
te

r u
n
d
e
rsta

n
d
in

g
 

o
f 

th
e 

re
s
u

lts 
o
f 

su
ch
 
stu

d
ie

s 
a program

m
e 

h
as



b
een

 
in

itia
te

d
 

to
 
in

v
e
stig

a
te
 
th

e 
fa

te
 

o
f 

v
a
rio

u
s 

p
etro

leu
m
 h

y
d

ro
carb

o
n

s 
w

ith
in
 

an 
e
stu

a
ry

 re
c
e
iv

in
g
 know

n 
am

ounts 
o
f 

re
fin

e
ry
 
e
fflu

e
n
t. 

It 
is

 
in

ten
d
ed
 
to
 
e
sta

b
lish

 
th

e 
p

ath
w

ay
s 

by w
h
ich 

c
e
rta

in
 

p
etro

leu
m
 h

y
d

ro
carb

o
n

s 
a
re 

in
c
o
rp

o
rate

d
 
in

to
 
m

arin
e 

sed
im

en
ts 

and 
o
rg

an
ism

s,and 
to
 

attem
p
t 

to
 

c
o

n
stru

c
t 

a 
b
u
d
g
et 

fo
r 

th
e 

tu
rn

o
v
e
r 

o
f 

th
e
se 

h
y
d
ro

carb
o
n
s 

w
ith

in
 
th

e 
estu

ary
«
 

So 
fa

r 
o

n
ly
 
p
re

lim
in

a
ry
 
su

rv
ey

s 
o
f 

th
e
 
a
re

a
 h

av
e 

b
een

 
co

m
p
leted

^ 
d
u
rin

g
 

1975 
th

e 
co

m
p

o
sitio

n
 
o
f 

th
e 

e
fflu

e
n
t 

w
ill 

be 
m

o
n
ito

red
 
re

g
u
la

rly
 

and 
sam

p
les 

o
f w

a
ter, 

sed
im

en
ts 

and 
o
rg

an
ism

s 
c
o

lle
c
te

d
 
fo

r 
h

y
d

ro
carb

o
n

 
a
n
a
ly

sis.

M
IC

R
O

B
IO

LO
G

IC
A

L 
IN

V
ESTIG

A
TIO

N
S

a* 
S

h
e
llfish

 
p
u
rific

a
tio

n

D
evelopm

ent 
o
f 

h
ig

h
 
d
e
n
sity

 p
u
rific

a
tio

n
 
p
la

n
ts 

fo
r 

th
e
 

rem
o
v
al 

o
f 

fa
e
c
a
l 

b
a
c
te

ria
 

from
 b

iv
a
lv

e
 
m

o
llu

scs 
h

as 
co

n
tin

u
ed

. 
In
 an

 
attem

p
t 

to
 

red
u

ce 
co

n
­

stru
c
tio

n
 c

o
st 

fo
r 

th
e 

sm
all 

o
p
e
ra

to
r, 

ch
eap

 
d
o
-it-y

o
u
rse

lf u
/v
 u

n
its 

have 
b
een

 
d
ev

elo
p
ed
 

and 
te

ste
d
 
u
n
d
er 

co
m

m
ercial 

c
o
n
d
itio

n
s. 

F
o
u
r new

 
p

la
n
ts 

of 
th

e 
stack

ed
 
tra

y
, 

h
ig

h
 
d
e
n
sity

 
ty

p
e 

and 
tw

o 
co

n
v
en

tio
n
al 

open 
tan

k
 

sy
stem

s 
h
av

e 
b

een
 
d
esig

n
ed

 
and 

te
ste

d
 

and 
a
re 

now
 
o

p
e
ra

tio
n

a
l 

In
 
a
d
d
itio

n
 

one 
m

u
ssel 

sy
stem

 u
sin

g
 
c
h
lo

rin
a
tio

n
 h

as 
b
een

 
su

c
c
e
ssfu

lly
 
co

n
v
erted

 
to
 
u

/v
.

W
ork 

is
 

now
 underw

ay 
to
 

im
p
ro

v
e 

w
ater 

q
u
a
lity

 
in
 h

ig
h
 
d

e
n

sity
 

sy
stem

s 
u

sin
g
 
b
io

lo
g
ic

a
l 

filte
rs

.

b
. 

C
o
lip

h
ag

e 
stu

d
ie

s

C
o

n
sid

erab
le 

e
ffo

rt 
h

as 
b

een
 d

ire
c
te

d
 

to
w

ard
s 

an
 
in

v
e
stig

a
tio

n
 

o
f 

th
e 

p
o
te

n
tia

l 
o
f 

co
lip

h
ag

e 
(b

a
c
te

ria
l 

v
iru

se
s) 

as 
an
 
in

d
ic

a
to

r 
o
f 

sew
age 

p
o
llu

tio
n

 
in
 
s
h

e
llfis

h
 & 

sh
e
llfish

-g
ro

w
in

g
 w

a
te

rs. 
T

he 
e
ffe

c
ts 

o
f 

v
a
rio

u
s 

p
a
ra­

m
eters 

in
c
lu

d
in

g
 
s
a
lin

ity
, 

pH
, 

lig
h

t 
and 

n
u
trie

n
ts 

on 
su

rv
iv

a
l 

o
f 

phage 
h
av

e 
b

een
 
d

eterm
in

ed
 
in
 p

a
ra

lle
l 

w
ith

 
sim

ila
r 

o
b
serv

a
tio

n
s 

u
sin

g
 E

. 
c
o
li. 

R
e
su

lts 
su

g
g
est 

th
a
t 

phage 
a
re 

m
ore 

p
e
rsiste

n
t 

In
 w

ater 
th

an
 
e
x
istin

g
 

b
a
c
te

ria
l 

in
d
ic

a
to

rs 
and 

m
ay h

av
e 

a v
alu

e 
in
 
a
sse

ssin
g
 risk

s 
fro

m
 
e
n

te
ro

­
v

iru
s 

to
 

w
hich

 
th

ey
 b

e
a
r 

som
e 

resem
b
lan

ce«
 

In
 

1975 
a 

stu
d
y
 
o
f 

e
n

te
ro

v
iru

s 
in
 

sew
age 

and w
aters 

w
ill 

be 
sta

rte
d
 

and 
th

e 
re

la
tio

n
sh

ip
 
b
etw

een
 phage 

and 
e
n
te

rv
iru

s 
w

ill 
be 

ex
am

in
ed

.

c « 
V

ib
rio

 
p

arah
aem

o
ly

tic
u
s

D
u
rin

g
 

1974 m
any 

s
h

e
llfis

h
 

sam
p
les 

(c
ru

stac
e
an

s 
and m

o
llu

scs) 
h

av
e 

b
een

 
exam

ined 
fo

r 
th

e 
p

resen
ce 

o
f V

ib
rio

 
p
arah

aem
o
ly

ticu
s 

fo
llo

w
in

g
 
th

e 
firs

t 
reco

rd
ed
 
o
u
tb

reak
 
in
 B

rita
in
 
o
f 

illn
e
s
s 

due 
to
 
th

is 
organism

« 
O

nly 
tw

o 
p
o
sitiv

e
 
iso

la
te

s 
w

ere 
o
b
ta

in
ed

, 
b
o
th
 fro

m
 

crab
3
 

tak
en

 
on 

th
e 

E
ssex

 
c
o
a
st.

A 
num

ber 
o
f 

la
b

o
ra

to
rie

s, 
p

a
rtic

u
la

rly
 
th

o
se 

o
f 

th
e 

P
u
b
lic 

H
ealth

 
S

e
rv

ic
e, 

h
av

e 
show

n 
th

a
t 

V
ib

rio
 
p
arah

aem
o

ly
ticu

s 
o
ccu

rs 
n

a
tu

ra
lly

 
in
 
a num

ber 
o
f 

a
rea

s 
in
 
sed

im
en

ts, 
w

ater 
and 

sh
e
llfish

. 
In
 
an

 attem
p
t 

to
 

d
eterm

in
e 

th
e 

n
a
tu

ra
l 

d
istrib

u
tio

n
 o

f 
th

is 
o
rg

an
ism

 
in
 
B

ritish
 
c
o
a
sta

! 
w

a
ters, 

th
e 

w
ork 

o
f 

a
li 

th
e
se 

la
b
o
ra

to
rie

s 
h
as 

b
een

 
c
o
o
rd

in
a
ted

 
and 

a 
su

rv
ey

 is
 

b
ein

g
 m

ade 
fo

r 
a 

p
e
rio

d
 
o
f 

one 
y
e
a
r, 

o
f w

a
ter, 

sed
im

en
t 

and 
sh

e
llfish

 
sam

p
les.

2« 
S

co
tlan

d
 

(A
0D

0 
M

cIn
ty

re)

1
. 

F
ood 

C
h
ain

 
In

v
e
stig

a
tio

n
s

S
tu

d
ies 

o
f p

la
ic

e
 
n
u
rsery

 g
ro

u
n
d
s 

in
 
th

e
 
F

irth
 
o
f 

C
lyde w

ere 
co

n
tin

u
ed
 
in

 
1974, 

w
hen 

th
e 

c
a
rry

in
g
 
c
a
p
a
c
ity

 
o
f 

v
a
rio

u
s 

a
re

a
s 

w
as 

a
ssesse

d
 

and 
a
ttem

p
ts 

m
ade 

to
 
re

la
te
 
th

is 
to
 

th
e 

p
h
y
sic

a
l 

and 
b
io

lo
g
ic

a
l 

c
h

a
ra

c
te

ristic
s 

o
f 

th
e

 
g
ro

u
n
d
s«

T
he 

u
se 

o
f 

ex
p

erim
en

tal 
eco

sy
stem

s 
in
 
th

e 
fo

n
n
o
f 

la
rg

e
 p

la
sti©

 
b
ag

s 
ap

p
ro

x
- 

5 m
 
in
 
d
iam

eter 
and 

20 
m 

d
eep

, 
w

as 
ex

ten
d

ed
, 

and 
as 

a 
p
re

lim
in

a
ry
 
to
 

e
x
p
e
ri­

m
ents w

ith
 fish

, 
la

rv
a
e
, 

a 
stu

d
y
 w

as 
m

ade 
o
f 

p
h

y
to

p
lan

k
to

n
 
- 

g
ra

z
e
r 

- 
p
re

-
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d
a
to

r 
re

la
tio

n
sh

ip
s 

in
 
th

e 
system

*,

2» 
S

h
®

llfish
 C

u
ltiv

a
tio

n

H
atch

ery
-reared

 
seed

 
o
f 

n
a
tiv

e
 

(O
strea 

e
d
u
lis)an

d
 P

a
c
ific

 
(C

ra
sso

stre
a

 
g
ig

a
s ') 

o
y
ste

rs 
and 

n
a
tu

ra
lly

-se
t tie

d
 
sp

a
t 

o
f 

sc
a
llo

p
s 

(P
ec tën~

m
axïm

üs7' 
and 

q
u

een
s 

(C
hlam

ys 
o
p
e
rc

u
la

ris) 
w

ere 
grow

n u
n
d
er 

a v
a
rie

ty
 
o
f 

c
o
n
d
itio

n
s 

in
 
fiv

e
 
w

est 
c
o
a
st 

lo
c
h

s. 
O

y
sters 

grew
 

and 
fa

tte
n

e
d
 w

ell 
in
 L

och A
rd

v
ar 

b
o
th
 

low
 

on 
th

e 
sh

o
re 

and 
su

sp
en

d
ed
 

from
 

a ra
ft, 

b
u
t 

th
e 

b
e
st 

g
ro

w
th

 
w

as 
in

 L
im

ae 
M

h
u
irich

 
(L

och 
S

w
een) , 

w
here 

C_0 
g
ig

as 
a
tta

in
e
d
 
a m

ean w
eig

h
t 

o
f 

6
8
,3
 
g
, 

co
m

m
ercial 

siz
e
, 

in
 

16 
m

onths»

In
itia

l 
lo

sse
s 

o
f 

8-10m
m
 

(O
o
lg

) 
seed

 
o
f 

b
o
th
 
sp

e
cie

s 
o
f 

o
y
ste

r w
ere 

la
rg

e
, 

b
u

t w
ere 

low
 
a
fte

r 
th

e 
firs

t 
th

re
e
 

m
o

n
th

s. 
S

m
aller 

seed
, 

2
-5
 mm 

(O
cO

l 
g
) 

o
f £o 

g
ig

a
s 

show
ed 

a h
ig

h
e
r 

in
itia

l 
su

rv
iv

a
l.

Q
ueens 

a
tta

in
e
d
 
co

m
m

ercial 
siz

e
, 

55-60 
mm 

in
 

tw
o 

y
e
a
rs, 

b
u
t 

sc
a
llo

p
s, 

a
fte

r 
g
ro

w
ing

 w
ell 

in
 
th

e
ir 

firs
t 

y
e
a
r, 

grew
 
p
o
o
rly

 
in
 
th

e
ir 

seco
n
d
.

S
u
rv

iv
al 

o
f 

b
o
th
 

sp
e
cie

s 
h
as 

b
een

 g
e
n
e
ra

lly
 g

o
o
d
, 

b
u
t 

h
ig

h
 m

o
rta

li­
tie

s
 
in
 

som
e 

situ
a
tio

n
s 

w
ere 

p
ro

b
ab

ly
 
cau

sed
 

by red
u
ced

 
s
a
lin

ity
.

3. 
F

ish
 F

arm
in

g

D
isease 

and 
p

a
ra

site
 

stu
d
ie

s

A 
program

m
e 

o
f 

ex
am

in
atio

n
 
o
f 

th
e 

p
a
ra

sitic
 

fau
n
a 

o
f 

young 
c
u
ltiv

a
te

d
 

salm
o
n
 
a
t 

A
lm

ondbank 
co

n
tin

u
ed
 

and w
as 

ex
ten

d
ed
 

to
 
w

ild
 
fish

 
in. 

th
e 

sam
e 

a
rea

 
and 

to
 

a 
co

m
m

ercial 
h

a
tch

e
ry
 
n
ear M

o
n
tro

se. 
C

om
parison

 
o
f 

A
lm

ondbank 
fis

h
 

show
ed 

in
c
rea

se
d
 
p
ro

to
zo

an
 

and 
d

ecreased
 

m
etazo

an 
num

bers 
in
 
th

e 
c
u
ltu

re
d
 
fis

h
. 

O
f 

th
e 

m
etazo

an
s o

n
ly
 
th

e 
d
ig

en
ean

s 
w

ith
 

a 
fre

e
 

sw
im

m
ing 

stag
e 

w
ere 

p
re

se
n
t 

in
 
sig

n
ific

a
n
t 

num
bers 

in
 
th

e
se 

fish
. 

W
ith 

th
e 

p
o
ssib

le
 

ex
cep

tio
n
 
o
f 

th
e 

e
c
to

p
a
ra

sitic
 
p
ro

to
zo

an
 E

p
isty

lis 
it w

as 
co

n
sid

ered
 

none 
o
f 

th
e 

p
a
ra

site
s 

w
as 

p
re

se
n

t 
in
 
sig

n
ific

a
n

t 
num

bers 
to
 

cau
se 

harm
 

to
 
fis

h
. 

In
 O

cto
b
er 

p
a
p
illo

m
a
to

sis, 
a 

p
ro

li­
fe

ra
tiv

e
 
e
p

ith
e
lia

l 
sk

in
 
c
o
n
d
itio

n
 
p
o
ssib

ly
 
co

m
p

arab
le 

to
 w

arts 
in

 
hum

ans, 
w

as 
o
b
serv

ed
 
in
 

52^ 
o
f 

exam
ined 

fis
h

. 
In
 
th

e 
co

m
m

ercial 
h
atch

ery
 

th
e 

sp
ectru

m
 
o
f 

p
a
ra

site
s 

w
as 

q
u
ite

 
d
iffe

re
n

t 
due 

to
 

th
e 

re
g

u
la

r m
o
n
th

ly
 

in
tru

sio
n
 
o
f seaw

ater 
in

to
 
th

e 
fre

sh
w

a
ter 

su
p

p
ly

. 
T

he 
com

m
on 

eco
- 

p
a
ra

s
itic

 
c
ilia

te
s
 

w
ere 

alm
o
st 

a
b
sen

t, 
som

e 
m

arin
e 

p
a
ra

site
s 

w
ere 

in
 

ev
id

en
ce.

Im
m

u
n
isatio

n
 
o
f 

salm
o
n an

d 
tro

u
t 

h
as 

d
em

o
n

strated
 
th

a
t 

v
a
ria

b
ility

 
o
f 

resp
o
n
se 

is
 
n

o
t 

uncom
m

on and 
th

a
t 

th
e 

co
m

p
lex

ity
 
o
f n

a
tu

re 
o
f 

th
e 

a
n
tib

o
d
ie

s 
re

q
u

ire
s 

fu
rth

e
r 

stu
d
y
. 

T
he 

co
n

clu
d

in
g
 w

ork 
on 

th
e 

im
m

une 
sy

stem
 
in
 p

la
ic

e
 

h
as 

show
n 

th
a
t 

sm
all 

am
ounts 

o
f 

sp
e
c
ific

 
a
n
ti­

body 
a
re 

form
ed 

in
 

4
-6
 
d

ay
s, 

a p
o
te

n
tia

lly
 
im

p
o

rtan
t 

re
su

lt 
in
 
stu

d
ie

s 
o
f 

im
m

u
n
isin

g 
reg

im
es 

in
 

farm
ed
 
fis

h
. 

T
he 

fin
d
in

g
 

o
f 

an
tib

o
d

y
 

on 
th

e 
su

rfac
e
 

o
f 

ly
m

p
h
o
cy

tes 
o
f 

th
e 

p
la

ic
e
, 

and 
th

e
 

’’ringing** 
an

d 
’’cap

p
in

g
” 

b
eh

av
io

u
r 

o
f 

sp
e
c
ific

a
lly

 
sta

in
e
d
 
p
re

p
a
ra

tio
n
s 

o
f 

ly
m

p
h
o
cy

tes 
dem

on­
s
tra

te
s
 
th

e 
e
sse

n
tia

l 
sim

ila
rity

 
o
f 

m
any a

sp
e
c
ts 

o
f 

th
e 

ly
m

p
h
o
p
o

etic 
sy

stem
 
o
f 

fis
h
 w

ith
 h

ig
h
e
r 

v
e
rte

b
ra

te
s.

A
 
p
o
te

n
t 

and 
p

re
v

io
u

sly
 u

n
d

escrib
ed
 
to

x
in
 
o
f 

A
erom

onas 
salm

o
n
icid

a, 
th

e 
c
a
u

sa
tiv

e 
o
rg

an
ism

 
o
f 

fu
ru

n
c
u
lo

sis, 
h

as 
b

een
 
d
em

o
n
strated

 
and 

p
a
rtia

lly
 p

u
rifie

d
. 

T
he 

fa
ilu

re
 

o
f 

p
rev

io
u
s 

a
tte

m
p

ts 
to
 
p
ro

te
c
t 

salm
o
n
id

s 
fro

m
 fu

ru
n

c
u

lo
sis 

m
ay 

stem
 fro

m
 an

 
in

co
m

p
lete 

a
p
p
re

c
ia

tio
n
 o

f 
a
li 

th
e 

a
n
tig

en
 fa

c
to

rs 
n
e
c
e
ssa

ry
 
fo

r 
p
ro

te
c
tio

n
.

T
he 

low
 
le

v
e
ls 

o
f 

IP
N
 v

iru
s 

in
fe

c
tiv

ity
 
in
 
ex

p
erim

en
tal 

c
u
ltu

re
 

have 
b
een

 im
p

ro
v

ed
 

by 
su

c
c
e
ssiv

e 
p
assag

e 
a
t 

low
 m

u
ltip

lic
ity

 
o
f 

in
fe

c
tio

n
, 

how
ever 

th
e 

re
s
u
lts 

im
p

ly
 
th

e 
p

resen
ce 

o
f 

sig
n

ific
a
n

t 
q
u
a
n
titie

s 
o
f 

d
e
fe

c
tiv

e
 
in

te
rfe

rin
g
 v

iru
s 

p
a
rtic

le
s
. 

T
he 

c
u
rre

n
t 

q
u
an

ta! 
assay

 
p

ro
ced

u
re 

h
as 

b
een

 fo
u
n
d
 
to
 
la

c
k
 
p
re

c
isio

n
 

an
d 

o
th

e
r 

a
lte

rn
a
tiv

e
s
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a
re 

b
ein

g
 pursued®

 
T

he 
su

rv
iv

a
l 

o
f 

1PN
V
 h

as 
been 

show
n 

to
 

be 
p
a
rtic

u
la

rly
 

se
n
sitiv

e
 
to
 
in

itia
l 

tem
p

eratu
re 

tre
atm

e
n
t 

an
d 

to
 

th
e 

tem
p
eratu

re 
o
f 

sto
rag

e
 

in
fe

c
tiv

ity
 

o
f 

v
iru

s 
b
ein

g
 c

o
n

tin
u

a
lly

 
lo

s
t 

a
t 

-20®
C
 
b
u
t 

rem
ain

in
g
 
c
o
n
sta

n
t 

a
fte

r 
an

 in
itia

l 
d
ro

p
 
a
t 

~
7

cC 
an

d 
-l6

0
cC

o

S
u

rv
ey

s 
o
f w

ild
 fish

 
in
 

th
e w

atersh
ed
 

o
f 

an
 
in

fe
c
te

d
 
farm

 
show

s 
th

e 
c
o
n
tin

u
in

g
 p

resen
ce 

o
f 

v
iru

s 
in
 
ju

v
e
n
ile

 
an

d w
ild

 
fis

h
 
o

n
ly
 in

 
a h

ig
h
ly

 
re

stric
te

d
 
area 

c
lo

se
 
to
 

th
e 

farm
®
 

P
ro

o
f 

o
f 

th
e 

in
d
ep

en
d
en

t 
e
sta

b
lish

m
en

t 
o
f 

IPN
V
 
in

 w
ild

 
fis

h
 can

 o
n

ly
 be 

o
b
tain

ed
 from

 
ev

id
en

ce 
o
f 

th
e 

c
o
n
tin

u
in

g
 

sp
read

 
o
f 

v
iru

s 
beyond 

th
e 

v
ic

in
ity

 
o
f 

th
e 

farm
 

and 
th

is 
is
 

la
ck

in
g
 a

t 
p
resen

t®

D
u
rin

g
 
th

is 
y

e
a
r 

18 
fis

h
 
farm

s 
w

ere 
te

ste
d
 
fo

r v
iru

s 
d
ise

a
se
 

and 
th

e 
p

resen
ce 

o
f 

IPN
Y
 
s
tra

in
 Sp w

as 
show

n 
in
 

5® 
O

ne 
in

fe
c
te

d
 farm

 h
as 

sin
c
e 

c
lo

sed
 

and 
o
th

e
r 

4 
e
ith

e
r h

av
e 

o
r 

a
re 

in
 
th

e 
p
ro

cess 
o
f h

av
in

g
 

IA
0*s 

la
id
 

on them
®
 

O
f 

37 
re

q
u
este

d
 v

is
its

 
to
 

20 farm
s 

a 
to

ta
l 

o
f 

355 
fis

h
 

w
ere 

exam
ined®
 

Tw
o 

cases 
o
f 

IPN
V
 

an
d 

9 
o
f 

fu
ru

n
c
u

lo
sis w

ere 
fo

u
n
d
. 

Som
e 

144 
sp

ecim
en

s 
o
f w

ild
 

salm
o
n
id

s 
w

ere 
su

b
m

itted
 fo

r 
exam

ination®
 

T
h
ere 

w
ere 

8 
cases 

o
f 

fu
ru

n
c
u
lo

sis 
and 

24 
o
f TTDN®

M
o
n
ito

rin
g
 

o
f 

th
e
 W

FA 
tu

rb
o
t 

and 
to
 
a 

le
sse

r 
e
x
te

n
t 

so
le
 

sto
ck

s 
co

n
tin

u
ed

 
a
t 

H
u

n
tersto

n
 

and A
rdtoe®

 
A
 
co

ceid
ean

 
sim

ila
r 

to
 
th

e 
T

oxoplasm
a g

ro
u
p
, 

a
sso

c
ia

te
d
 

w
ith

 
tu

m
o
r-lik

e 
c
y
sts 

fo
u
n
d
 

th
ro

u
g
h
o
u
t 

th
e 

body 
o
f 

2 
y
ear 

o
ld
 
tu

rb
o
t 

cau
sed

 w
id

esp
read

 
in

fectio
n
®
 

T
he 

p
re

v
io

u
sly

 
re

p
o
rte

d
 
p
o

sitiv
e

 
a
sso

c
ia

tio
n
 o

f 
M

yxidium
 in

cu
rv

atu
m
 

and 
R

habdospora- 
th

e
lo

h
a
n
i w

ith
 
liv

e
r 

and k
id

n
ey

 
le

sio
n
s 

(h
e
p
e
to

-re
n
a
l 

syndrom
e) 

w
as 

show
n 

to
 
e
x

ist 
in

 w
ild

 
fish

, fro
m
 W

elsh 
and 

S
c
o
ttish

 L
each

es 
as w

e
ll 

ae 
in
 b

o
th
 farm

s®
 

R
h
ab

d
o
sp

o
ra 

in
fe

c
tio

n
s 

alo
n

e w
ere 

d
em

o
n
strated

 
in
 
a
rtific

ia
lly

 re
a
re

d
 
tu

rb
o

t 
17 

days 
o
ld
 
a
t 

A
rd

to
e 

an
d in

 
a
rtific

ia
lly

 
re

a
re

d
 
ju

v
e
n
ile
 

so
le
 
a
t 

H
unterston®

T
he 

in
c
id

en
c
e 

o
í 

la
rv

a
l 

n
em

ato
d

es 
in
 

co
d 

show
ed 

sim
ila

r 
o
r 

in
c
re

ase
d

 
le

v
e
ls 

in
 1973=

4 
m

o
stly

 
due 

to
 A

n
isa

k
is 

in
 N

o
rth

 
C

o
ast 

and M
oray F

irth
 

stocks®
 

T
he 

in
cid

en
ce 

in
 h

e
rrin

g
 
in

 d
iffe

re
n

t 
fish

in
g
 g

ro
u

n
d

s w
as 

sim
ila

r 
to
 
p
rev

io
u
s 

years®
 

E
x
p
erim

en
tal 

in
fe

c
tio

n
s 

o
f 

cod w
ith

 
3

rd
 
stag

e
 

la
rv

ae
 

o
f 

P
o

rro
caecum

 w
as 

d
em

o
n
strated

 
in

d
ic

a
tin

g
 
th

a
t 

in
 n

a
tu

re
 
sim

ila
r 

tra
n

s­
m

issio
n
 m

ay 
o

ccu
r 

in
 

3 
o
u
t 

o
f 

903 
sp

ecim
en

s 
o
f 

Th
y

san
o

essa 
in

erm
is 

fo
r 

th
e 

N
o
rth

 M
inch., 

a 
new

 
h
o
st 

an
d 

lo
c
a
lity

 record®

Salm
o
n
id
 

c u
l tis

 at-1 
u

T
he 

tw
o 

D
A

PS 
la

b
o

ra
to

rie
s, 

th
e 

M
arine 

L
ab

o
rato

ry
 an

d 
th

e F
resh

w
ater 

F
ish

e
rie

s 
L

ab
o
rato

ry
 h

av
e 

em
barked 

on 
a w

id
er 

program
m

e 
o
f 

re
se

a
rc

h
 in

to
 

p
ro

b
lem

s 
o
f 

fis
h
 farm

in
g
 g

ro
u
p
ed

 u
n
d
er 

th
e 

above 
p
ro

je
c
t 

title
®
 

N
ew

 
fa

c
ilitie

s
 

to
 

allo
w
 
th

e
se
 
in

v
e
stig

a
tio

n
s 

o
f 

th
e 

re
a
rin

g
 
o
f 

salm
o
n
 

and 
rain

b
o
w
 
tro

u
t 

in
 
fre

sh
 

and 
sea 

w
ater w

ill 
b

e 
p
h
ased

 
in

to
 
o
p
e
ratio

n
 
d
u
rin

g
 

1975-7° 
W

orkers 
fro

m
 
o
th

e
r U

K
 la

b
o
ra

to
rie

s 
w

ill 
a
iso

 
p
a
rtic

ip
a
te
 

to
 

ach
iev

e 
m

axim
um

 u
se 

o
f 

th
e 

fa
c
ilitie

s
 

an
d ra

p
id
 
in

v
e
stig

a
tio

n
 

o
f 

p
rio

rity
 a

re
a
s.

4° 
P

o
llu

tio
n

S
h
e
llfish

 
an

d p
u

b
lic

 
h
e
a
lth

T
he 

la
b
o
ra

to
ry

 c
o
n
tin

u
e
s 

to
 
m

ain
tain

 
a 

se
rv

ic
e
 
fo

r 
ad

v
ice 

on p
u
ri­

fic
a
tio

n
 

an
d
 
to
 
a
n

a
ly

se 
s
h

e
llfis

h
 an

d w
ater fo

r 
in

d
ic

a
to

rs 
o
f 

fa
e
c
a
l 

p
o
llu

tio
n
, an

d p
a
ra

ly
tic
 

sh
e
llfish

 p
o
iso

n
in

g
.

F
irth

s 
o
f 

F
o
rth

 
ana 

C
lyde

A
s 

s
ite

s
 

o
f 

in
c
re

a
sin

g
 in

d
u
s
tria

lis
a
tio

n
, 

th
e
se
 
a
re

a
s 

h
av

e 
b
een

 
se

le
c
te

d
 

fo
r 

sp
e
c
ia

l 
study®

 
In
 
th

e
 

C
lyde 

fu
rth

e
r 

h
y
d
ro

b
io

lo
g
icu

s! 
su

rv
ey

s 
w

ere 
c
a
rrie

d
 
o
u
t 

to
 
p
ro

v
id

e 
d
a
ta 

on 
le

v
e
ls 

o
f 

p
o
llu

ta
n
ts 

an
d 

th
e
ir d

isp
e
rsa

l, 
w

h
ile 

or. 
th

e 
sew

age 
slu

d
g
e 

dum
ping 

g
ro

u
n

d
 
stu

d
ie

s 
w

ere 
m

ade 
o
f th

e d
e
p

o
sitio

n



ra
te
 

o
f 

th
e
 

slu
d
g
e 

an
d 

of 
its

 
e
ffe

c
t 

on 
th

e 
fe

ed
in

g
 
o
f 

C
opepoda. 

E
x

p
erim

en
tal 

w
ork 

in
 
th

is 
a
re

a
 
in

clu
d

ed
 
a co

n
tin

u
ed

 
ex

am
in

atio
n
 
o
f 

th
e 

e
ffe

c
ts 

o
f w

a
te

r fro
m
 
se

v
e
ra

l 
re

g
io

n
s 

o
f 

th
e 

C
lyde 

on 
th

e 
d

e­
v
elo

p
m

en
t 

an
d 

su
rv

iv
a
l 

o
f h

e
rrin

g
 
eg

g
s 

and 
la

rv
a
e
, 

an
d 

th
e 

re
s
u

lts 
in

 
1974 

in
d
ic

a
te
 

th
a
t 

im
p
o
rtan

t v
a
ria

tio
n

s 
ta

k
e 

p
la

c
e 

fro
m
 y

e
a
r 

to
 
y
ear 

in
 
th

e 
q
u
a
lity

 
o
f w

a
te

r 
in

 a g
iv

en
 
re

g
io

n
 

and 
em

p
h
asises 

th
e 

im
p
o
rtan

ce 
o
f u

n
d
e
rsta

n
d
in

g
 
th

e
se
 v

a
ria

tio
n
s 

in
 m

aking 
sto

ck
 re

c
ru

itm
e
n
t 

a
sse

ss­
m

en
ts.

In
 
th

e 
F

irth
 

o
f F

o
rth

, 
in

te
n

siv
e
 

in
sh

o
re 

su
rv

ey
s 

w
ere 

m
ade 

a
t 

s
ite

s
 

w
here 

c
o

a
l w

astes 
h

av
e 

b
een

 
dum

ped 
on 

th
e 

fo
resh

o
re
 

o
r 

in
to
 
th

e
 

se
a
, 

and 
sam

p
les 

tak
en
 
to
 
a
sse

ss 
th

e 
sp

read
 

o
f 

th
e
se
 

w
astes®

E
x

p
erim

en
tal w

ork 
a
t 

L
och Ew

e F
ie

ld
 
S

ta
tio

n

S
tu

d
ies 

o
f 

th
e 

e
ffe

c
ts 

o
f 

p
o
llu

ta
n
ts 

on 
a 

P
la

ic
e
 
T

e
llin

a
 
fo

o
d

 
c
h

a
in

 w
ere 

co
n
tin

u
ed

 u
sin

g
 

lead®
 

C
o
n
cen

tratio
n
s 

o
f 

5> 
IO

, 
5
0
, 

100 
and 

1 
000 

p
g

/l 
w

ere 
se

le
c
te

d
 
to
 
g
iv

e 
a 

ran
g

e 
b
etw

een
 n

o
rm

al 
b

ack
g

ro
u

n
d

 
le

v
e
ls 

in
 
th

e 
sea

 and 
th

e 
96 h

r 
LC

rQ
 

d
eterm

in
ed

 b
y
 

experim
ent®
 

N
u

trie
n

ts 
w

ere 
added

 
to
 

som
e 

o
f 

th
e
 

tan
k
s 

to^m
ake 

th
e 

c
o
n
d
itio

n
s 

as 
re

a
lis

tic
 

as 
p
o
ssib

le®

T
he 

assessm
en

t 
o
f 

o
th

e
r 

p
o
ssib

le
 

fo
o
d
 
ch

ain
s 

fo
r 

th
is 

w
ork h

as 
b
een

 
co

m
p
leted

 
an

d
 
th

e
 p

e
la

g
ic
 
e
ru

sta
c
e
a
n
-sa

n
d
e
e
l 

claim
 h

as 
b
een

 
selected

®
A 

su
ita

b
le
 

ex
p
erim

en
tal 

setu
p
 
is
 
b
ein

g
 

d
ev

elo
p

ed
.

B
aselin

e 
su

rv
ey

s, 
m

o
n

ito
rin

g
 and 

o
th

er p
o
llu

tio
n
 in

v
e
stig

a
tio

n
s.

W
ork 

h
as 

co
n
tin

u
ed

, 
in

 c
o

lla
b

o
ra

tio
n
 w

ith
 
T

o
rry

 R
esearch

 
S

ta
tio

n
, 

on 
b
a
se

lin
e
 

su
rv

ey
s 

in
 
a
re

a
s 

o
f 

o
il-re

la
te

d
 

d
ev

elo
p
m

en
ts. 

A
s 

w
e
ll 

as 
g

e
n

era
l 

su
rv

ey
s 

o
f 

c
o
a
sta

l 
and 

o
ffsh

o
re
 
a
re

a
s, 

th
is 

p
ro

je
c
t 

in
c
lu

d
e
s 

d
e
ta

ile
d
 
stu

d
ie

s 
o
f 

s
ite

s
 

o
f 

sp
e
c
ia

l 
im

portance^, 
and 

in
 

1974 
th

is 
in

­
clu

d
ed
 

S
u

llo
m
 Y

oe, 
S

h
etlan

d
, 

w
here 

a program
m

e 
o
f h

y
d
ro

g
rap

h
y
 

and 
b

io
lo

g
ic

a
l 

sam
p
lin

g
 w

as 
in

itia
te

d
 

by 
th

e 
re

se
a
rc

h
 
v
e
sse

l 
"M

ara"
0

R
eg

u
lar m

o
n
ito

rin
g
 h

as 
b

een
 

done 
o
f 

h
eav

y
 m

etals 
in
 
sp

e
cie

s 
o
f 

fish
, 

and 
s
h
e
llfish

 
o
f 

in
te

re
s
t 

to
 
S

c
o
ttish

 fis
h
e
rie

s, 
an

d 
a 

sp
e
c
ia

l 
stu

d
y
 h

as 
b
een

 
co

m
p
leted

 
o
f 

le
v
e
ls 

&
n 

sa
ith

e
 

fro
m
 
th

e N
o

rth
 

S
ea 

an
d 

th
e
 

C
lyde 

w
h
ich

 p
ro

v
id

es 
in

fo
rm

a
tio

n
 

on 
se

a
so

n
a
l 

ch
an

g
es 

in
 v

a
rio

u
s 

tissu
e
s 

w
ith

 
siz

e
 

o
f 

.fish
.

W
ork 

on 
th

e 
F

o
rt W

illiam
 p

u
lp
 m

ii! 
e
fflu

e
n
t 

h
as 

co
n
tin

u
ed
 
in
 
c
o

lla
b

o
ra

tio
n

 
w

ith
 
th

e 
O

ban L
ab

o
rato

ry
 

(SM
B

A
) 

an
d 

th
re

e
 
ro

u
tin

e
 

su
rv

ey
s 

w
ere 

m
ade 

in
 

1
9
7
4

. 
E

m
phasis 

h
as 

b
een

 
c
o

n
c
en

trate
d
 

on 
th

e 
d
istrib

u
tio

n
 
o
f 

fib
re

s 
and 

th
e
ir 

ra
te

s 
o
f 

se
ttle

m
e
n
t 

and 
d
ecay

.

W
ork 

a
t 

th
e P

itlo
c
h

ry
 L

ab
o
rato

ry

A
n
aly

sis 
o
f v

a
rio

u
s 

ty
p
es 

o
f 

sam
p
les 

from
 
th

e 
m

arin
e 

en
v
iro

n
m

en
t 

fo
r 

©
rg

an
o

ch
lo

rin
e 

re
sid

u
e
s 

co
n
tin

u
ed
 
th

ro
u
g
h
o
u
t 

1974* 
S

am
ples 

o
f 

co
d
, 

w
h
itin

g
, 

h
e
rrin

g
 

and p
la

ic
e
 w

ere 
o
b
tain

ed
 

fro
m
 
fo

u
r 

c
o
a
sta

l 
a
rea

s 
o
f 

S
co

tlan
d
 
in
 
c
o
n
tin

u
a
tio

n
 

o
f 

th
e 

six
-m

o
n
th

ly
 
su

rv
ey
 
o
f 

co
n
tam

in
atio

n
 

o
f 

co
m

m
ercial 

sp
e
c
ie

s 
w

h
ich b

eg
an
 
in

 1
9

^9
, 

an
d 

th
e
 

C
lyde 

sam
p
les 

ag
ain

 
show

ed 
th

e 
h
ig

h
e
st 

re
sid

u
e
 

co
n
cen

tratio
n
s®
 

T
he 

C
lyde 

h
e
rrin

g
 
sto

ck
 

w
as 

a
iso

 
sam

pled 
and 

an
aly

sed
 
fo

r 
th

e 
fo

u
r-y

e
a
r m

o
n
ito

rin
g
 
stu

d
y
, 

little
 

ch
ang

e 
in
 
d

ie
ld

rin
, 

D
D

T 
o
r PC

B
 
le

v
e
ls 

b
ein

g
 fo

u
n
d
 
o
v
er 

th
e
 
p
e
rio

d
 

1972­
1
9
7
4

, 
d
e
sp

ite
 

a re
d
u
c
tio

n
 
in

 th
e
 u

se 
and 

d
isch

arg
e 

o
f 

a
li 

th
re

e
 

ty
p

es 
o
f 

com
pound®

A
 

su
rv

ey
 

o
f 

o
rg

an
o
ch

lo
rin

e 
le

v
e
ls 

in
 
T

e
llin

a
 
te

n
u
is 

alo
n
g
 
th

e 
sh

o
res 

o
f 

th
e 

F
irth

 
o
f 

C
lyde 

in
d
ic

a
te

d
 

th
e 

lo
c
a
tio

n
s 

o
f 

d
ie

ld
rin

 
and PC

B
 
d
is­

charges®
 

A
 
fu

rth
e
r 

se
rie

s 
o
f 

p
lan

k
to

n
 
sam

p
les 

from
 
th

e 
C

lyde 
to

 
W

eath
er 

S
ta

tio
n
 IN

D
IA
 
in
 
th

e 
N

E A
tla

n
tic

 
co

n
firm

ed
 

th
e 

g
re

a
te

r 
le

v
e
l



- 
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-

o
f o

rg
an

o
ch

X
o
rin

e 
co

n
tam

in
atio

n
 
in
 
th

e
 

C
lyde 

area®
 

A
n
aly

ses 
o
f 

se
a
l 

and 
p
o
rp

o
ise 

b
lu

b
b
er 

fro
m
 v

a
rio

u
s 

c
o
a
sta

l 
a
re

a
s 

o
f 

S
co

tlan
d
 
fo

r 
o
rg

an
o
ch

lo
rin

e
s 

h
av

e 
co

n
tin

u
ed

, 
an

d 
th

e 
h

ig
h
 
le

v
e
ls 

o
f D

D
T 

an
d PC

B
 

(an
d
 a

iso
 
d
ie

ld
rin

 
in

 
p
o
rp

o
ises) 

fo
u

n
d
 
in
 
e
a
rlie

r y
e
a
rs 

h
av

e 
b

een
 m

ain
tain

ed
®
 

T
h
ere 

is
 

as 
y

e
t 

no 
c
le

a
r 

ev
id

en
ce 

o
f 

a 
sig

n
ific

a
n

t 
d

e
c
lin

e 
in

 re
sid

u
e
 
le

v
e
ls 

in
 th

e
se

 
m

am
m

als 
on th

e 
e
a
st 

c
o

a
st 

o
f 

S
co

tlan
d

, 
w

h
ere 

no 
m

ajo
r 

d
isch

a
rg

es 
o
f 

th
e 

su
b
stan

ces 
h

av
e 

b
een

 p
re

se
n

t 
a
t 

an
y 

tim
e®
 

C
o
n
cen

tratio
n
s 

in
 

O
rkney 

and 
S

h
etlan

d
 
se

a
ls 

h
av

e 
alw

ay
s 

b
een

 
a
p
p
rec

iab
ly
 
lo

w
er, 

how
ever®

D
isch

arg
e 

o
f 

d
ie

ld
rin

 u
sed

 
as 

a m
o

th
-p

ro
o
fin

g
 
ag

en
t 

h
av

e 
cau

sed
 
sig

n
ific

a
n
t 

co
n
tam

in
atio

n
 
o
f 

tro
u

t 
and 

e
e
ls 

in
 
a 

salm
o
n riv

er®
 

C
o
n
cen

tratio
n

s 
o
f 

d
ie

ld
rin

 
in
 
th

e 
e
e
ls 

w
ere 

b
etw

een
 

2®
3 

and 
12®

6 
m

g/kg fre
sh

 
tissu

e
 
in
 
th

e 
co

n
tam

in
ated

 
a
re

a
, 

le
v
e
ls 

w
h
ich w

ould 
be u

n
accep

tab
le 

in
 
o
th

e
r 

fo
rm

s 
o
f 

fo
o
d
 
fo

r hum
an 

co
n

su
m

p
tio

n
0

A
 

new
 

o
rg

an
o

 c
h

i o
r i ne 

in
te

rc
a
li'b

ra
tio

n
 

sam
ple 

w
as 

p
rep

ared
 

an
d 

c
irc

u
la

te
d

 
to
 
a
li 

la
b
o
ra

to
rie

s 
en

g
ag

ed 
in. 

th
is 

form
 
o
f 

a
n
a
ly

sis 
in

 th
e
 

IC
E

S 
B

aselin
e 

S
tu

d
y
 

and 
th

e 
OECD M

o
n

ito
rin

g
 Program

m
e®

A
s 

p
a
rt 

o
f 

an 
in

v
e
stig

a
tio

n
 
in

to
 
th

e 
m

echanism
s 

o
f 

tra
n
sp

o
rt 

by w
hich 

o
rg

an
o
ch

lo
rin

e
s 

e
n
te

r 
th

e 
N

o
rth

 
S

ea, 
an
 im

p
ro

v
ed
 m

ethod 
o
f 

c
o
lle

c
tio

n
 

and 
a
n
a
ly

sis 
o
f 

p
re

c
ip

ita
tio

n
 

sam
p

les 
fo

r 
th

e
se
 
re

sid
u
e
s 

h
as 

b
een

 d
ev

elo
p
ed

.
A
 
se

rie
s 

o
f 

sam
p
lin

g
 
sta

tio
n

s 
w

ill 
be 

se
t 

up 
a
t 

c
o
a
sta

l 
an

d 
in

lan
d

 
s
ite

s
 
in
 
th

e 
U

n
ited

 
K

ingdom
 
in
 1975»

A
n
aly

ses 
o
f 

se
a
l 

and 
p

o
rp

o
ise 

liv
e
rs 

fo
r m

ercu
ry
 
re

sid
u
e
s 

h
av

e 
co

n
tin

u
ed

 
as 

m
a
te

ria
l 

h
as 

becom
e 

a
v
a
ila

b
le
 

from
 
S

c
o
ttish

 w
aters®
 

A
s 

b
e
fo

re
, 

co
n­

c
e
n

tra
tio

n
s 

h
av

e 
v
a
rie

d
 w

id
ely

, 
in

c
re

a
sin

g
 m

ain
ly
 w

ith
 
siz

e
 
a
n
d
/o

r 
ag

e.
In
 
se

a
l 

liv
e
rs 

v
alu

es 
fro

m
 

0®
26 

to
 

189 
m

g 
H

g
/k

g
, 

an
d 

in
 p

o
rp

o
ises 

from
 

0®
50 

to
 

9
-6
 

m
g 

H
g/kg, 

w
ere 

found®
 

M
ercury 

an
d 

th
e 

m
etals 

co
p
p
er, 

z
in

c, 
le

a
d
, 

cadm
ium

 an
d m

anganese 
h
av

e 
a
iso

 
b
een

 d
eterm

in
ed
 
in
 

th
e 

fle
sh

 
o
f 

sam
p
les 

o
f 

sea 
tro

u
t, 

brow
n 

tro
u
t, 

rain
b

o
w
 
tro

u
t, 

g
ra

y
lin

g
 

and 
e
e
ls 

fro
m
 
se

v
e
ra

l 
a
re

a
s 

th
e 

e
e
ls 

c
o
n
tain

in
g
 h

ig
h
e
r 

c
o
n
c
e
n
tra

tio
n
s 

o
f 

m
ost 

m
etals 

th
an
 
th

e 
o

th
e
r 

sp
e
c
ie

s, 
p
a
rtic

u
la

rly
 
o
f 

z
in

c
, 

le
a
d
 

and m
anganese®

 
E

els 
in
 

an 
a
re

a 
co

n
tam

in
ated

 
by m

ercu
ry
 re

ta
in

e
d
 
v

ery
 h

ig
h
 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

th
e 

elem
en

t 
by 

co
m

p
ariso

n
 w

ith
 
tro

u
t 

and 
g
ra

y
lin

g
.

U
 o S o A

 o

M
arin

e A
q
u
acu

ltu
re

(JoC
®
 

S
inderm

anni )

M
arleu

itu
re
 

(R
esearch

 an
d 

D
evelopm

ent) 
is
 

b
ein

g
 
c
a
rrie

d
 
o

u
t 

a
t 

m
any 

lo
c
a
tio

n
s 

in
 

th
e 

U
n
ited

 
S

tates®
 

S
o
u
rces 

o
f 

fu
n
d
in

g
 
fo

r 
re

se
a
rc

h
 p

ro
­

je
c
ts 

a
re 

p
rin

c
ip

a
lly

 
th

e 
ÏÏ0S® 

D
ep

artm
en

t 
o
f 

C
om

m
erce 

(th
ro

u
g
h
 
its

 
N

atio
n

al 
O

cean
ic 

an
d A

tm
o
sp

h
eric 

A
d
m

in
istra

tio
n
 

elem
en

ts 
- 

th
e 

N
atio

n
al 

M
arin

e F
ish

e
rie

s 
S

erv
ice 

an
d 

th
e 

N
a
tio

n
a
l 

S
ea G

ran
t 

P
ro

g
ram

) 
and 

som
e 

v
e
n

tu
re 

c
a
p
ita

l 
fro

m
 p

riv
a
te
 

in
d

u
stries®

 
S

p
ecies 

o
f 

g
re

a
te

st 
c
u
rre

n
t 

in
te

re
s
t 

a
ie
 

?,

C
ru

stáceas

M
o
llu

sc
a

s

T
e
leo

st 
fish

es.-’

P
e
n
a
e
i! 

sh
rim

p
s, 

A
m

erican lo
b

ste
r, 

fre
sh

w
a
ter 

sh
rim

p
s 

o
f 

th
e
 

genus 
M

ar, r o
b
rach

i um
 ®

A
m

erican
 an

d
 P

a
c
ific

 
o

y
ste

rs, 
h

ard
 

clam
s, 

bay 
sc

a
llo

p
s.

A
tla

n
tic

 
and P

a
c
ific

 
salm

o
n

, 
pom

pano®

L
esser 

e
ffo

rts 
are 

d
ire

c
te

d
 

to
w

aid
 
p
a
n
d
a
li^

 
sh

rim
p
s, 

b
lu

e 
c
ra

b
s, 

E
u
ro

p
ean 

o
y
ste

rs, 
ab

alo
n
e, 

strip
e
d
 
b
a
ss, 

sea 
tu

rtle
s
, 

and 
se

le
c
te

d
 

seaw
eed

s. 
A

lth
o
u
g
h
 
p
h
y
to

p
lan

k
to

n
 

and 
d
e
tritu

s 
fe

e
d
e
rs 

h
av

e 
n
o
t 

b
een
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u
tilis

e
d
 

in. 
th

e 
U

n
ited

 
S

ta
te

s 
as 

a 
so

u
rce 

o
f 

lo
w

-co
st 

p
ro

te
in

, 
in

te
re

s
t 

is
 

d
ev

elo
p
in

g
 in

 c
u
ltu

re
 

o
f 

c
a
rp
 

and 
sim

ila
r 

sp
e
cie

s 
w

h
ich w

ould 
be 

p
ro

cessed
 
in

to
 

com
m

inuted 
fle

sh
 p

ro
d

u
cts 

fo
r 

th
e 

m
ass 

fe
e
d
in

g
 m

arket®

Som
e 

o
f 

th
e 

m
ore 

sig
n
ific

a
n
t 

acco
m

p
lish

m
en

ts 
in

 m
a
rle

u
itu

re
 
re

se
a
rc

h
 

and 
d

ev
elo

p
m

en
t 

in
 

th
e 

U
n
ited

 
S

ta
te

s 
in
 

1974 
In

clu
d
e 

§

1) 
C

om
m

ercial 
p
ro

d
u
c
tio

n
 
o
f 

550 
m

e
tric 

to
n

s 
o
f 

p
e
n
-re

are
d
 

salm
on 

on 
th

e 
.P

a
c
ific 

C
o

asta

2
) 

D
evelopm

ent 
o
f 

a 
ra

p
id

, 
lo

w
-co

st 
m

ass 
In

o
c
u

la
tio

n
 m

ethod 
fo

r 
p
re

v
en

tio
n
 
o
f 

v
ib

rio
sis 

in
 
sa

lt-w
a
te

r 
re

a
re

d
 

salm
ons

3) 
S

u
c
ce

ssfu
l 

re
a
rin

g
 
o
f 

salm
on 

in
 
in

te
n

siv
e
 
"
silo

" 
c
o

n
tro

lle
d

 
sy

stem
 
c
u
ltu

re
 §

4) 
L

ong~
term

 
su

rv
iv

a
l 

and 
g
ro

w
th
 
o
f 

o
y

ste
rs 

and 
clam

s 
in
 
c
o

n
tro

lle
d

 
re

c
irc

u
la

te
d
 

sy
stem

s.

5) 
R

earin
g
 
o
f 

h
ig

h
 
d
e
n
sitie

s 
o
f 

sh
rim

p
 
p
o
st-la

rv
a
e
 

an
d 

ju
v
e
n
ile

s 
in
 
c
o
n
tro

lle
d
 

sy
stem

s5

6) 
F

arm
 p

ro
d
u
c
tio

n
 

on P
a
c
ific

 
isla

n
d
s o

f 
o
v
er 

4 
500 

m
e
tric 

to
n
s 

o
f 

re
d
 

seaw
eed

, 
an

d 
e
sta

b
lish

m
en

t 
and 

ex
p
an

sio
n
 
o
f 

k
elp

 
b
ed

s 
alo

n
g

 
th

e 
C

a
lifo

rn
ia

n
 
c
o
a
st 

u
sin

g
 

new
 
p
la

n
tin

g
 
te

c
h
n
iq

u
e
s.

R
esearch

 and 
d

ev
elo

p
m

en
t 

a
c
tiv

itie
s
 

w
h
ich w

ill 
re

c
e
iv

e
 

new
 

o
r 

a
c
c
e
le

­
ra

te
d
 
re

se
a
rc

h
 

and 
d

ev
elo

p
m

en
t 

e
ffo

rts 
in
 

1975 
in

clu
d

e 
s

1) 
G

en
etic 

m
an

ip
u
latio

n
 

o
f 

o
y
ste

rs9 
p
a
rtic

u
la

rly
 fo

r g
ro

w
th
 and 

d
ise

a
se
 
re

sista
n
c
e
!

2) 
In

te
n

siv
e
 
c
u
ltu

re
 

o
f 

salm
on 

in
 
s
a
lt 

w
ater u

sin
g
 
"
silo

"
 

m
eth

o
d
s 

and 
ex

p
an

sio
n
 
o
f 

sa
ltw

a
te

r 
salm

on 
c
u
ltu

re
 
in
 flo

a
tin

g
 
c
a
le

si

3
) 

D
evelopm

ent 
o
f 

lo
w

-co
st 

co
m

p
lete 

d
ie

ts 
fo

r 
p
e
n
a
e
i! 

sh
rim

p
s !

4
) 

"R
acew

ay"' 
c
u
ltu

re
 

o
f 

ju
v

e
n

ile
 
p
en

aeid
 

sh
rim

ps?

5) 
"O

cean ran
ch

in
g

" 
o
f P

a
c
ific

 
salm

on? 
and

6) 
B

e
tte

r u
n

d
erstan

d
in

g
 
o
f 

th
e 

ro
le
 

o
f w

ater 
q
u
a
lity

 
and 

en
v
iro

n
­

m
en

tal 
co

n
tam

in
an

ts 
in
 
lim

itin
g
 re

p
ro

d
u
c
tio

n
, 

su
rv

iv
a
l and 

g
ro

w
th

.

T
ra

n
sla

tin
g
 re

se
a
rc

h
 

an
d d

ev
elo

p
m

en
t 

a
c
tiv

itie
s
 
in

to
 

eco
n
o
m

ically
 

su
c
c
e
ssfu

l m
a
rle

u
itu

re
 
h
as 

b
een

 
slo

w
, 

and 
h
as 

b
een

 
dam

pened 
by 

q
u

ie
t 

o
r 

sp
e
c
ta

c
u

la
r 

fa
ilu

re
s 

w
hen 

co
m

m
ercial 

v
e
n
tu

res 
en

co
u
n
ter 

lo
sse

s 
due 

to
 

in
ad

eq
u

ate 
tech

n
o
lo

g
y
, 

o
r w

hen 
econom

ic 
re

a
litie

s
 

o
f 

la
b
o
u
r­

in
te

n
siv

e
 

m
ethods 

are 
fin

a
lly

 
c
o

n
fro

n
te

d
. 

M
any 

su
ch

 v
e
n

tu
res 

are 
sm

all 
and u

n
d
e
r~

c
a
p
ita

lise
d

9 
an

d 
p

e
rs

is
t 

o
n
ly
 b

rie
fly

. 
O

th
ers 

are 
su

p
p

o
rted

 
by 

la
rg

e
r 

in
d
u
strie

s, 
b

u
t 

a
re 

s
till 

fa
r 

from
 

econom
ic 

v
ia

b
ility

®
 

D
esp

ite 
th

e
se
 
lim

ita
tio

n
s, 

th
e
re
 

h
as 

b
een

 
ex

p
an

sio
n
 
o

f m
arl­

e
u

i tu
re
 
re

se
a
rc

h
 

and 
d

ev
elo

p
m

en
t 

com
m

itm
ent 

a
n
n
u
a
lly

, 
in

c
lu

d
in

g
 

1974«

P
o

llu
tio

n

S
tu

d
ies 

o
f 

th
e 

e
ffe

c
ts 

o
f 

c
o
a
sta

l 
p
o
llu

tio
n
 

on fis
h
 

and 
sh

e
llfish

 
u

n
d
erw

en
t 

g
re

a
t 

ex
p
an

sio
n
 in

 1974 
fo

r 
a num

ber 
o
f 

reaso
n

s 
; 

l) 
in

­
c
rea

sed
 
p

u
b

lic
 

co
n
cern

 
ab

o
u
t 

th
e
 
e
ffe

c
ts 

o
f 

o
cean

 
dum

ping 
o
f 

sew
age 

slu
d
g
e 

and 
o
cean

 
sew

age 
d
isp

o
sa

l 
o
u
tfa

lls 
on 

th
e
 
c
o
a
sta

l 
en

v
iro

n
m

en
t,

2) 
th

e 
im

m
in

en
t 

ex
p
an

sio
n
 

o
f 

p
etro

leu
m
 
e
x
p
lo

ra
tio

n
 and p

ro
d
u
c
tio

n
 

on 
th

e 
c
o

n
tin

e
n
ta

l 
sh

e
lv

e
s, 

3) 
in

c
re

a
sin

g
 
le

g
a
l 

p
re

ssu
re

s 
on in

­
d
u
strie

s 
to
 
h
a
lt 

o
r red

u
ce 

o
cean

 
dum

ping p
ra

c
tic

e
s 

and 
4

) 
th

e
 

n
eed 

to
 u

n
d
erstan

d
 
e
c
o
lo

g
ic

a
l 

im
p
acts 

o
f 

o
ffsh

o
re
 
flo

a
tin

g
 n

u
c
lea

r g
en

e-
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g
e
n

e
ra

tin
g
 
sta

tio
n
s, 

ch
an

n
el 

d
red

g
in

g
, 

d
eep w

a
te

r 
o
il 

te
rm

in
als 

an
d 

a
rtific

ia
l 

islan
d
s®

P
rin

c
ip

a
l 

c
o
n
trib

u
to

rs 
to
 
stu

d
ie

s 
in

c
lu

d
e 

th
e 

N
atio

n
al 

O
cean

ic 
and 

A
tm

o
sp

h
eric 

A
d

m
in

istra
tio

n
 

(N
C

A
A

) 
o
f 

th
e 

U
oS®

 
D

ep
artm

en
t 

o
f 

C
om

m
erce, 

w
ith

 
its

 
M

arin
e 

E
co

sy
stem

s 
A

n
aly

sis 
(M

ESA
) 

P
ro

g
ram

, 
an

d its
 
N

atio
n

al 
S

ea G
ran

t 
P

rogram
? 

th
e 

17®S® 
E

n
v
iro

n
m

en
tal 

P
ro

te
c
tio

n
 A

gency, 
th

ro
u

g
h

 
its

 
in

te
rn

a
l 

sy
stem

 
o
f 

re
se

a
rc

h
 
la

b
o
ra

to
rie

s 
as 

w
e
ll 

as 
its

 
ex

tram
u
ral 

g
ra

n
t 

program
? 

th
e 

B
u
reau

 
o
f 

L
and M

anagem
ent 

o
f 

th
e 

U®S® 
D

ep
artm

en
t 

o
f 

In
te

rio
r 

- 
co

n
cern

ed
 w

ith
 
o
u
te

r 
c
o
n
tin

e
n
ta

l 
sh

e
lf 

o
il 

le
a
sin

g
?
 

som
e 

p
riv

a
te
 
u

tility
 
co

m
p

an
ies, 

and v
a
rio

u
s 

s
ta

te
, 

co
u
n
ty
 and 

m
u
n
icip

al 
groups®

T
he 

N
O

A
A

-M
ESA

 p
ro

g
ram

 
o
f 

th
e 

U
®

S0 
D

ep
artm

en
t 

o
f 

C
om

m
erce 

m
ig

h
t 

serv
e 

as 
an
 

exam
ple 

fo
r 

th
e 

sco
p
e 

o
f U

®
S0 

c
o

a
sta

l 
p
o
llu

tio
n
 
stu

d
ie

s. 
T

he 
program

 
fo

cu
ses 

on 
se

rio
u

sly
 im

p
acted

 
c
o
a
sta

l 
a
re

a
s 

su
ch

 as 
th

e 
N

ew
 ïo

rk
 
B

ig
h
t, 

w
ith

 w
ell-fu

n
d

ed
 
stu

d
ie

s 
o
f 

se
v
e
ra

l y
e
a
rs 

d
u
ra

tio
n
 
co

v
erin

g
 a

li 
a
sp

ec
ts 

o
f 

th
e 

eco
sy

stem
, 

in
c
lu

d
in

g
 p

h
y
sic

a
l 

o
cean

o
g
rap

h
y
, 

ch
em

istry
, 

se
d

i- 
m

en
to

lo
g
y
, 

an
d biology®

 
D

esig
n

ed
 

to
 
a
sse

ss 
m

an®
s 

g
e
n

era
l 

e
ffe

c
t 

on 
c
o
a
sta

l 
eco

sy
stem

s, 
th

e 
p
ro

g
ram

 is
 
re

sp
o
n
siv

e
 
a
iso

 
to
 
p
a
rtic

u
la

r 
p
ro

­
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