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ABSTRACT

The annual. quantity of dredged material released j.nto the coastal waters of
the IIK is ln the order of 50 nillion tonnes per year. This quantity of
material has the potential for conslderable effect on the environment.
Firstly the sediment itseLf lE likely to have an adverse effect on the
coastal envLrorunent by burying turbldite dwelllng organisms and by changlng
substantially the sediment regime of the area. The polLutants asgociated
with the sedfunent, in particular heavy metals, could also have congiderabLe
effect on the coastal environment. There is current concern over posslble
effects on the f,lora and fauna in the area of dlsposal activitj.es. One aree
of partlculer concern is whether the raetals adEorbed onto sedlnent di.ssolve
in a fully salJ.ne env:lronment. The United Kingdom has obllgations, under
internatlonal agreernents to U:nlt marlne pollutLon resuJ.tLng frorn dlsposal
at Eea of dredged material. The Food and Environment Protection Act
(Part II) 1985 and through it, the Oslo and London Drrmping Conventions will
continue to have an increasing impact on the dredging contractors in the
tK.

Metal pollutants enter an estuary in dissolved and particulate form, as a
consequence of both natural processes and anthropogenic activities. The
principal sources are river input at the tidal Limits, freshwater run off
and outfalls discharging from the banks and also from coastal waters on
incoming tides. Sedi-rnents from areaE of intense shipping and industrial
activity tend to have higher metal concentrations of metals than those from
Iess acti.ve areas. Ihe increased concentration of rnetals can have advarse
effects on the flora and fauna of the disposal site if j.t is fbloavaiLablel
(attached to ion exchange sites or incorporated into the organic or poorly
crystalline phases of the sediment). The proportion of the netal which
dissolves after disposal has been shown by previous workers to be
insignificant. The bioavailable fraction however iE of partLcular
importance since anthropogenic metal input j.s often ln a bioavaiLable forn.

The Deparfinent of the Environment (DoE) corrnissioned Hydraullcs Research
(HR) to study the estuarine transmission of healy metal pol.lutantE Ln an
attempt to deternine the extent to whlch they are accumulated within an
estuary or are passed out to sea and the factors affecting their
transm:lssLon. This report is one of a series covering several aspects of
this investLgation.

Ttre obJective of the study lras to monitor the concentration of metals in the
bed sediments of the River Tees dredged channeL and the associated dlsposaL
site and surrorrndlng area, and to draw conclusions on whether or not the
metals become dispersed after disposal in the coastal environment.

the River Tees is located in the North East of England on the North Sea
coast. The estuary is of the partially nixed t1pe, henee the estuarine
sediments are llkely to be a mix of fluviatile and marlne origin. Dredging
is carried out frorn 500m downstrearn of Newport bridge to the turning circLe
at the seaward end of the approach charurel. The dredged naterial from
maintenance dredglng is disposed of at thb irrrer disposal site and the
dredged material from capltal dredging is disposed of at the outer disposal
s i t e .



On recorrnendetions frorn the earlier work, sampi.ing on a gri.d of 10 by 10 at
lkm intervals orientated north-east/south-west with an inner grid of 10 by
10 at 0.5kr intervals was carried out. Samples from this grld were splLt
into four size fractions (20pm, 20-63pm, 63-90pm and )90pm. Heavy netal
analysis for the six metals studied previously, cobalt (Co), copper (Cu),
iron (Fe) ' manganese (Mn), lead (Pb) and zinc (Zn), waE conducted on alL
except the greater than 90pn fraction.

Two subsequent Eurveys of the disposal atea were undertaken, together wlth a
comprehensive eet of river serq>Ies. The <90Um fractlon was analyEed for ten
netals, the slx j.nvestlgated prevlousl}r Co, Cu, Fe, Un, pb and Zn, plus
cadmium (Cd), chromium (Cr;, nlckeL (Ni), and mercury (Hg).

A sequential extraction analysis was also carried out on a number of sanpS.es
on the final survey to determine the anount of metal associated wlth each
chemical phase of the sediment.

Copper, zinc, 1ead, cadnLum, chromium and mercury were found to have higher
concentrationE in the dredged channel of the Rlver Tees compared to the
background metal concentrations. The concentration of each of these metals
was higher j.n the bed Eedirnent at the 2km by 2.5kn Inner DJ.sposaL Site
compared to the background metal concentration, but, lower than the average
netal concentratj.on on the disposed dredged material. The concentratLon of
each rnetal was also higher than background outside the disposal site.
Except, for mercury the metal concentration decreased wlth distance from the
disposal site to the backgror.md Ieve1 within the 10kn by 10km survey area.

Iron, Manganese, Cobal.t and Nickel. were found to have sirnilar concentrations
to the background in the dredged channel of the River Tees and in and around
the disposal site. {

The study showed that the disposed materiaL was transported from the
dlsposal sLte. Ttris was j.ndicated by the dlstrlbutlon of <90Um fraction of
the sedirnent. The htgh proportion of flnes j.n the dlsposed dredged material
was not found tn the disposal slte. Unconta^minated sediment was alEo being
transported acrosE the disposal site and mixlng wLth the dredged material.
The transport and nixing of sedirnent was considered to the cause of the
reduction ln metal concentration observed for copper, zi.nc, lead, cadrnium,
chronium and mercury with distance from the disposal e:lte.

The change in speciation of netals on the sedinente from the dredged river
channel to the disposal site could not be accounted for by desorption or
phase changes within the sediment. Ihe increase in the rlsidual- fraction
was probably due to the mixing wlth cleaner sedlnents and transport
processeE at the dlsposal site.
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1 .1

INTRODUCTION

Background

The annual quantity'of dredged material released into

the coastal waters of the UK is in the order of 50

nillion tonnes per year. This quantity of material

has the potential for considerable effect on the

environment. Firstly the sediment itself is likely to

have an adverse effect on the coastal environment by

burying turbidite dwelling organisms and by changing

substantially the sediment regirne of the area. The

pollutants associated with the sedirnent, in particular

heavy metals, could also have considerable effect on

the coastal environment.

There is current concern over possible effects on the

flora and fauna in the area of disposal activities.

One area of particular concern is whether the netals

adsorbed onto sediment dissolve in a fu1ly saline

environment. The United Kingdom has obligations,

under international agreements to limit marine

pollution resulting from disposal at sea of dredged

material. The Food and Environment Protection Act

(Part II) 1985 and through it, the OsIo and tondon

Dumping Conventions will continue to have an

increasing impact on the dredging contractors in the

UK.

Metal pollutants enter an estuary in dissolved and

particulate form, as a consequence of both natural

processes and anthropogenic activities. The principal

sources are river input at the tidal limits,

freshwater run off and outfalls discharging fron the

banks and also from'coastal waters on ineoming tides.

Sediments from areas of intense shipping and

industrial activity tend to have higher metal

concentrati-ons of metals than those from less active



areas. The increased concentration of metals can have

adverse effects on the flora and fauna of the disposal

site if it is 'bioavailable' (attached to ion exchange

sites or incorporated into the organic or poorly

crystalline phases of the sediment). Ihe proportion

of the metal which dissolves after disposal has been

shown by previous workers to be insignificant (Ref 5).

The bioavailable fraction however is of particular

irnportance since anthropogenic metal input is often in

a bioavailable form.

The Department of the Environment (DoE) corrnissioned

Hydraulics Research (HR) to study the estuarine

transmission of heavy metal pollutants in an attempt

to determine the extent to which they are accurnulated

within an estuary or are passed out to sea and the

factors affecting their transmission. This report is

one of a series covering several aspects of this

investigation.

Previous research bi'HR into the estuarine

transmission of heavy metals includes extensive field

studies in two contrasting estuaries-; that of the

River Parret in Somerset (Ref 3) and that of the River

Conway in North Wales (Ref 2). During 19BI HR carried

out a pilot study of the River Tees followed by three

further field studies of the estuary and disposal site

during 1985 and 1986. These studies and a literature

review are presented in Hydraulics Research Report

sR 142 (Ref 4). This study is a continuation and

development from the previous study of the river

Tees .

The River Tees is located in the North East of England

on the North Sea coast (Fig 1). The estuary is of the

partially mixed type, hence the estuarine sediments

L.2 Outl ine of study



are likely to be a mix of fluviatile and marine

origin.

Dredging is carried out frorn 50&n downstream of

Newport bridge to the turning circle at the seaward

end of the approach channel (Fig 2). the channel is

dredged by Tees andrHartlepool Port Authority using

two trailing suction hopper dredgers and a grab

dredger. The dredged material from maintenance

dredging is disposed of at the inner disposal site and

the dredged material from capital dredging is disposed

of at the outer disposal site (fig 2). The annual

dredged quantities from each section along the channel

over the 10 year period from 1979 to 19BB area given

in Table 1. The ten year average dredged quantity for

the channel was 1.8 million in-situ cubic metres per

year most of which is from maintenance dredging.

The objective of the study was to monitor the

concentration of metals in the bed sediments of the

River Tees dredged channel and the associated disposal

site and surrounding area (Fig 2), and to draw

conclusions on whether or not the rnetals become

dispersed after disposal in the coastal environment.

Metals are not evenly distributed throughout the

particle size range of the sedjment, the metal

concentration being found mainly in the clay and silt

fraction (Ref 5). To enable a comparison of different

samples some compensation has to be made for grain

size differences between samples. There are a number

of possible methods of compensating for grain size,

these include: extrapolation fron regression curves of

concentration with percent below a certain grain size;

correcti-on for inert constituents eg. quartz;

treatment with dilute acid and analysis of mobile

fraction; comparisoh with conservative element; or

separati.on of grain size by sieving.



It was decided that separation of grain size by

sieving at 90pm would be the most cost effective

method of compensating for grain size differences.

90prn was ehosen since this is the break point used by

MAFF (Ministry of Agriculture Fisheries and Food) in

its sedj:nent analysis and would enable comparison of

results.

On reconrnendations from the earlier part of this study

(Ref 3),  sampl ing on a gr id of 10 by 10 at lkm

intervals orientated north-east/south-west wi.th an

inner grid of 10 by L0 at 0.5km intervals was carried

out. Sarnples from this grid were split into four size

fractions (20pm, 20-63pm, 63-90pm and )90pm. Heavy

metal analysis for the six metals studied previously,

cobalt  (Co),  copper (Cu),  i ron (Fe),  manganese (Mn),

lead (Pb) and zinc (Zn), was conducted on all except

the greater than 90pm fraction.

Two subseguent surveys of the disposal area were

undertaken, together with a comprehensive set of river

samples. The (90pm fraction was analysed for ten

metals, the six investigated previously Co, Gu, Fe,

Mn, Pb and Zn, plus cadmium (Cd), chromium (Cr),

nickel (Ni) ,  and mercury (Hg).

A sequential extraction analysis was also carried out

on a number of samples on the final survey to

determine the amount of netal associated with each

chemical phase of the sediment.

DETAITS OF SURVEYS

A11 sarnples in the study were taken using a 0.5L Van

Veen Grab. Sinee the disposed sediment is like1y to

spread out on the sea bed as a thin layer a sub sanple

2.1 Methodology



2.2 Descri.pt ions

surveys

o f

of the surface 2onrn of the 100rrn deep grab sample was

taken for analysis. The samples were stored in

plastic bags prior to analysis. Sannples taken for

speciation analysis rrere sealed in plastic bags and

frozen to inhibit chemical processes such as the

breakdown of organic material and the oxj-dation of

sulphide compounds.

A four transmitter position fixing system operated by

Tees and Hartlepool Port Authority was used for

position fixing on all surveys.

Samples from the dredged channel and the disposal site

and surrounding area had been taken during the

previous study, f rom 19Bl to 1986 (Ref 1).  The

concentrations of Cu, Zn, Pb, F€, lIn, Co were found in

the total sanple. In the present study three sarnpling

exercises were conducted. These took place in

September L987, September L98B and March 1989.

The disposal site and surrounding area 'rras sanpled in

September 1987 over a 10 by l0 grid orientated

north-east/south-west. Samples were taken at lkm

intervals covering a physical area of Blkm2 centred on

the disposal site (Fig 3). Samples were also taken

over a finer grid with positi-ons at 0.5km intervals

located over the central 25krn2 of the coarser grid.

Samples of the dredged material were also taken from

the dredger hoppers at the time of the survey. The

samples were split into four size fractions, (20pm,

20-60pm, 60-90pn and )90pm. The %nass of each

fraction was found bnd the concentration of Co, Cu,

Fe, Pb, l{n and Zn in each of the three finer fraetions

was determined.



In September 1988 the area was sampled over a 7 by 6kn

grid with sirnilar sampli.ng positions used for the 1987

survey extending over an area of 42t<mz (fig a). The

inner area once again was sampled at 0.5kn intervals.

Samples were also obtained from the dredged channel of

the River Tees and ipproaches at 150m intervals along

the centre line of the dredged channel from Newport

Road. Bri.dge to the Fairway Buoy. In addition, a

number of samples \f,ere also taken from the dredgers.

The samples were split at 90pm and the finer fraction

analysed for concentration of 10 metals Co, Cu, Pb,

Mn, Fe, Zrt ,  Hg, Ni,  Cd and Cr. The percent mass (90pn

was also found for each sample.

The March 1989 sampling grid covered the same area as

the l9B7 survey, however the distanee between the

sampling points was increased from l.km to 1.5km on the

outer gri-d and from 0.5km to 0.75km on the inner grid,

thus halving the number of samples (Fig 5).

Sarnples were taken from a 7km dredged section of the

estuary and also from the dredgers. Each sample was

split at 90pm and the finer fraction analysed for

metal  concentrat ion of 10 metals;  Cd, Co, Cu, Pb, Mn,

Fe, Hg, Ni, Zn and Cr. Ttre percent raass of each

sample (90pm vas also found. A number of samples from

both the estuary and disposal site were selected for

speciation analysis. The sanples rrere analysed for

the percentage distribution of Cr, Cu, Pb, Zn and Mn

in 6 chemical phases (see Appendix A).



SPATIAL DISTRIBUTIONS

3.1 Introduct ion

3.1 .1  Form o f  p resenta t ion

The coneentrations of each metal and percentage of

each sedi-rnent size fraction were represented by

three-dimensi.onal isometric projections for the survey

grid area (Figs 6-23). Ttris enabled a visual

assessment to be made of the distribution of each

metal in each survey.

A representation of the metal concentrations along the

centre line of the dredged channel was conbined with

the isometric projection for the March 1988 sanples

(Figs L4-23). The concentration of metal is denoted

by height on the vertical axis. A running average of

3 samples was used.

Neighbouring sanples in the river often had widely

different concentrations. To compare the

concentration of each metal along the dredged channel

the average concentration within the area of each THPA

chart (Fig 2) was ealculated.

To enable trends within the disposal site and

surrounding area to be seen more clearly the area was

divided up into 9 smaller regions (fig 2). These

regions nere: the disposal site, four inner regions

(north east inner, north west inner, south east inner

and south west inner) and four outer regions (north

east outer, north west outer, south east outer and

south west outer). The mean concentration of each

metal in the <90pm fraction of the samples in each

area was calculated.



3.2 Sediment si .ze

3 .L .2  Purpose o f  ana lvs is

The visual comparison of the isornetric plots enabled

identification of anomalies in distribution. In

particular any trend towards increased metal

concentration in and around the disposal si.te was

looked for as well as identification of local areas of

high netal concentration.

The mean concentrations of metals within each of the 9

smaller regions were calculated to show general trends

more clearly and to enable a comparison of each

section of the river with the average concentration

on dredged material. In addition this spatially

averaged data enabled time effects to be shown more

clearly.

A statistical surnary of the metal distribution

results is presented (Tables 10 and 1I). The

following statistics are given for the each metal in

each data set: average concentration; standard

deviation; coefficient of variation (standard

deviation/mean) ; minimum concentration; maxirnum

concentration and the ratio of the mininum to the

maximum concentration.

3.2.1 Distribution in dredged charrnel

The bed sediments of the dredged channel of the River

Tees were composed principally of fine material

(<90pn) exeept for an area around the mouth of the

river where some of the samples consisted of below 20%

fine material (Table 7 and Fig 6). During storms

large amounts of sand are deposited in this area. As

a consequence the volume of material dredged from this



section varies from year to year depending on the

frequency and severity of storms.

3,2.2 Inner disposal s i te and surrounding area

The percentage of particles of <90pm diameter in the

sanples varied greatly over the surveyed area

(Tables 1, 6 and 8). The samples nearest the coast

(south west) eonsisted of more than 20% <90pm (fig 6).

The bed became increasingly fine grained towards 7km

off shore from r+hich it became more coarse again

towards the north east edge of the survey area. Ttre

inner disposal site had on average less fines than the

north west and south east regions. The disposal site

had the largest variation in particle size with

samples containing under 20% <90pm to over 80% <90ptm.

The percentage less than 90pm at any particular point

was found to vary from year to year.

The distributions of the 0 to 20pm, 20 to 63lrm, and 63

to 90pm fractions (Tables 2, 3 and 4 and Fig 7) showed

similar trends in the survey area to that of the (90pm

(Fig 6). The <90pm content of the sanples varied fron

less than 5% on the. south west edge of the survey area

to greater than 75% south east and north west of the

disposal site. The maximum proportion of the sarnples

in the intermediate size ranges (20-63pm and 63-90Um)

was approximately 40%.

The average percentage of <90pm sedfunent within each

of the 9 regions (Fig 2a) decreased towards the

disposal site on a north west to south east transect.

The north west inner region in which there are rock

outcrops on the bed had around 25% fj-nes. Ttre

percentage of fines lras constant at approximately 30%

on a south west south east transect except for the

south west outer area (the area nearest the coast)

where the percentage fines was betr.reen 10 and 20%.



3.3 Metal Concentrations

3.3.1 River Tees dredged channel

The rnetal concentrations in the dredged channel were

highest in chart numbers 5 to 7. The concentrations

decreased towards the river mouth. ltre lowest

concentrations were found in the open water part of

the dredged channel (charts 11 to 13) between the

river mouth and the turning circle.
i

The metals showed two types of distribution. The

concentrations of Fe, Mn, Co and Ni had low variation

with coefficients of variation (standard

deviation/mean) up to 0.45 whereas the concentrations

of Cu, Zn, Pb, HB, Cr and Cd had coeffi-cients of

var iat ion above 0.55 (Tab1e 7).

The concentration of each metal in each section of the

river ltas averaged and represented as histograms

(Figs 25 to 34). the concentrations of all metals,

decreased from chart number 7 to chart number 13. Co,

Zn, Co, Ni, Fe and Mn all had highest concentration in

the river between chart numbers 5 and 7. Pb, Hg, Cr

and Cd had trighest concentration near the upstream

dredging lirnit (chart number 1).

3.3.2 Inner disposal site and surrounding area

The disposal site and surrounding area had lower

eoeffieients of variation for Fe, I'tn, Co and Ni,

(below 0.35) whereas for Cu, Zn, Pb, Hg, Cr and Cd the

coefficient of variati-on in concentration was

generally higher (above 0.35). Hg showed the greatest

var iat ion.

Comparison of the averaged concentrations in the

9 regions of the disposal site and surrounding area

10



(Table 12, Figs 25 to 34) showed that in general the

concentration of Cu, Pb, Ztt, Hg, Cr and Cd decreased

with distance from the disposal site. The

concentration of Fe, Mn, Co and Ni however, showed no

tendency to decrease away from the disposal site. The

concentration of Fe, Mn, Co and Ni had only slight

variation from region to region. This confirmed the

visual observati-ons of the isometric plots.

3 .3 .3  In f luence o f  par t i c le  s ize

Ihe average concentration of each metal on each size

fraction is shown in Table 14. The average

concentrations of Cu, Pb and Zn were higher in the

finest fraction than in the coarser fractions, by a

factor of 5 for Pb, 3 for Zn and 2 for Cu. In

contrast the concentrations of l{n, Fe and Co showed

less difference betieen size fractions of within a

factor of two.

fhe samples from the dredger (Table 5) showed si"nilar

ratios; there was 6 times the concentration of Pb and

Cu on the 0-20pn fraction than on the 63-90pn

fraction, 4 tines the concentration of Zn, 3 times the

concentration of Co and less than twice the

concentration of Un and Fe.

The implications of this distribution are that the

total concentration on the (90 mi.cron fraction is

dependant on the size distribution of the particles.

This is more so for ?b, Zn and Cu than for Fe, l{n, and

Co. Saq>les with a high proportion of sediment of

0-20pm size fraction will have proportionally.higher

concentrations of Cu, Zn and Pb when presented as

concentration in (90pn fraction.

The isometric plots of metal concentration on each

size fraction (Figs 7-12) showed that peaks of higher

11



concentration existed in and near the disposal site

for Cu, Pb and Zn for a}l size fractions, whereas, for

Fe, Mn and Ni the distribution lras more uniform. The

peaks of high concentration were more pronounced in

the (20pn fraction than the 20-63pm and 63-90pm

fractions. The concentration of Cu, Zn and Pb in the

0-20pm fraction was higher in the disposal site than

in the outlying areas, by a factor of 2 for Cu and Pb

and by a factor of 1.5 for Zn (Figs 25 to 34).  The

concentration of Fe and Mn on the 0-20pn fraction was

10% higher in the disposal site than i-n the outlying

areas. In the coarser fractions there'was no trend to

higher concentrations of Fe and l{n in the disposal

site in these metals. Co showed no trend to higher

concentrations in the disposal site in any size

fraction.

3.3.4 Comparison yi th.  drgdged mater ial

From the 1988 survey, detailed information on the

metal concentration{ in the dredged river was obtained.

This information was used to derive an average

concentration of each metal on the dredged material.

The average concentration of each metaL on the dredged

rnaterial was ealculated fron the 1979-1988 average

dredged quantity (Table 9) and average metal

concentrations for each secti.on of the river,

represented by a THPA chart number (Fig 2), using a

weighted average method.

A background metal concentration of each metal was

estimated fron the metal concentrations in the samples

from the dredged channel between the mouth of the

River Tees and Fairway Buoy (ie chart numbers 10 to

i3). This material was assumed to have originated

fron the coasLal area and would be likely to be lower

in pollutants than the river. The background metal

concentration was assumed to be representative of the
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natural metal concentrations in the disposal site and

surrounding area.

The average concentration of each metal in the

disposal site was compared with the average

concentration on the dredged naterial and the

background metal concentration in order to evaluate

the degree of dispersal or mixing.

The average concentration of Hg, Pb, Cu, Cd, Cr and Zn

in the dredged material was far greater than the

background concentration (Table 12 and Figs 25a-34a).

The average concentration of Fe, Mn, Ni and Co on the

dredged material was only slightly higher than the

background concentration (Table 12) .

The average netal concentration in the disposal site

for all the metals was between the average metal

concentration on the dredged material and the

background eoncentration. The metal concentration in

the disposal site can be given as:

C"=%+Ef (cd-cU)

where

C = metal concentration in the disposal site
s -

CO = background concentration

CU = average metal concentration on the dredged

material

E, = enrichment factor (typically between 0 and l).

The enrichment factor of the metals Cu, Zn, Pb, Cd, Cr

and Hg in each of the regions are given in Table 13.

Hg had the highest enrichment factors which in some

instances exceeded 1. The enrichment factor for these

metals on average decreased in rnagnitude away frorn the

disposal site and reached values close to zero in the

outer regions.
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3.4  D iscuss ion

3 . 4 . 1  G e n e r a l

Natural spatial variation in the concentration of

metals in bed sediments is oqlected. Variation in

metal concentration within source material of the

sediment, sorting of the sediment by transport

processes, chemical and biological effects can all

influence the spatiel distribution (Ref 5).

The average concentration of the metals investigated

(Cu, Zn, Pb, Fe, Mn, Co, Cd, Cr,  Ni and Hg) were in

the same order of magnitude as the natural occurrence

concentrat ion (Ref 6) of  the metals (Table 15).  Fe

being present in highest quantities followed by Mn,

Zn, Pb, C11, Cr,  Ni,  Co, Cd and Hg. The chemical

properties of each particular metal influence the

concentration of the metal in each particle size

fract,ion and the concentration of the metal in each

chemical phase of the sediment. A high concentration

of metal in ttre silt fraction of a particular sanple

does not necessarily indicate anthropogenic

contamination, it may simply be due to natural

p rocesses  (Ref  5 ) .

Natural chemical effects can concentraLe metals in the

surface layers of deposited sedirnents. Metal ions can

diffuse through and be transported by upward moving

pore water in consolidating sediments. When the

dissolved ions reach oxic surface layers of sediment a

change in the chemical condi-tions results in

precipitation of the metal. As the sedirnent accretes

the oxic layer moves up within the sedfunent and the

metals move up with it. Hence, surface layers of

sediment very often have higher concentrations of

metals than the underlying layers.
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3.4.2 Part ic le size distr ibut ion

The particle sj.ze distribution in the dredged channel

is in itself caused by a conbinati.on of both physical

and chemical effects. Fine sediment will accurmrlate

in the tidal part of the river where the hydrodynamic

environment is less energetic than the river above the

tidal limit and the wave influenced coastal area. The

changing chemical conditions where fresh river water

mixes with saline water can result in precipitation

from solution of dissolved particles and the

flocculation and deposition of suspended material

adding to the fine fraction of the sediments.

In the disposal site and surrounding area a more even

distribution of fine sediment would be oc.pected if

there was no disposal of dredged material since

chemical and hydrodynamic conditions vary little over

the area. The south west area nearest the coast had

the lowest percentage of fine particles. This is most

likely because it is the shallowest area and would

conseguently be subjected to the highest hydrodynanic

energy from wave effects. The higher perceatage of

fines found in the north west and south east areas is

less easily ocplained but is likely to be due to a

combination of bathymetric effects and the

characteristics of underlying material.

The most notable characteristic of the distribution of

fine material was that the percentage of fines in the

disposal site was only half that in the dredged

material. Ttris could be due to one or all of three

factors: the dredged material is mixing quickly with

the surrounding sediments; the dredged material is

removed from the area by mass erosion; and, the true

proportion of fines in the dredged material is far

lower than that estimated. A combination of the first
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two is considered to be resulting in the observed

ef fec t .

3.4.3 Spat ial  dist f ibut ion of metal  concentrat ions

The higher concentration of all metals within the

finer fraction of each sarnple was also found in river

sediments by Salomons and Forstner (Ref 5). Ttris

trend is 1ike1y to be enhanced by anthropogenic input

since pollution is often in the form of fine particles

or solut ion.

the distribution of metals on the fine fraction of

sediments from the dredged channel showed a peak of

higher concentration for aL1 metals studied between

chart nnmbers 5 and 7 (FLg 2). Generally lower

concentrations were observed at the seaward end of the

dredged channel (chart number l3). Hg, Cr and Cd had

highest concentrations at the landward end of the

dredged channel (chart numbers 1 and 2).

The peak concentration of Fe and Mn oxides in chart

nnrnbers 5 to 7 may be explained by the cycling of

these metals noted by Salomons and Forstner (Ref 5).

Fe and Mn are transported landward by a combination of

chemi-cal and hydrodynamic processes and are deposited

at the freshwater salt water interface as hydrous

oxides. The peaks of the other metals, Cu, Zn, Pb,

Hg, Co, Ni, Cr and Cd, in these secti-ons of the river

can be attributed to the scavenging of these metals by

the Fe and Mn hydrous oxides.

Pb, Hg, and Cr had particularly hi-gh concentrations in

chart number 1, the;upstream end of the dredged

channel. Thj-s could be due to sediments containing

high concentrations of these metals being brought down

the river from far upstream. The lower coneentrations

at the seaward end of the river could be due to nixing
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of the river sedirnents with narine sediments

containing lower concentrations.

The metals'which have significantly higher average

concentrations in the dredged channel corrpared with

assumed background netal concentrations also have high

concentration in the disposal site and surrounding

area. Ihis is most likely a result of the disposal of

dredged material.

The calculated enrichment factors indicated that the

area of elevated eoncentrat ions of Hg, Pb, Cu, Cd, Cr

and Zn were generally contained within the boundary of

the 10km by 10km survey area.

3.4.5 ChaFges over monitoring period

The peaks of high concentration in and close to the

inner and outer disposal sites were not consistent in

size or position from one year to the next. this is

possibly due to unrepresentatj.ve sanples (in sone

instances the peaks were due to one sanple). The

change of position of the peaks could be accounted for

by movement of the polluted sediment. ILre

disappearance of peaks could be due to desorption of

ions into solution, mass erosion of the polluted

sediment or recent disposal of unpolluted sediment.

Appearance of new peaks could be caused by disposal of

polluted sediments or re-exposure of previously

polluted sediment. It is unlikely that sediment

containing high concentrations of sediment is being

brought into the area by natural processes.

Processes which can account for this are Lhe release

of metals fron the sediment into solution or mass

erosion of the polluted sediment out of the area.
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4 SPECIATION OF I'IETALS

4.1 Scope of vork

Teesside Polytechnic conducted a seguential extraction

analysis on selected samples from the dredged channel

and the disposal site and surrounding area (March 1989

survey). The objective was to determine the species

in which the metals were present before and after

disposal. The speciation in sarntrlles from the dredged

channel (assr:med to be representative of sedinent

before disposal) was compared with the speciation of

samples from the disposal site and surrounding area.

The percentages of Cu, Cr, Pb, Zrr, Mn, Ni and Co were

deternined on each chemical fraction. The

concentrations of Co however proved to be too snall to

de tec t .

4.2 Analysis and results

A five stage extraction procedure was used for which

the details and results are given in Appendix A. The

results of the speciati.on indicated that the bulk of

the netals in the dredged channel were incorporated

into the easily reducible fraction of the sediment.

In the sanples from the disposal site and surrounding

areas greater diversity was found. Metal

concentration in the residual phase varied between 5%

and 60%, in the oxidizable phase from between 2% to

50%, in the moderately reducible phase from between 2%

to 60%, and in the easily reducible from between 5% to

B0%. ltre proportion present as exchangeable ions was

never greater than 5% in any of the samples.

The average total concentrations of each metal in the

samples from the dredged channel, dredger hoppers and

the disposal site and surrounding area are given in
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4.3 Discuss ion

Table 2 of Appendix A. Ttre disposal site sanples had

aLmost the same concentrations of Ni and Mn as the

dredged channel. The average concentrations of Cu,

Zn, Pb and Cr were mrch less in the disposal site than

the dredged channel (0.3, 0.2, 0.3 and 0.1 t i rnes

respectively) .

In the dredged channel samples a high proporti.on of

the metals was associated with the easily reducible

phase of the sediment. Ttris is contrary to what has

been found in other estuaries (Refs 7 and B). Ttre

March l9B9 samples were taken from a part of the

dredged channel where the majority of the sediment was

fine grained. Fine grained particles consist of

hydrous oxides of Fe and magnesir:m with clay minerals.

A possible orplanation for the majority of the metals

being incorporated into the easily reducible fraction

is that oxidising conditions prevail in the upper

layers of the sediment, which was sampled only to a

depth of 100rrn. Hence, aoy Fe and l{n present in the

fine partieles oecur as hydrous oxides. These hydrous

oxides would be rich in other metals, which would be

incorporated into their lattice structure and attached

to ion exchange sites on the particle surfaces. In

addition any carbonates present would be included in

this phase since the extraction involved use of weak

ac id .

A lower proportion of the metal vas found in the

easily reducible fraction of the sediment in the

disposal si.te and surrounding area. The possible

chemical processes which can.account for the change

are that the easily reducible fraction becomes

dissolved and relea3ed from the sedfunent or undergoes

reduction and becomes part of the oxidizable fraction.

These processes however cannot account for the large
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increase in metal associated with the residual

fraction, particularly in the case of Mn and Ni where

the total coneentration of metal is no different in

the disposal site than the dredged channel. The most

Iikely processes accounting for the differences in

speciation are mass erosion of the fine grained

disposed sedj-rnent and rnixing of the disposed sedi:nent

with sediment from the surrounding area which has a

higher proportion of sand (residual and moderately

reducible fract ions).

CORRELATION OF

METAL CONCENTRATIONS

5.1  Ana lys is

Linear regression analysis was carried out on metal

concentrations on the samples from the disposal site

and surrounding area for the Septenber 1987, June 1988

and March 1989 surveys as weII as the dredged channel

samples taken in June 1988.

The degree of correlation was expressed a probability

percentage that the there is a relationship between

the two data sets. The degree of correlation of the

distri.bution of each metal with each other metal and

with particle size was found for each data set.

5.2 Resul ts

5.2.1 River Tees dredged channel

Tables 16 and 17 give the results of the regression

analysis of the dredged channel samples taken in June

1988 .

The netals which displayed the lowest variation in

coneentrat i -on (Fe, Mn, Co, Ni) ,  had in most instances
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high correlation with each other. Co and Ni showed

high correlation with each other as did Mn with Co and

Ni. In contrast, there tras no significant correlation

between Co and Fe and a high negative correlation

between Ni and Fe in this data set.

The metals which had highest variation and peaks in

metal concentration charts 5 to 7 of the river (Cu,

Zn, Pb and Cd) had high correlati_on with each other.

Cu, Zn and Cd also had high correlation with Mn. Hg

and Cr which had peaks of high concentration in

charts 1 and 2 had high correlation with each other.

fn contrast, high negative correlation of Hg and Cr

with Co and Ni occurred.

There was also high correlation between the %silt and

Cu,  Zn ,  Pb,  Cd"  Co and N i .

5 . 2 . 2  D i s p o s a l  s i t e

The sarnples from th6 September 1987 and June LgBB were

consistent in having high correlation between Cu, Zn

and Pb. There was also high correlation between Fe

and Mn. Fe had high correlation with Cu, Zn and Pb,

whereas, l{r: had low correl-ation with these three

metals in both data sets. Mn had low correlation with

all metals except Co, Ni and Fe in 19BB (Tables 16 and

17) .

The March 1989 data set was characterized by 1ow

correlation between most pairs of metals, in contrast

the September 1988 data set had high degrees of

correlation in most instances (Tables 16 and 17).
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5.3 Discuss ion

5.2.3 Disposal s i te and surrounding area

Cu, Zn and Pb had high correlation with each other in

all three data sets except for Cu and Pb in March

1989. lfn, Fe, Co and Ni also had high correlation

r,rith each other, except for Mn with Co and Mn with Ni

j.n the March 1989 data set. Co and Cd had high

correlation with Cr:., Zn and Ni in both the 1988 and

1989 samples. Cr and Hg were charaeterised by high

correlation with C:u, Zn, Pb and Cd and high

correlation with each other in 1988, but, 1ow or no

correlation with any metal including each other in

1989 (Tab les  16  and l7 ) .

In nature, the modes of occurrence and chemical

behaviour of all the metaLs are broadly similar. Ttre

most corrnon forrn of all the metals is as divalenr or

trivalent cations. Fe and l{n are exceptions in that

they can change their oxidatj-on state. They are

stable in oxidation state 2+ at low Eh, whereas at

high Eh, Fe is stable as 3+ and Mn as 4+. Fe and Mn

are the most abundant of the metals studied and are

usually in the form of hydrous oxides.

Cormnon secondary minerals such as clay minerals and

hydrous oxides of Fe and aluminiurn can incorporate

ions of other metals within their lattice structure as

they forn as well as on surface exchange sites.

Hence, samples with high proportions of these

secondary minerals (present as fine particles) wilL

also have relatively high concentrati-ons of other

metals, this would explain high correlations between

Fe, Mn and other metals

The correlation betireen Fe and Mn was consistently

high and shows that both metals have similar
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coNclusIoNs

distribution rshich was e>q)ected from similarity of

their chemical behaviour described above.

The correlation of Fe and Mn with Co and Ni was

generally also high. The correlation with the other

metals Cu, Zn, Pb, Cr, Cd and Hg was mrch lower.

The metals with higher concentrations in the river

than the background, Cu, Zn, Pb, Cr, Cd and Hg, had

generally quite high correlation with each other in

all data sets. The*most likely reason for this is

that the high coneentrations are on the same samples

in the river for many of the metals and that the paths

of dispersion, once disposed are the same for all of

the metals. Ttre low correlation of Hg and Cr with

other metals in March 1989 could be due to the

disposal of material with exceptionally high

concentrations of these two metals. Such material is

found at the upstream end of the dredged channel

(Figs 29 and 32).

1. Copper, zinc, lead, cadmium, chromir:m and mercury

had higher concentrations in the dredged channel

of the River Tees compared to the background

netal concentrations. The concentration of each

of these metals was higher in the bed sedinent at

the 2km by 2.5km Inner Disposal Site compared to

the background metal concentration, but, lower

than the average metal concentration on the

disposed dredged material. The concentration of

each metal was also higher than background

outside the disposal site. Except, for mercury

the metal concentration decreased vith distance

from the disposal site to the background level

within the 10km by 10km survey area.
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3 .

2. Iron, Manganese, Cobalt and Nickel were found to

have si-rnilar concentrations to the background in

the dredged channel of the River Tees and in and

around the disposal site.

The differences in concentration of Copper, Zinc

and Lead *... L*""ntuated in the 0-20pn fraction.

However, the overall trend was the same as in the

(90pn fraction is the same. llte concentrations

of lron, llanganese and Cobalt showed no

particular trend, 'i.e, they were reasonably

constant across the survey area.

The study showed that the disposed material was

transported from the disposal site. This was

indicated by the distribution of (90pm fraction

of the sediment. The high proportion of fines in

the disposed dredged material was not found in

the disposal site. Uncontaminated sediment was

also being transported across the disposal site

and mixing with the dredged material. The

transport and mixing of sediment was considered

to the cause of the reduction in metal

concentration observed for copper, zinc, Iead,

cadmium, chromium and mercury with distance from

the disposal s i te.

Itre change in speciation of metals on the

sediments from the dredged river channel to the

disposal site could not be accounted for by

desorption or phase changes within the sediment.

The increase in the residual fraction was

probably due to the nixing with cleaner sediments

and transport processes at the disposal site.

4 .

5 .
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Table 1

P O S I T I O } I

Eas t  No r t h

462470 534336
462117 535983
461763 533629
451410 533276
46't056 532922
460703 532569
460349 532215
462824 533983
462470 533629
462117 533276
461763 532922
461110 532569
461056 532215
460703 531862
463177 533629
46?824 533276
462470 532922
462117 532569
461763 532215
461410 531862
461056 531508
453531 533276
463177 532922
452824 532569
462470 532215
462117 531862
461763 531508
461410 531155
463884 532922
463531 532569
463',t77 532215
462824 531862
162170 531508
46?117 531155
161753 530801
464238 532569
463884 532?15
463531 531862
463177 531508
462824 531155
462470 530801
462117 530148
464591 532215
464238 531862
463884 531508

274 152 35104
263 149 35947
226 1 10 35082
361 185 37668
229 '23 34220
243 1t6 31413
223 61 30176
218 132 33028
120 24 41328
382 133 38761
574 248 39190
439 203 35222
251 115 31571
186 77 31370
203 119 33991
201 125 34062
340 205 33541
224 90 32341
332 147 32342
224 65 30298
216 69 30165
193 112 34001
151 44 38337
226 110 36841
299 137 31126
539 256 39766
259 112 35959
224 69 38773
274 153 38161

233 122 32443
390 186 37617
270 131 34597
286 119 35358

1 0  1
1 7  1
1 2  1
1 4 6

1 0 2
1 1  |
1 4  1
8 1

1 1  1

Sample posltlons and metal concentrations,
September 1987 survey (dlsposal ground and surrounding area)

I IETAL CONCEilTRATIOXS (ppm)

Sampte

RO
R1
R2
R3
R4
R5
R6
R 1 0
R 1 1
R l 2
R 1 3
R 1 4
R l 5
R 1 6
R20
R21
R22
R23
R24
R25
R26
R30
R31
R32
R33
R34
R35
R36
R40
R42
R43
R44
R45
R46
R47
R50
R51
R52
R53
R54
R55
R56
R60
R61
R62

z<90

1 9
75
29
39
37
1 5
5

28
66
82
32
27
1 7
15
53
4 1
35
34
25
6

1 0
37
68
1 8
1 5
?8
1 0
3
8

1 0
20
27
1 5

22
4
7
9

1 2

CU

136
112
91

1 9 1
117
1 1 5
103
124
42

351
218
218
123
83
79
85

r 5 1
322
192
98
82
79
48
89

130
223
127
1 1 3
121

1 0 1
2 1 8
125
't14

FE REG I OII

406 15 2
425 14 2
386 12 8
456 15 8
395 13 8
3 8 5 9 8
4 5 8 8 8
375 13 2
464 t3 2
599 20 I
561 12 1
428 15 I
406 10 1
4 2 5 8 6
366 10 2
403 13 2
3 8 9 9 1
414 15 I
452 11 r
4 2 2 6 1
3 9 1 9 6
580 12 2
5 8 2 6 2
4 1 3 6 1
4 1 2 6 1
4 6 5 8 1
4 1 4 6 1
4 5 9 4 6
401 11 2

88 230
177 393
95 247

101 225
123 354

135 35271
130 39408
86 31997
77 34691

134 38771

120 31094
103 33347

427
433
400
407

379
597
472
427
426

28
1 3

76 109
89 233

378 11 4
4 8 7 9 4



TABLE 1 (contd. )

P O S I T I O N

Eas t  No r th  Samp te

463531 531' t55
463177 530801
462821 530448
462470 530094

462510 538607
461766 537908
461049 537134
460351 536184
459672 535815
458980 535053
458241 534357
457555 533663
455806 532958
456117 532246
463194 537897
462464 537172
461770 536474
461059 535774
460387 535053
459661 531357
458919 535658
458205 532973
457538 532296
156788 531619
463927 537224
463177 536455
462175 535758
461788 535080
461063 534368
460365 533667
459556 532948
458916 532244
158271 531561
157547 530813
461593 536479
465884 5s5725
463177 535043
459653 531480
4589?6 530829
458251 530104
465332 535807
161608 535046
463868 534350
460396 530845

107 27476
104 28848
71 27222
89 27458

'f 18 32329
78  31013
76 30906
68 32949
56 32758
83 27478
94  28101
78 29228
93 29659

114 35856
119 36316
129 31485
77 29732
86 34303

107 36237
86 26999

102 29492
109 32167
117 35238
125 33523
106 34s61
81 35300

64 34310
100 3?584
87 35443
52 35241
52 35243
58 31863

113 36687
112 30747
90 29581
25 37751

surrounding area)

REGIOI I

4

3
9
9
9

9
9
9
9
9
3
3
9
9
9
9
9
9
9
7
3
5
2
8
8
I
8

Sanple positions and metal concencrati-ons,
September 1987 survey (disposal ground and

I IETAL COtlCEilTRATlOtls (ppm)

%<90 cu zN PB FE t{il

14 124 245 107 38397 423 11R63

R64

R65

R66

8 1 1
812
8 1 3
8 1 4
8 1 5
8 1 6
817
8 1 8
8 1 9
820
821
822
823
824
825
826
827
828
829
830
s31
832
833
834
835
836
837
838
839
s40
841
842
843
848
849
850
851
852
853
858

35
47
40
60

89
67
64
48
26
40
50
40
59
43
38
58
40
26
4

50
5 1
1 7
20
1 5
38

4

63
66
43
64

103
60
58

102
40
48
56
63
51

1 0 1
91
98
54
72

133
53
69
80
74

100
78

112

1 8 1
165
139
152

8
t 0
t 0
1 0

290
322
315
309

182
148
146
137
167
t 5 8
162
153
176
225
?35
231
1 5 8
17',1
259
't 55
193
201
197
237
206
242

?96
387
130
428
5?5
316
277
385
371
394
376
325
341
386
505
350
325
376
423
s71
397
503

642
682
429
478
550
534
503
342
349
383

1 ?
8

1 2
9
9
7

1 1
1 3
1 2
1 5
1 5
1 4
1 5
1 5
1 6
1 2
1 3
1 2
1 6
1 7
't3

9

1 0
5

5 1
45
9
5
3

37
65
8 l

8 7
1 1  3
1 3  3
1 4 2
1 1  6
8 7
9 7

1 0 3
1 0 3
1 4 2

58 156
104 236
61  160
56 128
79 172
81 196

169 332
63 184
66 163
4 0  1 1 0



TABLE 1 (contd. )

POSI T I Oll

Eas t  i l o r t h  Samp te

Sanple positions and metal concentrations,
September 1987 survey (disposal ground and

i lETAt COI|CEilTRATIOIS (ppm)

surroundi-ng area)

REG I O}I

459664 530118
458969 529404
466013 535074
465289 534348
464609 533648
461085 530097
450385 529381
459686 528683
466714 534464
466001 533667
465291 533016
161816 529402
461100 528688
460397 527974
467487 533644
466726 532890
466016 532179
465344 531504
464617 530785
163998 530070
463217 5?9360
462523 528677
461811 527962
461086 527272
468174 532937
467450 532190
166727 531496
166042 530786
165343 530075
164636 529378
463933 528670
463?16 527944
462493 527251
461799 526544
468898 532234
458155 531490
167431 530792
456730 530071
466030 529359
465330 528653
464626 527978
463905 527251
463206 526575
462524 525867

859
860
861
862
853
868
869
870
871
872
873
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
895
894
895
896
897
898
899
B' l00
B' l01
B  102
B  103
B  104
B1  05
B  106
81  07
B1 08
B1 09
B 1  1 0

z<90

6
35
33
1 2
66
1 0
26
1 7
1 2
20
27
97
1 6
1 7
44
38
25
1 2
37

82
60

5
21
3 1
43
54
49
64
52
45
25
3

176
168
223
216
183
217
228
225
260
205
172
145
179

TE

39218
34366
32896
31550
37066
42660
39679
38273
33213
32318
33901
35739
34377
40442
34515
31803
35983
35690
3416?

34198
35914
37649
37738
31612
33268
35321
33533
34581
34314
34418
30285
34610

31277
30376
30523
28806
30719
31092
28344
33996
35472

illl

655
465
431
420
390
582
558
535
453
391
391
601
5 1 0
604
389
385
381
442
422

383
500
630
445
381
312
404
371
408
394
404
408
500

69
64
58
67
45
77
74
67
76
84
64
03
58
75
74
66
82
1 2
69

73
69
92
83
62
75
77
80
87
79
67
71
76

73
72
67
78
68
63
62
57
78

199 85
175 96
223 111
183 85
120 37
207 88
201 97
171 108
215 120
224 110
184 109
236 167
175 87
176 91
213 130
187 112
223 132
229 123
202 95

1 1  7
1 0 7
1 3 3
1 1  3
1 3 2
9 6
9 7
9 7

1 2 3
1 0 3
1 3 2
1 8 5
1 2 7
1 3 7
1 2 3
1 1  3
1 3 4
1 4 4
1 1  4

1 1 1
69

132
1 3 1
117
126
125
1 3 1
136
117
92
70
61

3 7 6 9 5
423 10 5
3 4 4 7 5
3 6 3 6 5
4 0 8 6 5
3 7 4 9 5
3 4 1 8 5
4 9 1 6 5
5 3 4 7 5

187 123
169 97
178 't08

214  119
171 97
158 96
162 't05

146 75
179 83

1 4
1 2
1 4
1 4
1 3
1 4
1 3
1 3
1 2
1 2
1 t
1 1
9

4
6
7
7
3
5
5
5
5
5
5
5
7

25
52
49
67
85
80
62
1 5
4



TABLE ].

POSlTtOl l

(contd.) Sanple positions and metal concentrations,
September l-987 survey (disposal ground and surrounding area)

I IETAL CoIICEilTRATloNS (ppm)

East  l lor th

161410 532569
462117 532569
461763 532215
461410 5s1862
462117 531862
461763 532151
461940 532392
461999 532215
461940 532058
161763 531979
461586 532038
4615?7 532215
461586 532392
461763 532686
462175 532215
161763 531744
461292 532215

Sample Z<90

c 1 - 1 4  3 2
c1-23 39
c1-24 10
c1-25 11
cl  -34 7
c 1 - 7 1  1 9
c1 -72  23
c1-73 13
c 1 - 7 4  1 4
c1-75 47
c1 -76  8
c 1 - 7 7  8
ct  -78 14
c1 -81  36
c 1 - 8 2  1 0
c1-83 44
c l -84  24

40 26796
237 41689
231 53266
91 58050

193 42620
160 40578
76 39260

117 39160
1 15 34816
66 29278

1 13 41480
110 38766
99 40160
76 10619
92 35526

131 39461
101 31195

REG I O}I

97 168
269 458
253 483
107 235
203 394
153 299
96 207

139 263
108 ?42
67 147

175 282
197 334
220 251
142 211
95 204

123 210
104 213

582
407
5 1 5
465
435
477
456
479
485
416
397
495
503
501
452
481
413

1 1  I
1 7 t
1 3  1
9 1

1 2  1
1 0  I
1 0  1
7 1
8 1
5 1
8 1
8 1

1 4  I
1 1  1
3 1
9 1
6 1

1 1
3

0 . 2 8
3

20

l lean 32
Standard  dev ia t ion  22
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 7 0
l.f i ni mum 3
lf aximum 97

224 109 34498
80  40  4010

0 . 3 6  0 . 3 7  0 . 1 2
80  24  4010

574 256 53266

1 0 1
55

0 . 5 4
40

351

434
80

0 .  1 8
80

682



Table 2 saurple posltions and metal concentratlons, 0-20mlcrons,
Septenber L987 survey (disposal gror:nd and surrounding area)

P O S I T I O N IIETAL COIICEilTRATIOilS (ppn)

East l lorth Sampte z0-20 cu zN pB FE i l I  co REGIol l

462470 534336
462117 533983
46176s 533629
461410 533276
461056 532922
460703 532569
460349 53?215
462824 533983
462470 533529
462117 533276
461763 532922
461410 532569
461056 532215
460703 531862
463177 533629
462824 533276
462470 532922
452117 532569
461763 532215
461410 531862
461056 531508
463531 533276
463177 532922
462824 532569
162470 532215
462117 531862
461763 531508
461410 531155
463884 532922
463531 532569
46s177 53221s
462824 53't862
462470 531508
462117 531155
461763 530801
464238 532569
463884 532215
453531 531862
463177 531508
462824 531155
462470 530801
462117 530448
464591 532215
464238 531862
463884 531508

205 38100
211 42500
248 40500
248 41600
210 41800
282 42200
142 35500
198 40200
28 47300

168 39500
390 46600
350 45100
228 40800
178 11400
158 37500
184 41900
370 40000
t 18 39400
282 41600
212 33900
't91 43300
174 41200
53 44100

212 43000
232 42400
500 49500
215 43800
155 45200
199 40800
268 45100
277 4s400
238 42400
209 41300

182 38500
200  41500
106 28500
242 43400
219 40900

143 56300
199 39600

RO
R I
R2
R3
R4
R5
R6
R l 0
R 1 1
R 1 2
R 1 3
R 1 4
R l 5
R 1 6
R20
R21
R22
R23
R24
R25
R26
R30
R31
R32
R33
R34
R35
R36
R40
R42
R43
R44
R45
R46
R47
R50
R51
R52
R53
R54
R55
R56
R60
R61
R62

1 3 . 1
44.4
7 . 2

27.5
17 .7
3 . 3
1 . 2

1 1  . 2
5 1 . 0
5 8 . 6
17.8
1 3 . 1
6 . 8
4 . 1

28 .3
20.4
1 6 . ' t
16 .3
9 . 8
0 . 7
2 . 0

1 8 . 6
5 2 . 8
6 . 8
7 . 1

1 1 . 3
1 . 1
0 . 8
5 . 4
2 . 6

1 0 . 0
1 0 . 9
8 . 8

1 1 . 7
? . 2
4 . 8
1 . 4
4 . 5

16 .2
1 . 7

179
153
208
254
194
3 1 0
271
168
48

452
405
376
244
195
104
116
276
5 1 8
375
452
268
119
57

170
225
4?8
216
235
143
269
343
225
1 5 5

343
s47
440
467
344
510
507
294
136
480
881
726
456
365
258
270
577
305
593
932
574
27s
180
378
492

1  0 1 4
429
428
330
543
567
448
382

413
489
396
486
414
417
576
356
472
670
690
485
457
477
366
436
421
442
544
556
481
384
628
460
448
534
473
5 1 1
400
526
460
450
431

387
714
495
575
112

1 7
1 6
1 8
1 8
1 6
1 8
1 1
1 6
1 5
23
1 4
1 8
1 4
1 5
1 0
' t5

t 3
21
1 1
1 5
1 4
1 3
7
7
7

1 ?
7
7

1 3
1 8
2 1
1 5
1 7

1 0
1 4
1 7
1 3
1 7

109 285
276 584
120 300
363 637
262 451

392 t5 4
595  12  4

1 0 0  1 0 4
167 411



TABLE 2

POSI T tOrl

(contd.) Sarnple positions and metal concentrations, 0-20microns,
September 1987 survey (dlsposal ground and surrounding area)

l.lETAL COIICEIITRAT IOIIS (ppm)

Sampte U0-20 CU

197

East l lorth

463531 531155
463177 530801
462824 530448
162470 530094

46?510 538607
46',t766 537908
461049 537134
460354 536484
459672 535815
458980 535053
458241 534357
457555 533663
456806 532958
456147 532246
463194 537897
462464 537172
461770 536174
461059 535774
460387 s35053
459661 534357
458949 553658
458205 532973
157538 532296
156788 531619
163927 537224
463177 536455
462475 535758
461788 535080
461063 534368
460365 533667
459656 532948
458916 532214
458271 551564
157547 530813
464593 536479
463884 535725
463177 535043
459653 531480
4589?6 530829
458251 530104
165332 535807
464608 535046
463868 534350
460396 530845

zll

450

267
254
241
225

232
218
185
205
271
262
235
263
275
314
319
249
216
231
313
285
270
238
253
276
354
137

327
332
198
1 6 1
212
337
399
253
234
116
277

coi$lFEP8 REGION

4R63
R54
R65
R56

8 1 1
812
B t 3
814
8 1 5
8 1 6
817
B t 8
B t 9
820
s21
822
823
824
s?5
826
s27
828
s29
850
831
83?
833
834
835
s36
837
838
839
840
841
842
843
848
849
850
8 5 1
852
853
858

1 5 . 0
19.9
1 2 . 0
24.7

52.4
24.4
29.6
14 .7
3 . 1

17 .0
23.6
1 ? . 0
23.7
20.9
1 5 . 8
42.8
1 8 . 5
12.0
1 . 6

12.7
24  -7
1 0 . 3
1 0 . 9
1 0 . 0
12 .5
' t . 1

1 . 3
2 . 0

19.6
28.1
4 . 0
1 . 0
2 . 1

1 9 . 3
3 0 . 9
67 .3

2 . 1

99
1 1 5
88

107

't 03
94
77

243
112
87
84

1 0 5
102
126
129
108
9Z

1 0 5
152
1 1 0
96
92
98

117
148
212

1 5 9
162
75
67
95

188
182
90
97
42

1 1 8

332
365
531
330

282
406
405
366
432
333
268
499
420
393
327
3 1 0
328
345
444
395
333
368
443
368
417
670

928
804
452
530
566
541
556
361
372
375
668

1 2
1 3
1 5
't5

1 4
1 1
1 5
1 5
1 3
9

1 4
1 7
1 5
1 5
1 8
1 5
1 6
1 7
1 7
1 6
t 5
1 3
20
1 9
21
1 2

1 7
1 5
1 7
20
1 6
1 4
1 1
1 4
1 3
1 5
1 2

5 . 0 224 42400 458 1 6

171 37400
185 39700
158 37700
116 35500

171 38500
148 39500
119  35600
131 38000
150 39300
159 38300
159 38000
182 43400
178 39700
188 38800
179 40200
142 31300
125 36100
131 39500
149 33100
182 42100
r48 35900
140 35200
168 39400
't40 36700
228 44000
163 41500

141 42900
147 40600
117 44200
68 45700
71 39700

130 36800
146 43300
170 38500
115 38700
26  41200

158 38200

3

9

9

9

9

9

9

9

9

3

3

9

9

9

9

9

9

9

7

3

3

2

8

8

8

8

7
3
3
2
6
7
7
3
3
2
7



TABLE 2

POSITtOI I

(contd. )  Sauple posi t ions and metal  concentrat ions,  0-2onicrons,
Septenber 1987 survey (disposal ground and surrounding area)

I IETAL COIICEITRATIOIS (ppm)

Sampte %0-20East  lor th

459664 530118
158969 529404
466043 535074
455289 534348
464609 533648
451085 530097
460385 529381
459686 528683
466714 534464
466001 533667
455291 533016
461816 529402
461 100 528688
460397 527974
467487 533644
466726 532890
466016 532179
465344 531504
464617 530785
463998 530070
463217 529560
4625?s 528677
461811 527962
461086 527272
468174 532937
467450 532190
466727 531496
466042 530786
465343 530076
464636 529378
463933 528670
463216 527944
462493 527251
461799 526544
468898 532234
468155 531490
467431 530792
466730 530071
166030 529359
465330 528653
464626 527978
163905 5?7251
463206 526575
462524 525867

164 36600
169 41900
125 40100
40 40400

196 42800
192 40000
229 58200
185 41500
154 38900
129 35500
183 38600
200 4?900
171 39900
207 11700
193 40't00
f90 41400
197 42700
199 44400

139 37000
196 22600
223 40700
181 39200
214 42200
219 44708
202 41800
241 42800
201 39200
188 37200
151 37500
137 38000
117 33900

193 38400
136 36600
195 37000
207 56500
143 35800
156 37200
165 37100
155  36100
153 39800

859
s50
86'l
B62
863
868
869
870
s71
872
s73
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
s94
895
896
s97
898
899
81  00
B 1  0 1
B  102
B1 03
B1 04
B1  05
81 05
B1 07
81 08
81 09
8 1 1 0

14 .6
17.5
6 . 6

5 5  . 9

2 . 1
8 . 7
5 . 4
6 . 2

1 1 . 9
21 .1
79.4
4 . 6
5 . 0

22.5
17 .9
14 .2
6 . 2

1 1 . 5

5 3 . 9
12.2
2 . 3

13.7
1 3 . 8
18.7
28.7
20.4
35.8
26.4
22.1
7 . 4
0 . 4

12 .7
24.9
20.7
28.6
3 9 . 8
35  .3
3 1 . 3

5 . 0
1 . 2

CU

102
98
92
47

176
138
135
107
108
70

1 1 1
127
154
1 1 8
103
1 1 0
1 5 5
138

86
136
140
112
105
124
1 1 6
142
124
117
104
138
169

1 0 6
1 0 1
1 1 3
130
9 1
97
97

106
149

zll

238
316
253
1 ? 7

351
293
250
294
291
203
255
289
257
3 1 0
280
297
3 1 5
348

205
304
312
266
287
334
328
358
353
281
228
227
554

260
232
280
327
212
23',|
2?6
234
288

598
392
595
536
419
581
625
477
517
421
411
381
474
419

392
442
705
389
43?
273
406
396
451
351
370
4 1 8
589

385
498
3 1 8
379
420
359
585
403
5 1 8

c0

1 2
1 8
1 5
1 4

1 3
1 5
't3

1 5
1 3
1 4
1 9
1 8
1 6
1 7
1 6
1 5
1 7
2 1

1 6
1 9
20
1 6
1 9
1 5
1 6
1 6
1 5
1 6
1 4
1 6
1 5

illlFEPB REG I O}I

7
5
3
2

6
7
7
3
3
2
6
7
7
3
3
4
4
4

4
6
7
7
3
5
5
5
5
5
5
5
7

398
464
494
391

1 2
1 2
't3

7
8

1 3
1 3
8
9

5
5
5
5
5
5
5
5
5



TABLE 2 (contd.) Sarnple posicions and metal concentrations, O-2Ornicrons,
September 1-987 survey (disposal ground and surrounding area)

POSITtOIt

East l ' lorth

461410 532569
462117 532569
461763 532215
461410 531862
462117 531862
461763 532451
461940 532392
461999 532215
461940 532038
461763 531979
461586 532038
461527 532215
461586 532392
461763 532686
462175 532215
461763 531744
461292 532215

I{€TAL Co}lcExTRATIoils (ppm)

Sampte X0-20

c I -14  11 .4
c1-23 21.3
c1-24 6.6
c t  - 2 5  2 . 6
c1  -34  2 .8
c1 -71  13 .3
c 1 - 7 2  1 3 . 5
c 1 - 7 3  1 . 6
c t - 7 4  5 . 8
c1-75 1 1 .0
c ' l - 76  6 .3
c 1 - 7 7  3 . 3
c 1 - 7 8  9 . 0
c l -81  22 .9
c l - 8 2  3 . 0
c l - 8 3  ? 2 . 2
c l  - 84  7 .8

35 35600
342 48500
290 61200
178 45900
328 59200
195 44800
100 48800
239 58900
188 42900
155 41700
117 43500
154 49100
|  19 46300
90 16700

194  51500
190  50500
224 48500

182 40909
66 5024

0 . 9 2  0 . 9 2
26 22600

500  61200

REG I ON

1 6  1
22  I
1 3  I
1 1  I
1 4  1
1 2  1
1 4  1
1 0  1
1 0  I
1 1  1
9 1
9 1

1 4  1
1 3  1
4 1

1 3  1
1 0  1

't4 4
3 . 5  2 . 8

0 .92  0 .92
4 1

2 4 9

166
93

9 .92
42

5 t 8

340
149

0 .92
104

1  014

illl

548
422
508
464
489
478
449
5 , |8
495
477
396
486
493
483
517
506
488

456
103

o .92
268
928

PB

105 175
394 635
305 592
223 394
3'f 6 611
170 335
122 262
264 480
167 374
135 266
161 282
329 520
255 300
171 254
186 375
115 333
231 402

l.lean

Standard  dev ia t ion

C o e f f  i c i e n t  o f  v a r i a t i o n
l.l i nimum

tlaximum

1 5 . 9
14 .6
0 .92
o . 4

19 .4



Table 3

POS!Tt0|l

Esst ilorth Salmte z20-63

Sanple positions and metal concentratlons, 20-53nlcrons,
September 1987 survey (dlsposal ground and surroundlng area)

collcEilTRATtolt llr 20-63 lilcRolt fRAcTtOt EACH ilETAL

CU

49
56
67
53
56
85
67

107
22

100
102
88
54
44
56
61
52

204
93
86
63
38
16
56
69
I

105
135
102
57
96
6
79

59
62
T3
72
57

46
54

ZN

t38
143
184
120
137
203
150
180
&

't40

238
195
t28
1 1 1
148
142
139
188
201
196
16
109
56

156
161
248
186
213
179
139
215
157
186

129
14B
179
181
464

1 1 1
128

350
462

CO REGIOII

462470 5v336
462117 533983
461763 53364
461410 533276
461056 532922
46om3 532569
4&v9 532215
462&4 533983
462470 53364
462117 533276
461763 532922
461410 532569
161056 532215
4&703 531%2
463177 53364
462824 533276
462470 53A22
462117 532569
461763 532215
461410 53186,2
461056 531508
463531 533276
463177 53422
462824 532569
162170 532215
162117 53162
161763 531508
461410 551155
453884 5329?2
463531 532559
46317t 532215
462824 531U2
462470 531508
462117 531155
161763 530801
4&238 532569
16388/. 532215
163531 531t%2
463177 531508
4A821 531155
462470 530801
462.117 530448
4&591 532215
1&238 531%2
463884 531508

R0 4.4
Rl 25.9
R2 14.5
R3 8.1
R4 12
R5 7.2
R6 2.1
R10 14.2
R l l  1 1 . 3
R12 19.8
R13 8.2
R14 7.7
R15  5 .2
R16 4.6
R20 20.1
R21 13.4
R22 8.2
R23 9.4
R24 8.9
R25 2.1
R26 2.2
R50 13.5
R31 8.8
R32 3.8
R33 2.9
R34 8.3
R35 3.2
R36 1;1
R40 1.4
R42 3.8
R43 8.7
R44 9.3
R45 3.7
R46
R47
R50 4-6
R51 0.9
R52 0.9
R53 3.6
R54 3.6
R55
R56
R50 9.5
R61 3.6
R62

45 28600
58 26700
78 38200
43 30400
45 31200
95 33200
37 29300
97 29500
13 2160,0
45 38000
88 36600
74 31100
42 28500
30 29600
69 32000
70 28700
& 31100
82 28900
T3 29600
73 41800
49 32500
49 27600
10 17600
59 35900
58 31900

100 37800
48 30500
50 38900
60 31800

103 30600
99 32600
62 31100
87 30500

43 28400
40 26300
67 27000
55 31400
77 42300

99 23200
t 6 29300

418 10
*5 12
421 11
386 11
t+20 13
422 9
471 8
406 12
476 8
440 14
4& 10
416 13
409 9
447 6
fi7 10
412 13
389 7
457 11
427 9
538 8
458 12
404 12
5't6 5
IAB 9
433 3
462 3
421 6
492 2
436 6
424 9
415 14
395 12
413 12

s3 12
469 5
412 6
438 10
480 8

2
2
8
8
8
8
8
2
2
1
t
I
1
6
2
2
1
I
I
I
6
2
2
1
I
I
1
6
2
1
't

1
6

2
1
I
I
I



TABLE 3 (contd.)  Sample posi t ions and metal  concentrat ions,  20-63microns,
September 1987 survey (disposal ground and surrounding area)

coltcEilTRArtoil llt 20-63 iltcRoft FRAcTtot EACH ilETAL

€ast llorth Salpte 20-63 iltl CO REGIO}I

POSITIOI

FEPBztl

463531 531155
46312 530801
462824 530448
46?470 53p,09.4

462510 538607
161766 537908
461U9 537134
46354 5W&
459672 535815
458980 535053
458241 5U357
157555 533663
456805 532958
456147 532246
463194 53787
4624& 5s7172
461nO 5W+74
461059 535774
460387 535053
45961 5y357
458949 533658
458205 53873
457538 532?9.6
456788 531519
463927 537?24
463171 5W+55
462475 535758
461788 535080
46163 534358
460%5 53367
459656 53?948
458916 532241
158271 53156t+
157547 530813
4&593 53[l79
453884 535725
$3ln 535043
459653 531480
458926 530829
458251 530104
465332 535807
464608 535046
463868 534350
1&395 530U5

R63
R6/o

R65
R66

811 8.3
812 15.5
813 12.8
814 17.1
815
816 30.6
s17 24.8
818 12.5
819  16 .1
820 5
821 9.5
822 10
B?3 16.?
824 20.1
825 13.9
826 15
827 7.9
828 10.5
Bn 6.8
830 1.6
831 17.9
832 19
853 4.3
834 5.6
835 3.3
836 15.9
837 't.6

838
839
uo 2.6
s41 1.8
*2 7.7
&3 12.8
848 3.4
*9 ?.5
850 0.6
85f  11.7
852 26.6
853 9.1
858 2.4

76 27000
60 27300
40 2760'0
65 26500

40 24200
31 30900
40 33000
47 37900
46 38200
31 26000
44 24900
36 27200
37 25300
$ 35100
92 34000

142 31300
45 32m0
42 30900
89 41000
78 28500
69 27000
71 29300
61 50700

115 27490
45 33300
43 27100

54 41300
92 33800
38 ?2500
27 19100
39 30500
13 29500
50 236['0
55 25600
44 ?3700
17 20000
63 35800

5 .8 49 122 35 32fi0 407

56
43
36
42

5 1
52
61
51
57
34
49
63
43

104
78

108
29
52

153
53
53
74
5 1
77
47
u

85
89
46
12
86
77

152
40
41
30
57

140
120
103
109

109
1 1 0
124
129
175
102
119
117
1 1 1
146
191
249
138
't12

?57
148
140
157
132
165
137
153

178
z',t4
104
79

152
1&
243
12?
105
81

157

g?

399
368
359

331
440
452
501
613
423
372
400
385
419
140
310
427
418
56t
405
358
401
432
398
415
408

735
no
451
137
504
463
369
372
356
462
617

7
8
9
I

9
7

1 0
7

1 0
7

1 0
1 2
1 1
13
14
1 5
1 1
14
1 7
1 1
't3

1 2
14
15
t0
7

3

9

9

9

9

9

9

9

9

3

3

9

9

9

9

9

9

9

7

3

3

2

8

8

I

8

12
1 1
7
6
8
8
6
7
8
6

1 1

7
3
3
2
6
7
7
3
3
2
7



TABLE 3 (contd.) Saurple positions and metal concentrations, 2o-63raicrons,
September l-987 survey (disposal ground and surrounding area)

CONCE}ITRATI(}I I}I 20.63 I{ICROII FRACTTOI EACH }€TAt

East North Sa|pl.e 7,m-63

POStTt0N

78
71
58
51
63
58
62
19
94
36
40
50
91
53

50
69
79
53
58
51
42
43
51
48
37
67
91

47
62
42
48
17
44
81
41
76

ZN

118
122
95
74

t78
168
165
131
139
114
137
139
1&
133
114
134
138
134

123
133
175
136
108
151
127
137
150
129
126
120
191

123
133
103
143
128
1 1 0
175
105
165

ilrl

585
415
3A
408

631
531
719
395
379
544
477
152
&8
432
404
397
433
444

373
491
562
510
401
403
474
395
417
45?
488
t&5

587

407
418
391
404
122
45?
323
520
505

9
9
6
6

1 1
12
9
9
4

1 1
1 5
1 1
1 ?
1't
6

1 1
1 1
5

1 0
9

1 2
12
10
15
1 2
1 1
1 2
1 t
10
1 1
10

FEPB CO REGIO}I

45964 530118
458969 5?9.404
4C6043 535074
465289 5v*8
46t+&9 533648
461085 530097
460385 529581
459685 528683
46714 5y4e
466001 5t367
46541 533015
461816 5?9402
461100 528688
4&397 527974
467$7 533&4
4d6726 53240
46016 532179
465y4 531504
4&617 530785
463998 530070
163217 5A%O
462523 52tt677
461811 527962
461W6 527272
48174 53437
167450 532190
46T27 531496
466,0/.2 5307tb
165313 530076
4&536 54378
463933 52tl670
163216 5279t+4
462493 527251
461799 5U544
4ffi98 532234
468155 531490
167131 530792
4$730 530071
466030 54359
465330 52tb53
4&626 527978
463905 527251
463m6 526575
1&524 525U7

859 9.7
860 12.4
861 3.8
%2 7.6
863
868 2.8
859 3.9
870 5.3
871 3.5
s72 5.'l
a73 3.6
878 15.1
879 1.1
880 2.9
881 10.9
882 14.7
883 8.?
884 3.6
885 5
885
887 25.9
888 26.6
889 1.5
890 2.5
891 9.5
892 14.4
895 15.5
s94 13.7
895 13.3
s96 16.9
897 ',t5.3

898 6.6
899 1.6
8100
8101 8.8
8102 17.6
8103 16.7
8104 23.6
8105 33.7
8106 29.7
8107 I
8108 4.8
81 (p  1 .1
81 10

52 39500
50 21&0
34 20600
20 16900

73 43500
44 42300
57 48300
51 25500
52 24000
48 35800
89 2760,0
45 27300
59 41800
62 30000
47 27100
62 30400
43 30000
48 32600

59 27500
40 44fi0
73 33300
59 37000
42 26800
58 28500
42 33300
54 29600
57 33300
48 33600
31 36300
34 28800
6 35000

57 26900
79 A&O
39 28800
56 26800
51 2760,0
42 31000

124 29500
35 34300
58 y+200

7
3
3
z

49
37
43
30

7
10
3
4
z
7

1 4
4

6

6
7
7
3
3
2
6
7
7
3
3
4
4
4
4
6
7
7
3
5
5
5
5
5
5
5
7

5
5
5
5
5
5
5
5
5



TABLE 3 (contd. )

POS!Tt0N

East llorth Salpl.e 720-63

Saurple positions and metal concentrations, 20-63microns,
September 1987 survey (disposal grotrnd and surrounding area)

&)I'ICEI.ITRATIO}I III 20-63 }IICRO}I FRACTIOI EACH 'i{ETAL

CU

99
104
212
1 1 3
168
127
87

151
124
81

211
185
165
89

120
128
71

zl,l

169
217
368
277
308
85
163
248
?37
175
310
306
196
138
?37
144
157

T3 159
38 57

0.53 0.36
16 56

241 4e

FEPB ilN

&0
390
&1
613
410
507
547
522
613
l+&

404
725
615
583
594
453
473

9
1 1
16
10
12
5
8
4

1 1
7
3

1 0
14
8
5
5
6

c0 REGtol

461410 532569
462117 532%9
461763 532215
461410 531862
462117 531862
461763 532451
461940 532392
461999 532215
461940 532038
461763 531979
4615tb 532038
461527 532215
16156 53?392
461763 532686
462175 532215
461763 531744
46142 532215

c1-14 17.7
c l -8 8.1
c1-24 2.4
c1-25 3.9
c \ - y  3 .1
c1-71 4.4
c1-72 4.5
c1-73 2.9
c1-74 3.1
c1-n 6.9
c1 -76  1 .5
c1-77 2. ' l
c1-78 3.2
c1-81 9.2
c1-82 2.?
c1-83 12
c1-84 5.1

10 21600
& 31400

170 t+4700

91 45600
134 36800
& 33ro0
53 30200
97 35100

111 36500
70 32000
98 33700

118 41300
75 35100
52 31500
u 42000
63 26200
50 33800

61 31280
26 5907

0.43 0.19
10 16900

170 48300

1
,|

1
1
1
1
1
1
1
t
I
1
1
1
1
1
1

llean 9
Standard deviation 7
Coeff icient of variat ion 0.79
tlinim.rn 1
l,faxim.rn 34

457 9
8 8 3

0.19 0.34
310 2
no 17



Table 4

FOSITIO{

East llorth Saryte 163-90

Sanple positions and metal concentratlons, 53-90nicrons,
Septenber 1987 survey (dlsposal ground and surroundlng area)

IGTAL C0NCEITTRATId|S (ppn)

R0 1.80
Rl 4.70
R2 7.40
R3 3.80
R4 7.70
R5 1.70
R6 1.70
R10 2.90
Rl l  3 .90
R12 5.30
R13 5.20
R14 5.80
R15 4.6
R16 4.30
R20 4.30
R21 7.30
R22 10.40
R23 8.00
R24 5.90
R25 2.90
R26 6.20
R30 4.70
R31 6.30
R32 7.60
R33 4.70
R34 8.'t0
R35 3.00
R36 1.40
R40  1 .10
R42
R43 3.90
R44 1.20
R45 7.20
R46 2.80
R47
R50 5.10
R51 0.90
R52 1.60
R53 3.80
R54 4.00
R55
R56
R50 2-10
R61 4.30
R62

32 ?9200
58 25000
39 23700
35 24m0
46 21500
33 21100
34 27500
48 2&0
12 20400
30 30200
50 22900
44 22900
33 21100
32 23700
36 20200
63 22000
60 25800
42 22000
36 21100
24 21100
37 25100
51 23900
16 19000
44 31800
43 25000
71 28200
38 24200
35 35000
48 33300

44 25800
6t 25800
59 27s00
40 23100

47 31100
50 47100
37 45300
36 34600
55 33200

48 27200
47 29900

R€GTO}I

2
2
8
I
8
8
8
2
2
1
1
1
1
6
2
2
1
1
t
1
6
2
2
1
1
1
1
6
2

1
1
1
6

2
1
1
I
1

4
4

CU

38
41
24
31
35
25
27
37
22
67
43
31
23
19
28
45
31
60
39
22
28
37
21
33
25
63
30
25
31

31
65
49
34

31
52
32
33
25

37
34

zI

107
130
101
104
1 1 0
95

112
108
65
98

138
1 1 5
86
96
94

1 1 8
131
103
95
73

119
1 1 8
71

125
92

173
104
1 1 5
1 1 8

1 1 9
178
116
118

120
172
127
l't6
146

134
125

l,ttl

330
2&
306
389
511
305
359
a6
318
a1
3tl7
313
3A
352
2A
a4
339
308
337
305
338
a4
ao
357
*6
371
327
403
358

%3
r,32
331
324

%3
434
136
%2
394

350
391

co

8
6

10
6
8
3
5

1 1
8

1 2
l0
9
6
4

10
6
6
3
7
2
7
5
2
3
6
8
4
3
6

6
6
7
6

9
9
9
5
7

7
9

FEPS

462470 534336
462117 53983
461763 5336A
461410 533276
161056 532922
460703 532569
1&y9 532215
462&4 533983
462470 533629
462117 533276
161763 53?9.22
161410 532569
461956 532215
4&703 531862
463177 533629
462824 533276
462170 532n2
462117 532569
461763 532215
451410 531862
461056 531508
463531 533276
16317t 53?9,22
162824 532569
162470 532215
462117 531t!62
461763 531508
461410 531155
463884 53422
463531 532569
46317t 532215
462824 531t!62
462170 531508
462117 531155
461763 550801
1&A8 '32569
4638€/t 532215
163531 531t362
463177 531508
462824 531155
462470 530801
462117 5$448
4&591 532215
4&238 53186.2
463884 531508



TABLE 4 (contd. )

FOSITI(}I

Sample posi t ions and metal  concentrat ions,  63-90microns,
September 1987 survey (disposal ground and surrounding area)

ilETAt- OSTCENTRAT tdts (pgn)

East llorth

463531 531155
463111 530801
162&4 530re8
462470 530094

462510 538l/J7
46176 537908
461U9 537134
460354 s%t&t+
459672 535815
458980 535053
458241 5y357
457555 533613
45@,6 532958
456147 532246
463194 53787
46246t+ 537172
461n0 536/-74
461059 535774
4&fi7 535053
45961 5*357
458949 535658
458m5 53?973
4575s8 532A6
45678 531619
463927 537224
463177 536455
462475 535758
461788 535080
461$3 5*W
4&$5 533{,7
459656 5s?948
458916 532244
458271 5315&
457547 530813
4&593 5W+79
46384 535725
463177 535&3
459653 531480
458926 530829
458251 530104
465332 535&7
46t+68 535046
463858 534350
160396 530A5

Sarpte 163-90 CU

107R63
R64
R65
R66

s.00

zrl

134 44 38800 399

REGIO}I

4

811 12.00
812 13.50
Bl3 14.80
814 18.30
815
816 6.20
817 17.90
8t8 22.00
819 17.60
820 17.30
821 13.50
822 16.00
823 11.80
Q4  15 .10
825 7.90
826 6.80
827 7.70
828 11.60
&9 7.00
830 0.60
831 19.70
832 7.50
833 2.50
834 3.10
835 1.60
836 9.10
837 1.00
838
839
840 5.10
841 1.28
842 3.80
843 4.40
848 1.80
849 1.90
850 0.40
851 5.80
s52 7.70
853 4.60
858

17 15400
29 11100
26 18400
36 17500

50 20300
48 19600
39 23400
34 24200
40 29900
24 14900
30 15500
31 1760,0
33 19700
55 ?9.400
38 32400
15 32mO
31 17000
51 28700
4t 31900
31 15900
33 14700
46 24600
38 28800
52 26300
15 23800
51 4'1600

52 29500
33 17100
30 16500
26 15400
35 34300
41 40900
35 21&O
30 15000
32 13300
19 22400

202
180
a7
234

244 9
287 4
452 9
414 7
518 8
219 3
231 8
? 5 0 9
277 8
350 10
v9 t0
427 lt
283 11
425 11
521 tl
221 10
214 5
368 10
339 6
3 3 4 9
337 7
472 9

542 5
u 5 5
263 4
265 3
500 7
& 5 6
423 3
217 4
236 4
v1  7

22
17
13
25

%3
25
31
?7
21
1 0
18
20
21
32
31
29
18
34
26
16
21
41
29
43
34
18

25
30
18
22
28
29

1?4
19
21
24

103
78
88
93

1 1 3
106
105
87

144
67
81
91

105
127
128
138
84

125
121
77
76

123
1 1 5
139
121
171

1 1 0
109
76
&

123
165
116
80
78
T7

3
9
9
9

3
6
7
6

9

9

9

9

9

3

3

9

9

9

9

9

9

9

7

3

3

2

8

8

8

8

7
3
3
2
6
7
7
3
3
2



TABLE 4 (concd. )

POSrTto$t

Sarnple positions and metal concentrations, 63-90microns,
September 1987 survey (disposal ground and surrounding area)

}IETAL CONCEilTRATIONS (pgn)

East ilorth

459& 5n118
458969 5nt04
466043 535074
465289 5*y8
4&&9 533&8
46165 530D7
460385 529381
4596f6 528683
46714 sYI+e
466001 53367
465n1 533016
461816 5AI+02
461100 528688
4&397 527974
467$7 533&1
466726 532890
46016 532179
465U4 531504
4&617 5307a5
46s9'8 530070
463217 '?9360
462523 52U77
461811 52n52
4610€6 527272
48174 532937
467450 532190
46727 531496
466At+2 5307A6
465y3 530076
4&636 5A378
463933 528670
4632t6 527944
462493 527?51
451799 526544
468898 532234
468155 531490
467431 530792
466730 530071
466030 5A359
165330 52t653
1e626 527978
463905 52741
46s?06 526575
462524 525t!67

saryte 253-90

859 ',t.70

860 8.80
861 3.20
1t62 2.00
863 2.10
868 4.80
r,69 13.30
870 6.70
871 2.10
872 3.20
873 2.60
878 2.30
879 7.40
880 8.60
881 10.10
s82 5.70
883 3.00
884 2.30
885 20.50
886
87 2.20
888 21.10
889 1.20
890 5.00
891 7.60
B92 9.60
893 9.90
894 14.80
895 13.80
896 9.10
897 7.50
898 11.30
899 1.10
8100
8101 3.40
8102 9.50
8103 11.80
8104 14.50
8105 9.60
81(b 15.00
8107 30.10
8108 5.00
8109 1.60
81 10

51 45300
33 25@0
35 15800
48 22%O
50 21300
42 42100
5t 38700
50 30400
43 2160,0
38 21100
27 18300

112 32500
39 33000
56 40300
31 16700
27 17100
52 25600
49 ?5700
49 28800

38 44400
31 35500
37 37500
30 9100
35 18400
34 18000
32 19700
51 24400
40 23500
38 27500
37 21500
47 26100
32 34300

30 16000
27 15500
54 216n,0
16 16700
70 20600
37 16900
42 19200
54 31@0
41 33100

CI',

25
19
22
28
52
27
33
21
25
27
21

106
21
?2
16
1 7
10
29
34

37
29
16
19
14
16
19
30
21
25
21
29
1 9

16
't3

22
22
50
20
26
23
27

ztl

163
102
107
120
1 1 5
151
150
11?
123
l',t1
86

230
124
133
82
80

1 1 6
139
't36

107
134
118
120
86
87
95

122
118
115
99

106
98

81
7?

107
105
148
83
96
98

't08

ilil

693
445
308
g9

a1
546
635
503
305
308
265
580
563
610
272
67
335
372
418

277
544
577
567
262
251
2{t6
315
285
391
35
379
624

?35
235
324
?6
305
257
&5
550
565

co

8
9
5
8
2
5
5
7
8
9
4

16
8

1 1
3
7
5
9
7

1 1
1 2
6
8
7

10
7

' t1

6
5
6
7
6

REGTOII

7
7
3
3
2
6
7
7
3
3
2
6
7
7
3
3
4
4
4

4
6
7
7
5
5
5
5
5
5
5
5
7

3
4
2
7

1 0
2
2
5
5

5
5
5
5
5
5
5
5
5



TABLE 4 (contd. )

POSITIofl

East llorth Sanpte 263-90

Sample positions and metal concentrations, 63-9Ornicrons,
September 1987 survey (disposal ground and surrounding area)

I,IETAL CONCEIITRATIOITS (ptrn)

461410 532569
462117 532569
461763 5322't5
t61410 531862
162117 531862
t+61763 532451
461940 532392
461999 532215
461910 532038
161753 s31979
461586 532038
461527 532?15
t61586 532392
461763 532ff6
162175 532215
46't763 531744
46182 532215

cf-14 17.70
c1-8 8.40
c1-24 2.40
c1-25 3.90
cl -34 3.10
c1-71 4.40
c1-72 4.50
c1-73 2.90
c1-74 3.10
c1-75 6.90
c1-76 1.50
c1-77 2.10
c1-78 3.20
cl -81 9.20
c1-82 2.20
cl -83 12.00
ct-84 6.10

cu

49
125
65
32
62
&
33
28
32
38

1 t 5
55

150
87
26
67
27

zr'l

134
262
111
r01
165
131
100
90
96
95
81

143
152
125
79

145
103

37 114
37 30

0.79 0.79
1 0 6 / .

*s 262

60 23900
128 35100
46 28800
38 25800
61 23m0
46 t9m0
31 22000
?6 25500
34 216f,0
31 23900
96 3dt00
55 23(X)0
54 22400
44 2480'0
30 22300
79 30@0
37 21200

REGIOII

1
t
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

illt

357
385
319
332
385
352
395
424
397
377
392
*o
g2

405
343
458
319

co

3
1 1
9
7
6
2
3
6
4
2
8
6

1 ?
9
2
3
5

l,lean 6.8
Standard deviation 5.4
Coefficient of variation O.79
l,linim.rn 0.4
llaxim,rn 30.1

42 ?5,490 360 7
17 7427 103 3

o.w 0.79 0.79 0.79
12 13300 180 2

112 47400 693 16



Table 5 Hopper samples, metal- concentratlons, September 1987

0-20 micron fraction
Sarpte Cu Pb Zn Fe
RlDBl 112 90 240 41700
R1DB2 151 117 286 40800
R1DB3 161 131 326 38300
R1DB4 126 16 A7 37400
RIDB1 373 5A 917 491W
RlD82 tO6 539 1018 48200
R1DB3 U9 473 804 44500
R2DB1 161 114 212 3,AOO
R2DB2 108 131 217 37800
R2DB3 127 124 227 34300
R2Ds4 16 143 278 38100
R2DB6 137 1U 217 34000
R2DB7 111 122 207 346@
R2DB! 339 455 784 43800
R2DB2 390 5A 955 48500
R2DB3 317 449 836 46600
R2DB4 441 &4 1520 50800
R3DB! 370 49 907 45000
R3DB2 n7 363 765 46600
R3DB3 265 357 612 48900

lln Co

425 14
434 11
396 14
409 5
547 16
549 15
575 15
392 7
392 12
370 12
454 12
416 7
& 7
532 17
555 17
600 12
732 16
530 17
675 14
676 11

Co

8

9

5

8

3

5

6

3

5

8

8

8

8

6

6

5

1 0

1 2

llean 247 504 580 421rc 5OZ 13
s D 1ZO 191 380 5719 llt 1
c v o.49 0.& 0.66 0.14 0.22 0.A
lfin 108 90 m7 34OOO 370 5
l,fax 441 &1 1520 50800 732 17

20-65 micron fraction
Sarpte Cu Pb Zn Fe Mn
RlDBl 51 36 117 23100 431
R1DB2 55 45 152 28000 175
R1DB3 54 45 145 30700 524
R1DB4 61 39 124 26100 446
RIDB1 41 52 15?, 21200 W
RIDB2 81 115 250 2U+00 409
R1DB5 & 88 204 25500 402
R2DB1 56 A 134 28600 161
R2DB2 55 39 129 29300 480
R2DB3 48 1370 120 28700 178
R2DB4 61 52 148 30400 $1
R2DB6 65 50 124 30000 483
R2DB7 58 44 127 2ri00 453
R2DB1 55 63 177 25700 424
R2DB2 49 56 467 26100 415
R2085 95 118 261 32000 506
R2DB4 116 1t+6 *7 4&@ 591
R3DB1 123 162 360 38000 544



Table 5 (contd.) Hopper samples, metal concentrations, Septembet L987

R3082

R3DB3
148
79

113 515 28800 517 6
93 230 40000 504 1'l

l,fean 71 138 2OS 29495 470 7
s 0 29 293 101 5480 54 2
c v 0.40 2.12 0.49 0.19 0.11 0.35
l,fin 41 A 117 21200 W 3
l4ax 148 1370 467 4#00 591 12

63-90 micron fraction
Sarpte Cu Pb Zn

R1081

R1DB2

RID83

R1DB4

R1D81

RlDB2

RlDB3

RzDB1

RzDB2

RzD83

RzD84

RzD86

R2DB7

RzDB1

R2082

R2083

R2094

R3DBl

R3082

R3DB3

26 30
31 31
22 32
31 35
37 56
45 58
5 9 8 4
2 5 ? 9
? 9 3 2
22 27
27 35
18 25
29 30
59 91
37 47
77 119
87 119
32 32
76 100
41 69

80 21400 329
88 20200 323
90 20700 g3

99 21800 356
161 1?900 275
163 16200 41
208 15500 240
81 21200 W
u 21700 376
80 18400 %5
74 2B10o 323
55 15200 2tt6
82 20800 362

201 20500 319
153 18100 302
246 31500 438
324 19t300 496
110 22500 198
245 34800 481
227 ?7800 329

2
5
?
4
3
6
7
2
3
2
2
4
6
4
2
7
9
4
7
3

l{ean 41 54 143 228fo 353 4
sD ?o 32 75 8001 T7 2
c v 0.50 0.59 0.53 0.35 0-22 0.51
llin '18 25 65 15200 231 z
l.fax 87 119 324 19t3OO 498 9



Table 6

POSITIO}I

florth East

Sample posltlons and netal concentratlons, <9Omlcrons,
June 1988 surrey (dlsposal- ground and surroundlng area)

f,lETAL CoNCENTRATIONS (ppm)

462593 5*572
462251 5y199
461816 533904
461518 533542
461171 533188
1&874 5?853
4&537 532512
46?U9 5y311
16262 53-ld|t4
46a36,A 533478
461855 533135
461&1 53?824
461210 532517
4&60 53?W4
463?50 5s3921
46362 533524
46287 553113
462307 532741
461974 532459
461581 532122
461185 531n2
463563 533569
463351 533115
462%3 532725
462655 532457
462Aa 532128
461926 '31711
461637 531445
453935 533336
463654 532782
163315 532415
462959 532077
46?624 53169
462252 531388
161919 530999
4U+350 532%8
4&163 532419
463822 53e050

SAI.fPLE ?<9{)

P 0 20.35
P I 56.63
P 2 20.5
P 3 ? 9 . B
P 4 25-86
P 5 13.72
P 6 0.44
P 10 70.21
P 11 76.74
P 12 28.44
P 13 12.?3
P 14 45.17
P 15 15.68
P 16 45.72
P 2 0
P 21 74.17
P 22 20.7
P 23 y.21

P 24 45.7
P 25 26.26
P 26 13.25
P 30 &.39
P 31 49.32
P 32 95.24
P 33 28.99
P 34 18.57
P 35 16.09
P 36 15.7?
P 40 5.81
P 4 1
P 4 2
P 43 40.1
P 44 43.14
P 45 9.14
P 46 1.92
P 48 3.Tl
P 50 7.28
P 51 10.17

98 38200
107 40300
90 33400

107 357!0
145 38700
81 28400

101 41400
31 41400
31 45000

a2 40800
115 42500
146 32800
t1l 33500
127 33300

28 43500
63 30200

135 33000
162 38400
159 35000
& 3600
t9 35700
88 37800
14 22100

103 v,400
27 33000
103 33ro0
110 39600
150 38500

31'f 41m0
105 28500
T7 %100

102 35400
79 50600

117 37400
113 38500

Ni fis

58 0.86
40  t . t 3
27 1.25
29 1.57
35 1.73
23 0.65
33 1.48
50 0.04
54 0.07
38 3.6
3? 1.81
34 2.28
29 0.93
56  1 .19

48 0.04
28 0.37
32 1.40
39 2.80
33 Z.?8
27 0.47
10 0.03
41 0.98
23 0.03
3s 1.32
31 2.06
29 0.74
31 1.43
30 0.12

41 10.33
27 1.04
21 0.4't
23  1 .12
25 0.53
33  1 .19
36 0.89

Cu

56
&
5't
59

120
50
T7
29
41

106
92
85
73
62

26
35
91

112
102
50
25
48
13
63
96
69
67
56

350
57
45
62
50
59
58

Zn

142
170
142
168
216
141
203
89

100
459
239
m9
173
172

85
1 1 0
211
276
287
131
64

138
49

196
271
185
164
168

478
159
142
162
131
149
1&

lln

380
430
380
380
170
400
570
410
390
450
440
380
410
380

470
400
380
430
140
430
350
400
310
380
400
410
450
550

450
vo
430
570
510
420
&o

Co

1 1
1 2
8
9

12
8
9

14
l6
1 1
10
1 1
9

10

14
8

1 0
1 2
10
9

1 1
1 2
7

1 0
1 0
9

1 0
9

Cr

40
52
72
72
77
47
93
1 5
20
75

142
52
56
39

24
31
45
83
78
69
20
42
16
49
6
46
63
62

449
77
93
69

1 1 9
86
55

cd

I
1
1
2
2
1
1
1
I
5
2
2
2
2

I
1
2
2
2
1
1
I
I
2
2
?
1
I

4
1
1
1
1
I
1

Fe

14
8
7
7
7

10
10



Table 6 (cont.) Sanple positions and metal concentrations, (90microns,
June 1988 survey (disposal ground and surrounding area)

poslTIoil IGTAL OollCEtlTRATIOllS (pF)

llorth East

463532 531609
463059 531332
462739 530918
467399 5m&5
46466 532495
46lF,6 532170
463935 531722
163655 531586
46J,273 531160
462888 530799
462666 530372

451860 5%720
461181 5359t11
4&494 535361
459747 534584
458223 533993
157419 533U2
45n41 532547
1625?4 535990
451855 535313
461193 59623
48483 533882
4597& 535194
459163 532633
463278 535513
459n4 5317A
4&076 5y567
48542 531020
4&676 5T3t!68
161217 530356
465398 533175
461956 54615
4660yt 532445
465437 531693
4&& 53102
4eo$ 53048
163U5 5A633
46268 52852

sAr.tPt-E z<90

P 52 10.0
P 55 12.48
P 54 9.97
P 56 83.6
P 6 0
P 6t  %.35
P 6 2
P 6 3
P &
P 6 5
P 6

Y ?3 76.27
Y 24 44.29
Y 25 y.54

Y 26 4.51
Y 27 n.67
Y 28 9.28
Y 29 17.26
Y 33 39.85
Y 34 2.51
Y 35 48.31
Y 36 20.48
Y 37 4.24
Y 38 2.77
Y 43 3.59
Y 4 8
Y 53 11.A
Y 58 2.23
Y 63 23.54
Y 68 2.67
Y 73 4.81
Y 7 8
Y 83 44.91
Y 84 55.36
Y 85 18.03
Y 85 4.35
Y 87 14.15
Y 88 t+6.84

78
69

239
57

7n

?26
n3
710
167

77

41
52
54
82
51
56
61
48
45
39
52
67
60
60

121
75
50
u
99

54
51
27
73
70
47

29.4 69 190
25.3 47 100
0.86 0.68 0.53
0.4 13 49

95.2 350 710

153 40300
128 4260,0
278 50300
95 32800

25 44700

x iFePb

532726

85 30600
1?3 33100
1?7 36300
157 62000
98 39700

109 36900
117 42200
'f 10 376p,O
90 55200
62 48100
87 t&400

105 49t+O0
114 35200
121 $700

361 739{JO
108 101000
102 38600
16 42800
171 43900

124 3760,0
142 41900
T7 38700

169 53500
151 41600
115 40400

't20 40723
63 10918

0.52 0.27
14 22100

%1 101000

tlg

1 .53
l . t 5
4 .8
0.69

0.02

33 0.33
34 0.82
34 1.09
38 0.U
35 0.41
40 0.44
41 0.49
37 0.52
36 0.16
49 0.71
29 0.51
36 0.30
35 0.60
44 0.77

57 2.36
41 0.50
40 0.72
34 0.74
42 1.60

38  1 .16
10 1.01
23 0.24
41  1 .85
40  1 .19
35 0.16

iln

190
590
680
520

420

350
560
360
680
480
520
520
410
560
16,0

470
590
520
720

1040
1v0
490
670
600

330
440
490
570
550
440

Co

1 t
t 1
1 2
9

1 5

40
42
37
a

75
85

234
67

2
I
1
1

1
I
1
1
2
1
1
1
1
1
1
1
2
1

3
1
I
3
2

1
1
1
2
2
2

124
144
159
223
147
144
158
148
139
148
160
1&
190
168

10
10
1 0
12
t 1
1 2
1 2
1 1
1 1
t5
9

12
t l
1?

18
13
1 1
1' l
13

1 1
1 1
7

13
1 2
1 1

41
58
65

188
74
60

107
58

113
54

1 1 3
1 1 1
6
53

54
519
71

123
78

60
T7

177
97
42
82

380
?42
149
250
?31

179
210
122
223
200
149

llean

Standard deviation

Coeff icient of vaciation

llinim,rn

l,laxim,m

488 11 85
158 2 81

0.32 0.20 0.96
310  7  15

1340 18 519

1  35  1 .18
1  7  1 .42

0.49 0.21 1.21
't 23 0.02
4 57 10.33



Table 7

Distdrce llETAt CoNCEIITRATIO{S (ppn)

(m) Sanpte k90 Cu Zn Pb Co lli

Sanple positlons and metal concentratlon, (9Omlcrons,
June l-988 rlver sanples

150
300
450
600
i50
900

1050
't200

1350
1500
1650
1800
1950
2100
2250
2400
2550
2700
2850
3000
3150
3300
3450
3600
3750
3q)0
4050
1mo
4350
4500
4650
4800
4950
5100
5250
5400
5550
5700
5850
6000
6150
6300
&50
6600
6750

1 5
14
12
1 1
17
1 5
1 5
12
13
16
13
14
1 2
12
13
13
13
14
13
14
13
14
12
12
14
11
14
13
1 2
14
15
13
14
15
13
14
14
1 4
13
14
14
13
13
1 5
1 4

l.ln

520
410
350
ao
360
610
510
380
580
390
430
390
go

360
390
yo

30
430
370
340
350
410
360
320
420
490
430
400
380
uo
440
390
QO

430
430
400
450
460
420
130
530
550
170
600
450

1 3.3 147
2 81.1 190
3 22.9 135
4 88.4 103
5 42.9 92
6 98.5 50
7 94.0 417
8 39.4 130
9 t}6.6 71

10 89.4 226
11 94.6 98
12 99.2 512
13 95.5 96
14 96.6 160
15 91.0 27
16 95.9 125
17 91.8 125
18 94.6 r99
19 95.1 159
20 95.1 143
21 90.7 181
22 54.0 152
23 82.7 A1
24 98.4 177
25 85.6 216
26 85.',t 228
27 82.6't96
28 91.9 189
29 89.9 227
30 80.4 229
31 91.2 247
32 91.6 198
33 88.3 180
34 91.1 202
35 91.2 196
36 93.3 ?2?
37 88.4 218
58 87.4 256
39 9't.5 106
40 5.O 229
41 82.1 66
42 86.6 120
13 83.7 235
44 76.8 2&
45 83.9 296

850 1300
680 710
459 512
t+O9 513
481 418
473 710
351 510
497 483
372 381
521 521
408 476
427 *7
406 398
194 t+63

670 580
458 431
462 439
556 r{$
534 570
509 429
536 399
514 385
570 453
489 314
750 505
620 371
590 399
527 336
585 401
670 452
650 4&
60 406
650 386
6s0 432
590 %4
690 412
620 359
650 456
345 187
740 *7
700 435
352 197
700 401
850 525
650 389

63 850 55000
58 560 48500
49 391 45300
42 202 42500
58 278 46100
45 94 43800
48 1380 48100
44 310 42000
42 100 40200
50 570 16100
48 191 46000
60 1300 43200
46 1& 39000
47 249 42200
53 515 45800
46 195 457I)0
47 m9 40700
50 331 49100
45 201 43300
51 139 47500
45 143 47100
51 144 54100
45 190 40000
42 143 36200
46 340 457ffi
45 436 51?00
47 234 49&O
50 133 48900
16 162 $mO
53 181 5 700
51 204 48500
44 180 50100
46 200 52200
53 221 52200
44 163 50100
46 178 51900
47 121 50100
5? 174 54400
42 68 33700
19 287 41300
52 152 51400
43 112 43300
50 ?01 50000
52 A2 62100
45 U5 58200

cd Hs

7 4.05
5 33.95
4 3.58
4  2 .19
4 6.35
4 1.00
6 21.93
5 4.67
3 1.88
6 9.94
4 2.5?
6 18.27
4 2.23
5 4.51
5 9.35
4 3.87
5 3.69
6 5.55
5 3.51
5 4.28
5 4.28
5 2.98
6 5.Tl
5  4 . 1 0
7  8 .12
5 9.6
5  5 .41
4 4.41
6 5.47
6 4.gt
6 6.74
5 6.23
5 5.44
6 5.23
5  5 . 1 6
5 7.28
5  5 . 1 3
5 5.48
3  2 .&
6 9.99
6 6.56
3 3.25
6 6.61
7 9.03
6 13.32

Fe



TABLE 7 (cont.) Sample positions and metal concentration, <90microns,
June 1988 river sarnples

Distance IIETAL CO0ICEITTRATIONS (ppn)
(m) Sanpte Z<90 Cu Zn Pb Co lti lln

480
450
630
470
510
540
650
680
540
&o
@0
620
920

21l,0
710
600
650
6;to
720
710
630
580
&o
670
590
500
4&
480
430
480
520
550
400
47s
520
430
380
500
400
430
300
380
400
420
470

HgcdFeCr

6900
7050
7m0
7350
7500
7650
7800
7950
8100
8250
8400
8550
8700
8850
9000
9150
9300
9450
9600
9750
9900

10050
10200
10350
10500
10650
10800
10950
11100
1 1250
1 1400
11550
11700
1 1850
12000
12150
12300
12450
12600
12750
12900
13050
13200
15350
13500

680
650
720
740
650
630
675
590
570
650
650
60
730
s0
610
600
560
650
541
620
459
404
535
419
371
304
m1
n7
234
230
830
2M
130
194
172
179
n

198
167
126
121
171
123
167
181

50
47
54
46
45
51

47.5
47
47
18
46
49
47
42
48
44
49
51
53
55
47
46
52
18
17
45
41
57
13
45
49
15
42
41
48
15
48
16
37
31
36
39
29
37
40

46 8.8 A2
47 U.I 197
48 75.2 210
49 70.9 200
50 76.5 218
51 72.8 49
s2 72.2 247
53 85.8 244
54 77.0 220
55 77.7 207
56 83.9 252
57 89.5 201
58 90.3 M
59 93.5 224
60 95.2 175
61 97.6 156
62 96.5 202
63 96.9 88
& 94.9 m2
65 69.4 196
6 71.0 153
67 61.4 173
I 92.3 181
69 9?.2 208
70 94.8 131
71 90.7 1A
72 89.6 108
73 87.1 1?6
74 85.9 146
75 92.6 1',t4
76 89.1 ?62
77 86.3 110
78 93.6 56
79 n.2 83
80 78.4 115
81 76.3 83
8? 81.1 28
85 58.7 79
& 17.1 75
85 3s.9 50
85 28.4 52
87 8.8 90
88 8.6 50
89 10.5 69
90 27.8 74

437 14
394 14
416 14
459 13
393 11
358 15
u9 14.5
350 15
325 ',t4

332 't6

332 't5

a4 17
304 16
4% 15
250 19
a7 17
? 5 . 5 1 9
262 21
223 19
E2 23
190 15
179 20
211 18
'191 19
162 19
150 15
120 14
124 18
116 15
130 17
493 13
129 20
96 12

107 20
105 15
122 15
22 14

111 16
89 12
81  11
86 11

106 13
7 6 9

100 12
'112 11

265 54400
184 48100
217 5160,0
208 50@0
?# 49t+00
192 49100
140 57900
136 55500
t31 49200
144 60100
176 54500
131 55000
146 62m0
156 100(Xr0
72 55m0
& 51@0
85 54@0

132 56800
1(}8 51800
159 59800
& 50900
94 47900
96 50300

106 49500
80 59900
61 43(X)0
53 38000
67 44100
61 41100
57 42500

372 56100
57 43600
31 36800
48 39200
46 39900
65 42000
26 41700
63 45100
59 35800
58 34600
15 31800
59 37300
57 52000
49 36900
5? 40500

5 5.71
4 5.59
6  7 .17
4 6.05
5 5.40
5 5.38

1.5 5-62
4 4.57
4 4.34
5 4.99
5 4.63
4 3.42
5 3.70
8 8.79
4 3.45
3 2.e
4 2.09
4 2.81
4  2 .6
4 1.70
3  2 . 1 1
3 1.80
3 2.27
3 2.34
3  1 .54
2  1 .25
2 1.49
2  1 . 1 2
2 1.85
2 1.27
7 9.28
2  1 . 1 6
2 4.80
2  1 .27
2  1 .06
2  1 .35
t  0 . 1 1
1 0.90
1 0.67
1 0.62
1 0.59
1  1 .04
1 0.57
1 0.88
1 0.68



TABLE 7 (cont.) Saurple positions and metal concentration, (90microns,
June 1988 river samples

Distance IIETAL CONCEilTRATIOT{S (ppn)
(m) Saete Z<90 cu zn Pb Co l|i FeCr

13550
13800
13950
14100
14250
14400
14550
14700
14850
15000
15150
15300
15450
15600
15750
15900
15050
16200
16350
16500
16650
16800
16950
17100
17250
17400
17550
lTmO

190
16
132
176
131
146
1&
119
141
153
1 1 9
127
1 1 0
102
103
101
92

105
98
78
97
79

34
85
80
91
98
82

1 1 5
97
96

118
96

104
121
7l

1 1 3
121
92
96
I
81
59
71
50
86
6
40
46
46

182
56
47
44
48
59

91 12.9 75
92 't8.0 70
93 60.0 59
94 59.2 6
95 17.6 58
96 70.4 60
97 85.4 70
98 32.6 44
99 89.7 55

100 76.5 6
10't 85.1 46
102 86.5 50
103 &.5 41
104 72.3 11
105 36.0 39
106 6.9 45
107 48.9 38
108 86.3 46
109 79.7 46
110 30.9 25
111  12 .0  39
112 50.5 31
113 52.3 112
114 14.2 33
115 8.6 28
116 13.5 37
117 15.1 27
118 14.3 20

44
38
35
37
40
41
43
33
44
43
41
16
35
39
30
38
33
39
38
20
19
24
42
28
17
19
2?
19

13 44
3 9

0.23 0.20
23 68
5 1 7
5 4

51 43200
49 37000
$ 31700
52 35500
42 *700
43 3760,0
10 39300
47 33100
24 35900
34 59100
26 35500
27 11200
30 32300
27 31800
43 30900
15 31400
26 2760,0
14 36400
17 27100
40 24600

122 35300
32 ?6300

108 48900
25 28500
78 28200
96 27400

139 33000
85 28800

167 4456a
203 10289

1.22 0.23
1380 100000

14 2460,0
9 9 4

cd Hs

1 1.O2
I 0.66
1 0.74
1 1.39
I 0.55
1  1 .24
1 0.84
1  0 .17
I 0.86
1 1.4,
1 0.34
I 0.83
1 0.37
1 0.83
1  0 .12
1 0.24
1 0.90
1 0.30
1 0.31
1 0.60
1 0.21
1 0.04
3 2.44
1 0.22
| 0.04
1 0.47
I  0 .14
1 0.09

14
12
1 1
12
12
1 2
14
1 0
1 2
t3
1 2
t3
10
1 t
9

1 1
8

1 1
1 l
6
7
7

12
I
5
6
7
6

tln

530
t+6O

410
390
390
190
4&
420
400
sfi
340
380
360
3'10
390
310
370
350
360
720
780

1 1 1 0
580
310
480
400
l.60

390

493
223

0.45
2440
290

I

Average 71 145 411 279
s D 28 87 239 196
c v 0.39 **** 0.58 0.70

l,faxim,rn 99 512 890 1300
l,f inim.rn 3 20 77 22
l,fax,/llin 30 26 12 59

3.4 3.82
2 .0  5
0 . 6  1 . 1 8
8.0 33.95
1 .0  0 .04
8.0 u9



Table 8 Sample locatLons and metal concentratlons, <90nlcrons,
March 1989 survey (dlsposal ground and surroundlng area)

POSITt0$l
East llorth Satpte 1<90

4A&6 530325 A I 11.8
465193530902  A  2s roNEs
48542528?26 A 3 1?.5
461&55A259 A 4 sTouEs
46376531374 A 5 8.5
4&248531925 A 6 24.7
4&813532415 A 7 87.8
4658895T3524 A 8 29.3
46Ct1 53.504 A 9 10.4
465858 535600 A 10 29.6
4&n1 53.566 A 11 13.4
163741 533471 A 12 55.0
1&249 53296 A 13 5.1
463748 53?422 A 14 3.9
463157 533006 A 15 52.8
4626t+O 532456 A 16 13.1
453182 531929 A 17 11.1
462638 531400 A t8 56.9
162138 531866 .A 19 50.7
461571 531399 A 20 69.3
462132 530tt60 A 2't ?4-O
4@534 530310 A 22 18.0
459436 54256 A 23 29.3
45&430 530268 A 24 2.5
459505 531404 A 25 58.8
16517 532t63 A 26 8.8
461cc6 531925 A 27 32.0
161620 532153 A 28 25.8
461060 532975 A 29 51.3
461fi2 53515 A 30 29.2
162116 532993 A 31 29.7
46262 533517 A 32 32.2
462148 'j/,06/+ A 33 25.2
462559 5y556 A 34 31.4
163192 5*66 A 35 16.6
163762 135694 A 36 32.6
46484 5%741 A 37 16.8
463683 537737 A 38 38.8

IIETAL @ficE]ITRATIoilS (ppn)

Zn Pb fe lln Co HgN icdCu

?3488

39

85
n

144
55
46
43
89
51
62
83
98
91
85
98

101
117
96
50
43
90
61
15
89

126
106
91
48

281
178
560
69
67
56
45

128

205
217
540
175
151
162
174
131
193
221
263
?22
233
242
245
242
225
170
132
500
150
1 1 5
188
480
249
222
141
6?0
500
214
141
171
191
173

493

361
t+09

422
353
383
a2
317
393
418
411
539
t$7
tA4

356
a3
205
392
578
463
453
421
545
383
vl
379
412
471
r.62

529
500
a7
241
531
454

1 1

13
12
35
1 2
1 1
13
13
1 5
13
13
1 5
13
' t t

12
14
15
13
13
13
1 1
14
15
14
15
15
14
17
t8
't8

20
13
9

1 3
13

274

1 1 0
132
144
' t13

101
113
102
86

100
28
1A
142
278
162
115
174
139
310
2t+9
97

114
58

132
167
124
109
65

520
'136

88
89
82
88
75

142 49200

83 43300

127 3400
129 tA&o
121 43900
116 41800
105 36100
119 38800
123 34900
59 45100

127 38500
r35 55500
174 43@0
115  51100
135 52300
139 35800
122 38500
141 34000
141 36300
105 50300
89 41mO

112 37000
115 36500
42 47500

105 %200
163 397!0
140 39200
112 38300
160 41700
335 55600
179 46300
& 43200
93 37100

116 32700
150 37100
117 38400

tA1 15 161 43 1.41

24 0.5?

37 4.31
40 32-70
51  1 .52
45 1.23
13 22.21
42 1.81
45 2.06
51 0.82
45 1.87
42 1.71
38 3.43
33 1.95
32 2.14
40 2.24
43 2.12
41  2 .16
41 2.01
36 0.81
34 0.72
36 2.8
42 1.41
47 0.71
37 1.73
44 2.94
39 2.15
38 2.31
41 0.&l
57 8.66
48  3 .11
44 3.92
50 1,21
35 2.38
48 1.26
52 0.91

2
2
3
't

1
2
2
3
2
2
3
1
t
2
2
2
2
2
1
I
2
I
2
3
3
?
2
tr

3
3
1
1
1
0



Table 8 (cont.) Sanple locations and metal concentrations, (90microns,

March 1989 survey (disposal ground and surroundi.ng area)

postTIotl

East llorth Saryte 7.<90

462633 5%m2 A 39 50.0
161596 535$5 A 40 31.9
4&490 53(601 A 41 70.5
459449 533532 A 42 46.2
45&47 5321/,9 A 43 52.2
457307 531384 A 44 6.2
456312 532427 A 45 28.4
457387 553499 A 46 33.8
15U& 534585 A 47 sroNEs
459507 535599 A 48 STor{Es
48549 s366/,O A 49 91.5
461598 537756 A 50 70.6
46265 538821 A 51 45.5
167935 53504 A 52 25.9
48991 532t87 A 53 28.0
467962 531375 A 54 12.9
466n79 532439 A 55 41.4
1658n7 531370 A 56 50.5
46933 530298 A 57 60.5
465U5 5?9'54 A 58 sroNEs
4&780 530340 A 59 28.8
163711 5?9?29 A 60 12.0
4&82 528173 A 61 81.3
163709 527115 A 62 48.0
462&1 528205 A 63 47.4
4 6 1 6 3 8 5 2 7 0 9 0  A &  4 . 5

llETAt CoNcEllTRAIlot{s (pFn)

Zn Pb Fe l,ln co H9]ricdCrCu

46
47
75
56
57
38
43
58

63
45
14
38
46
45
45
56
55

47
92
56
6
41
32

146
154
212
159
143
140
138
143

172
1/.0
44

140
145
112
148
172
171

150
232
149
167
132
106

77 203
55 109

0.72 0.54
14 41

560 620

108 29100
95 40200

't39 38900
92 41600
96 %700
68 43@,O
& 41300

106 %700

132 1160,0
104 326,,0
29 39300

102 28ro0
1?3 32100
102 31400
102 33300
114 38300
112 3/.700

105 14400
92 51800
56 39200
6 37800
44 39400
32 35600

36 1.81
33  1 .01
42 1.32
32 0.91
33  1 .21
21 0.80
28 0.61
34 0.90

47  1 .13
31  1 .06
9 0.80

28 1.01
31 1.34
28 0.90
28 3.Tl
33 1.31
2 9  1 . 1 2

28 1.00
17 1.90
36 0.70
34 11.50
25 0.81
14 0.52

323
]']i2.
356
413
392
675
rag

355

v2
327
101
302
66
335
v7
322
m

513
ta4

368
334
365
555

1 1
13
15
15
14
't3

15
15

18
15
9

1 5
15
15
14
16
16

14
t9
1 5
17
8
7

93
127
88

133
102
?39
198
101

73
70
61
74

m2
88
81
91
85

16
144
151
10?
108
2n

0
1
1
2
2
2
2
2

2
1
1
2
I
2
2
2
2

2
2
2
1
I
I

Average 34.9

Standard deviatim 22.O

Coeff icient of variat ion 0.6
l,f inim-m 2.5

l'laxim"rn 91.5

111 $127
44 5051

0.39 0.15
29 28700

335 55600

394 14
9 7 4

0.25 0.26
101 7
675 35

136 2
65 1

0.48 0.43
5 8 0

320 4

37 2.8
9  5 . 1

o .z4  1 .&
9  0 .5

57 32.7



Table 9 Calculatlon of 10 year average dredged quantlty

DREDGED GX.JA}ITITY (In situ c(6ic rptres)

CIIART 1979 1980 1981 1982 198:l 1qv1 %198519tt4

1 47089 169fi2
2 24761 526472
3 1@599 201405
4 153505 109502
5 n911 104078
6 65879 115392
7 10394? 119915
8 3/,211 165702
9 332321 411038

10 152316 128016
11 2533/,0 128017
12 35Tt9 940/,8
13 50518 940!,9

61781 y?67

183687 ITt1%
116807 78{/,4
142t+OZ 133017
55431 75992

127176 81352
165918 139007
187951 156214
22&63 3204/,0
159T15 r13396
1597n 83790
68874 40529
6886 0

45901 63928
44m7 41415
83318 71552

105748 1*140
377319 328n6
17281 1a,6n6
213102 1?5,aJ7
124183 76158
75253 26556

137895 9176f
%99 73590

?07579 27398t+
43928 t$136

113676 126l.6 113v6
55t61 109141 104423
w 181249 14596

124573 167103 1?A78
451t38 276356 3/yJ.?9.3
137318 158050 156505
87860 113497 1,l.2m5
111& 49306 51921
65394 5@1 97206

190168 .&&.4 83998
181790 131962 93990
233513 318568 311718
30985 1956a2 191627

19II8 AVERAGE

1806/,0 v5755.5
57551 154771

108843 118665
14103 13216
3%558 252505
150140 12876
&456 124659

1473& 103453
'f 33660 174515
74456 119666
%680 1469t+

153580 174136
126074 &787-4

Total 1656101 236934 1724917 1433&3 1728l.63 kn456't811664 19t+8W 198499 1811225 1793,489



Table l-0

1987 DATA

<90

Average 32
Standard de\riation 22
Coeff icient of variat ion 0.70
l{inim"m

l,laxim,rn

1988 DATA

<90

Average 29
Standard deviation 25
Coeff icient of variat ion 0.86
l,linim,rn

l{axim"rn

1989 DATA

<90

Average 35
Stardard deviatim 22
Coeff icient of variat ion 0.63
l,linim.rn

l.laximm

1988 RIVER DATA

<90

Average 71
Standard deviation 28
Coeff icient of variat ion 0.39
l,linimrn

llaxim.rn

Statlstical summary of results

CollnFePb2n

3
97

101 224
55 80

0.54 0.35
40 t@

351 574

77 203
55 109

0.72 0.54
14 11

360 620

109 34498
40 39y'

0.37 0.12
24 26796

a6 53266

4y 11
8 0 3

0.18 0.28
277 3
6 8 , 2 m

ilgN icdFeCu

0
95

69 190 120 40723 488 11 85 1.48 35 1.18
17 100 63 10918 158 2 81 0.73 7 1.12

0.68 0.53 0.52 0.27 0.32 0.20 0.96 0.49 0.21 1.21
13 49 11 22100 310 7 15 1.00 23 0.02

350 710 351 101000 13/}O 18 519 4.00 57 10.33

HgilicdCrCoFePbZnCu

3
92

114 40127 394
44 5051 97

0.39 0.15 0.25
29 28700 101

335 55600 675

14 136 1.77
4 65 0.75

0.26 0.48 0.43
7 58 0.25

35 320 4.00

37 2.8
9  5 . 1

o.?4 1.84
9  0 .5

57 32.7

HglricdCrFePb2n

3
99

145 411 279 4156a 493 13
87 239 196 10289 ?23 3

0.50 0.58 0.70 0.a 0.45 0-?5
20 T7 22 ?4600 80 5

512 890 1300 100000 2440 a

157 3.42 44 3.82
203 2.00 9 5

1 .??  0 .59  0 .20  1 .18
14 1.00 17 0.0/o

1380 8.00 68 33.95



Table 11 Stat lst ical  sunmary of results,  0-20, 20-63
53-90 mlcrons (Septenber L987 sanples)

0-20 mic ron  f rac t ion  (d isposat  g round and sur round ing  area)

l lETAt CoIICEilTRATIOilS (ppm)

l l i  nimum

l, l inimum

llax i mum

Z s i z e

l lean 15  .9
Standard  dev ia t ion  14 .6
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 9 2

Cu Zn Pb Fe f, ln Co

166 340 182 40909 456 14
93 119 66 5024 103 3.5

0 .92  0 .92  0 .92  0 .92  0 .92  0 .92
42.0 104.0 26.0 22600.0 268.0 4.0

42 104 26 22600 268 4
518 1014 500 51200 928 24

Cu 7n Pb Fe l {n Co

73 159 61 3't 280 4r7 9
38 57 26 5907 88 3

0 . 5 3  0 . 3 6  0 . 4 3  0 . 1 9  0 . 1 9  0 . 3 4
16  56  10  16900  310  2

241 464 170 48300 770 17

Cu Zn Pb Fe l ln Co

37 111 42 25490 360 7
37 30 17 7427 103 3

0 .98  0 .26  0 .39  0 .29  0 .28  0 .42

10  64  12  13300  180  2
363 262 142 47400 693 15

resut ts ,  O-2O, 20-63 and 63-90 microns

0 . 4
0 . 4

79.4

20-63 mic ron  f rac t ion  (d isposat  g round and sur round ing  area)

l. lETAL CoNCEITRATIONS (ppm)

%si  ze

l.lean 9
Standard  dev ia t ion  7
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 7 9
l,l i ni mum

l{ax i mum

% s i z e

l, lean 6.8
S t a n d a r d  d e v i a t i o n  5 . 4
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 7 9

l , l in in rum 0 .4
l , lax imum 30.1
T A S L E  1 1  S t a t i s t i c a t  s u m m a r y  o f

1

34

63-90 mic ron  f rac t ion  (d isposat  g round and sur round ing  area)

f, lETAL CoNCEilTRATtoNS (ppm)

0-20 mic ron  f rac t ion  (d isposat  g round and sur round ing  area)

i lETAt COITCENTRATIONS (ppm)

% s i z e

l l e a n  1 5 . 9
Standard  dev ia t ion  14 .6
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 9 2
l,l i ni mum 0. /+

l , l i n imurn  0 .4
lf  aximum 79.1

Cu Zn Pb Fe

166 340 182 40909
93 149 66 5024

0 . 9 2  0 . 9 2  0 . 9 2  0 . 9 2
42.O 104.0 26.0 22600-0

42 104 26 22600
518  1014  500  51200

l{n Co

456 14
t  0 3  3 . 5

0 .92  0 .92
258 .0  4 .0

268 4
928 24



Table 11 (contd.)  Stat ist ical  summary of results,  O-20, 20-53 and
63-90 microns (September L987 samples)

20-53 mic ron  f rac t ion  (d isposat  g round and sur round ing  area)
HEIAL COIICEilTRATIOilS (ppm)

ls i ze Cu Zn Pb Fe f,tn Co

l,f ean 9
Standard  dev ia t ion  7
C o e f f i c i e n t  o f  v a r i a t i o n  0 . 7 9
t{ i nimum 1
l{aximum 34

6 3 - 9 0  m i c r o n  f r a c t i o n  ( d i s p o s a l ground and surrounding area)
!'tETAt ColtcE}lrRATtoils (ppm)

Cu Zn Pb Fe

t tean

Standard  dev ia t ion

C o e f f  i c i e n t  o f  v a r i a t i o n

l l in imum

l, laximum

61 31280
26 5907

0 . 4 5  0 . 1 9
t0 16900

170 48300

12 25490
17 7427

0 . 3 9  0 . ? 9

12 13300
142 47100

457 9
8 8 3

0 . 1 9  0 . 3 4
3 1 0  2
770 17

350 7
103  3

0 . 2 8  0 . 4 ?

180  2
693 16

73
38

0 .53
1 6

241

159
57

0 .36
56

464

114
30

o .?6

64
262

% s i z e

6 . 8

5 . 1

0 . 7 9

0 . / o

3 0 . ' l

37
37

0 .98

1 0
363



Table 12 (90 micron fractlon reglonal averages

r<90

September 1987 samptes

l lETAL CoNCEilTRATlott (ppm)

Cu Zn Pb Fe l4n Hgl r icd

suo
strl

DG

ltE I

NEO

ltsto

ltl, I

D G

S E I

sEo

June 1988 samptes

sut
D G

IIE I

Nlto

ltuI

D G

S E I

DR AV

BGRD

t{arch  1989 samptes

95 36804
92 35903

131 36783
98 35818

105 30975

90 31338
114 31131
131 36783
112 33793
106 32273

37 .7  56 .7  157 .0
28 .5  99 .3  255 .8
36.3 55 .9 ',t59 -1

37 .7 56.7 157 -O
16.8 62.0 170.1
28 .5  99 .3  255 .8
3 8 . 6  5 0 . 2  1 6 8 . 5

70.2 159.2 459.6
43.7 47.9 12s.4

116.6 40114.3 467.1
150 .9  36155 .6  445 .6
109 .8  42900 .0  504 .3

116.6 10111.3 167.1
98.2 40990.0 480.0

150 .9  36155 .6  445 .6
1 1 /+ . 7 43000.0 466 .7

276.7 16176.9 531.9
78.7 33351 455.7

13 .9  148 .3
9.8 53.4

36.4 0.6
33.6 2.2
42.4 0.8

36  -4  0 .6
33 .2  0 .9
33 .6  2 .2
39 .?  0 .9

44 .6  3 .8
32 .5  0 .6

2 6  1 . ' l
4 1  1 . 6
3 9  2 . 1
4 6  2 . 9
3 7  4 . 0

3 4  1 . 0
4 0  1 . 5
3 9  ? . 1
38  7 .0

1 3
27
22
15
55

50
22
22
3 1
18

84
90

160
81
67

72
109
160
86
72

205
212
301
192
189

172
240
3 0 1
200
189

202
204
218
?69
147

149
190
218
215

5 5 1
187
459
415
387

373
419
459
401
397

1 1
1 l
1 0
1 2
1 1

1 2
1 3
1 0
1 1
t 0

1 1 . 0
1 0 . 2
12.4

1 1 . 0
10 .4
' t  0 .2
1 1  . 5

1 0
l 4
1 4
1 5
1 ?

84.7
95.2
48.2

84.7
8 1 . 8
95.2
8 0 . 0

1 . 1
2 . 0
1 . 2

1 . 1
1 . 3
2 . 0
1 . 3

3 . 7
1 . 1

ssro
sut

DG

i lE t

ltEo

NUO

lt!, I

D G

s E t

1 8
36
3 1
26
32

54
38
3 1
34

49
8?
9 1

143
44

54
73
9 1
80

502
407
388
404
328

386
415
388
447

1 6

1 4

1 4

1 7

194
180
161
129
86

1 1 3
1 0 1
161
165

1 . 2
2 . O
2 . 0
2 . 4
1 . 1

1 . 8
1 . 6
2 . O
2 . 0

75 39460
129 41260
'f 38 43833
140 4?813
107 35025

102 38117
112 40820
138 43833
110 44217



Table 13 (9Omicron fractlon, enrlctunent factor of reglons

Ares Cu

September 1987 samptes

H gcdC rPbZn

s to
st,r
D G

N E I

ilEO

iliJo

Nt, l

D G

S E I

sEo

June 1988 samptes

s t I

D G

IIE I

lttro

llt.,t

D G

s E t

DR AV

SGRD

l,tarch 1989 samptes

stro
sut
D G

IIE I

ltE0

ltl.ro

ItJI

D G

s E t

sEo

0 .33
0  .38
1 . 0 1
0  .30
0 . 1 8

0 . 2 1
0 . 5 5
1 . 0 1
0  .34
o . 2 2

0 . 2 4  0 . 0 8
0 . 2 6  0 . 0 7
0 . 5 3  0 . 2 7
0 . 2 0  0 . 1 0
0 . 1 9  0 . 1 2

0 . 1 5  0 . 0 6
0 . 3 5  0 .  1 8
0 . 5 3  0 . 2 7
o . 2 3  0 . 1 7
0 .  1 9  0 . 1 4

0 . 0 8
0 .46
0 . 0 7

0 . 0 8
0 .  1 5
0 .16
0 . 0 2

1 . 0 0
0 . 0 0

0 .  1 0
0 .39
0 . 1 1

0 .  1 0
0 .  1 4
0 .39
0 . 1 3

1 . 0 0
0 -00

0 . 2 3
0 . 2 4
o . 3 7
0  .43
0 . 0 7

0 . 0 8
0 .  2 0
0 . 3 7
0 .36
0 .  1 0

0 . 1 9
0 .36
0 . 1 6

0 .  1 9
0 . 1 0
0 .36
0 . 1 8

r . 0 0
0  .00

- 0 . 0 2

0 . 2 5
0  .30
0 . 3 1
0 . 1 4

0 .  1 2
0 . 1 7
0  .30
0 . 1 6
0 . 0 9

0  .33
0 .44

-  0 .05

0 .33
0 . 3 0
0 .44
0 . 2 8

' t . 00

0 . 0 0

1 . 4 9
1 . 3 3
r  . 1 3
0  .80
0  .34

0  .63
0 . 5 0
1  . 1 3
1 .  t 8
0 .64

0 . 0 1
0 . 3 1
0 .39
0 .86

- 0 . 0 3

0  .05
0 . 2 3
0 .39
0 . 2 9
0.0/r

0 .03  0 .02
0 .35  0 .50
0 .05  0 .06

0 . 0 3  0 . 0 2
0 . 0 9  0 .  I  0
0 .35  0 .50
0 . 1 0  0 . 1 0

1 . 0 0  1 . 0 0
0 .00  0 .00

0 . 0 5  0 . 1 6
0 . 3 5  0 . 3 0
0 .55  0 .48
0 . 5 0  0  . 7 1
0 . 0 0  1 . 0 7

0 . 2 9  0 . 1 2
0 . 2 0  0 . 2 9
0 . 3 5  0 . 4 8
0 . 3 5  1 . 9 9
0 .  25  0  . 74



Table 14 0-2Omicron, 20-63mlcron, 63-9Omlcron,
(Septenber 1987 samples)

fractions reglonal average

Afea

0-20mi crons

s t 0
slrI
D G

ltE I

ItEO

lltro

ltt, I

DG

S E I

sE0

20-53mi crons

stro
st,t

D G

N E T

llE0

N!'O

ll$, I

D G

S E I

sEo

63-90mi crons

sUo
s t I

D G

t{E I

nEo

i l to

i l t , I

D G

S E I

sEo

l s i z e CoFe

5
1 4
1 0
50
1 6

22
1 0
1 0
1 6
23

144
171
269
103
102

301
359
483
240
273

1 5
1 5
1 4
1 4
1 5

1 5
1 7
1 4
1 6
1 3

168 38900
17? 39363
222 44817
134 410?9
165 40200

156  38187
203 10356
222 44817
183  40150
178 38488

33415
30700
27020
228?1
17875

23633
27467
27020
27938
22569

538
5 1 6
501
428
427

369
465
501
430
396

114 247
202 402
269 483
132 300
116 275

13 48
4 3 3
5  5 1
8 3 9

l ' f  25

5
6
5
4
7

5
6
7
4
8

30
37
5 1
33
2 1

7
8
6
6
6

9
7
6
7
5

124
135
125
1 0 1
9 1

109
't21

125
116
105

4 1
50
49
38
33

38
42
49
44
42

553
436
361
305
271

338
371
361
3?7
338

1 3
4
7
6

1 1

3 1
37
5 1
34
20

47
33
5 1
43
24

126
136
125
102
9 1

1 0 8
1 1 9
125
124
103

42 31046
49 31413
49 26912
38 23600
34 17013

38 23013
41 26556
49 26942
47 29475
41 21994

566 7
418 8
360 6
3' t0 7
263 6

330 8
350 7
360 6
343 7
332 5



Table 15 Naturally occuring concentratlons

CONCEMMTION (ppm)

Metal Earths crust

Fe
Mn
Cr
Ni
Zn
Cu
Co
Pb
cd
Hg

56000
9s0
100

75
70
55
25

L2 .5
0 .2

0 .08

Granite

27000
400

4
0 .5
40
10
1

20
o.2

0 . 0 8

Basalt Shale

86000 47000
1s00 850
200 L00
150 95
100 80
100 57
48 2A

5 100
0 .2  0 .  3

0 .08  0 .4



Table 16 Correlatlon of merals l_987, 1988 and 1989 sanples

Spbot Z Probabitity of
si gnif icant coretat ion

Septsnber 87 survey Disposat site ard surrornding area

+#

++

+

o

Cu 7n
C u + +

7n 90--90

Pb 90--90 90-9
Fe 90--90 90--90

l{n 90--90 90--90

Co 99-+99.9 90--90
cr 90--90 90--90
cd 90--90 90--90
lui 90--90 90--90
Hs 90--90 90--90

Zsitt  90--90 90--90

>99.9

99 to +99.9

90 to +99
-90 to +90
-90 to -99

-99 to -99.9

<-99.9

Cu +.r+ *+ +*

Zn >99.9 +++ +++

Pb >99.9 >99.9 +++

Fe >99.9 >99.9 >99.9

l.ln 90-+99 90-+99 <-99.9 >99.9

Co 99-+99. 90-+99 99-+99. 90-{99
Zsize <-99.9 <-99.9 <-99.9 <-99.9

l ln Co ldsize

+ *

+ +

++

+.F + -- -

<-99.9 +

<-99.9 90-+99

FePbZnCu

June 88 survey Disposal site and surowrdirg area
Cu Zn Pb Fe f,tn Co Cr Cd Ni Hg Zsi tt

C u + . r + + + + o o + + + + + + + o + r - +

Z n < 9 9 . 9 + + + + * + + + + . r + + o + + +

Pb <99.9 <99.9 + ++ + # +++ o +r+
Fe -90-+90 9O-+* 90-+99 +++ +++ +* o ++r o -

lln -90-+90 99-+99. 99-+99. <99.9 ++ .r++ o + o ---

Co 90-+99 90-+99 90-+99 <99.9 99-+99. o + ++r o o
Cr <99.9 <99.9 99-+99. <99.9 <99.9 -90-+90 + o +++
cd 49.9 <99.9 <99.9 -90-+90 -90-+90 90-+99 90-+99 o {-}+ o
Ni -90-+90 -90-+90 -90-+90 <99.9 90-+99 <9.9 -90-+90 -90-+90 o +
Hg <99.9 <99.9 <99.9 -90-+90 -90-+90 -90-+90 <99.9 <99.9 -90-+90 o

zsitt -90--99 -90--99 -90--99 -90--99 >-99.9 -90-+90 -90--99 -90-+90 gO-+99 -90-+90

ilarch 1989 survey Disposat site and surra.nding area
Pb Fe Mn
o o

o o

Ni  Hg Zs i t t

o + + o

o + o

o o o

o o

o -

o o o

o o o
+ o o

o o

90--90 o

90--90 90--90

o

o

Co

o

o

o

o

o

Cr Cd

o o

o o

O +
+ o

o -
- +

o

o
90--90
90--90 90-99
90--90 90--90
90--90 90--90
90--90 90--90
90--90 90--90
90--90 90--90
90--90 90--90

90--90
90--90 90--90
90--90 90--90
90--90 90--90
90--90 90--90
90--90 90--90

90--90
90--90 90--90
90--90 90--90
90--90 90--90



Tabte 16 Corretation of nretats 1987, 198{! ard 1989 sarptes

1988 survey Tees River Dredged Camet
Cu Zn

Cu +.F}

Zn >99.9

Pb 99-99.9 >99.9

Fe 99-99.9 99-9.9

l{n 90-99 90-99

co -99-9 >99.9

Cr >99.9 9-99.9

cd >99.9 >99.9

ili -99-9 -99-99

Hs 90-99 90-99

zsrLT -99-99 -n-99

Pb Fe
s *

+* ++

o
-99-99

-99-99 >99.9
-99--90 -99--90 99-99.9
>99.9 90-99 -99--90 -99--90

>99.9 9-99.9 90-99 -99-99
-99-99 -99-99 -9-99 -99-99

>99.9 -9p-99 -99-99 -99--90
-99-99 -9-99 -99-99 -99-99

lln Co
+ o

+ o

o - -
+ . F o

++

Hs Zsltl
+ + o

+ + o

# + o

o o

o o

o
.F+ O

+ + o

o o

o
-99-99

Cr
#

.F

+#

+

o

cd
'H

s+
.H

++

+

o
.*+

n i
o

o

o

o

o

o

o

o

-9-99

-99-99

>99.9
-99-99 -99-99

>99.9 9-99.9
-99-99 -99-99

September 87 survey Disposal site
Cu Zn Pb Fe ttn Co 1size

C U # + O + * + O

Z n > 9 9 . 9 o + o - - -

P b > 9 9 . 9 > 9 9 . 9 + o o - - -

Fe -90-+90 -90-+90 90-+99

lln 90-+99 90-+99 -90-+90 <-99.9 o o
co >99.9 -90-+90 -90-+90 <-99.9 -90-+90 +r

lsize -90-+90 <-99.9 <-99.9 <-99.9 -90-+90 99-+99.

June 88 survey Disposat site

Cu Zn Pb Fe lln Co Cr Cd lli Hg Usitt
C u # + + + + + + o + + + + . } + . } + + + . F + o

Zn <99.9 +* *+ + .r++ ++ +++ + .+++ o
Pb <99.9 <99.9 ++ o +* ++ *+ +r +++ o
Fe 99-+99. <99.9 99-+99. +++ +++ + ++ +.*+ + -

l,ln -90-+90 90-+99 -90-+90 <99.9 + o o .++ o -

Co <99.9 <99.9 <99.9 <99.9 90-+99 .r++ .r++ +.rr +++ o
Cr <99.9 99-+99. 99-+99. 90-+99 -90-+90 <99.9 +++ + r-r+ o
Cd <99.9 <99.9 <99.9 99-+99. -90-+90 <99.9 <99.9 + +Ff o
lli 90-+99 90-+99 99-+99. <99.9 99-+99. <99.9 90-+99 90-+99 + -

Hg <99.9 <99.9 <99.9 90-+99 -90-+90 <99.9 <99.9 <9B-9 90-+99 o
Zsitt -90-+90 -90-+90 -90-+90 -90--99 -90--99 -90-+90 -90-+90 -90-+90 -90--99 -90-+90

llareh 1989 survey DisposaL site
Cu 7n Pb Fe

C u . e o o

Zn -90-+90 o o
Pb -90-{90 90-99 o
Fe -90-+90 -90-+90 -90-+90

l.tn -90-+90 -90-+90 -90-+90 90-99

iln

o

o

Co

o

o

o

o

o

Cr

o

o

o
+

o

cd

o

o
+

o

+

o

ili

o

o

o

o

o

o

o
+

Hg

*
+

o

o

o

o

o

o

Zsi t t

o

o

o

o

o

o

o

o

Co 99-+99.9 -90-+90 -90-+90 -90-+90 -90-+90

Cr -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90

Cd -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90

lli -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90

Hg -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90

Zsitt -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90 -90-+90



Table 17

Syrbot

++

+

o

0-20micron fraction

Dispoeat site ard surranrding area

Correlat lon of metals on

% Probabit i ty of
signif  icant corretat ion

>99.9

99 to +99.9

90 to +99
-90 to +90
-90 to -99

-99 to -99.9

<-99.9

each size fraction, l-987 sanples

ZnCu
cu
Zn
Pb

Fe

t{n

Co

Zsize

Cu

Zn

Pb

Fe

l{n

Co

?lsi ze

Cu

Zn

Pb

Fe

fin

Co

?6si ze

{+

>99.9

>99.9 >99.9
>99.9 >99.9
>99.9 >99.9
-90-+90 -90-+90

<-99.9 <-99.9

Pb Fe
.F+ +*

.F+ +#

++

>99.9

-90-+90 90-+99
-90-+90 <-99.9

<-99.9 <-99.9

o  - - -
-90-+90 o
<-99.9 -90-+90

l{n
*+
.H

o
+

Co

o

o

o

0-2&nicron fraction

Disposal si te

cu Zn
'H

>99.9

>99.9 >gg.g
-90-+90 -90-+90

90-+99 90-+99
>99.9 -90-+90
-90-+90 <-99.9

90-+99
-90-+90 <-99.9
-90-+90 <'99.9
<-99.9 <-99.9

lln Co

+ + +

+ O

: -_ : . .
o

-90-+90

-90-+90 99-+99.9

iln

o
#+

s

#+

Co
+

+#

+#

+$

+

l,ln Co

o + #

o + +

o +
+++ +

o
-90-+90

-90-+90 <-99.9

Pb
,H

#+

Fe

o

o
+

lsi ze

o

o
+

%size

o

o
+

o

20-63micron fraction

Disposat site ard surrorndirg area

Pb
.H

*+

7rrCu Fe

o
+++

+*

+*

>99.9

>99.9 >gg.g
-90-+90 >99.9
-90-+90 >99.9

90-+99 5'99.0

<-99.9 <-99.9

>99.9

99-+99.9,99.9
>99.9 >9.9

<-99.9 <-99.9
90-+99

<-99.9 <-99.9

20-63nicrm fraction
Disposal si te

Cu

Zn

Pb

Fe

l{n

Co

lsize

Cu Zn Pb Fe
+ + . * + o

99-+99.9 *+ +
>99-9 >99.9 +
-90-+90 90-+99 90-+99
-90-+90 -90-+90 -90-+90 >99.9
>99.9 9-+99.9 9O-+9 90-+99
-90-+90 -90-+90 90-+99 <-99.9



Table 17 (contd. ) Correlation of metals on each size fraction, L987

63-90micron fraction

Disposal site ard surrornding area

Pb
.s+

.H

ZnCu Fe

o
+*
.#

l,ln

o
s+

s

*+

Co

+

+*

+#

+*

+

ls ize

o

Cu

Zn

Pb

Fe

lln

Co

i(size

Cu

Zn

Pb

Fe

14n

Co

Zsize

63-90micron fraction

Disposat si te

H.

>99.9

>99-9 >99.9
-90-{90 >99.9
-90-+90 >99.9

90-{99 >99.9

<-99.9 <-99.9

>99.9

99-+99.9>99.9
>99.9 >99.9
-90-+90 <-99.9

Fe

o

+

+

90-+99 --:

<-99.9 <-99.9

lln Co Zsize

o + * s

o + + +

o + *
+++ +  - - -

o +
-90-+90

90-+99 <-99.9

Cu 7ll Pb

++ #+

99-+99.9 .*+

>99.9 >99.9

-90-+90 90-+99 90-+99
-90-+90 -90-+90 -90-+90 >99.9
>99.9 99-+*-9 90-+99 90-+99
99-+99.9 90-+99 99-+99.9<-99.9
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