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ABSIRAGT

This report  descr ibes the f i f teenth l lR survey
carr ied out in February 1988, cont inuing the
long-term monitor ing of the bed sedinents of
Liverpool Bay. The object ive is to determine
whether any changes are occurring in the abundance
of heavy metals and of organic matter in the f iner
fract ion of the bed sedinent as a consequence of
se l rage s ludge d isposa l .  The d i f fe rences  in
measured concent ra t ion  ar is ing  f rom the  se lec t ion
of  90  p  n  ins tead o f  the  more  t rad i t iona l  63  U m as
the upper l imit  of  the f iner fract ion is germane to
the future conduct of the monitor ing programme by
the North West Water Authori ty.  The f indings of
the second half  of  this trdo-year study into the
expected consequences of making this choice are
d e s c r i b e d .
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TNTRODUCTIOI{
Surveys of  the organic carbon and heavy metals
abundance in the sediments of  L iverpool  Bay have
been  conduc ted  by  Hyd rau l i cs  Resea rch  (HR)  on  a
rough l y  annua l  bas i s  s i nce  L973 .  The  ob jec t i ve  o f
t h i s  sed imen t  su rve i l l ance  i s  t o  de tec t  whe the r  anv
Iong - te rm t rends  a re  t ak ing  p lace  i n  t e rms  o f
o rgan i c  and  me ta l  en r i chmen t  o f  t he  su r face
sed imen ts  as  a  consequence  o f  t he  d i scha rge  o f
sewage  s ludge  to  t he  Bay .  Th i s  repo r t  p resen ts  t he
r e s u l t s  o f  t h e  l a t e s t  s u r v e y ,  t h e  f i f t e e n t h  o f  t h e
se r i es ,  wh i ch  was  unde r taken  i n  Feb rua ry  1988 .

S tanda rd  p rocedu re  i n  t he  pas t  has  been  to
de te rm ine  the  concen t ra t i on  o f  o rgan i c  ca rbon
and  heavy  me ta l s  i n  t he  so -ca l l ed  mud  f rac t i on  o f
t he  su r face  25mm o f  t he  bed  ob ta ined  by  g rab
samp l i ng  o r  by  sha l l ow  co r i ng .  Th roughou t  t he
su rvey  se r i es  HR has  adop ted  the  t rad i t i ona l  s i ze
sp l i t  a t  63  U  m as  the  uppe r  l im i t  o f  r he  mud
f rac t i on .  The  p resen t  su rvey  marks  t he  end  o f  a
two  yea r  ove r l ap  when  bo th  HR and  Nor th  Wes t  Wa te r
Au tho r i t y  (NWWA)  ca r r i ed  ou t  t he i r  own  samp l i ng
p rog rammes  and  ana l ys i s .  Hence fo r th  NWWA w i l l  t ake
ove r  respons ib i l i t y  f o  t he  ma in  mon i to r i ng
programmes.  Al though NWWA have cont inued the same
samp l i ng  pa t te rn  t ha t  has  evo l ved  f ro rn  t he  HR
prog ramme,  t hey  have  dec ided  to  make  the  mud  s i ze
s p l i t  a t  9 0  p m  i n s t e a d  o f  6 3 p m  i n  o r d e r  t o  c o n f o r m
t o  p r e s e n t  p r a c t i c e  a t  t h e  F i s h e r i e s  L a b o r a t o r y ,
Bu rnham-on -Crouch  (MAFF) .  Th i s  change  may  pose
p rob lems  i n  re la t i ng  t he  resu l t s  o f  t he  NWWA
surveys  to  t he  l ong  t ime  se r i es  co l l ec ted  by  HR.
The re fo re ,  i t  has  been  dec ided  to  t ake  advan tage  o f
t he  two -yea r  ove r l ap  by  a t t emp t i ng  to  eva lua te  t he
e f fec t  o f  chang ing  the  s i ze  l im i t .  Thus  on  bo th
the  p resen t  su rvey  and  the  l as t  su rveys  HR have
doub led  the i r  cus tomary  ana l ys i s  by  examin ing  the
" l ess  t han  63  i - 1  mr r  f  r ac t i on  and  the  r r l ess  t han
9 0  p m "  f r a c t i o n .  F u r t h e r m o r e  s u b - s e t s  o f  t h e  t o t a l
sed imen t  f r om each  sanp l i ng  l oca t i on  have  been  made
avai lable to MAFF and NI , IWA to permi t  comprehensive
i n t e r - l  a b o r a t o r y  c a l  i b r a t i o n .



SA}iPLE RECOYERY

Grab  samp les  we re  taken  f rom the  M.V .  B rand ing  on

1 6 - 1 8  F e b r u a r y  1 9 8 8  a t  6 7  s i t e s  ( F i g  1 ) .  T h e

samp l i ng  g r i d  i nc luded  twen ty - th ree  o f  t he  g roup  o f

t r v e n t y -  f o u r  s t a n d a r d  s i t e s  v i s i t e d  r e g u l a r l y  s i n c e

L 9 7 3 .  T h e  r e m a i n i n g  o n e ,  T 6 ,  t h e  c l o s e s t  t o  t h e

Dee  es tua ry  was  om i t t ed  as  i t  was  on  the  p rev ious

t r ^ ro  su rveys .  Because  o f  t he  requ i remen t  t o  d i v i de

the  samp le  i n to  t h ree  pa r t s  (one  fo r  MAFF and  one

f o r  N W W A  a s  w e l l  a s  o n e  f o r  H R ) ,  d u p l i c a t e  g r a b

s a m p l e s  w e r e  t a k e n  a t  m o s t  s i t e s  t o  e n s u r e
s u f f i c i e n t  m u d  w a s  a v a i l a b l e  f o r  a n a l y s i s .  T h e  t o p

25mm was  sepa ra ted  on  boa rd  t he  su rvey  vesse l  and

t h e  d u p l i c a t e s  b u l k e d  p r i o r  t o  t h e i r  r e t u r n  t o  t h e

l a b o r a t o r v .



LI\BORATORY TREATT.{EXT

I nd i v i dua l  s ta t i on  samp les  we re  we l l  m ixed  and
d i v i ded  i n to  t h ree  equa l  pa r t s  as  on  the  l as t
s u r v e y  ( R e f .  1 ) .  T h e s e  w e r e  s t o r e d ,  i n  p o l y t h e n e
bags ,  i n  a  deep - f t eeze  un t i l  r equ i red .  The  HR
samp le  was  d i v i ded  i n to  two ,  one  ha l f  be ing  sp l i t
i nEo  mud  and  sand  f rac t i ons  by  we t  s i ev ing  a t  63  Um
as  has  been  the  cus tom fo r  a l l  HR ana l yses  and  the
s e c o n d  h a l f  s p l i t  s i m i l a r l y  a t  9 0  U m .  T h i s
p rov ided  ma te r i a l  t o  enab le  compar i sons  o f
t he  o rgan i c  ma t te r  and  heavy  me ta l  con ten ts  o f  t he
0  -  63  Um and  0  -  90  l im  f rac t i on  t o  be  made .  We t
sepa ra t i on  was  accompan ied  by  hand  b rush ing  to
b reak  down  sed imen t  agg rega tes .  I n  sp i t e  o f  ex t ra
g rab  samp les  be ing  taken ,  t he  quan t i t y  o f  f i ne
m a t e r i a l s  a v a i l a b l e  r d a s  n o t  a l w a y s  s u f f i c i e n t
t o  e n a b l e  a  f u l l  s e t  o f  a n a l y s e s  t o  b e  m a d e .  I n
gene ra l ,  whe re  t he re  was  l ess  t han  abou t  0 .17 "  o t
f  i n e s  (  <  6 3  U m  o r  <  9 0  U r n )  t h e n  t h e  o r g a n i c
de te rm ina t i on  wh i ch  uses  the  l a rge r  quan t i t y  o f
ma te r i a l  was  om i t t ed .  As  on  p rev ious  su rveys ,  t he
f i n e  f r a c t i o n  w a s  o v e n  d r i e d  a t  5 0 o C  p r i o r  t o
c rush ing  and  m ix ing  be fo re  sub -samp l i ng  f o r  o rgan i c
and  heavy  me ta l  de te rm ina t i ons .

Organ i c  ca rbon  de te rm ina t i ons  we re  made  by  t he
s tanda rd  we t  ox ida t i on  me thod  used  p rev ious l y  ( t he
o rgan i c  ca rbon  i s  repo r ted  as  o rgan i c  ma t te r ,  a
f a c t o r  o f  2 . 5  b e i n g  u s e d  a s  i n  t h e  p a s t  t o  c o n v e r t
ca rbon  to  t he  equ i va len t  o f  d r i ed  o rgan i c
r e s i d u e s  ) .

S tanda rd  (NBS 1645 )  and  HRrs  own  re fe rence  samp les
were  i nc luded  w i th  t he  samp les  submi t t ed  t o  t he
commerc ia l  ana l y t i ca l  l abo ra to ry  f o r  heavy  me ta l
de te rm ina t i ons  by  a tom ic  abso rp t i on  spec t ropho to -
me t r y  as  i n  t he  p rev ious  f i ve  su rveys .  Co r rec t i on
fac to rs  we re  de r i ved  and  app l i ed  t o  ensu re  t ha t  t he
resu l t s  o f  t he  cu r ren t  su rvey  a re  as  comparab le  as
poss ib le  w i t h  t hose  o f  t he  p rev ious  s i x  su rveys  fo r
wh i ch  the  da ta  i s  i nc luded  i n  t h i s  repo r t .

The  fac to rs  used  on  th i s  occas ion  rde re :

Hg
Cu
Zn

1  . 0 6 8
L . 0 7 2
0 .  9 8 3

P b  0 . 9 9 0
N i  L . 0 6 2
C r  1 . 0 1 6

They  a re  t yp i ca l  o f  t hose  used  i n  t he  pas t  and  i n
mos t  cases  the  i nd i v i dua l  check  samp les  we re  w i th in
the  +102  c la imed  accu racv  fo r  t h i s  me thod  o f
ana l i s i s .



T h e  p r e v i o u s  s i x  s u r v e y s  f r o m  w h i c h  t h e  d a t a  i s
i n c l u d e d  i n  t h i s  r e p o r t  w e r e  m a d e  o n  s u b s t a n t i a l l y
t he  same g r i d  cove r i ng  be tween  60  a r .d  67  s i t es  so
c o m p a r i s o n s  a r e  m o r e  r e a l i s t i c  t h a n  w i t h  s o m e  o f
t h e  e a r l i e r  s u r v e y s  w i t h  t h e i r  l o w e r  s a m p l i n g
d e n s i t y .  N e v e r t h e l e s s ,  t h e  a b i l i t y  t o  r e t u r n  t o  a
p a r t i c u l a r  s i t e  t h e  f o l l o w i n g  y e a r  i s  l i m i t e d  b y
n a v i g a t i o n a l  a c c u r a c y  s o  t h a t  l o c a l  n o n - u n i f o r m i t y
o f  bed  compos i t i on  ra the r  t han  tempora l  change  can
a c c o u n t  f o r  s u b s t a n t i a l  d i f f e r e n c e s  f r o m  y e a r  t o
y e a r  ( c f  m u d ,  p o s i t i o n  T 1 3 r  4 5 7 .  l a s t  y e a r . 0 . L Z
t h i s  y e a r  ) .



4 I.IUD CONTENT

The  mud  con ten t  o f  each  o f  che  67  sa rnp l i ng
p o s i t i o n s  i s  s h o w n  i n  F i g . 2 .  T h e  m u d  c o n t e n t  i s
s i m i l a r  i n  d i s t r i b u t i o n  t o  t h a t  f o u n d  i n  p a s t
su rveys  a l t hough  the  abso lu te  va lues  a re  somewha t
l o w e r .  t l e  r e p o r t e d  i n  1 9 8 7  ( R e f . 1 )  o n  t h e
fou r teen th  su rvey  tha t  t he re  appea red  to  be  l ess
mud  i n  t he  su r face  l aye r ,  a  mean  o f  8 "1  compared
w i th  t he  more  cus tomary  112  found  on  the  p rev ious
fou r  su rveys .  The  p resen t  su rvey  shows  the  mean
down  to  5 .42 .  Aga in ,  t he  mean  d i f  f e rence  ov /es
much  to  t he  con t i nued  reduc t i on  i n  mud  a t  t he
p a r t i c u l a r l y  m u d - r i c h  s i t e s .  Y Y 3  a n d  4  s h o w e d  a n
average mud content  of  45"1 compared wi th 72% and
9 0 2  t n  t h e  w i n t e r s  1 9 8 7 / 8 r  1 9 8 6 1  7  a n d  L 9 8 5 1 6
r e s p e c t i v e l y .  F o r  t h e  f i r s t  r i m e  t h e r e  a r e  n o  m u d
c o n t e n t s  a b o v e  5 0 2  t h r o u g h o u t  t h e  a r e a .

S e v e r a l  s t a t i o n s  s h o w e d  m u d  c o n t e n t s  o f  l e s s  t h a n
L 7 "  f o r  t h e  f i r s t  t i m e  ( T 1 3 ,  Q 1 3  a n d  R 9 )  a n d  t w o
showed  l ess  t han  IZ  f o r  t he  second  t ime  on l y  i n
n i n e  o r  t e n  s u r v e y s  ( R I 3 ,  R 1 2 ) .  U 1 2  s h o w e d  l e s s
t h a n  1 Z  f o r  t h e  f i r s c  t i m e  b u t  h a s  o n l y  b e e n
s a m p l e d  o n  f o u r  o c c a s i o n s .

Obse rvaE ions  made  on  boa rd  t he  su rvey  vesse l
i n d i c a t e s  t h a t  s e v e r a l  s a m p l e s  h a d  a  l a y e r  o f  s a n d
o v e r l y i n g  a  m u d d i e r  b e d .  T h i s  w a s  n o t e d  a t
p o s i t i o n s  U 9 ,  5 9 ,  S 1 2 ,  P L z .  T h i . s  s u g g e s t s  t h a t
p r e v a i l i n g  w e a t h e r ,  t i d a l  o r  h r a v e  c o n d i t i o n s  h a d
d i s t r i b u t e d  f i n e  s a n d  o v e r  c e r t a i n  p a r t s  o f  t h e
b a y .  ' I h e  e f f e c t  o f  t h i s  o n  t h e  r e s u l t s  i s  t o
dec rease  the  mud  concen t ra t i on  i n  t he  t op  25mm o f
b e d  b u t  n o t  n e c e s s a r i l y  t o  a l t e r  t h e  h e a v y  m e t a l
c o n c e n t r a t i o n s  i n  t h e  m u d .

A t  t w o  s i t e s ,  w h e r e  d u p l i c a t e  g r a b  s a m p l e s  w e r e
t a k e n  i n  o r d e r  E o  o b t a i n  s u f f i c i e n t  m u d  f o r
ana l ys i s ,  t he  two  i nd i v i dua l  samp les  \ ^ re re  ve ry
d i f f e ren t  i n  cha rac te r ,  even  though  taken  a t
n o m i n a l l y  t h e  s a m e  p o s i t i o n .  T h e s e  w e r e  a t
p o s i t i o n s  P l l  a n d  S 1 3  w h e r e  o n e  o f  e a c h  p a i r  o f
samp les  con ta ined  much  more  mud  than  the  o the r .  I n
t h e s e  c a s e s ,  t h e  s a m p l e s  r 4 r e r e  a n a l y s e d  s e p a r a t e l y
a s  P l l A  a n d  B ,  S 1 3 A  a n d  B  a n d  E h e  r e s u l t s  a r e
r e c o r d e d  i n  T a b l e  l .



5 ORGANIC CONTENT

The  d i s t r i bu t i on  o f  o rgan i c  ma t te r  i n  t he  mud
f r a c t i o n  ( F i g . 3 )  i s  m o r e  c o m p r e h e n s i v e  t h a n  i n  t h e
las t  su rvey  and  shows  s l i gh t l y  h ighe r  f i gu res
a l t hough  the  fou r teen th  su rvey  resu l t s  we re
incomp le te  and  l ower  t han  ave rage .  The  r r t o ta l t t

o r g a n i c s  i n  F i g . 1 0  s h o w  n o  v a l u e s  e x c e e d i n g  1 0 0 0
tonnes  l km2  fo r  t he  f i r s t  t ime  due  to  t he  f ac t
t ha t  t he  mud  con ten ts  r { re re  l ower .  The  t t t o ta l t t

o rgan i cs  a re  a  p roduc t  o f  t he  o rgan i c  ma t te r
con ten t  and  the  mud  con ten t  exp ressed  as  a  we igh t
pe r  un i t  a rea  o f  t he  t op  25mm o f  t he  bed .  The
a r e a l  d i s t r i b u t i o n  i s  s i m i l a r  t o  t h a t  o f  p r e v i o u s
y e a r s .

6



6 EEAYY }iETALS

I n  t h i s  s e c t i o n ,  o n l y  t h e  m e t a l s  i n  t h e  < 6 3  p m
f rac t i on  w f l 1  be  cons ide red  and  the  compar i sons
made  w i l l  be  w i t h  pas t  su rveys .

The  heavy  me ta l  concen t ra t i ons  have  been
i l l u s t r a t e d  a s  i n  p r e v i o u s  r e p o r t s .  F i g s  4  -  9
show the  concen t ra t i on  o f  me ta l s  i n  t he  mud
f rac t i on  o f  t he  sed imen t  exp ressed  i n  m ic rog rams
meta l  pe r  g ram o f  mud .  F igs  11  -  16  shown  the
t t t o t a l ' r  m e t a l s  e x p r e s s e d  a s  t h e  p r o d u c t  o f  t h e
me ta l  concen t ra t i on ,  t he  mud  pe rcen tage ,  and  a
fac to r  based  on  the  mean  d ry  bu l k  dens i t y  o f  a
number  o f  co res .  Th i s  t t t o ta l t t  me ta l  concen t ra t i on
i s  exp ressed  as  k i l og rams  (mercu ry  on l y )  o r  t onnes
o f  me ta l  i n  t he  t op  25mm pe r  squa re  k i l ome t re  o f
bed .  I f  i t  i s  assumed  tha t  t he  me ta l  con ten t  o f
t he  f i ne  sed imen t  (  <  63  u  m)  i s  ma in l y  de r i ved  f rom
a d s o r p t i o n  o f  m e t a l s  f r o m  s o l u t i o n ,  t h e n  t h i s
t r t o t a l t t m e t a l  f i g u r e  r e p r e s e n t s  t h e  i n p u t  t o  t h e
a rea  f rom man-made  sou rces  toge the r  w i t h  any
n a t u r a l  s o u r c e s  t h a t  p r o d u c e  s o l u b l e  m e t a l s .

Mercu ry  concen t ra t i ons  appea r  much  h ighe r  a f t e r  i t
I , t as  repo r ted  l as t  yea r  t ha t  t he re  had  been  a  5 -yea r
d e c l i n e  i n  m e r c u r y  v a l u e s  ( F i g .  4 ) .  N o  l e s s  t h a n
1 4  s i t e s  s h o w  c o n c e n t r a t i o n s  e x c e e d i n g  4 V g l g
compared  w i th  on l y  one  l as t  yea r .  Pa r t  o f  che
exp lana t i on  i s  t ha t  as  t he  mud  concen t ra t i ons
reduce ,  t hen  the  concen t ra t i on  o f  r e \ . / o r ked  mercu ry
p e r  u n i t  w e i g h t  o f  m u d  r i s e s .  N e v e r t h e l e s s ,  t h e r e
a re  some s i t es  such  as  R l l  and  T8  where  mud  and
mercu ry  va lues  a re  bo th  above  ave rage .  Assuming  a
reduc ing  i npu t  o f  mercu ry  t o  t he  a rea ,  rework ing  o f
bu r i ed  sed imen ts  mus t  accoun t  f o r  t he  appa ren t
i nc rease .  The  mean  mercu ry  concen t ra t i on  o f
4 . 8  U g l g  i s  t h e  h i g h e s t  r e c o r d e d  s i n c e  t h e  c u r r e n t
60 -67  s i ces  have  been  samp led .  The  re la t i ve
s t a n d a r d  d e v i a t i o n  ( R S D )  i s  a l s o  t h e  h i g h e s t  a t
3L5 " / . .  I t  i s  d i f f i cu l t  t o  env i sage  a  scena r i o  t ha t
wou ld  exp la in  t he  peak  mercu ry  concen t ra t i on  o f  124

p e l g  a t  a  p o s i t i o n  s u c h  a  L 7  w h e r e  p o l l u t i o n  s h o u l d
b e  m i n i m a l .  I n c i d e n t a l l y ,  t h e  0  -  9 0  U m  v a l u e  a t
t h i s  s i t e  i s  4 I2  vg lg .  Assuming  the  samp les  $ re re
rep resen ta t i ve  o f  t he  bu l k  o f  t he  bed  and  even
though  the  mud  concen t ra t i ons  we re  ve ry  l ow ,  t hese
resu l t s  imp ly  a  h igh  concen t ra t i on  o f  mercu ry  i n
the  60  -  90  pm range .  Th i s  wou ld  no t  be  expec ted
t o  o c c u r  b y  a d s o r p t i o n  p r o c e s s e s ,  w h i c h  w o u l d
concen t ra te  t he  mercu ry  i n  t he  f i ne r  ma te r i a l ,  bu t
may  de r i ve  f r om mercu ry  con ta in ing  m ine ra l s .



O t h e r  s o u t h e r n  s i t e s ,  G 7 ,  M 8 r  N 8  a r e  n o r m a l .  T h e
h igh  RSD va lue  and  the  l a rge  va r i a t i ons  be tween
mercu ry  concen t ra t i ons  i n  t he  0  -  63  and  0  -  90  p  m
f rac t i ons  re in fo rces  the  v iew  tha t  mercu ry
d i s t r i bu t i on  i s  f a r  more  uneven  than  any  o f  t he
o the r  me ta l s  and  may  we l l  be  be ing  concen t ra ted  by
some so  fa r  unknown  mechan i sm.  I n  sp i t e  o f  a l l
t h i s ,  t h e  t o t a l  m e r c u r y  d i s t r i b u t i o n  ( F i g . 1 1 )

appea rs  more  even ,  no  va lues  above  100  kg /km2
b e i n g  r e c o r d e d ,  s i m i l a r  t o  t h a t  o f  t h e  l a s t
su rvey .

Z i n c  ( F i g s .  5  a n d  1 2 )  f i g u r e s  a r e  v e r y  c l o s e  t o  t h e
ave rage  o f  t he  pas t  f i ve  su rveys  bo th  i n  mean
c o n c e n t r a t i o n  a n d  t o t a l  d i s t r i b u t i o n .  H i g h e r
i n d i v i d u a l  c o n c e n t r a t i o n s  a r e  a g a i n  a s s o c i a t e d  w i t h
low  mud  concen t ra t i ons .

Lead  (F igs .  6  and  13 )  shows  fou r  peaks  exceed ing

3 0 0 p g l g  b u E  o v e r a l l  t h e  m e a n  i s  s i m i l a r  t o  t h a t  o f
t he  l as t  t r ^ ro  su rveys  and  a  reduc t i on  on  the
p r e v i o u s  t h r e e .

N i c k e l  a n d  c o p p e r  s h o w  i n c r e a s e s  c l o s e  t o  t h e
dredged spoi l  durnping ground nor th of  the lu lersey
o u t f a l l ,  c o n c e n t r a t i o n s  o f  n i c k e l  e x c e e d i n g  1 0 0 U g / g
and  coppe r  exceed ing  400  U  C l  g  be ing  reco rded  fo r
t h e  f i r s t  t i m e  i n  t h a t  a r e a  ( f i g s .  7  a n d  8 ) .
H o w e v e r ,  t h e s e  h i g h e r  v a l u e s  m a k e  l i t t l e  i m p r e s s i o n
o n  t h e  t o t a l  n i c k e l  a n d  c o p p e r  ( F i g s .  1 4  a n d  1 5 )
because  they  a re  co inc iden t  \ ^ r i t h  sed imen ts  hav ing
ve rv  l ow  mud  con ten t .

Ch rom ium ( f i gs  9  and  16 )  concen t ra t i ons  have  been
h i g h  i n  t h e  d r e d g i n g  s p o i l  g r o u n d  s i n c e  1 9 8 4  b u t
t h e  n u m b e r  o f  s i t e s  w i t h  h i g h  v a l u e s  i s  i n c r e a s i n g
w i t h  t h e  c o n c e n t r a t i o n s  t h e m s e l v e s  a l s o
i n c r e a s  i n g .

C o n s i d e r i n g  a l l  t h e  f i g u r e s ,  i t  i s  o b v i o u s  t h a t
the  me ta l  concen t ra t i ons  a re  h ighe r  t han  ave rage
bu t  t he  mud  concen t ra t i ons  a re  l ower ,  t hus  g i v i ng  a
t o t a l  m e t a l  d i s t r i b u t i o n  w h i c h  a p p e a r s  s l i g h t l y
be low  ave rage .

T h e  d i s t r i b u t i o n  o f  t h e  " t o t a l i l  m e t a l s  i s  s i m i l a r
t o  t h a t  o f  1 9 8 5 / 6  w i t h  p e a k s  s o u t h  o f  t h e  M e r s e y
o u t f l o w ,  t o  t h e  f a r  n o r t h  a r o u n d  S 1 4 ,  s l i g h t l y  t o
t h e  e a s t  o f  t h e  p r e v i o u s  p e a k s  ( b a s e d  o n  t h i s  s i t e
a lone ) ,  a  cen t ra l  band  be tween  the  Mersey  and  the
s ludge  dump ing  g round ,  and  l as t l y  t o  t he  no r th  o f
t he  s ludge  dump ing  g round .

T h e  m e a n  v a l u e s  ( M U  g / g )  a n d  t h e  r e l a t i v e  s t a n d a r d
d e v i a t i o n  ( R S D Z )  f o r  t h e  l a s t  s i x  s u r v e y s  a r e  g i v e n

o v e r l e a f .



Survey  No.  l trg I C rCuN iPbZa

6 9

2 5

5 0

5 l

9 7

46

7 0

8 8

43

24

8 6

6 5

1 0

5 6

5 1

497

4 1

1 l

2 6 6

9 3

r46

4 5

54

44

t 5

M

R S D

M

RSI)

1"1

RSD

M

RSD

Ir,l

RSI)

M

R S D

3 . 8

1 3 5

2 . 0

9 7

2 . 8

249

1 . 9

3 9

I . 7

5 2

*  3 . 2

*  1 0 0

388

4 5

3 8 6

4 3

346

2 2

397

34

349

1 5 8

459

1 2 0

51

37

9 9

5 0

6 6

2 0

1 6 5

1 1 6

7 3

5 0

8 5

4 3

465

2 5

L2

t 3

L 4

L 7 2

5 6

55

t7

) r

31

90

43

L66

6 4

T h e  e x c e s s i v e l y  h i g h  m e r c u r y  c o n c e n t r a t i o n  a t  p o s i t i o n  L 7  i n  t h e

l a t e s t  s u r v e y  h a s  b e e n  o m i t t e d  f r o m  t h e  a b o v e  m e a n s .



7 }IUD FRACTIOX
COI,IPARISONS

S e p a r a t i o n  o f  t h e  t o t a l  s e d i m e n t  a t  6 3 U  m  a n d  9 0  U  m
t o  g i v e  0  -  6 3  a n d  0  -  9 0 U  m  f r a c t i o n s  y i e l d s  t w o
s e t s  o f  r e s u l t s  f o r  m u d ,  o r g a n i c  m a t t e r  a n d  h e a v y
m e t a l s  ( t a U t e  t ) .  t h e  6 3 U  m  s p l i t  h a s  b e e n  t h e
s tanda rd  used  a t  HR and  i s  common ly  used  e l sewhere .
O the r  s i ze  l im i t s  have  been  chosen  by  wo rke rs  i n
the  same f i e l d  rang ing  f ro rn  20  U  m (Re f  3 )  t o  no
s p l i t  a t  a l l ,  i n  o t h e r  w o r d s  u s i n g  t h e  e n t i r e
sed imen t  (Re f  4 ) .  O the r  wo rke rs  have  assumed  the
t o t a l  m e t a l  c o n t e n t  i s  c o n f i n e d  t o  t h e  > 1 6 U  m
f r a c t i o n  ( R e f  5 ) .  M A F F  c u r r e n t l y  s p l i t  a t  9 0 p m ,
c l a i m i n g  t h a t  s e d i m e n t  a g g r e g a t e s  a r e  n o t  f u l l y
b roken  down  by  we t  s i ev ing  so  tha t  more  o f  t he
m e t a l s  a d s o r b e d  o n  t h e  c l a y  p a r t i c l e s  a r e  i n c l u d e d
i n  t h e  l e s s  t h a n  9 0 U m  f r a c t i o n  t h a n  i n  t h e  l e s s
t h a n  6 3  U m .  E a r l i e r  s t u d i e s  ( R e f  2 ,  6 )  h a v e
demons t ra ted  tha t  even  when  agg rega tes  a re  f u l l y
b roken  down  ce r ta in  me ta l s  such  as  coppe r ,  ch rom ium
and  i r on  a re  p resen t  a t  h i ghe r  concen t ra t i ons  i n
t h e  5 0  t o  1 0 0  p m  f r a c t i o n .  H o w e v e r ,  i n  t h e s e  c a s e s
i t  i s  n o r m a l l y  a s s u m e d  t h a t  e l e v a t i o n s  i n  t h e
n o n - a g g r e g a t e d  6 3  t o  9 0  U m  f r a c t i o n  a r e  n o t  i n  t h e
f o r m  o f  a d s o r b e d  m e E a l s .  T h e y  a r e  m o r e  l i k e l y  t o

,  be  o f  na tu ra l  o r i g i n  t han  the  consequence  o f
c o n t a m i n a t i o n  f r o m  s l u d g e  d i s p o s a l  o r  e f f l u e n t  f r o m
t h e  M e r s e y  e s t u a r v .

F rom a  l a rge  number  o f  s i ze  g rad ings  made  i n  t he
pe r i od  L973  to  1981  the  max imum pe rcen tage  sed imen t
f o u n d  i n  t h e  6 3  -  9 0 U m  r a n g e  w a s  l e s s  t h a n  1 0 2 .
The  cu r ren t  compar i sons  ( t aU te  1 )  show tha t  on
ave rage  abou t  one  pe r  cen t  o f  t he  samp le  i s  i n  t he
6 3  -  9 0 p  m  f r a c t i o n .  S u b - s a m p l i n g  e r r o r s  p a r t i c u -
l a r l y  w h e n  d i v i d i n g  t h e  c o a r s e r  s a m p l e s  r e s u l t e d  i n
s o m e  6 3  -  9 0  U m  f r a c t i o n s  b e i n g  a p p a r e n t l y  n e g a t i v e
e . g .  G 9 ,  1 4 1 2 ,  P L 2 ,  5 9 ,  5 1 1 .  H o w e v e r ,  c o m p a r i s o n  o f
t h e  m e a n s  f o r  t h e  6 9  s a m p l e  p a i r s  i n d i c a t e  t h a t
s i e v i n g  a t  t h e  9 0  p m  d i v i d e  y i e l d s  1 6 %  m o r e
s e d i m e n t  t h a n  s i e v i n g  a t  6 3 p m .  T h i s  f i g u r e  i s  i n
reasonab le  acco rd  w i th  t he  p ropo r t i on  ob ta ined
on  the  fou r teen th  su rvey ,  nameLy  L47" .

The  p r i nc ipa l  ques t i on  t o  be  reso l ved  fo r  t he
con t i nua t i on  o f  t he  t ime  se r i es  by  NWWA i s  whe the r
s i e v i n g  a t  9 0  p m  b r i n g s  a b o u t  a  s i g n i f i c a n t  d i f f e r -
ence  i n  t he  me ta l  and  o rgan i c  concen t ra t i ons
d e r i v e d  f r o m  t h e  " l e s s  t h a n  6 3  p m r t  f r a c t i o n .  F o r
t h e  l i m i t i n g  c a s e  w h e r e  n o  m e t a l  i s  p r e s e n t  i n  t h e
t ' 6 3  -  9 0 p  m "  f r a c t i o n  t h e n  t h e  m e t a l  c o n c e n t r a t i o n
o b t a i n e d  o n  t h e  " l e s s  t h a n  6 3  p m r r  o f  t h e  p r e s e n t
s u r v e y  w i l l  b e  d i l u t e d  o n  a v e r a g e  t o  1 0 0 / 1 1 6  =

0 . 8 6 "  I t  s h o u l d  n o t  b e  p o s s i b l e  t o  f a l l  b e l o w  t h e
0 . 8 6  x  c o n c e n t r a t i o n  o f  t t l e s s  t h a n  6 3 U  r l " .

1 0



However r  many  i nd i v i dua l  samp le  pa i r s  d i sp lay  a

g rea te r  d i l u t i on .  I n  t he  case  o f  mercu ry  and

coppe r  and  om i t t i ng  t he  occas iona l  f r eak  h igh  va lue

f rom the  compar i son  the  mean  concen t ra t i on  ob ta ined

f r o m  t h e  " l e s s  t h a n  9 0 U m r r  s e t  i s  0 . 7 5  a n d  0 ' 7 8

respec t i ve l y  o f  t ha t  ob ta ined  on  the  r r l ess  t han

63  Um' r  se t .  I nadequa te  samp le  m ix ing  l ead ing  to

un rep resen ta t i ve  sub -samp l i ng  i n  t he  f i r s t  p l ace

taken  toge the r  w i t h  m ino r  d i f f e rences  i n  s i ev ing t

g r i nd ing ,  seconda ry  sub -sa rnp l i ng  and  ana l ys i s  a re

r e s p o n s i b l e  f o r  s u c h  a n o m a l i e s .  A  r e l a t i v e

concen t ra t i on  f ac to r  o f  un i t y  means  tha t  concen t ra -

t i o n s  d e r i v e d  f o r  a  9 0  U n  s p l i t  w i l l  f a i t h f u l l y

r e p r e s e n t  t h e  c o n c e n t r a t i o n  d e r i v e d  f r o m  a  6 3 p m

s p l i t .  A  v a l u e  g r e a t e r  t h a n  u n i t y  i m p l i e s  t h a t  t h e

6 3  -  9 0  p m  f r a c t i o n  c o n t a i n s  a  d i s p r o p o r t i o n a t e

excess  o f  t ha t  me ta l .  The  same a rgumen t  app l i es  t o

the  re la t i ve  o rgan i c  con ten t  g i ven  by  t he  two

samp le  se t s .  Examina t i on  o f  t he  pa i r s  o f  Tab le  I

bu t  i gno r i ng  any  pa i r s  t ha t  i nc lude  f reak  h igh

v a l u e s  ( i . e  s i x  m e r c u r y  p a i r s ,  f o u r  c o P p e r  p a i r s

and  one  ch rom ium pa i r )  g i ves  t he  fo l l ow ing  re la t i ve

concen t ra t i on  f ac to rs .  The  ou tcome o f  t es t s  f o r

t he  nu l l  hypo thes i s  t o  check  the  o rde r  o f

s i gn i f i cance  o f  d i f f e rences  be tween  the  means  i s

a l so  g i ven  be low .  t he  co r respond ing  fac to rs  and

a s s o c i a t e d  l e v e l s  o f  s i g n i f i c a n c e  f o u n d  o n  t h e

p rev ious  su rvey  a re  a l so  shown  i n  b racke ts .

R e l a t i v e
concen t ra t i on  f ac to r

M e r c u r y  0 . 7 5  ( 0 . 8 2 )

0 . 8 0  ( 0 . 9 3 )  h i g h l y  s i g n i f i c a n t  ( n o t  s i g n i f i c a n t )

0 . S 0  ( 0 . 9 4 )  h i g h l y  s i g n i f i c a n t  ( n o t  s i g n i f i c a n t )

Copper

Zinc

Lead

N i c k e  I

0 . 7 8  ( 0 . 8 8 )

0 . 8 3  ( 0 . e 4 )

s i g n i f i c a n t  ( h i g h i y  s i g n i f i c a n t )

h i g h l y  s i g n i f i c a n t  ( s i g n i f i c a n t )

h i g h l y  s i g n i f i c a n t  ( p r o b a b l y  s i g n i f i c a n t )

C h r o m i u m  1 . 0 9  ( 1 . 3 2 )  n o t  s i g n i f i c a n t  ( p r o b a b l y  s i g n i f i c a n t )

O r g a n i c  m a t t e r  0 . 8 9  ( 0 . 9 4 )  h i g h l y  s i g n i f i c a n t  ( n o t

s i g n i f i c a n t  )

Bo th  su rveys  con f i rm  the  absence  o f  mercu ry  i n  t he

6 3  -  9 0  p  m  f r a c t i o n ,  w h i c h  i s  i n  a c c o r d  w i t h

ea r l i e r  HR f i nd ings  (ne f  z )  t ha t  mercu ry  i s

concen t ra ted  on  the  f i ne r  f r ac t i ons  w i th  neg l i g i b l e

amoun ts  on  the  coa rse r  pa r t i c l es .  The  o the r

i n fe rence  to  be  d rawn  f rom the  re la t i ve  va lues  o f

mercu ry  i n  t he  two  samp le  se t s  i s  t ha t  we t  s i ev ing

as  p rac t i sed  by  HR ie .  s i ev ing  accompan ied  by  hand

b rush ing ,  p rov ides  adequa te  reduc t i on  o f  any

sed imen t  agg rega tes .

1 1



O u r  c o n f i d e n c e  t h a r  d i f f e r e n c e s  e x i s t  b e t w e e n  t h e
t w o  s a m p l e  s e t s  a r i s i n g  f r o m  t h e  6 3  a n d  9 0 U  m
s e p a r a t i o n s  i s  c o n f i r m e d  b y  t h e  l a t e s t  s u r v e y
r e s u l t s .  I t  i s  s e e n  t h a t  f i v e  o f  t h e  p a r a m e t e r s
ea rn  t he  rank ing  "h igh l y  s i gn i f i can t r r  compared  w i th
on l y  one  on  the  14 th  su rvey .  Bo th  su rveys  rde re
based  on  app rox ima te l y  t he  same number  o f  samp le
pa i r s  so  i t  i s  no t  known  why  the  l a tesE  su rvey
shou ld  d i sp lay  such  a  marked  i r np rovemen t  i n  t he
s t a t i s t i c a l  c e r t a i n E y  o f  c h e  d i f f e r e n c e .

T h e  s i g n  o f  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  s a m p l e
s e t s  h a s  b e e n  e s t a b l i s h e d  f r o m  t h e  a n a l y s i s :  w i t h
t h e  e x c e p t i o n  o f  c h r o m i u m  t h e  c o n c e n t r a t i o n  o f  a l l
p a r a m e E e r s  i s  d i m i r r i s h e d  b y  c h o o s i n g  a  9 0  p  m  s i z e
s p l i t  c o r n p a r e d  w i t h  t h e  t r a d i t i o n a l  6 3  p m  d i v i s i o n .
I t  s e e m s  t h a t  m o s t  a r e  o n l y  w e a k l y  r e p r e s e o t e d  i n
t h e  6 3  t o  9 0 p m  s i z e  f r a c t i o n .  H o w e v e r ,  t h e
i n c l u s i o n  o f  t h e  c o a r s e r  f r a c t i o n  a p p e a r s  E o
e n h a n c e  t h e  c h r o m i u m  c o n c e n t r a t i o n .  T h e  f i n d i n g s
f o r  t h e  o t h e r  m e t a l s  s u g g e s t  t h a t  t h i s  c h r o m i u r n
c a n n o t  b e  a t t a c h e d  t o  f i n e s  t h a t  h a v e  e s c a p e d  t h e
s i e v i n g  s e p a r a t i o n  b y  b e i n g  i n c l u d e d  i n  a g g r e g a t e s .
I n s t e a d  i t  m u s t  b e  p r e s e n t  e i t h e r  o n  o r  w i t h i n
d i s c r e t e  p a r t i c l e s  o f  g r a i n  s i z e  6 3  t o
9 0  p m .  I t  i s  a  m o o t  p o i n t  w h e E h e r  c h r o m i u m  o r  a n y
o t h e r  m e t a l s  f o u n d  i n  s e d i m e n E s  o f  t h i s  n a r r o w  s i z e
band  a re  o f  a r r t h ropogen i c  o r i g i n .

I E  i s  n o t  e a s y  t o  p r o c e e d  f r o m  t h e  f a c t  t h a t
d i f f e r e n c e s  e x i s t  b e t w e e n  t h e  t i " / o  s a m p l e  s e E s  t o  a n
a c t u a l  q u a n t i f i c a t i o n  o f  t h e  f a c t o r s  t h a t  s h o u l d  b e
a p p l i e d  E o  s t a n d a r d i s e  s u r v e y s  e m p l o y i n g  d i f f e r e n t
s i e v e  s i z e s  f o r  t h e  s e p a r a t i o n  o f  t h e  f i n e r
f r a c t i o n .  W e  h a v e  a l r e a d y  s e e n  t h a t  f o r  t h e  l a t e s t
s u r v e y  t h e  p r o p o r t i o n a l  d i f f e r e n c e s  i n  t h e  m e a n s
e x c e e d s  t h a t  w h i c h  i s  s t r i c t l y  f e a s i b l e  o n  f i v e  o f
t h e  s e v e n  p a r a m e L e r s  ( r e l a t i v e  c o n c e n t r a t i o n
f a c t o r s  0 . 7 5  t o  0 . 8 3  c f  0 . 8 6 ) .  T h e  m e a n s  o f  t h e
t w o  s u r v e y s ,  s u b j e c t  t o  t h e  0 . 8 6  l i m i t ,  p r o b a b l y
r e p r e s e n E  t h e  b e s t  e s t i m a t e  o f  t h e  f a c t o r s  t h a t
s h o u l d  b e  a d o p t e d  t o  c o n v e r t  c o n c e n t r a E i o n s
a s c r i b e d  t o  t h e  H R  s e r i e s  o f  s u r v e y s ,  a l i  b a s e d  o n
a  6 3 p m  s i z e  s p l i t ,  w h e n  c o m p a r i s o l " l s  a r e  r e q u i r e d
w i E h  c u r r e n t  N W W A  s u r v e y s  u t i l . i s i n g  t h e  9 0 U m
s p l i t .  T h e  a p p r o p r i a t e  c o n v e r s i o n  f a c t o r s  a r e :

l l e r cu ry ,  coppe r
Z i n c ,  l e a d ,  n i c k e l
Chromi rrm
O r g a n i c  m a t t e r

0 . 8 6
0 . 8 8
L . 2 0
0 . 9 1

L Z



8 CONCLUSIOilS
A l t h o u g h  t h e  s a m p l i n g  n e t w o r k  d i f f e r e d  l i t t l e  f r o m
t h a t  u s e d  o v e r  t h e  l a s t  f i v e  y e a r s ,  t h e  a v e r a g e  m u d
c o n t e n t  i s  s l i g h t l y  l o w e r  t h a n  i n  t h e  f o u r t e e n t h
su rvey  and  cons ide rab l y  l ower  t han  i n  t he  p rev ious
f o u r  y e a r s .  F i e l d  o b s e r v a t i o n s  n o t e d  t h a t  s o m e
s i E e s  s h o w e d  a  l a v e r  o f  s a n d  o n  E o D  o f  a  m u d d i e r  b e d .

The  l ower  mud  concen t ra t i ons  g i ve  r i se  t o  h ighe r
v a l u e s  f o r  o r g a n i c s  a n d  h e a v y  m e t a l s  w h i c h  a r e
n o t i c e a b l e  i n  m o s t  c a s e s  i n  F i g s .  3  -  9 .  T h e  t o t a l
o r g a n i c s  a n d  m e t a l s  s h o w  l i t t l e  c h a n g e  f r o m
p r e v i o u s  y e a r s .

T h e  p r e s e n c e  o f  t h e  p e a k  c o n c e n t r a t i o n s  o f  m e r c u r y

tndrcafcs tht rrans$er ;:1 ::,;"1::":i.;::";; :l:":il:1,1"::t:il:t:::lrln"
oP rn r .Fa lg  subsu r face  l aye r  and  readso rp t i on  o r  by  w innow ing

o f  t h e  f i n e r  f r a c t i o n  ( w i t h  t h e  l a r g e r  s u r f a c e  a r e a
f o r  a d s o r p t i o n )  i n t o  s h e l r e r e d  p o c k e t s  o n  t h e  b e d
s u r f a c e .  E i t h e r  p r o c e s s  c o u l d  c o n c e n t r a t e  m e t a l s
l o c a l l y .  T h e  m a i n  c o n c l u s i o n  f r o m  t h i s  i s  t h a t  t h e
b e d  i s  e s s e n t i a l l y  s t a t i c ,  p a r t i c u l a t e  m e t a l
c o n t a i n i n g  s e . d i m e n t s  a r e  n o E  s i g n i f i c a n t l y  m i x e d  o r
d i s p e r s e d  a n d  t h e  m e t a l  c o n c e n t r a t i o n s  a r e  u n l i k e l y
t o  f  a l  I  t o  a n v  e x t e n l  i n  t h e  f  r r t u r e .

T h e  s e c o n d  y e a r ' s  i n v e s t i g a t i o n  o f  t h e  a p p a r e n t
c h a n g e s  i n  m e t a l  a n d  o r g a n i c  c o n c e n t r a t i o n s  l i k e l y
t o  e n s u e  f r o m  c h a n g i n g  t h e  u p p e r  s e p a r a t i o n  o f  t h e
f i n e s  f r a c t i o n  f r o m  6 3 U m  t o  9 0 p m  q u a l i t a t i v e l y
c o n f i r m  t h e  r e s u l t s  o f  t h e  f i r s t  y e a r  ( R e f .  1 ) .
T h e  p r e s e n t  r e s u l t s  h o w e v e r  l e n d  a  g , r e a t e r  s t a t i s -
t i c a l  c e r t a i n t y  t o  t h e  e x i s t e n c e  o f  r e a l  d i f f e r -
e n c e s  b e t w e e n  t h e  t h r o  s a m p l e  s e t s .  N o E  s u r p r i s -
i n g l y  t h e  a d d i t i o n  o f  t h e  6 3  t o  9 0  p  m  f r a c t i o n
d i l u t e s  t h e  c o n c e n t r a t i o n  o f  f i v e  o E  t h e  s i x  m e t a l s
a n d  a l s o  o f  t h e  o r g a n i c  m a l t e r .  C h r o m i u m  i s  t h e
o n l y  e x c e p t i o n .  T h e  6 3  t o  9 0  p m  f r a c t i o n  i s  d i s -
p r o p o r t i o n a t e l y  r i c h  i n  c h r o m i u m  b u t  i t  i s  u n l i k e l y
t h a t  t h i s  a d d i t i o n a l  c h r o m i u m  i n  t h e  c o a r s e r  g r a i n s
i s  d e r i v e d  f r o m  t h e  d i s p o s a l  o f  s l u d g e .

I t  i s  i n f e r r e d  f r o m  t h e  c o m b i n e d  r e s u l t s  o f  t h e  t w o
s u r v e y s  t h a t  t h e  6 3  t o  9 0 p  m  f r a c t i o n  c o n t a i n s
l i t t l e ,  o r  n o  m e r c u r y  a n d  c o p p e r  a n d  i s  a l s c  l o w  i n
z l - o c ,  l e a d  a n d  n i c k e l .  I t  i s  s e e n  t h e r e E o r e  t h a t
t h e  r i s k  o f  i n c l u s i o n  o f  m e E a l - r i c h  f i n e  p a r t i c l e s
w i th in  unb roken  agg regages  o f  63  to  90  pm i s  no t  a
s e r i o u s  p o s s i b i l i t y ,  a t  l e a s t  f o r  t h e  t y p i c a l  s i z e
s e p a r a t i o n  p r o c e d u r e s  p r a c E i s e d  b y  H R .  T h i s
f i n d i n g  d o e s  n o t  n e c e s s a r i l y  a p p l y  i f  m u c h  g e n t l e r
s i z e  s e p a r a t i o n  t e c h n i q u e s  a r e  u s e d .

T h e  t w o - y e a r  s i z e  c o m p a r i s o n  s t u d y  h a s  y i e l d e d
e s t i m a t e s  o f  t h e  c o n c e n E r a t i o n  f a c t o r s  ( s e e  s e c t i o n
7 )  t h a t  s h o u l d  b e  a d o p t e d  t o  r e c o n c i l e  t h e  r e s r r l t s
o f  cu r renE  and  fu tu re  mon i to r i ng  by  N I , /WA w i th  pas t
t lR  bed  su rvevs .

1.3
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