
Hydranics Researdt
Wal}ngford

VERTIGAL PROFII.ES OF EBAVI IIBTALS ANI} ORGAIWC

CARBOI{ IX SEDI}IHITS OF R^SlEtrIIT LIYERPOOL BAY

lt J Crtctnore BA
P R Kif f  B.Sc

Report No. SR 26
Febnnry 1985

HYDRAiJL ICS i lES i :A I iC ! ' :  : i i  A  i lOr , j

W A L L I N G F O R D .  O X O N

- {, },iAit lgg5
Ci.AS3 No.

ACC No 
gs/31 t 6

Registered Office: Hydraulics
Wallingford, Oxfordshire OXl0
Telephone: O49l 35381. Telex:

Research Limited,
8BA.

848552



Crown Copyright 1985

Publ ished by pernisslon of the Control ler of
Her  MaJesty rs  S ta t ionery  Of f i ce

The work descrlbed was funded by the
Department of the Environment under Research
Contract PECD 717/O49. The report  ls
publ ished with the kind pernisslon of the
Department but any views expressed are not
necessari ly those of the Department"



ABS1TACT
Depth prof i les of netal  and organic carbon
concentrat ions are given for a set of  seventeen
sediment cores recovered from the approaches to the
Mersey Estuary in 1983. The pr inary object ive is
to provide data on the thickness of the bed layer
penetrated by nan-made netals adsorbed on the
f lne-grained fract lon of the sediment.  The
lnformation is required to help ln sett ing uP a
numerical model. of Liverpool Bay and the Mersey
Estuary with which Hydraul ics Research are
examining the novement and deposition of sewage
sludge part iculates. Seaward of the Mersey Bar,
mixing depths of 0. ln were typical  ln water depths
in excess of 15n. Nearer the Mersey'  cores taken
in  the  v ic in i ty  o f  d iscont inued and ex ls t ing
grounds for dredged spoi l  showed metal  enr ichment
to at least 0.7n. Whether this depth can be taken
as the thickness of bed layer that ls regular ly
disturbed or whether i t  represents the net
deposit ion from past disposal of  dredgings 1s not
known. Suggestions are made for future work.
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l - . IXIBOI}UCiTIOI{

l lydrauLics Reseaxch (HR) have reported (Ref.1) on
the feasibi l . i ty of  nodel l ing nathenat ical ly the
transport  and physical  dispersal of  heavy netals ln
Liverpool Bay and the Mersey Estuary. The repro-
duction of water and fine sediment movements by a
nodel together wlth the transfer of metals between
the water and sediment phase by adsorption and
desorpt lon shouLd make possible the predict ion of
the effects of changes in heavy metal input conse-
quent on var ious strategies for sewage treatment on
Merseyside. In addlt ion to out l in ing the concep-
tual. framework for the model a number of areas were
ident i f ied by the desk study for which new data
needs to be col lected, ei ther to improve the
qual i ty of var lous lnputs to the nodel or to guide
the model,J, ing of processes that control  quasi-
steady concentrat ions of heavy metals in the Bay
sediments. Proninent in the lat ter category is the
requirement to be informed on the depth of seabed
through which man-made heavy rnetal contaminants
penetrate. Information is sparse on the depth of
disturbance brought about by the processes of scour
and accret ion or turned over by the benthic
organi sms.

I t  was declded therefore to take a nunber of undis-
turbed sediment cores in the eastern part  of
Liverpool Bay in order to examine the upper sedi-
mentary strata for heavy metals and organic matter.
Locat ions were chosen to sample nuddy sediments in
the path of the Mersey outf l .ow or on the l ine of
suspected sludge migrat lon, as wel l  as at current
or discont inued spoi l  grounds for dredgings from
the Mersey  and i t s  docks  ( r ig .  1 ) .

1 .



2. CORE RB@YERI

The vessel "Branding" lras chartered from the Carmet
Tug Conpany, Birkenhead and L7 cores were recovered
on 9 February 1983. In order to obtain suff ic ient
bed penetrat ion I tR ln this lnstance employed i ts
one metre Long 5omn dlameter vibro-corer instead of
the 125m dlameter verslon used on i ts regular bed
rnon l to r ing  surveys  (Ref .2 ) .  The la t te r  i s  l in i ted
to a sarnpl.e depth of 0.3m or less. The longer
corer recovered core lengths that var ied from 0.5
to 0.9n dependent on bed conposit ion. I ts struc-
tural design and smaller barrel bore have the dis-
advantage that physicaL disturbance of the bed
surface ls more Likely,  and could lead to prefer-
ent ial  loss of low density organic mater ial  and any
organic-associated metals fron the uppermost
stratum than has been customary with the 125um
diameter vibro-corer.

The cores were extruded from their  PVC Liner using
compressed air on-board shortly after recovery and
sp l i t  in to  s t ra ta  as  fo l lows:  top  25nm;  the  nex t
75m; and at 100m intervaLs thereafter.  The core
divis ion was carr ied out ! i l i th a stainless steel
spatula on a polystyrene tray to guard agalnst
contamlnat ion and returned to the laboratory in
polythene bags.

2 .



3 . LABONArcRY
TBEAIUHTT ANI)
AI{ALYSIS

IlRr s normal praetice of deterninlng the heavy metal
and organic carbon content of only the nud fraction
( < 63 pn) was again adopted for the core strata.
The mud fraet ion was f i rst  separated by washing
each sample through a stainless steel.  s leve with
tap l tater,  air-dr ied, crushed and placed in a
vacuum desiccator for 24 hours. Ileavy netal and
organic carbon determinations rf,ere normally nade on
subsanples but where the quantity of mud was
insuff ic lent for both, the organic carbon analysis
was omit ted.

Analytical procedures were the same as employed on
previous HR work in Liverpool Bay sediments. With
the except ion of mercury, heavy metals were
determined by atonic absorpt ion spectrophotometry
a f te r  d isso lu t ion  in  n i t r l c /perch lo r ic  ac id ,
evaporat lon to dryness and redissolving in
hydrochlor lc acid. Mercury rdas measured separately
by the cold-vapour atomic absorpt ion method. Al l
heavy netal analyses lrere carried out by a
commercial  analyt ical  laboratory and concentrat ions
have been adjusted in accordance with a number of
standards that were incorporated with the sample
batches  (Ref .3 ,  page 3) .  The ne ta l  ex t rac t ion
procedure is a vigorous one and, with the except ion
of chromium, results in values that correspond to
essent ial . ly the total  metal  content of the nud
fract ion. The chromium values are perhaps only 60
per cent of total chromium content but are
comparab le  w i th  ear l i .e r  repor ted  resu l ts  (Ref .3 ) .

Organic matter was determined by wet oxidat ion of
the carbonate-free dr ied mud fract lon with the
gravimetr ic est imation of the evolved carbon
dioxide. Again as on previous surveys the organic
carbon is reported as organic matter by the sinple
exped ien t  o f  nu l t ip ly ing  by  a  fac to r  o f  2 .5  to
convert  carbon to the equivalent of  dr ied organic
res idues .

3 .



4 . BESI'LTS

4.L  Mud d is t r ibu t ion

The ful . l  analyt ical .  results are given in Table 1.
Figures 2 to 5 depict  dlstr ibut ions of mud, organic
matter and heavy metals with depth, arranged
approximately to their  relat ive locat ions in the
Bay.  F lgure  38  i l l us t ra tes  the  ver t i ca l .  d is t r ibu-
t ion of the organic content of the sediment as
glven by the product of organic matter concentra-
tlon and the proportlon of rnud and takes no account
of any organlc mater lal  that may be present in the
non-mud fraction of the sediment.

The bed to the north of Newcone Knoll features the
most muddy sedinents found on the survey with
consistent ly high vaLues of 50 to 90 per cent mud.
Elsewhere only occasional strata exceed 25 per cent
mud. Frequently narked variations in mud content
are found over the core depth and confirm the sand/
mud layering that has been evldent on earl ier
surveys. The thickness of lndividual mud and sand
layers is often less than the stratum interval of
100nn and therefore the presentat ion does not
always do just ice to the f iner structure of the
sedimentary layerlng.

In contrast the core recovered from the depression
to the north of Newcome Knoll shows a unifornly
nuddy bl .ack sediment to at least 0.7n depth. Since
its incluslon in L98I/82 in the regular bed noni-
tor lng pattern this low ly ing area has exhibi ted
consistent ly high percentages of f iner sediment.
In the past i t  has recelved immense quant i t ies of
dredged spoi l ,  taklng much of the r iver and dock
dredgings of the Mersey Docks and Ilarbour Board,
the Manchester Ship Canal,  Wal lasey Corporat ion and
others. For more than slxty years the buoy marking
the  depos i t  s i te  was loca ted  e i ther  on  the  ax is  o f
the presentday Newcome Knoll or to the north of
that bank. Between 1897 arrd 1927 51 nill ion n3
of spol l  were dumped at a posit ion on the l ine of
the exist ing bank but sLight ly towards the estuary
fron the bankts eastern extremity.  In 1927 the
buoy was transferred 2.8 kn to the northwest closer
to the posit lon held by the highest point of
todayrs Newcome Knol l  and a further 28 ni l l ion n3
were dumped up to the outbreak of war in 1939.
After the war the deposlt buoy was moved to a new
slte about 2 kn north of Newcome Knoll which took
another  18  n i l l i on  n3  o f  spo i l  un t i l  use  o f  the
area was d iscont inued in  1960.
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4.2  Organ ic  mat te r  1n
the mud fract lon

Thus during thls century that part  of  Liverpool Bay
wlthin a few kl lonetres of Newcome Knol l  has
received nearly 100 ni l l tor,  t3 of dredged spoi l ,
much of it derived fron the docks and Inner Mersey
and therefore tending to be fine-grained and
contaminated by metals.  Conparison of charted
depths indicates that al though the greater part  of
the spoi l  has been re-distr ibuted over the Burbo
Bank and probably back into the Inner Mersey
accret ion of 1 to 3m occurred in the vic ini ty of
Newcome Knol l  between I9L2 and 1955 (Ref.4).  I t
seems htghly probable that the pool of  f lu id nud
reported aLong the northern flank of Newcome Knoll
(Refs.5 and 6) and also the nuddy sediments more
recent ly found on HRrs bed monltor ing survey and
closely napped by Lancashire and tr'Iestern Sea
Fisher ies  Jo in t  Co qr i t tee  in  1983 (Ref .7 )  represent
the f lner residues of past dlsposal of  dredgings in
th ls  loca l i t y .  Reten t ion  o f  on ly  2  to  3  per  cent
of the dredglng is the equivalent to the total  dry
so l ids  lnput  a r is ing  f rom s ludge d isposa l  th is
century.

The organic carbon content of the f ines is
general ly higher in the cores taken nearer the
Mersey .  Those taken on  l ines  P,  Q and R (F ig . l )
not only display less organics but the najor i ty
show a decrease with depth. Such a decreage would
be expected i f  the bed is subject to only shal low
or occasional disturbance so that the underly ing
organic matter ls s lowly decomposing and is not
replenished by nixing. The more uniform depth
distr lbut ions that character ise many of the cores
taken nearer the Mersey on l ine T are indicat ive of
beds that are frequently re-worked probably by a
combinat ion of t idal  and wave act ion.

I t  has been noted frequent ly fron previous monitor-
ing surveys that higher organic concentrat ions are
recorded in the f ine fract ion i f  the surface
sed iments  a re  de f ic ien t  in  f ines  (<  1  per  cent
mud). The sub-surface sedinents on the other hand,
at least for the locat ions sanpled on the present
survey ,  do  no t  repeat  th is  charac ter is t l c .  A
possible expLanat ion is that the organic carbon in
the surface sandy Layers represents freshl.y sett led
organic part iculates whereas those trapped in the
underly lng layers have clear ly been deposlted for
some tine and conditions in the sands have favoured
the l r  decompos i t lon .

5 .



4.3 Heavy metal .s in
the nud fract ion

I t  l s  poss ib le  to  d is t ingu ish  be tween heavy  meta l
prof l les lndicat ing only shal low bed disturbance as
exenpl i f ied by cores taken on the P, Q and R l ines;
and the evidence of greater mixing depths or
deposlt  thicknesses nearer the Mersey.

4 . 3 . 1  L i n e s  P ,  Q  a n d  R

The tendency for cores from the zone midway between
the sludge dlsposal ground and the Mersey ( ie.
l ines P, Q and R) to show dininuit ion of organic
mater ial  with depth is paral leled by a more str ik-
ing reduct ion ln the concentrat ions of several  of
the heavy metals at lower levels in the bed. The
step from high to low concentrat ions of certain
meta ls  i s  o f ten  abrupt .

For instance the vert ical  distr ibut ions of mercury,
copper,  z lnc and 1.ead dtsplay a dist inct boundary
at a level that var l .es from core to core: 25nm for
loca t ion  R10;  100nn,  R9:  100 to  200nn,  P10,  P12
and R11; 200nn, P9; 400 to 500nn, R12. Higher
chromium concentrat ions are also sometimes associa-
ted wlth the surface layer whereas nickel dispLays
a un l fo rm d is t r lbu t lon  w i th  depth .  Meta l  concen-
trat ions in the bed beneath the contaminated sur-
face layers are probably representat ive of back-
ground values for f ine sediments in Liverpool Bay.

The fol lowing mean base-l ine values are derived
fron 35 strata taken beneath the zone of obvious
contaminat ion and const i tut€ our best est imate for
unpol luted sedlments in the area.

Liverpool Bay

Clyde Estuary

(Ref  .8 )

Solway Fir th

( R e f . 8 )

MAFF Surveys

(Ref  .9  )

Nickel

s1  (33 )

67

53

10-90

le  ( 8 )  |  e8  (30 )

5-18 |  30-115

36  (6 )  |  2s  ( 6 )

l"
I

30-4s | 17-50

0.09  (0 .0s )

0 .04 -0 .1  3

( f igures in brackets
values on Lhe present

refer  to  s tandard deviat ion of
survey ) .

6 .



Values for marine or estuarine uuds from other
Brl t ish sources thought to be free of anthropogenic
lnputs are also included above. Rather
surpr is ingly the concentrat ions in the undisturbed
sediment of the cores of the present study are wel l
withln the range of tabulated values, bearing in
nind possible var iat ions in laboratory pract ice and
dif fer ing source rocks. I t  seems l ikel 'y that the
metal  values are representat ive of the f ines from
boulder clay sources of the eastern Ir ish Sea.
I lowever,  the netal  values of the 35 strata that are
accepted as the "unpol luted sediment" group do not
d isc lose  any  d is t inc t i ve  typ ing  in  the  propor t ions
of the individual netals.  Only one netal  pair
shows a posit ive correlat ion between thelr
concentrat ions in the basal undisturbed strata;
that between mercury and lead being stat ist ical ly
s i g n i f i c a n t  ( P  =  < 0 . 0 0 1 ) .

Another common character ist ic of  the undisturbed
strata is that they are relat ively low in organic
matter, havlng on1,y 2 to 3 per cent compared
with the 4 to 7 per cent that is typical  of  the
surface values obtained on the regular monltor ing
surveys. In thls instance the di f ferences between
the upper and lower strata cannot necessari ly be
taken as a change in the organic loading on the
Bay. A natural  reduct ion in the amount of organic
matter at the undisturbed lower levels woul 'd be
expected as a consequence of degradat ion since the
sed lment  was depos i ted .

Apart  f rom nickel the concentrat ions in the surface
layers of the other f ive metals are nany t imes
higher than the base-l ine values. The contr ibut ion
nade by apparent ly anthroPogenlc sources accounts
for approximate enrichment factors as l isted
below:

Maximum

x35
1165*.,  X2g
xL0
x20
x3

concentrat ion.

Mercury
Copper
Zlnc
Lead
Chroniun

Mean

x l5
X9
x4
x6
x l  . 3

*  = s ingle except ional ly  h igh

7 .



4 .3 .2 . Nor th  o f  the  Mersey  ou t f l .ow (T12 to  15 ,  U15)

I t  is di f f icul t  to decide whether the anthropogenic
loading on the PrQ and R l ines is pr lmari ly due to
the contr ibut lon of Mersey-carr ied inputs from the
east or whether i t  is in response to the migrat ion
and sett lement of s ludge part iculates from the
rrest.  However,  i t  segns reasonable to assume that
the sedlment of the geographical  grouping which is
the subJect of this sect ion is inf luenced pr inar i l 'y
by Mersey derived inputs. The loading ar ises
elther direct ly from the Mersey outf low or from
dredged spoil dumped about 8 kn north and northwest
o f  the  ou t f low.

The f ive cores included in this group al l  show high
values compared with background for mercury,
copper, zine, lead and chromiun throughout the
length of each core which ranged fron 0.5 to 0.8n.
The rnetal  contaminat lon persisted to the ful1 depth
of sanpl ing i rrespect ive of whether the core was
modera te ly  un i fo rm in  i t s  mud conten t  (T12,  T13,
T14)  o r  inc luded d is t inc t  sand and mud layers  (T15 '
U15) .  However ,  in  the  case o f  the  la t te r  the
meagre f ines of the sandy sediments ( less than I
per cent uud) yielded eopper and zinc concentra-
t ions in excess of the concentrat ions in the f ines
of the more muddy strata. The dtf ferences were
even more pronounced for lead and chromium:
concentrat ions in the f ines of the predoulnant ly
sandy deposits being an order of nagnitude higher.

The metal  concentrat lons taken as the mean of the
39 s t ra ta  o f  th is  g roup y ie ld  the  fo l low ing
enrichment factors:

Mercury
Copper
ZTnc
Lead
Chronium

Mean

x32
X5
x5
x22
x2

Maximum

x64
x l3
x7
xl  81
x5

Comparison with the enrichnent factors given
earl ier for the group nearer the sludge disposal
ground shows that thls region ly ing to the north of
the Mersey outfal l  has higher enrichment of mercury
and much higher enrichment of lead. On the other
hand i t  is perhaps less enriched in eopper.

8 .



4 .3 .3

Attention has already been drawn to the remarkably
high levels of some metals in the f ines of the
predominantly sandy strata. llowever, exanination
of meta1 pairs fai ls to reveal any correlat ion in
these strata (n = 9) between the concentrat ion of
one metal  and that of  another.  In contrast,  the
greater nunber of more nuddy strata (n = 30) fron
this area do suggest posi t ive correlat ions
(P = <0.001) between mercury and zinc, mercury and
copper, and copper and ztae.

South of the Mersey Outf low (U10, YY3 and 4)

Two of the three cores taken to the south of the
Mersey outf low were from the very nuddy deposlts to
the north of Newcome Knol l  in the area histor ical ly
associated with dredging spoi l  f rom the inner
estuary and dock systems of the Mersey. Both show
penetrat ion of most metals over the ful l  0.7rn depth
of the cor€o

The third core (U10) was recovered from north of
the mud area and revealed predominantly sands
general ly htgh tn metals overly ing more mud-r ich
sediments at 0.4n depth. The low organic content
and background concentrations for most metals in
the deeper more nuddy sediment suggests that the
basement  be low 0 .4  to  0 .5n  is  ra re ly  d is tu rbed.

The netal concentrations taken as the mean of the
22 strata of this group yield simi lar enr ichment
factors to those reported for the cores to the
north of the Mersey. Lead is the only except ion:
there being no values to match the abnornal ly high
lead concentrat ions recorded to the north.

Mercury
Copper
Zinc
Lead
Chromium

In this geographlcal
and copper with lead
p a i r s  ( P  =  <  0 . 0 0 1  ) .

grouplng, mercury with zinc
are the only correlated metal

Mean

x36
x4
X5
x4
x]  .8

Maximum

x60
x10
x7
x13
x6
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5 . COf,CLUSIOrIS AIfD
RECOtiltEtDArrOI{S

1 .

2 .

The sedinents of Liverpool Bay in the aPProaches to
the Mersey dtsplay considerable surface enrichment
by f ive of the six metals studied, namely mercuryt
lead, copper,  z inc and chromium.

Al. though i t  is perhaps dangerous to general ise on a
relat ively l in i ted number of cores there appears to
be d is t inc t  reg lona l  d i f fe rences  in  the  depth  to
which the enrichment penetrates.

Cores taken seaward of the Mersey Bar,  west of 3"
20r  west ,  show the  ne ta l  con tamlnat ion  o f  the
f ine-grained sediment conf ined to 0.5n thickness
and ln  severa l  cases  on ly  the  top  0 .1m or  less .
These cores rdere recovered from local l t ies of at
least 15m water depth below chart  datum and the
metal  prof i les indicate that at  these depths bed
n o b i l i t y  i s  r e t r i c t e d  t o  t h e  s u r f a c e  0 . 5 m  o r  l e s s .

Nearer the Mersey the present study focussed
principal ly on the dunping grounds for dredgings
off  Jordans Spit  to the north of the Mersey outf low
and on the now abandoned (since 1960) deposit
ground for dredgings to the north of Newcome Knol l .
In both areas core lengths (0.7n) were insuff ic ient
to reach the base of the enriched layer.  t r{ater
depths at al l  the sarupl lng locat ions of this set
were less than 10n below chart  datum. The
shal lower nater depths clear ly provide a greater
probabi l . i ty for wave disturbance of bed sediments
in these areas. I lonever,  an al ternat ive explana-
t ion for the greater depth of metal  enr ichuent
should not be discounted. In the course of this
century these two areas and part lcular ly the one to
the south of the Mersey have received vast
quant i t ies of f ine-grained dredging spoi l .  I t
seems l ikely that the greater depth shown by the
metal  prof i les owe more to net deposit ion over a
long t ine scale from metal-contamlnated dredglngs
than to bed nixing by wave and current forces or
b io tu rba t ion .

Unusual ly high levels of lead enrlchment have been
recorded in the f ines of sand strata in the
vicini ty of the more northern of the two dredging
spoi l  grounds to the north of the Mersey. Use of
the ground was discon-t inued in L982.

3 .
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4 . There is a need for a more extensive explorat ion of

the depth of netal enrichment' both by sanpling at
more locat ions incl .uding the sludge disposal
ground, and by recovering longer cores in the east
of the study area to map the ful l  extent of  metal
penetrat ion. I t  would be highly instruct ive to
subject any lower enriched strata of the longer
cores to radioact ive dat ing with the object ive of
establ lshing whether these deeper bed layers are
now stat ionary and their  metal  enr ichment due to
past net deposit ion from dredgings.

The desire to attr ibute the netal  enr ichment of a
given area of the Bay to a specif ic input or to
quant i fy the relat ive contr ibut ions made by
d i f fe ren t  sources  faces  fo rn idabLe d i f f i cu l t ies .
A11 the netals that have been the subject of
analysis are present in the natural  input and in
the three rnajor man-made sources as represented by
the Mersey outflolt, the dredgings and the sewage
sludge. We are normal ly conpel led to take
proximlty to a major source as a crude indicator
fo r  a t t r ibu t ing  respons ib i l i t y .  Th is  leaves  la rge
areas of the Bay that exhibit enrichment but where
i t  i s  no t  poss ib le  to  quant i f y  the  re la t i ve
signif icance of the var ious inputs. I f  one
individual area is found to have a character ist ic
netal  recipe as glven by the relat ive proport ions
of each netal ,  then to a f i rst  approxinat ion the
source having that same recipe is the pr incipal
contr lbutor.  The f i rst  step on the approach to
type-cast geographical  areas with respect to
man-made metal contaminants is to subtract the
natural metal input from the data and then
determine the correl .at ions exlst ing between the
concentrat ions of man-made metals.  The present
study has yielded values that can be treated with
reasonable confidence as natural background
concentrat ions. However,  any correlat ions found to
exist  between the concentrat lons of metal  pairs of
anthropogenlc origin have been haphazatd and have
not furthered our attempts to l ink more
concl,uslvely the metals found in one area to a
part lcular source.

5 .
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TABLE I - DEgfH PROEIIAS Otr UUD, ORcAttCS AtD HEIALS

S i  t e Level
|luD

Mud
7"

Organi cs
z

Mercury
v8/  e

Copper
ps/s

Zin.c
vs/ s

Lead
ve/ e

Nickel

ve/e
Chromiun

u clc

P9

P l 0

P l 1

PL2

Q l 1

o-  25
25-100

100-200
200-300
300-400
400-500
500-600
600-700
700-830

0- 25
25-100

100-200
200-300
300-400
400-500
500-550

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700
700-800
800-900

o-25
25-100

100-200
200-300
300-400
400-500
500-600

0-25
25-100

100-200
200-300
300-400
400-500
500-500
600-700

0 .55
0 .30
3 .49

13 .01
5 .55
o .25
2 .56

22 .65
39 .61

1 .84
0  . 45

L4.93
15 .40
22 .68
16 .15
14.59

2 . r4
I  . 54

L2.48
0 .95
1 .63
0  . 56
2 .L5
6 .73

15  . 17
o .77

2 .40
2 .32
4 .7L
9 .20

10 .43
7  .42
7 .81

31 .82
11  . 14
12 .53
L6  . 51
2L.2t
16 .33
22 .4 r
23 .30

na
na

3 .94
2 .27
2 .56
2 .27
2 .74
2 .27
2  . 18

I  . 98
3 .10
2 .97
1  . 78
l_ .70
1  . 86
L .64

3 .66
2 .97
2 .93
2 .85
2 .85
1  . 86
2 .83
2 .49
2 .79
3 .28

4 .07
3 .89
2 .59
2 .35
2 .29
2 .10
2 .28

3 .94
3 .47
3 .L7
2 .23
2 .44
2 .55
2 .38
I  . 99

0 .63
r . 73
t . 7  3
0 .11
0 .17
0 .07
0 .  L2
0 .11
0 .06

0 .7  2
o .24
0 .41
0  "07
0 .01
0 .04
0 .04

o .67
0 .34
0 .24
r . 47
o .22
o"o2
0 .20
0 .11
0  .07
0 .99

0 .71
L .46
0 .86
0 .09
0 .  r 4
0 .09
a .L2

2 .79
2 .L7
0 .83
o.2s
0  . 13
0 .05
0 .04
0 .03

249
198
187
18
19
13
22
20
t7

91
286
52
32
25
36
36

t_288
542

7 I
L79
116
2L2
188
31
26
93

106
74
51
25
18
23
31

66
62
32
L7
13
11
11
L4

436
816
302
95
82
79
89
83
77

170
20r
114
77
73
74
83

445
462
133
230
2L9
250
229
110
LO2
265

2L4
23L
L74
TI2
88
94
94

344
573
237
r_91
362
131
138
T7L

542
943
266
L07
98
31

169
69
50

200
L46
63
31
25
24
25

2r2
180
65

r29
90

160
108
101
B3

370

26r
158
156
52
40
64
6 I

135
136
87
51
38
33
31
29

37
38
44
44
44
46
43
52
55

39
37
37
34
36
38
36

45
44
45
45
42
34
50
45
46
49

4 t
48
44
42
42
42
43

42
42
4L
4 I
39
39
39
38

82
4 l
28
18
2L
2L
2 I
22
33

24
2 l
22
22
2 I
20
19

24
26
18
T7
15
20
T6
18
24
23

18
44
26
L7
18
18
18

31
28
2T
23
2 I
18
18
t7



TABIJ 1 (conttnued)

S i  t e Level
tm

Ilud
7"

Organics
z

Mercury

v Ele
Copper

vsl  s
Zinc

v sls
Lead

ve/ e
Nickel

v8/e
Chromium

vels

R9

Rl0

R l 1

Rl2

TL2

o-25
25-100

100-200
200-300
300-400
400-500
500-600

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700

o-25
25-100

100-200
200-300
300-400
400-500
500-550

o-25
25-100

100-200
200-300
300-400
400-500
500-600
500-700

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700
700-800

2 .29
5 .57

24 .7 I
28.32
32.90
26.73
25.32

3 .95
L3.42
25.57
28.67
20.24
18 .82
25.98
29.35

0 .92
12 .80
L7  . 32
29 .83
44.24
5L.97
43 .15

6 .55
6 .94
6 .35
1 .01
0 .45
1 .90

35 .30
43 .2L

25.45
L9.52
27 .25
42 .32
46.64
59  . 10
68.52
50 .80
63.32

4 .20
3 .60
2 . r7
2 .00
2 .O3
L .64
0 .99

3 .gg
1 .98
1  . 59
2 .06
1 .95
L .7  5
1 .71
L .66

na
4 .34
2 .83
2 .O2
L .42
1 .31
L .52

4 .93
5 .93
4 .30
3 .86
3 .7  6
3  . 33
4 .18
3 .94

4 .93
5  . 63
4 .30
3  . 96
3 .7  6
3 .33
4 .18
3 .94
4 .O9

2 .35
0 .90
0 .09
0 .06
0 .03
0 .05
0 .03

1  . 93
0 .20
0 .  L0
0 .04
0 .16
0 .01
0 .01
0 .04

1 .93
1 .53
o .46
0 .14
0 .  10
0 .07
0 .05

1 .40
0 .66
2 .65
0 .96
o .23
o .L2
0 .04
0 .34

2 .93
2 .49
2 .OO
1 .33
I  . 70
1 .60
1 .7  5
L .29
L .37

79
45
L4
L4
10
L3
I2

108
L7
T6
10
15
I2
9

15

263
73
33
19
15
I4
L3

115
99

203
L22
104
45
L4
15

91
115
66
56
49
46
56
54
46

363
204
75
68
85
80
81

331
84
65
55
65
63
34
59

739
318
L44
79
64
53
52

L73
194
684
195
202
LT4
74
7L

453
470
319
249
277
23L
264
249
220

r.85
108
3L
44
2 t
28
31

165
34
26
T7
27
27
11
26

635
343
r28
77
57
57
52

263
649
969
7L7
862
435
44
42

234
343
156
110
t28
ro2
I2L
1 1 5
r09

40
40
36
34
37
40
40

43
36
32
38
33
36
19
30

51
4T
34
32
31
34
39

52
61
63
39
4L
42
4 t
39

39
43
52
35
37
37
39
40
4L

26
22
23
22
23
2L
29

22
24
28
29
34
30
79
29

31
24
24
25
23
32
43

16
26
36
26
35
2T
25
26

4L
49
57
30
35
3B
38
37
26



TAIILE I (contlnued)

S l  t e Level
nm

Mud
"/"

Organics
7"

Mercury
ve lg

Copper
v slg

ZInc
vels

Lead
p.s lE

Nickel I Chroniun
t l

ug/g  I  ug /g  ,
! l

T 1 3

T 1 5

u10

ul5

YY3

o-25
25-100

100-200
200-300
300-400
400-450

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700

o-25
25-100

100-200
200-300
300-400
400-500
500-600
500-700
700-800

0-2s
25-100

100-200
200-300
300-400
400-500
500-600
600-700
700-800

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700

10 .53
L2 .29
L2.35
7  .85
7  . 65
4 .72

L6.7 4
0 .2L
0 .18
0 .39
3 .43
3  . 43
L .82
5 .52

L .96
o .79
I  . 30
1  . 93
0 .87
5 .31

13.7 4
10  .94
25.42

0 .41
o .42
0 .72
0 .71
0 .84
3 .80

25.93
2 .0 r

56.82
84 .13
64 .7  4
34 .31
41 .83
22 .92
3 .44
4  . 81

4 .86
5 .90
6 .10
5 .97
5 .94
5 .03

4 .89
na
na

5 .10
4 .97
5 .35
5 .89
5 . r_3

2 .02
4 .97
5 .57
5 .96
4 .85
2 .39
2 . r2
2 . t 4
t . 92

na
6 .54
4 .79
3 .32
3 .26
2 .03
2 .6L
s .24

na

4 .24
4 .34
5 .44
5 .O2
6 .33
3 .84
2 .O5
2 .39

2 .63
3  .58
3 .43
2 .76
2 .03
r . 44

2 .29
r .7r
2 . t 2
2 .58
2 .60
4 .93
2 .57
2 .26

0 .82
2 .20
2 .88
3 .4s
L .49
0 .38
0 .11
0 .11
0 .  11

r . 46
2 .24
2 .L4
2 .33
3 .61
0 .59
0 .93
3 .L7
3 .46

2 .7  2
2 .76
3 .5 r
3 .48
4 .3L
L .73
o .46
0 .14

101
86
96
94
76

103

66
L34
2L8
233
86

L66
99
90

6s
115
L49
135
187
31
15
20
16

25L
183
207
160
r26
45
38

106
280

50
54
74
69

106
42
20
30

380
430
479
470
332
353

368
334
496
453
4L6
505
4L4
t+27

191
413
453
445
436
tL2
67
74
7L

453
479
s39
410
410
158
141
436
556

547
410
522
436
547
333
190
410

1114
289
300
355
329
581

203
1 356
2L4l
1  182
409
374
581
377

rt2
286
249
481
635
88
31
85
19

7 607
9244
47L8
1348
2725

4L4
133
654

3948

139
L23
165
158
2L6
93

255
236

40
43
43
45
43
44

39
4L
65
49
42
45
42
42

I

24
33
38
38
43
32
38
36
38

46
42
46
4L
45
49
52
46
49

38
37
42
40
45
42
30
33

45
34
36
33
30
33

33
46
53
70
32
42
s7
61

34
61
36
35
46
65
40
54
23

135
97
84
65

125
30
25
56
83

27
26
35
38
37
25

138
101



TABIfi I (conttmred)

S i t e Level
nm

Mud
"l

Organlcs
"l

Mercury
Pel e

Copper
us/ s

Ztnc
vE/e

Lead

u el8
Nickel

vEle
Chromium

vs/ s

YY4

T 1 4
SG

o-25
25-100

100-200
200-300
300-400
400-500
500-600
600-700

o-25
25-100

100-200
200-300
300-400
400-500
500-600

64 .10
65 .00
9L.42
80 .81
66 .28
88 .48
72 .6L
76 .4L

8  . 50
9 .01
6 .06
9  . 36

16.57
19 .88
20 .15

4 .97
5  . 65
5 .62
6 .00
6 .55
5 .19
4 .95
6 .02

5 .2L
4 .39
5 .70
5  .30
5 .14
5  . 95
5 . r7

3  . 35
4 .25
4 .60
4 .25
3 .87
3 .24
2 .82
4 .24

3 .49
2 .98
3 .20
3 .25
3 .27
2 .97
3 ,31

65
75
78
83
85
72
73

111

93
68
77
80
76
96
83

470
522
462
607
522
4r.0
428
487

445
428
410
428
425
479
442

168
L7I
t69
207
r91
165
170
175

2L5
156
L73
L79
r69
204
L78

40
42
42
45
44
39
40
44

42
4L
44
49
4L
42
44

30
33
33
33
30
22
22
27

39
31
36
29
25
28
28

n a =
S G =

not aval lable, insuff lc lent sampl.e
Spotl ground for dredgings
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