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ABS1TACT

This report  descr ibes the fourteenth I IR survey
carr ied out in November 1986r cont inuing the
long-tern monitor lng of the bed sediments of
Llverpool Bay. The object ive is to determine
whether any changes are occurring ln the abundance
of heavy metals and of organic matter in the f iner
fract ion of the bed sedinent as a consequence of
se\dage sludge disposal.  The di f ferences in
measured concentrat ion ar is ing fron the select ion
of 9Q1 m lnstead of the more tradi t lonal 63 pn as
the upper l in i t  of  the f iner fract ion is germane to
the future conduct of the monltor ing progra ne by
the North West Water Authori ty.  The f indings of
the f i rst  hal f  of  a two-year study lnto the
expected consequences of naking this choice are
descr ibed.
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I IMRODUCTION
Surveys of the organic carbon and heavy metals
abundance in the sediments of Liverpool Bay have
been conducted by Ilydraulies Research (IIR) on a
roughly annual basis since 1973. The object ive of
thls sediment survei l lance is to detect whether any
long-term trends are taking place in terms of
organic and netal enrichment of the surface
sediments as a consequence of the discharge of
sewage sludge to the Bay. This report  present the
results of the last.  survey, the fourteenth of the
series, which was undertaken in Novenber 1986.

Standard procedure in the past has been to
determine the concentrat ion of organic carbon
and heavy netals in the so-cal led mud fract ion of
the surface 25nm of the bed obtained by grab
sanpling or by shallow coring. Throughout the
survey ser ies I IR has adopted the tradi t ional s ize
spl i t  at  63U m as the upper l in i t  of  the mud
fract ion. One further survey by HR is planned for
autumn 1987 but thereafter North West Water
Authori ty (NI, fhIA) wi l l  assume ful l  responsibi l i ty
for the monlt ,or ing programme fol lowing a two-year
overlap. Although NWWA have continued the same
sampling pattern that has evolved fron the HR
programme, they have decided to make the mud size
sp l l t  a t  90  U m ins tead o f  63p n  in  o rder  to  conform
to present pract ice at the Fisheries Laboratory,
Burnham-on-Crouch (MAFF). This change may pose
problems in telat ing the results of future surveys
to the long t ine ser ies col lected by I IR.
Therefore, l t  has been decided to take advantage of
the t ldo-year overlap by attempting to evaluate the
effect of  changing the slze l in i t .  Both for the
present ly reported survey and for the forthcoming
1987 survey IIR are doubling their customary
analysis by exanining the " less than 63p n"
fract ion and the " less than 90 um" fract ion.
Furthermore sub-sets of the total  sediment from
each sampl lng locat ion are being made avai lable to
I,IAFF and NWWA to permit conprehensive inter-
laboratory cal ibrat ion.



2 SAUPIJ BBCOVERY

Grab samples were taken from the M.V. Branding on
11-13 December  a t  67  s i tes  (F ig  1 ) .  The sanp l ing
grid included twenty-three of the group of twenty-
four standard si tes vis i ted regular ly since L973.
The remaining one, T6, the closest to the Dee
estuary was omit ted as i t  was on the previous
survey. Because of the requirenent to divide the
sample lnto three parts (one for MAFF and one for
NWWA as wel l  as one for HR), dupl icate grab samples
were taken at some si tes to ensure suff ic ient mud
was avai lable for analysis.  The top 25 m was
separated on board the survey vessel and the
dupl icates bulked pr ior to their  return to the
labora tory .

Core samples up to 1.5n long were also taken at
seven si tes at the eastern end of the Bay in a
cont inuing at, tenpt to reach the basal unpol luted
sediments below the surface muds. These have not
yet been analysed and wi l l  be the subject of  a
la te r  repor t .



LITBORATORY lBEAruENT

In the laboratory, each stat ion sample was t ipped
out on to a plast ic tray wel l  mixed and divided
into t ,hree equal parts.  These were then placed in
polythene bags and deposited in a deep-freeze unt i l
required. The IIR sample was further divided lnto
two, one half being split into mud and sand
fract ions by wet sievlng at 63 pm as usual and the
other half  being spl i t  at  90p n in order to examine
how sensitiv,e the metal concentratLons are to the
sieve size chosen for the separat ion. I ' Iet
separation nas accompanied by hand brushing of the
sediment on Lhe chosen sieve. In spi te of extra
grab samples being taken, the quantity of fine
material ava.llable for analysis was not always
suff ic ient for organic matter determinat lons to be
made at sites were the mud content rdas much below
L"A. llowever, heavy metal determinatlons were made
at al l  s l tes on both the 0 -  63 U m and 0 -  90p n
fract ions. l [s on the last survey, the mud fract ion
was oven dr ied at 50"C prLor to gr inding and nixing
before the sub-samples for organic matter and heavy
metals were wlthdrawn.

Organic carbon deterninations were made by the
standard wet oxidat lon nethod used previously ( the
organic carbo,n is reported as organic matter,  a
factor of 2.5 being used as in the past to convert
carbon to the equivalent of  dr ied organic
res ldues  ) .

Standard (NBS 1645) and I IRrs own reference samples
were Lncluded with the samples subnitted to the
commercial analytical laboratory for heavy metal
deterninat ions by atomic absorpt ion spectrophoto-
metry as ln the previous four surveys. Correct lon
factors were derived and appl ied to ensure that the
results of the currenL survey are as comparable as
possible with t .hose of the previous f ive surveys
for which the data is included in thLs report .

The factors used on this occasion rdere:

r .085
0 .969
1 .013

P b  0 . 9 8 0
N i  0 . 9 4 9
C r  0 . 9 7 1

They are typical  of  those used in the past and in
most cases the individual check samples were within
the +102 claimed accuracy for this nethod of
anahr-ysis.

IIg
Cu
Zn



The previous f lve surveys from which the data ls
included in this report  were made on substant lal ly
the same grid covering between 60 and 67 sites so
comparlsons are more real lst ic than with some of
the earller surveys wlth thelr lower sanpling
density.  Nevertheless, the abi l i ty to return to a
part icular s i te the fol lowing year is l in i ted by
navlgational accuracy so that local non-unifornity
of bed conposition rather than temporal change can
account for substant ial  di f ferences from year to
year  (c f  mud,  pos l t lon  R14,  857"  las t  year  0 .72  th is
year )  .



4 !fltD ooNTnST

The nud content of each of the 67 sarnpllng
posLt ions is shown ln Fig 2. The nud distr ibut ion
is sinl lar to that found in past surveys al though
Ehe peak at R14, found for the f i rst  t ime last
year,  is no longer evldent.  The value of 0.7% Is
s in i la r  to  tha t  o f  the  2 .9 ,  O.2  and 0 .7% found on
surveys 10 - 12.

There appears to be less mud overal l  ln the surface
layer this year: a mean of 87. compared with the
more customary 112 found on the prevlous four
surveys. The mean difference owes much to the
reductl.on ln nud at a few particularly mud-rich
si tes such as YYI,  3 and 4 where values of 65, 62
and, 8L7" compare with values of 98, 91 and 891l
recorded last year.



5 ORGANIC COIITENT

The distr lbut ion of organic matter in the " less

than 63 pm" mud fract lon is shown in Fig 3. Due to
the need to effect ively dupl lcate the analysls (< 63
and <90 un) and the lower overall mud contents, 27
organic analysis had to be onit ted. This
unfortunatley nakes comparlsons based on overall
means less valid as from Past exPerience the nuds
from areas low in mud are nornally richer in
organic matter.  Nevertheless, at  posi t ions at
which comparisons are possible, there aPpears to be
a sl ight reduct ion in organic matter on the eastern
side of the Bay. The one high value at R9 was due
to the presence of coal in the sedinent,  not iced
before  in  th ls  a rea  (Ref  1 ) .

The "total"  organlc matter content (Fig 10) ts
calculated fron the product of the mud and organic
mat, ter percentages, and a factor for the average
dry bulk density of the top 25nn of bed sediment is
simi lar to that of  the previous f lve years.



6 EEAY]T HBTALS

In this sect ion, only the metals in the 1 63p n
fract ion wi l l  be considered and the comparisons
nade wi l l  be with past surveys.

The heavy metal concentrations have been
i l lustrated as ln previous reports.  Figs 4 -  9
show the concentrat ion of metals in the rnud
fract ion of the sediment expressed in micrograms
metal per gram of mud. Figs l1 -  16 shown the
"total"  metals expressed as the product of the
metal  concentrat ion, the mud percentage, and a
factor based on the mean dry bulk density of a
number of cores. This " total"  metal  concentrat ion
is expressed as kl lograns (mercury only) or tonnes
of metal  in the top 25nn per square ki lonetre of
bed. I f  i t  ls assumed that the netal  content of
the f ine sediment (  < 63U n) is nainly derived from
adsorp t ion  o f  meta ls  f rom so lu t ion ,  then th is
"total"  metal  f igure represents the input to the
area from man-made sources together with any
natural  sources that produce soluble metals.

Mercury concentrat ions are agaln sl ight ly down with
only one peak value exceeding 4 mg/g (Fig 4).
There has been a gradual decllne ln the mercury
values over the past 5 years and the current mean
of over 60 si tes is less than half  the f igure of
the  1982 survey  (Ref  2 ) .

To the west,  the concentrat ions have not changed
appreciably and there is no evidence of sediment
accre t ion .

Zinc (Fig 5) also has shown a reduct lon in
concentrat ion this year al though there is no
evidence of a long term dec1lne, more an annual
f luctuat lon around a mean value of about 400 ng/g.

Lead (Fig 6) is showing another conslstant decl lne
after a part icular ly high year in 1983. The
current yearts results are slni lar to those of last
year with the number of s i tes exceeding 300 ng/g
dropplng from f ive to two.

Nlckel and copper (Figs 7 & 8) show l i t t le change
over the years wlth spat ial ly averaged
concentrat ions of 60 I  10 ng/g and 90 j10 ng/g
(except  fo r  1983)  respec t lve ly .



Chromlum (Fig 9) has an unusual distr ibut ion this
year al though not dissini lar to that of  1984. Hlgh
values are concentrated ln the eastern area of Lhe
Bay with out, l iers ln the vic ini ty of the disposal
ground. The proninent north-south division between
the high and low concentrations near the iulersey
outfal l  is not al l led to changes ln mud or organic
maLter concentrat ions and does not fol low the
normal distribution around the Mersey plume.
Reasons for this distr ibut ion are so far unknown.

The nean values (Mu g/g) and the relat ive standard
deviat ion (RSD Z) for the last f ive surveys are as
fol lows:

Survey

tIg
Zn
Pb
Ni
Cu
Cr

N o .  1 0
M

3 . 8
388
349

5 1
8 6
43

1 I
M RSD

2 . 0  9 7
497 47
459 L20
5 6  5 1

1  6 5  1 1 6
73 50

13L2 L4
M RSD

r .7  52
346 22
L46 4s
51  31
97  46
50 51

RSD

135
45

158
3 7
65
24

M

2 .8
386
266

66
99
85

RSD

249
43
93
20
50
43

1"1

1 . 9
465
172

55
9 0
69

RSD

39
25
56
T7
43
25

"Total"  metals are again closely correlated with
the nud content. The four main areas of high
concentrations are to the north and south of the
Mersey outfal l ,  to the far north around Q12, and
last ly the northern sector of the slugde dunping
ground. The abundance of mud in areas between the
Mersey outfall and Newcome Kno11 apparently results
in the region being the najor sink of heavy metals.
North of the Mersey outflow there is the other zone
of metal accumulation that has been conslstently
present since our measurements began.

The nain difference between this and last years
toLal met,als is due to the absence of the hlgh nud
area around R14. To some extent this has been
transferred westward to Q12 and Q13 naking the
general  dlstr ibut ion simi lar to those of 1982, 1983
a n d  1 9 8 4  ( F i g s  1 1 - 1 6 ) .

The total  organic matter (Fig 10) is nuch the same
as before. The absence of organic content data
from 27 si tes does not affect the general  out l ine
because of the low mud contents at these sites and
hence the low total  organLcs.



IIIID FRAGTION
ooilPAnIsoNs

Separat lon of the total  sedlment at 63 y m and 90p n
to glve 0 -  63 and 0 -  90U m fract ions yields two
sets of results for mud, organic matter and heavy
metals (Table 1).  The 63p rn spl i t  has been the
standard used at HR and is commonly used elsewhere.
Ot.her size linits have been chosen by workers in
the same f ield ranging fron 20p n (Ref 3) to no
spl i t  at  al l ,  ln other words using the ent ire
sediment (Ref 4).  Other workers have assumed the
total  netal  content is conf ined to the 16 pm
fract ion (Ref 5).  MAFF current ly spl i t  at  90 prn,
claining that sediment aggregates are not ful1y
broken down by wet sievl.ng so that more of the
meLals adsorbed on the clay part ic les are included
in the less than 90 p n fract ion than in the less
than 63pn.  Ear l ie r  s tud ies  (ne t  Z ,  6 )  have
demonstrated that even when aggregates are ful1y
broken down certain metals such as copper, chromium
and iron are present,  at  higher concentrat ions in
the 50 to 100 pm fract ion. However,  in these cases
it  is normal ly assumed that elevat ions in the
non-aggregated 63 to 90 p n fract ion are not in the
forn of adsorbed netals.  They are more l ikely to
be of natural  or igln than the consequence of
contaminat lon fron sludge disposal or ef f luent from
the Mersey estuary

From a large number of slze gradings made in the
period 1973 to 1981 the maximum percentage sedimenE
found in the 63 - 90p m range was less than 10%.
The current comparisons (Table 1) show that on
average about one per cent of the sanple is in the
63 - 90 p m fract ion. Sub-sampling errors part icu-
lar ly when dividing the coarser samples resulted in
some 63 - 90 pn fract ions being apparent ly negat, ive
e , g .  K 9 ,  K l l  ,  L L z ,  M 1 2 ,  P 1 1 ,  S 1 2 ,  T 9 .  I l o w e v e r ,
comparison of the neans for the 67 sanple pairs
indicate that s ieving at the 90 p n divide yields
14% more sediment than sieving aL 63 pn.

The pr incipal quest ion to be resolved for the
continuation of the tlne series by NWWA is whether
sieving at 90 p n br ings about a signi f icant di f fer-
ence in the metal and organic eoncentrations
derLved f rom the  " less  than 63prm"  f rac t ion .  For
the l in l t ing case where no metal  is present,  in the
'63 -  90 p n" fract ion then the netal  concentrat ion
obtalned on Lhe " less than 63 pn" wi l l  be di luted
on average to  100/114 =  0 .88 .  I t  shou ld  no t  be
possible to fal l  below the 0.88 x concentrat ion of
" less than 63 p1n".  However,  nany individual sample



pairs display a greater di lut ion and Ln the case of
mercury Ehe mean concentrat ion obtalned from the
"less than 90U m" set is 0.82 of that obtained on
the " less than 63 Um" set.  Inadequate sample
nixing leading to unrepresentative sub-sampling in

the f i rst  place taken together with minor
dl f ferences in sieving, gr inding, secondary
sub-sampling and analysLs are resPonsible for such
anomalies. A relat lve concentrat ion factor of
unity means that concentrat ions derived for a 90 pn
spl i t  wi l l  fa i thful ly represent the concentrat ion
derived from a 63 U n spl i t .  A value greater than
unity inpl ies that the 63 - 90 Un fract ion contains
a disproport ionate excess of that meta1. The same
argument applies to the relative organic content
gLven by the two sample sets. Examination of the
nean pairs of Table I give the following relative
concentrat ion factors. The outcome of tests for
t,he null hypothesis to check the order of
signl f icance of di f ferences between the means is
also given below:

Relat ive
concentrat ion factor

Mercury

Copper

ZLnc

Lead

Niekel

Chromium

0 .82

0 .88

0 .94

0 .93

o .94

L .32

hlghly signi f icant

signi f icant,

probably signi f icant

not signi f icant

not signi f icant

probably signi f lcant

not signi f icantOrgan ie  mat te r  0 .94

The absence of mercury in the 63 - 90 U m fraction
is in accord with earl ier HR f indings (Ref 2)
that mercury is concentrated on the f lner fract ions
with only negligible amounts on the coarser
part ic les. The oLher inference to be drawn from
the relative values of mereury in the two sample
sets is Ehat wet sieving as pract lsed by HR ie.
sievlng aeeompanl-ed by hand brushing, provides
adequate reduct lon of any sedinent aggregates.

It seems llkely that copper is also only weakly
represented in the 63 to 90Un fract ion.
Stat ist ical  uncertainty is too great to quant i fy
the relat ive slgni f lcance of the 63 - 90 pn
fract ion as far as the zLnc, lead, nickel and

10



organic matter content are concerned. However,
the inclusion of the coarser fract ion aPpears to
enhance the chromium concentratlon. The findings
wl-th regard to mercury suggest that this chronium
eannot be attached to f ines that have escaped the
sievlng separat ion by being lncluded in aggregates.
Instead i t  must be present ei ther on or within
d isc re te  par t i c les  o f  g ra in  s ize  63  to  90  m.  I t
is a moot polnt whether chromium or any other
metals found in sediments of this narrow size band
are of natural  or anthropogenic or igin.

1 1



8 ooxgl.usloNs
Although the sampl l-ng network dl f fered l i t t le fron
that used over the last four years, mud content
when averaged over the area as a whole is found to
be appreciably lower. Lead, zinc and mercury
concentrat ions in the nud fract ion also display
reduced levels compared wiEh the recent pastr  whi le
nLckel,  copper and organic matter are l l t t le
changed. For reasons given earl ler the organlc
matter content is averaged over considerably fewer
sanpl ing locat ions than is normal.  No very high
metal  peaks in concentraEion were found on the
present survey. The declared intent ion (Ref 7) to
invest igate the grain size dependence of such peaks
is therefore postponed unt. i l  the opportunity ar ises
from future sampl ing, possibly on the next and
f inal  HR survey.

The distr ibut ions of " total"  metals and organic
matter general ly conforms with past results:  the
trdo areas to the north and south of the Mersey
outf low being the main repositor ies for metals and
organic mater ial .

This f i rst  yearfs comparison between spl i t t ing the
mud fract ion at 90p n instead of 63 Um suggests
that the change to 90 pn wi l l  only lead to
signif icant di f ferences ln the concentrat ion values
for mercury, copper and chromium. Both nercury and
copper contents appear to be di luted by the
inclusion of the 63 to 90 U n fract ion. The
addit ional f ract ion contains l i t t le or no mercury
or copper.  On the other hand, the 63 - 90 pn
fract ion is probably disproport ionately r ich in
chromlum and will lead to higher values being
reported for the nud fraet ion based on a 90 p m
upper 1ini t .  I t  seems doubtful ,  however,  whether
this addit ional chromlun has l ts source in the
disposal of  s ludge. The results for mercury and
copper clear ly indicate that the inclusion of f ine
part ic les within unbroken aggregates of 63 -  90 pn
is not a signi f icant factor,  at  least for the mud
separat lon procedures pract ised at HR. We should
point out that the f indings do not necessari ly
apply i f  nuch gent ler s lze separat ion techniques
are in use. The results of MAFFTs analyses on a
companion set of bed sanples should be revealing in
th is  respec t .

The opportunity to repeat the size-spl i t  conparison
on bed samples recovered for the f l f teenth survey
planned for 1987 may improve the stat ist lcal
signf ieance of the results enough to decide whether
any systematlc dtf ferences apply to zinc, leadt
nickel and organic matter.

L2



9 ACnIOI|LHrcEUHTTS

Thanks are due to Mr J Binks of the HR Field
Studies Sect l ,on for  complet ing the grab sampl ing
prograrnme and to the captain and crew of the M.V.
Branding for  thei r  ass ls tance.
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ABSTRA T

ThLs report ls an addendum to that of the
fourteenth bed nonltorLng survey conducted in
November 1986. Etght cores were taken ln additLon
to the grab samples prevlously reported and these
have been analysed to glve further background
lnforrnatlon as to the depth of sedlnent enriched by
heavy metals present ln the eastern half of
Liverpool Bay. The baeal unpol luted strata was
reached ln three of the si tes vls i ted, the
remainlng four indlcatLng a depth of at  least ln of
polluted nud. These depth proflles augment those
of thtee previous surveys and, with the horizontal
dlstribution of heavy metals and organic matter Ln
the top 25rnn of bed sedinent derlved frou the
annual monit.oring surveys, help to give a more
complete pLcture of the movement and deposition
pattern of sewage sludge part iculates.
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IXI'ROIX'GTIOII

The repott of the fourteenth bed monltorlng survey
ln Llverpool Bay (Ref 1) lncluded the atatement
that core as nell as grab samples were taken on
that occasLon and the results of the core sanple
analyses were to be reported later.  This report
contains the resuLts of the core analyses and ls
presented as an addendun to that previous report.
ObJect ives and analyt lcal  procedures are closely
slnl lar to those of the three earl ler " long-core"
s u r v e y s  o f  1 9 8 3 ,  1 9 8 5  a n d  1 9 8 6  ( R e f s .  2 ,  3 ,  4 ) .

These prevLous surveys had lndicated that the basal
"unpol luted" strata Ln the eastern area was of the
order of I metre or more below the surface and so
the IIR 2-netre vibro-corer was used as on the Aprll
1986 survey. Al though this corer ls capable of
penetrat ing 1.8n under favourable condit ions, the
nature of the bed sedlments often precludes ful l
penetrat lon ( large pebbles, shel ls or consol ldated
nud) or occaslonally loosely compacted sedinent can
be lost on wlthdrawal of the core tube from the
bed. The maximum core length obtalned on this
survey was I .5n wlth a ml,nLmum of 0.5n (repeated to
give 1.0m on the second attenpt).

of  the seven si tes vis i ted at which the cores were
taken, six were at the same si tes as on previous
surveys  (T10,  T14,  U9,  YYl ,  YY3 and YY4)  and one a t
a new poslt ion (T 13.5) adjoining the dredglng
spoi l  disposal ground off  Jordans Spit .  The basal
strata was reached at three of these (T13, U9 and
YYI) whi lst  the renaining four had not penetrated
the polluted sediment down to depths ranging from
1 . 0  t o  1 . 4 n .



RTSI'LTS

2 .1 Mud Dist r ibut ion

2 .2 Organic matter l -n
the nud fraction

For the f l ret  t ime, sludge etandards were obtaLned
from the Connunity Bureau of Reference (Referenee
materlals BCR 144, 145 and 146) and sub-sanples of
thege in addit ion to our normal standards, were
submltted for anayels ln the noroal way. Agreement
between the results of our commerclal laboratory
and the quoted metal concentratlons for these
addltlonal reference materl-als was very good aPart
from the results on BCR l-44 and 146, that were high
in chronium (> S00 Ug/g).  Our laboratory gave
signifLeantly lower concentratl.ons of chromLum for
these two "Eurosludge" standards. Iloweverr the
dlf ference Ls to be expected because the analyt leal
nethod of the Communlty Bureau cal ls for digest lon
wlth aqua regLa lnstead of ni t rLc acld. Their  more
vigorous extract ion procedure could lead to greater
dlssolut lon of chrome mLnerals.

The analyt ical  results for each lndlvidual core
stratum are l isted tn Table 1 and shown graphlcal ly
as vertLcal prof l les l -n Fig 2. Both the organic
matter percentages and heavy netal concentratlons
relate to the mud fract ion only (  < 63 pn) and not
to their abundance ln the total sediment.

Conpared with prevLous surveys the statlons ln the
vicini ty and to the north of Newcome Kno1l ( ie.  U9,
YY3, YY4) feature the most nuddy beds. Many of the
cores exhibl ted layering, sometlmes with al ternate
mud and fine sand of nlll lnetre thickness. In
these cases the tabulated and plotted average
values for the lOOnn strata mask the true vertlcal
ml,crostructure of the bed. Where there Ls a macro
change in bed composltLon, then the stata have been
separated at that point al though ln this survey'
the few macro changee observed have colncided wlth
the standard 100nn sanpllng l-ntervals.

Surface concentrat lons of organic matter are
conslstent wlth those glven by the regular
monltoring surveys ranglng between 4 and. 67". The
core at U9 di f fers from those previously taken at
thls posl t ion in 1985 and 1986 tn that l t  appeared
to reach the basal unpolluted strata beLow 200nn as
regards metal  contents but retained 2 to 2.5%
organies below thls level.  The fact that the
organLcs do not decrease wlth depth lnpl-les that



2 .3 Heavy netals l-n
the nud fract ion

elther the bacter ial  and other decomposLt lon of the
remalning organLc matter has ceased entirely or
that the basal sttata was all laid down at the same
time and is decomposing unlfornly. The explanation
of unlform organic content glven ln the 1986 survey
report (Ref 4) of renLxlng of surface sedinents
cannot apply in this case as the metal contents are
so low. It is nost llkely that t}:.e 2% organie
content Ls also a basal concentrat lon of resistent
organLc matter as ln TL2 of the last report (Ref 4)
and di f fers from the results found from the west of
Liverpool Bay where the organics decrease with
depth. The coarser nature of the bed ln thls
I teatern area would increase l ts porosl ty and
possibly asslst  ln the oxidat ion of the organic
maLter .

Only three (T13,  U9 and YY3) of  the seven cores
taken show the abrupt decrease in heavy metals with

depth (although at YYl the background may just, have
been reached).  The mean "natura l  background"
concentrat ions have been der lved f ron 18 st rata
taken from these three cores and have been included
in the fo l lowing table together  wl th the 1983 and
Apr i l  1986  va lues  (Re f  4 ) .

r983

1986 (Apr

1986 (Nov

Concentrat ion l l  s /s
Mercury Copoer ZLnc Lead NickeI Chromium

0.09  (0 .0s

0 .04  (0 .03

o .07  (0 .04

19

24

18

(8 )

(  10 )

(4 )

9 8  ( 3 0

7 8  ( 1 1

8 7  ( 1 1

51

27

24

(33

(16

(6 )

36

43

4L

( 6 )

( 6 )

(  1 1 1

25

47

53

( 6 )

(  1 4 )

( 1 7 )

(f lgures in brackets = standard devlat ion)

The core YY3 is unusual because, al though there is
an abrupt decrease at 5O0nn for mereury, lead and
zinc, copper shows only a smaIl  decrease, nickel no
change and chromium an abrupt increase. The
str ik ing increase in chromium with depth (72V g/g
above 400nn compared to 378 Vg/g below) has been
seen before: the YY3 core fron the Aprl1 1986
exercise gave a narked increase below 560 nn (65
compared to 277). This increase ln chronium



is paralleled by an almost equally abrupt decrease
ln mnd content (52% to L7" and 32?^ to L.4"A
respect ively).  This lnplLes a change ln deposlt ion
pattern at a specif ic t ine when an vast increase in
mud deposltLon occutred, absorblng more chromium
from solution but not reachlng the same absolute
concentratLon as prevlously. The average organic
matter content for the basal strata of the three
cores ln which the true background was reached was
2.47" compared wlth 5.0% for the surface 100m of the
same cores.

The present exercLse confl,rms and adds to our
previous f indings on the depth of penetrat ion of
obvious metal enrichment. In the Newcombe Kno1l
area, the basal strata was reached at U9 only 0.2n
below the surface compared wLth 0.8m in 1986. This
is more l lkely to be due to local var iabi l i ty
rather than any overal l  reductLon Ln the depth of
enrichment.  North of the Mersey outf low at T13
enrichment extended to ln.  South of the Mersey
outf low the basal strata was probably reached at
the same depth, but at  both YY3 and YY4, cor ing to
1.1 and 1.2n fai led to penetrate below the enriched
1ayer.

Mean enrl-chment factors have been calculated for
the  upper  s t ra ta  o f  the  cores  as  in  Ref .  4 .

Zone 1987
Cores

N o .  o f
s t ra ta

Mean enrlchment factor

Mercury Copper Zinc Lead Chromium Nickel

North of
Mersey
Outf low

South  o f
Mersey
Outf low

T 1 3

T 1 3 . 5 A

T 1 3 . 5 8

T 1 4

U9

YYl

YY3

YY4

1 1

6

1 1

1 5

3

L 2

6

1 3

37

47

60

53

L7

31

36

37

9 .1

5 .0

5 .5

5 .9

2 .4

3 .7

4 .3

4 .5

13 .3

5 .3

5 .5

6 .2

2 .9

3 .7

4 .5

5 .1

1 6 . 5

6 . 9

7.s

11 .4

3 .9

7 .4

6 .4

7 .0

3 .9

L .7

2 .0

2 .0

1 .0

1 .5

1 .8

L .7

2 .6

1 .0

1 .3

t . 7

1 .1

L .2

1 .4

r .2



Of the four coree (3 poslt ions) north of the Mersey
outflow T13 shons partlcularly hlgh enrLchment for
al l  netals except mercuty. Thls is posslbly due to
the dunping of dredging spoll ln the viclnlty.
T13.5 and T14 show increased mercury but a
not lceable reduct lon Ln the other metaLs.

To the south of the Mersey, Wl ,  3 and 4 are very
slmi lar.  In comparleon lr l th the other six cores U9
ie 1ow ln al l  metals al though wlth only 0.2n above
the background, there are only three strata results
aval lable.



coxcl.ltsIors

The sediments of the eastern part of tiverpool Bay
show considerable surface enrLchment ln flve of the
six heavy metals studied. Even nlckelr  found
prevLously to be reasonably uniform over the
sanpled depth showed an Lncrease at T13, close to
the dredged spoil dunping ground to a depth of
0.9n. Chromium also showed the same pattern
although high chronium figures are found elsewhere.
By vlrtue of its low natural background, mercury
shows the greatest proport lonal enr ichment
throughout the survey 8r€8.

The longer cores recoverd by the 2-metre vibrocorer
reached the basal strata in three of the si tes
visl ted, YYl belng reached for the f i rst  t ime. A
much shallower depth of netal enrlchment was found
at  U9 on  th is  occas ion  (0 .2n  as  aga ins t  0 .8n  in
Aprt l  1986).  The project lon of the tongue of
Newcombe Knol l  i tsel f  is very close to U9 and bed
depths vary conslderably in that area.

Ileavy metal concentrations found in the basal
st.rata below the enriched zone are thought to
represent the natural  geological  background, free
from man-made contaminants. Values are reasonably
ln accord with those obtained in 1983 and Apri l
1 9 8  6 .

The anomalous enrlchment wlth chromlum at lower
levels observed at YY3 suggests that a change in
reglme took place at some t ime ln fhe past.



4 AGKXOI{I.HIGEUXI{IS

We wlsh to thank Mr Jonathan BLnks of HRrs Fleld
Studles Sect l .on for hls successful  conplet lon of
the coring programme. I{e are also pleased to
acknowledge the valuable asslstance given to Mr
Blnks on the crulse by the crew of M V Branding.

5 REFERBTCBS
1. P R KIFF and M J CRICKMORE. Sludge dlsposal
ln Liverpool Bay. Fourteenth bed monLtoring survey
November 1986. I lydraul lcs Research Report  No. SR
1 3 4 ,  J u l y  1 9 8 7 .

2. M J CRICKMORE and P R KIFF. VertLcal
prof l les of heavy metals and organlc carbon Ln
sedlnents Ln Eastern Llverpool Bay. l lydraul ics
Research Report  No. SR 26, February 1985.

3. P R KIFF. Sludge disposal in Liverpool Bay.
Twelf th bed monitor ing survey. Decenber 1984 -

March 1985. Hydraul lcs Research Report  No. SR 71,
January 1986.

4. M J CRICKUORE and P R KIFF. Sludge dlsposal
ln Liverpool Bay. Vert lcal  prof i les of heavy
metals and organic carbon ln bed sedlments, AprLl
1986. Hydraul ics Research Report  No. SR 108,
January 1987.

D D B  1 0 / 8 7





Tables





5

o
L

-g(-)

ol

o
-

r-l (\l o! or Gl tr) F{ (\l Gt tr, ol <+ (\l F\ sf,
O \O O Fl Nf r\ tr) + r{ O l\ tf) Ol tl) N
CD (\t (\l (\t (\l F{ F{ (\l (\! C\l

-(u
-v,()
z,

@ tf) (V) @ t{ O1 l\ l\ tf) tg Or Gl tf) F{ Fl
; r{ J - ct O i-{ O O O st + cf) + <+
F{ r-{ r-{ Fl F{ F{ Fl Fl F{ F{

E(o
(u

J

F{ r{ (\l tf) f\ tf) F{ Gf Ct Nf e{ @ @ @ O
Nt (f) r\ Fl l\ CY) (f) \O (\l l\ (\l (\t (\l Fl (\l

ro rf, (f) ro sf cD r+ cf) (o (o (\l

(,

NI

o t @ o ) N l ( o r o ( \ l o l
@ tr, co rf, l\ (o @ @ f\ l\ ol o) r-l F{ N
C\t O.t (\J r\ @ t\ CD (\l C't CO @ @ f\ 0O O
r-{ Fl r{ F{ t\ l\ <\l

t-
(l,
o
o
o

(J

(\f st (g sf \O t-{ F{ \O \g t,o Cr1 @ @ CO @
tO Or O (O r{ (\l + Gl + tf) l\ 6.t Fl i-l F{

F{ (\l <\l GJ t{ r-{ Fl F{

-
5()
!-
(l,
z.

Cr) rf) O Fl l\ sf @ O sf Cf) F{ Ol t{ E I
@ c! c\t rr) tJ) sf (o (a sf (f) c\l o o o o

(\.1 (Y) (Y) + CD F{ (\j (\l Nl F{ F{ O O O O

,h
|J

E( o b a
ttl
t-

O

F{ st l.r) Cl rO r\ cn l\ CO Ol + r-r O Ol
o) @ @ (o (Y) (o Ft @ Gl ol o @ l\ @ ql

+ lr) r+ sl- lJ) (n @ (n -, (Yt sl' r-{ Fl Fl

E
5 b a
=

sf, F{ O O O sf O (\J Or F{ C? F{ F{
F{ o\ sf 0O o|l sf tl., (f) + t\ co (\l + Ot +

s or o Nl o Lo r\ + @ tf) F{ l.() sf (\l o
Fl r{ Fl Fl F{ F{ F{ F{ r-t

O E
.P
.F -C
ttt +,
o oo - ( u

E

O O O O O
o O o O O O O O O o o o O o l

rr, - - o o o o o o o o F{ (\t (t (n
Gl F{ (\l (Y) + tJ) (O l\ @ Ol F{ r-l F{ Fl

r l l r l l r l l l l l l l l

o r o o o o o o o o o o o o a 9c \ l - o - o o o o o o o o o a
.{ Nt c') sf to ro t\ o or 

3 = : :

o
=

o r-{ 6.t ca st
O r{ Nt CD sf rr) (O f\ CO O) e{ F{ F{ Ft

tn
IE
.tJg
€
tr
IU

o
lJ

E
|!
E'T
t-
o

a
E

E
rF
o
.A
o

q-

t
c
.€
+t
EL
o
cr

lrl
J
4t

:l



E
5

=
o
l-

()

ttl

o:
a

o t l \ + N l ( ! < f ,
r \ O ) s J O r \ l \

FI

(u
J()
=

o t\ oo (\t <f, ro
+ + < + | r ) < f ( r )

E(o(u
J

<\l F{ C') l\ f\ F
O r < r r r t @ r r l . d
Fl F-l Fl Fl F{ Fl

(J

NI

o r r J ) o c o ( o o
r\ ot c\l rr, co cf)
Cr1 CD sf lf) sf tf,

L(u
o
o
o(-)

( f ) o N l + o o
@ @ O r O O ) O r

-
5
u
L(u
z.

t r ) C O @ ( \ r ( \ l O )
Or <\l O Or <\l Nl

r-t (\l + (Y) <f (n

. a h
o
c( o b a
g)
!

O

O I\ Ot O) <\l
q 1 O r \ F { ( \ l @

'.O Lr) sf (O C\l r\

E
5 b a
=

<\t Nl Lo o l\ ol
Or (\l (O Ol

l\ f\ f\ sl (\l (\.l
(\l F{ r-{

L E

O E

+)
. F g

.n +)
o o
o - ( u

E

O O O O O
T r ) O O O O ( \ I
<\l F{ (\t CO sf rf,

l t l l l l

o r o o o o o
N I O O O O

F{ (\J ('

o
= O F{ (\l Ct sl' tf)

-!
+r
E
o
I

r {  < l
t n l

l lJ  . l
J | Y ) I
CA F{ l

F F I



o
t

(J

0

c'

r + t o l \ \ O N ( A 6 O t ( ) N l @
( Y ) t r l O O T O O N O C ) F l O
Fl Fl d r-l F{ Fl

o
jz
()
=

O t O < t r - { F N C ) ( \ l F { @ F
<t ro u) '.o <f |J) ro ro ro t.() tr)

E.u
o

J

F \ ( ) N l N l r ) ( \ , l @ N ( O l J ) ( \ l
o r o r c ' r ( o r o t \ s f o t @ o c o
r{ r{ r{ r{ r{ r-l Fl F{ r{ (\l r-{

(,
E

N

t O ( \ l < f N @ ( Y ) I J ) O O ( O F {
N r . O N l O s l ' O r € O < l @ O l
(n <f lJ) st =f <f (7) tO LO Lr) l()

t
o
o.
o
o

(J

(Y) \O r.O O) cO O rr) (Y) rr) (') o
c O O O O @ O T O T O T O O O

Fl F{ F{ r{ F{

i
(J
L
(I.,
=

<t co F{ ot o) (o l\ c') Rl $l F
ol (o qr La, co r\ |-r) cft Fl <f (f)

a a a a
(Y) (n lf, co ca r$ oo st \t <r rf

ah
u
c
ru 6a
q,
t
O

\ O t t ) o F t l \ ( c | t \ r { c ' ) N l @
o r o o t N t r ) ( o @ o t o r F {

tr) rf l<t rS lr, lJ1 ttr) rr) tJt sl" Lr,

E
5 0 e
=

O ) F l  @ F { C D O f i ) t \ N N O
r - { N O O N s f F l @ N l f ) F I

a a a a a a

r{ st l\ @ (.o tr) st ttr, ($ CO <f,
(O (\l F{ F{ Fl Ft t-{ F{

C E
O E
.F
.F -C
th +,
o o

o - ( l ,
E

O
o o o o o o o ( f o c t )r r ) o o o o o o o o c ) o

(\l F{ N d) st tr) (O f\ CO Ol r{

r t r t t t r l l l l

o t r ) o o o o o o o < ) o( \ r o o o o o o o o o
r-l (\l (Y) + tr) \O F\ CO Ol

o
=

o
O r-{ (\l (f) st tJ) '.O F @ Ol Flfl

E

P

o
u

d

t!

co
F



(Y) tr) r.O =t l') O rr) r\ F. tO 9! O'r Ol n N
+ oi r- 6 oi N ot o F{ o ${ oo co Gl r\
F I J - f F { F l F F F l

=

o
L

g
(J

N Or t\ Gl S.| o sf F{ @ 99 d rf) a I L
F- ctt if € tr) r- + (o tr' \o @ or r\ (o to

o
)z()
z

sE3sR388R8qKiqfr
rr, ; ; N N N - N Fl (\l <rl q N F{ Fl

Fl Fl tr) ul N (n (n tjl sf 9\J \ <f (Y) t'O q
i\ i\ ct oi ; e.i ; ; + F- !-f (") o \ q
U i.d + + i.,rt tr 16 1.3., 111 to (o -'1 <t (Y) oo

F.r (n F sf o F{ sf <f q) a !q sl t.o a !?
i.j i:' ii 6 6 crt ; 6 6 o Gl co co co 

"o
-  i -  =  ;  F l  F {  F {

a

(n (^o'.o lJ) cn ro <r a ry q 9 (v) @ a a
i< + co 6 6 6 : cj rr, 6 o' tr) st c't

a a a a a a " t " "

crt s.t N (n (n -f <f l,l) sf (n. (\J l\ N $J F{

Rd3sR8$3St$33{q
. . 4 4 . ; l o ' t r l t "

lo (o lJ) <f lr, € (c' tO lr' t€t lJ't tJ) lf) =f ro

Rt oD st <f o\,o t\ (n e N g9 co (o t\ t\
co or co'cl rrr c6 G ; 6 ; to @ -t (Y) @

a a a a . : " " - " " '

- j \ o o i N , c l r . o g R g @

.  OOOO EEEES
RsRgsgEFgHH=XT=

l l l l l l l l l l l l l l loKsRsesgpgHESEA
c
o
P

.n
o
o-

O F { ( \ l ( Y ) s f

O Fl St CO <f rf' t^o 1\ @ ql t{ Fl F F{ F{:l

v
+,tr
ou

r{

]d
J
ca
F



o
L

(J

('l

u

tJ) tJ) <\l \o o (a Nt oo sf o !\ t\ |.r) o ol (o
tr) td + + .+ r\ tJ) sf (A (O (n CD tr, lJ) cD (Y)

(t,
L
o

=

Cf) (\J ct) (\.r r\ tr, t.f) lJ) O (O @ (\l n Fl C\l A
+ rr, + .+ bD,<t ut + (a ca st sf tr) t') (n

E(o(u
J

N (\l sf tr) o l3) o o to o to Lo (Y) cY) o q?
rrl o n c! N st - (r.t c\t F{ <rl Gl (rl sl <rl Gl

lJ
E

N

t\ O r\ O (O N tr) F{ Ot {) F{ tr) @ (\l !r, !Q
i- -,.o co F- - O or r\ o @ co @ or r\ 6
Ft Sf Fl Ft d r-{

L
(l,
o
o
o

(J

(Y) O O tJ) (f) O O rO tJ) F\ @ N @ tf, CO ta
Cr, F- - ; r{ C\t (\J Fl r{ (\t r-l Fl F'l F{ Fl Fl

t-'

(J
!(u
=

=l
(\.1 O d) @ cO r\ sf d Nl E{ N O O n f? Fl
rr) <f l\ c' - o o O o O O r{ r-{ t{

. . " ' i ' O
o N l o o o o o o o o o o o o o

tn
g

E
(g baq)
L
o

F{ Lo Or O \O O (\l O O Ol O N t\ Or I q
Fr + o.i ot cD + ro + c{ to Nl or <rl co o c!

a a a a

\t \o oo (\l Nl (\l (\l sl sI N St r+ (\l lo Gl

\t
5 b a
=

(o or ot o sf oo Fr sf F{ (0 $l (\J (Y) tr) t'o \
- F- ; - ot 6 .o co N l\ @ g) (o r-l r-l <f

a a a o a a "

@ (Y) @ (O Or'.9 F AO GJ l{) q r+ tr) !9 o? ql
= c\l + c., sf + sf =f c') ca co (Y) sf lr)

E E
O E
+)
.- -g
t ^ P
o o
o - ( 1 ,'tt

o o o o o o
o o o o o o o o a 9 ( ) 0 a e a

|.f, 6 - - - 6 - o o o o Fr c\l (n <f tr,
C\i '-{ C\l cf) + tJ) \g 1\ @ Ol r{ Fl F{ r{ Fl t{

l t t l l l l l l l l l l l l l

o | r ) o o o o o o o a a o o 9 9 ac \ i o - - - - - - o o o o o o q
; c.t cD + t.cr to r- @ ot o r-{ (rl (') I

F l H r {

o
=

O F { N l ( Y ) r + | J )
O F{ C\f (a sf |J) (O N € 01 F{ Fl r-l F{ r-l Fl

gr
I

=

!,

+,tr
0u

F{

lrJ
J
EI

F



(\l sr o N $l to Fl o oo lr) st lo l\
, o 6 F € o r r c o 3 3 t r , r f , 3 3 r \

Gl tr) ro Gl (n or (V) o to !! a <f,
+ crt + <: ur + iri,o + tJ) (o lo sf

(u
l/
u
z.

co r.o r.o (Yt tft o (i1 I n co $,
& 6 ( a t n c o s ; F * r -
; ; ; - { e i F { F { F { = f C \ l

Ot @ @ F{ F{ F{ (\l N $'l q I S r-l

5 6 + s ) @ ! r . t o - + @ - u ? o o
i6 c.i tr, rt + tvl + sf N F <rI N r-{

(Y' rJ) o ci 0\ (ft |J) rft Lo t? lD O oo
U + 6 t d 6 F 6 r { l r , r o l \ " o N l

oar O r\ @ O Sr (Y) (n (v) (V) 1> Lrt O
i{  6 \o 6 dt  c \ i  s f  o  (a F A @'- '

a a a a . t " "
e . i j ( v t r v r t v ) N c a N F l O o O o

F ro @ (a F. l\ -f gr Qq q !o Nl (\t

\ o - 6 @ F . < t t o F r t o a \ l r t
. . . . t ; 4 " ' l t '

t,) <t F lJ) lo. + tf, 'rf, (v) (Y) (Y) (V) $J

83383883$frqRE
a a . a . r " ' - l ! t o

ej Gr or (n or rct rrl sf c9 !2 F{ o o'l
i 5 ; 4 6 + N - . N ( n N

rr,B8888EEEEEEE
R i = 6 ( i 6 + 6 6 F @ o r F r  F {

r l l l l l l t l l l l loKgRggggFBgEg
E
E

-g
+)
o
o
E

g
o
+)
o
o
o-

O F { N

O F{ (\l (v) r+ lJ) t'O 1\ CO Cn Fl Fl Fl;l

v
+f
E
ou

d

UJ

co
F



5

o
L
s
(J

q

o
=

@ tO (\J CD Q|t r+ OO t\ lO tJ) \O Or
rf) l3) tf) f\ Fl F{ Or <f <f Ot Ol sl'

Fl (\l lf, (f) (Y) $l <f (n

o
lz
(J

=

Cf) l.f) f\ F{ sf Fl O td C) <t t{ sf
(o t3) ro u) r.o r.o| tI) ro r\ to tJ) to

\t(o(u A \ O @ @ t ( ) F { ( \ l G l F N < f
(\l i{ r{ O st O l\ tJ) |r, (Y) (Y) (Y)
F{ F{ Fl r{ (\l Gl

I

N

CO Or ^l Cy) (\l t\ o|l (.o F{ @
(Y) s.t (n (0 lf) lr) @ c7) rf) c! (\l N
(Y) (n (Y) Cf) t.f) $ t-l Fl t-l Fl

!(u
o.
a
o

C)

| f r O @ @ r { O l \ O ( Y ) O ( Y ) I J )
tO (O tJ) \O N O.| tO tJ) tO lJ) lf) rrf

F{

t
(J
L
(t,
=

O I O N I \ \ O @ t r r O l l \ u ) N O
Ft ro '.0 to ot (\.t t\ m <f st sr tr)

a a a a a a a a

C\l C\l Fl (rl (\,1 (O O O O O () <)

th
I

g
( o b a
u)
L
o

sf r\ + ltr) OO r.O O C\l \O lo (? f\
@ @ ( O ( O @ O l f ) L O O l t O l \ m

a a a a a a a t

sf, ro t\ (o sf r() c! N sl (\l N GJ

'o
5 b a
=

l\ r+ (g <f Nl F{ (\t sf O F{ tf) o?
(tr) tf, l\ € F{ lO qr O O Or lr) c''l

a a

F l O t d < \ l O ? r { O F l r { O O O
(o o N cr)

E E
O E

P
.F -g
t a P
o oo - ( u.(,

O O
o o o o o o o o c ) o o

t T T O O O O O O O O O O F I
N F I N O O < f l n ( ^ o f \ @ O l d F l

t t t t t t t l l l l l

o ! ' ) o o o o o o o o o o( \ r o o o o o o o o o o
r - { ( \ l C D < f t J ) ( . O l \ @ O ) O

o
=

o F l
O F{ (\l CD r+ t,.r) lO l\ € Ol F{ F{;l

!
Ptrou

d

lrl

co
F



@ l r ) t \ t \ @ o o @ a ! 0 E 9 N a ?
6 6 b i\ iF t{t F ot o\ co F rrl sr
Fl Fl Fa

5

E
o
L

(J

lJ) <f @ Or @ Fl r\ al !-\| q I st l>
6 + <f + - !o ro lrr trl qf lJ) sf rc,

o
llu
=

tJ) rO (n F tO Gl F{ tf, rf) O I t'O CA
= - iri io 6 6 u? - tf, t\ r') c\r sl'
N } ] - - l p r N G l F l F l F F r

c o o J @ o r c o @ c o ( \ l \ 9 = { ( Y ) N
+ c t ; F 6 6 5 r - c h \ h " o o
+ ;6 .+ + + rcl to trt rw) sf cy) N c?

383EqERER3E
i{ Fa

+ O oO <V) gr Or N Et t\ q C' Nt (l'l

di = .r i- 6 ni c{ o or r'o or <.t r+
a a a a a . o " " "

F { C r l N r v r u } + + N F t N F l F { O

8eR:EsSNdq{:s
.  .  .  .  r  I  . '  I  '  '  :

1v1 d u) ro r.g t11 € t+ st lrl + (n

F{ (\l (n N O $l F. (Y) O N I cn st
A ; i i i o i N i d o ' + - n q t o c l r

o a a a " t "

i sf Cn r() Cn sf Ctr Fr I q\t I l\ O
i r ; i 6 t 4 i t o + + F N N ( o s l

o o a
, , ,88g8888EEA3R
; J = t ( d 6 + r o - r \ . o . ' r F r

! l l l l l l l l l t l l

o.r ,eeeg88888E8N g R B S . ' t \ o F c o s r o -

g
o
+)
vl
o
o-

O F { N

O d ( \ l ( A + r ( ) ( O l \ @ O r F l F l;l

P
+,
E
o
|J

F{

UJ
J
cll

F



Figures





_-+
l '

"l , i
I
!

z l
c l
\ < l

\
\

----;/j--j/
: - - - - t '

r\c
3\
; \

1
tJ*t

--l_,rt.r 
i-' t,

\i 'i{
Fl. l ,  i\'"7 t

I
/

--t\

o
t t

J I' t

I
I A
t t l

Ir
! ^(  1 . ,

1 , .  I, - '
I
\

a-
o' C
o
E c\r
c @
=r o\
o -
L

c n >o
Ez.
B O .

lr t  +

t-
r-\
I r

i /

I
I
t
t
t
\ . r
\ )

t,
E
=
o
L
g r T

o r !
. c c

Et
J =

E C
_ . 4

E r u
E :

= a
t n 2

t >

.)
e/-t.

) l
I

I
\ ! l
i (  |
-t.' i

i

. l

\
I
\
\
\

i\
\

,._(

a-
o

T'
c.
J
o
L

cn
' 6
B

tt't

t\

-\

I
I

t i  J- . ( f  
I

I
(t

I

I
(
t.

a--c, o
c ' t
6 o
b,E-' oP
cr_ =

.E
o J t r
z a

X N

I

\

-t

I

ly
I L

'! to
l E
I t -r€

|  - ' t  - +  r n  c !
l \ - -

r \

+'a
a

O
N

I

o ' l

ta  
{ ' - '

\ )

o
I
I
I

-
t
I
T
I
I
I
t (

I
I

I E
l  s-
t F

t

i
I
t -
\ . '
\ l
1",

I
I
I
t
\

Monitorrng posi t ions





T13 T13.5A
0 20 t+0 60 y.

oh '  |  '  
r>

200  |  f  t -
. o o l \  l f
' o  11  

u
8 0 0 1 i
1000 l: MIrl
1200 | \
rcoo Lf

o.pth (ml
0  2  1  6 " / "

v -  -
l . - l f2ool (. I ____:r

400 I  r -  |  -_ :
.^^ |osu I J-
8 0 0 1  \
roo0 | rr
' r n n l [ ^' ' - '  |  (  uroanrcs
1100 H

Ihpth (m)
0 2 I 6u.9/9

0 r-----\
z o o l  t -  |  

- '

u o o l J  I  i
5 0 0 1  d
800 | rJ
10oo H
rzoo I  Mercury
1t00

oaoih (m)'- 
0 o0 200 rg/9

U F . . . . a
2 o o l  r -  l \
, , o o l  J  l f

I \ U
6 0 0 1  |
8 0 0 1  \

tooo l/-
rzoo l [  [opper
1100 u
oe9th (nnl

T13.58

l f
Il
U

T1l* Y Y 1 Y Y 3 Y Y 4

N

It
IF
I r r

h

ir_ 
-t --= i 

-F
f L t ) t - t l

I T l{ ll- l_g
lJ lf il ti
I \ U
t l
l - l

l------? f---- l--e= i----.'= | 
-5

I I | 1 tt t1 lJ I Il-ilillH|rtd
I J | -

t . r t ' r
LJ

[rtlr
t ) t ? l
t_J | {-, I

tJ-- I

I t--r

I I
I r -

IF
I J
l t

tJ

l r

l.-\
I t
I

rl| --]-
t /
l - J

th
t d
LT

t\
I J
t )
LI

t--E_
lc-
IF
l-5
l r

n
LJ

t-t
tf
I Ttr

tt
ll
I
I

n
| '-r
I Tt r
| l
U

o 9. ?oo t oo 600 EFTFF200

1.00

600
800

1000
1200
1400
D.pth (m)

- 0 200 coo 600 F9l9' l - =  r ?
iHl 3 l l6 0 0 1  7
E 0 0 l  \

rooo l6f

l|fr I Lead
thpth hnl

^ 0 50 100 150 pglg

f f i t  )  l /
6 0 0 l  )  "s o o l  J'f000 | )

rzoo | { Nicket
t|00

It pih lnl
0 50 100 150 P9.u9

d [---"!trf-]
: .Tl  -?l  r600 | ctr.r-
800 | ltt2

looo | -r--'-
r2oo | =
1{oo I Lr (hromium

thpth (ml

I LF rt
H
ti

r-\
tt
t1
l ?

TFN
tf t?
f t l - J
t \ t -

I  1 - t \
I  r - l l ,
L_T LT

rtrt
L-f

t-t
ll
L-J

I-T
t /

t \
I I
t 1
LI

HEF E hE
Fig 2 Depth prof i les


































































