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SUMMARY

The research work reported in this thesis is concerned with the
development and application of an urban scale sampling methodology
for measuring and assessing background levels of heavy metal soil
contamination in large and varied urban areas. The policy context
of the work is broadly the environmental health problems posed by
contaminated land and their implications for urban development
planning. Within this wider policy context, the emphasis in the
research has been placed on issues, related to the determination
and application of 'guidelines' for assessing the significance of
contaminated land for environmental planning.

In concentrating on background levels of land contamination, the
research responds to the need for additiocnal techniques which address
both the problems of measuring soil contamination at the urban scale
and which are also capable of providing detailed information for use
in the assessment of contaminated sites. Therefore, a key

component of the work has been the develcpment of a land-use based
sampling framework for generating spatially comprehensive data on
heavy metals in soil. The utility of the information output of the
sampling method is demonstrated in two alternative ways. Firstly,
it has been used to map the existing pattern of typical levels of
heavy metals in urban soils. Secondly, it can be used to generate
both generalised data in the form of 'reference levels' from which
the overall significance of background contamination may be assessed
and detailed data, termed 'normal limit levels' for use in the assess-
ment of site specific investigation data.

The fieldwork was conducted in the West Midlands Metropolitan County
and surface soil has been sampled and analysed for ameasure of
plant-available' and 'total'lead cadmium, copper and zinc. The
research contrasts with much of the previous work on contaminated
land which has generally concentrated on either the detailed invest-
igation of individual sites suspected of being contaminated or the
appraisal of land contamination resulting from specific point sources.

environmental planning, contaminated land, heavy metals, mapping
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CHAPTER 1

A GENERAL REVIEW OF THE RESEARCH AREA

\

Introduction

The research work reported in this thesis is concerned with the devalopmem-:'
and application of an urban scale mapping methodology for measuring and
assessing background levels of heav_y metal soil contamination. ‘The
function of this chapter is to present and dd.scu:ss t.he.- xe_:search area

within which the research work has been undertaken Iand to identify key
problems for research and policy in general. In so doing, it offers a
research agenda to which this research work responds. This is followed

by a summary of the problems which are to be addressed by the research.

The chapter also sets out, in brief, the objectives of the research, the

major methodological issues and the structure of the thesis.

Contaminated Land - the Research Area

Contaminated land, as a general issue, has been defined (Department of
the Environment, 1981) as:

"Land which may be hazardous to man, the environment or to

some other target such as the materials of construction,

due to the presence of toxic substances, combustibles,

corrosive acids, or explosive and asphixiant gases".
There is potentially a wide range of hazards which may result from
contaminated land, including the presence of highly corrosive acids, toxic
and flammable gases, high concentrations of toxic and plflxytotoxi.c heavy metals
such as 1elad, cadmium, zinc and nickel, and dangerous substances such as
cyanides, phenols and certain hydrocarbons. . The nature and extent of the
hazard depends largely on the individual source of contamination and
proximity to polluting activities. For example, landfill sites, a common

contaminated land prablem, used for the disposal of toxic wastes, will

inevitably contain a wide range of toxic and dangerous substances. At the
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1.2.4

other end of the scale, garden soils may contain elevated levels of lead
due to flaking of lead based paints, vehicle emissions or the burning of

domestic refuse (see studies by JURUE, 1981; Davies, 1978, Harrison,1979).

The actual problems presented by contamination of the land are seen largely
as the hazards and risks contamination may present to users or occupiers.
This 'risk' is made up of a number of components including who, or what is
exposed to a particular level of contamination and for how long. From a
public health point of view, the hazards presented by contaminated land
may be either short term, such as the prcblems of exposure of construction
workers to aggressive chemicals or toxic and flammable gases, or long temm,
those stemming from the uptake of heavy metals by food crops grown on
contaminated land. In the case of plant health, there may also be short
term problems of establishing vegetation cover on contaminated land due

to the presence of heavy metals, some -of which are phytotoxic and completely
inhibit plant growth (see Bradshaw, 1980).

Land becomes contaminated predominantly as the result of man's activities.
The sources of such con-taminail:ion have been discussed at length elsewhere
(see for example Society of Chemi&al ..Industry, 1980; Smith, 1980; Haines,
1981; Harwell, 198l1). However, typical examplels includé: metal mining
operations; écrap yards; waste disposal sites; sacrificial land used
for sludge disposal; and accidents such as that which occurred at Seveso
in Italy. .’ A further source of contamination is the deposition of airborne
pollution as in the vicinity of primary and secondary metal working, from
refuse incineratorg and traffic sources. Garden soils in older
residential areas may also become contaminated dué to the flaking of lead
paint. Secondary dispersal of waste by wind and water can lead to the
widespread contamination of suftou_nding land. Examples of land which hés

been found to be contaminated include: town gas mmufact&ing sites;
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land-fill sites; agricultural land overdosed with sewage sludge
containing toxic metals; and railway land. The above examples are by
no means exhaustive but they do serve to illustrate that contaminated
land can be broadly divided into two main categories. Firstly, there
is the localised, usually severe contamination of individual sites, and
includes contamination from town gas works and the disposal of toxic
wastes. The second category covers the usually less severe background
contamination and includes that resulting from the elevated ambient
concentrations of metals present in the urban environment due to traffic

sources or secondary fume emission from smelters.

In recent years, attention has been focussed on the hazards of contaminated
land as a result of a number of serious pollution incidents on spécific
sites. Foremostlamongst these are the well known cases of chemical land-
fill sites of 'Love Canal' in the U.S.A., 'Lekkerkirk' in Holland and
'Malkins Bank' and 'Ravenfield' in Britain. All four cases have presented
considerable environmental prcblems due to the presence of large quantities
of dangerous and in some cases, unidentified chemical wastes. Examples
of other contaminated land problems which have received attention afe

those where contamination of the land was discovered only after redevelopment
had started and include Beaumont Leys in Leicestershire and Thamesmead,
London. The Beaumont Leys site, a former sewage farm, covers a total of
800 hectares, the majority of which had been subjected to sewage sludge
disposal and effluent irrigation for over 70 years. In 1976 the site was
to be redeveloped for residential and recreational use and a sﬁb—regional
shopping centre. Preliminary 1pvest1gation revealed that the site was
contaminated with toxic heavy metals, including arsenic, lead and cadmium,
with a cadmium level in places of over 60 mg/kg. Before deve%opment could
proceed, it was necessary to carry out extensive and costly ameliorative

treatment, including removal of the more highly contaminated material.



1.2.6 The Greater London Council's Thamesmead development in part occuples the
site of the former 'Woolwich Arsenal'. The development covers
approximately 650 hectares, of which 250 hectares had been progressively
and extensively developed for munition production. The 'Arsenal' was
self supporting in every term, producing its own town gas, steam and
electricity, the wastes from these plants being deposited widely across
the site to a depth of several metres. In the 1960's the Thamesmead area
was scheduled for redevelopment into a town for 60,000 people. After
development had started, contamination soon became apparent during
excavations. The 'Arsenal' area‘'was found to be contaminated with asbestos,
spent oxide and cyanide, and in' places the ground was saturated in phenolic
liquids. There was also the added problem of spontaneous combustion of
waste material buried at depth. Development was halted and an extensive
ameliorative programme has had to be undertaken, including the removal and
disposal of several thoﬁsand cubic metres of 'contaminated soil'. Even
today, there is still a large mound on the Arsenal,composed almost entirely
of ash, industrial residues and gas works waste which has yet to be

investigated fully.

1.3 Agenda for Research and Policy

1.3.1 The above brief synopsis of the research area of contaminated land suggests
that large areas of former industrial land, and land close to industrial
point source emissions may be contaminated. This poses problems for
research and policy in two main areas:

i) in relation to contamination as a source of environmental
pollution that can have general public health implications.

- i4) and planning and policy issues related to the control over
land contamination and the problems of redeveloping
contaminated land.
With regard to this general context, there are a number of impdrtant issues
to which the research community in general should respond and which require

policy reponses from both central and local government. These are

discussed below.



1.3.2 Environmental and Public Health Related Policy Issues.

The introduction to tﬂe origins, nature and problems posed by contaminated
land in section 1.2 suggests that there are a wide variety of forms in
which contamination may occur, and there are a great variety of targets
that may be at risk from the presence of unacceptable levels of toxic
elements. However, the environmental and public health risks associated
with the presence of contaminated land, can be summarised as follows:

i) hazardous materials may be re-suspended in the air as
dust and distributed over large areas, affecting the
general population through inhalation.

ii) contamination in the soil may relocate into food and
affect health either directly throuch the consumption
of crops grown on contaminated soil or indirectly via
animals and animal products.

1ii) the contamination level may be sufficiently high to
present a direct hazard to children displaying 'pica’
or to the population generally through skin absorption.

iv) presence of contamination may inhibit plant growth thus
creating a barren and bare landscape as is the case with
mine-spoil waste dumps.

1.3.3 Land-related Policy Issues

In terms of the land-related policy iésues, the problem is essentially a
threefold one. There are the 'general' prablems of control over
contaninated land and the prevention of further land contamination. The
second probiem is one of 'background' contaminaticn of land which has
accumulated over a long period of time. The third prcblem is one of the

redevelopment and re-use of potentially contaminated sites.

1.3.4 Control over Contaminated Land

In Britain, until very recently, there was no specific légilsaticn to
control or prevent the contamination of land, even with regard to the case
of disposal of contaminated waste to land. 1Indeed, it has only been
within the last decade that contaminated land has been recognised as a
serious environmental problem. There are only general procedures for

control of land contamination, such as those provided by town planning
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legislation and the nuisance provisions of the Public Health Acts (1939,
1969) . Moreover, these are generally weak and lack specific statutory
provisions to prevent land contamination. The result of this long
history of lack of control is that large areas, particularly in or in
close proximity to industrial centres may be contaminated,and the full
extent of the problem of contaminated land remains unquantified.

In addition, the problem of land contamination hés been further compounded
through a succession of Alkali Acts, Clean Air Acts, Water Acts and
Public Health Acts, which have resulted in a progressive and stricter
control over the discharges of pollutants to air and water. The result
of these stricter controls is the diversion of emissions and wastes away
from air and water to the land, in the form of landfilling of wastes. It
is only in the field of waste disposal, with the introduction of the
Deposit of Poisonous Waste Act (1972) and Control of Pollution Act (1974)
that specific 1ggi§1ative control over land contamination is exercised.
Even with the control, there remains the question of land contamination

through what is effectively the storage of contaminated waste on land.

Background Contamination

The sources of land contamination, the environmental and public health
prcblems associated with contaminated land, and the problems of control
over land contamination, are common to both 'background' contaminated land
and the re-use of contaminated 'sites'. The distinction is, however, a
necessary one because in the case of background contamination the main
concern relates to general problems of exposure to toxic elements - the so
called long term, low dose exposure problem, Whereas the re-use of
contaminated sites often involves a change of use which introduces the
possibility of high dose, short and long term exposure problems to toxic

\
elements,

The term 'background', referred to above, is taken to be ambient levels of

- 6w



1.3.6

contamination which are measurable at any point of area, and which are
usually not identifiable with any particular source. It is, therefore,
an expression to indicate local gradients and variation in contaminateq
land over large areas. Background contamination is an important and
complex issue for three main reasons. Firstly, it is widespread
contamination present in the environment predominantly at low levels, but
to which there is a high degree of public exposure. Secondly, the
environmental health problems associated with exposure to toxic elements
may only be detected after a number of years due to low dose and slow
accumulation rates of contaminants. Thirdly, since background
contamination is a result of a wide range of sources (ranging from
secondary fume emission and traffic to the use of lead based paints), the
problem may become more acute in the long term, because there are no
obvious point source emissions to control.

The problem is further complicated by the fact that to date, there is very
little accurate data on background levels of contamination in urban areas.
This lack of data has resulted in background contamination rarely being
considered as a significant problem to which control agencies may respond,

and therefore it remains as a continuing problem.

Re-use of Contaminated Land.

The problem of re-using and redeveloping contaminated laqd is a recent
policf issue, due mainly to the discovery of severe contamination on sites
after redevelopment has started. In the last five years central
governﬁent, with the establishment of the Interdepartmental Committee on
the Redevelopment of Contaminated Land (ICRCL) and, to a lesser extent,
local government, have come to realise that large parts of our towns and
cities may be contaminated with toxic élemeﬁta, through man's activities.
\
The problem is more acute in the traditional industrial centres where

structural industrial change is taking place and where there are increasing

pressﬁres to revitalise many of the older urban centres through

R,




redevelopment. Exampleg of such changes include the 'streamlining’

of the iron and steel industry in the 1970's, and the change from town
gas to natural gas in the 1960's. The consequences of these changes,

is the existence of a'large number of disused sites awaiting re-use.

The classic example is the estimated (Harwell, 1981) 1,000 former town

gas manufacturing sites, located close to city centres, which have been
found to be severely contaminated (Harwell, 1981; Dean and Goalby, 1980;

Wilson and Hudson, 1980).

1.3.7 As indicated earlier, the problem of contaminated sites is made more
acute due to increasing pressures to redevelop such sites in an effort
to regenerate the older inner city areas. Pressures to re-use
contaminated sites arise from a number of factors, and these may be

summarised as:

i) their location within the urban area means that they
are often viewed as prime development sites. They
may have the advantages of infrastructure services.

ii) for social reasons, the existence of disused land
is often seen as a blight on the landscape.

iii) specific central and local government policies such
as the 'inner city policy' and environmental
improvement policies are geared to regenerating and
improving inner city areas.

iv) pressure from the Ministry of Agriculture to minimise
the use of agricultural.land for development. In
many cases, the only alternative 'available' land for
development are former industrial sites.

v)  pollution prevention to remove a source of unacceptable
pollution and risk to public health on water courses.

1.3.8 Key Research and Policy Issues

The preceding discussion has demonstrated that both contaminated land in
general and the re-use of c&ntaminated sites, presents a number of
significant problems for central government and local planning, and
environmental control agencies. The maln problems relate to assessing

the significance of the environmental and public health problems presented

v B -
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by contaminated land. This in turn raises the question as to whether

the scale and extent of contaminated land is significant enough to justify
a policy response to controi development in such circumstances. There is
also the issue of the prevention of further land contamination. It is
suggested by central government (Kenny, 1980) that the system of controls
over industrial activity, through legislation controlling emissions to the
atmosphere and water, and now over waste disposal, are rigorous enough to
minimise the risk of further land contamination. Recent research (JURUE,
1981, 1982) indicates that this is unlikely to be the case while water
authorities still adopt a policy of the disposal of metal contaminated
sewage sludge to sacrificial land, and the fact that many point source

emissions are still not adequately controlled.

It is evident from the above, and from preceding sections in this chapter,
that there are a number of key research and policy issues related to
contaminated land, to which the research community in general should
respond. These may be set out in brief as research needs:

i) need to obtain further, detailed information on the
extent and nature of contaminated land in general.

ii) to identify potentially contaminated sites in advance
of development proposals.

iii) to determine the nature and extent of contaminated land
prablems as it affects both environmental and public health.

iv) produce guidance in the form of standards and guidelines,
for the assegsment of the significance of the environmental
and public health problems presented by contaminated land.

v) to determine whether there is a need for further policy
to control land contamination.

vi) to develop appropriate remedial, ameliorative and

protective measures, particularly in relation to the
redevelopment of specific contaminated sites.

Contaminated Land-the Research Problem

A

The above provides a summary of the research agenda which forms the context

within which the work reported here is undertaken. Clearly, the wide

variety of forms in which contamination of the land may occur, as

-0 -
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demonstrated in section 1.2, and the variety of potential health hazards
presented by, and targets affected by contamination, means that it is
impossible, within the scope of a single research project, to tackle in
sufficient depth all of the above issues. Therefore, there is a need
to 'prioritise' these issues to identify a research problem to which

this research work can respond.

The value of extensive research conerned with the development of
ameliorative and protective treatment measures for contaminated land is
clearly contingent upon demonstrating that the scale and extent of '
contamination is a significant problem and that the presence of
contaminants on land is an unacceptable risk to environmental and public
health. The question as to whether there is a need for further policy
to control land contamination can only be determined by demonstrating
that contaminated land is a growing problem, which in turn requires two
inputs of information. Firstly, surveillance work to establish the
extent of the problem, and secondly, monitoring to detect trends in the

scale of land contamination.

It is evident from the above, that the research problem can be reduced
to two key, parallel issues; to obtain further information on the scale
and extent of contaminated land; and to demonstrate that the land
contamination and the presence of elevated levels of toxic elements is an
environmental and public health problem. This latter policy issue is
being addressed directly by central government through the ICRCL, and is
discussed further in Chapter 2, which concentrates on the determination
and application of acceptable levels of individual contaminants on land.
Therefore, within the framework of this research, the issue is limited
to 'background contamination' of the land, which is present as,a result
of man's activities and which renders it actually or potentially harmful

to human health or public health, or both. Within the context of this
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definition, the research work concentrates on measuring and mapping
background levels of heavy metal land contamination in urban areas.

This is because heavy metals are associated with a wide vafiety of

urban sources including: emissions from metal producing and utilising
industries; 1land disposal of metal contaminated sewage sludge; and
elevated ambient concentrations due to traffic and the burning of fossil
fuels. Therefore, there is widespread occurrence of elevated levels

in the general environment.

1.4.4 Moreover, when heavy metals enter the environment through man's activities,
they follow normal biogeochemical cycles, being transported by air, water,
and gravity until they reach a geochemical sink. Land is an important
sink and heavy metals have been shown to accumulate rapidly in soil. This
problem is further compounded by the fact that once in the soil, heavy
metals are depleted very slowly and therefore can remain at high levels
for long time periods. The implication of the above is that the problem
of heavy metal contaminated land is potentially widespread, and as such

is a key component of the research and policy questions in this field.

1.4.5 The presence of both high concentrations and slightly elevated levels of
heavy metals in the ambient environment has been shown to cause adverse
effects on human health. For example, long term exposure to high levels
of cadmium has been shown to cause cadiovascular diseases and renal
damage and 'Itai-Ital' disease in Japan (Friberg et al, 1974). In the
case of lead, exposure to high levels has been linked to brain damage,
behavioural disorders and death. In recent years, the 'Lead and Health'
debate has focussed attention on the potential adverse effects on health
from low level exposure to lead in the environment. The major issue
here is the link between certain neurological, intellectual qnd
behavioural problems, particularly in young children (see for example,

Barltrop, 1975, 1979; DHSS, 1980; Conservation Society, 1978), and

- 11 ~




1.4.6

1.4.8

exposure to slightly elevated levels of lead.

Information on background levels is also required as a pre-requisite

to epidermiological studies which may be used to assess the significance
to health of heavy metal contaminated land. In addition, central
government's present approach (discussed in detail in Chapter 2) to
developing standards and guidelines for contamination when contaminated
sites are being considered for re-use, is based on the principle that
conditions should not be significantly more hazardous than usual or normal.
Clearly, such a principle requires that detailed information on typically

occurring 'background"levels of contamination is available.

The general aim of this research work, therefore, is to measure and map
background levels of heavy metal land contamination. More specifically,
the objectives to which the research work responds are:-

1) the need to demonstrate the scale and spatial variation
of heavy metal contaminated land.

ii) the need to provide sufficiently detailed information on
soil heavy metal levels in urban areas to enable the
existing pattern of land contamination to be mapped and
used to identify 'hot spots' or 'stress areas'.

iii) need for information on naturally occurring background
levels in urban areas to provide baseline environmental
information against which elevated levels may be assessed.

iv) need for information on background levels of heavy metals
in urban soil to assist in the long term development of
environmental and health protection standards.

v) the need to provide sufficiently detailed information on
the spatial variation of heavy metals in urban soils to
enable typical 'background levels' of heavy metal soil
contamination to be established.

There are also methodological issues to which this research responds.

The key issue is the fact that heavy metals in urban soils have been shown

L]

to exhibit high spatial variability. Therefore, there is a need in the
\

research to reconcile the conflicting requirements of extended spatial

coverage, versus a high density spatial sampling, to achieve reliable
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1.5

measures of background levels. The prcoblem is further compounded by
the fact that there have been very few systematic surveys of soil heavy
metal contamination in urban areas and consequently there 1s a need in
this research to develop a systematic sampling methodology to enable

background levels of heavy metals to be measured and mapped.

Structure of the Thesis

Chapter 2 develops further the policy context of the research, specifically
the determination and applicationlof acceptable concentrations of heavy
metals in soils. This is followed in Chapter 3 by a detailed and critical
review of the adequacy of past approaches to mapping soil heavy metal
levels. Chapter 4 reports the development of a mapping methodology which
will allow for the measurement and representation of background levels of
heavy metal soil contamination. In Chapter 5, the results of applying the
mapping methodology in a case study area are presented and discussed.
Chapter 6 contains an aséessment of the significancé of the results through
comparison with published guidelines.l This is followed by the generation
of 'reference levels' and 'normal limit levels' from the information output
of the sampling methodology. The final chapter examines the contribution
this research study has made to the wider research and policy issues of

contaminated land.
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2.1

2.1.2

CHAPTER 2 _ ' F

STANDARDS AND GUIDELINES - A REVIEW OF EXISTING
LIMITS FOR HEAVY METALS ON THE LAND

Introduction

The broad aim of this chapter of the research study'is to review existing “
and proposed standards and guidelines for heavy metals in soils. The
derivation of such limits, their usefulness (in terms of defining !
acceptable concentrations for general environmental health purposes) is

also discussed. The chapter concludes'with a discussion on the potential

role of 'reférence levels' (background levels in typical urban areas) as

opposed to blanket standards in defining acceptable concentrations of

selected heavy metals which would ensure a protection of public health.

Attempts at producing satisfactory standards or guideiinés for heavy metal
concentration in soils is very much a recent phenomena. The standards
and guidelines, that have been produced to date, have been primarily
concerned with the protection of animal and plant health from overdosing
agricuitﬁraikgqils:with;dontaminated sewage giudge. . More recently, with
constraints oh new deﬁéibﬁﬁents at the urban‘f:&hgg éhdhinc§gésing pressure
to develop former industrial land, the inter-departmental Committee on the
L

Redevelopment of Contaminated Land (ICRCL) have been preparing tentative i

ggidelines for toxic elements, 1nc1uding he&vy metals fér the protection

of pﬁblic health. f

e : fa twl am bl o
It is demonstrated_that these present approéchegyto'ihéisetting of
standards or guidelines for heavy metals in soils are beset with

difficultieg.. In particular, there are increasing problems in interpreting

1
N

: "f-}g ' ; h z il . . v
results of site investigation in the light qf groposed guidelines due mainly
" ! - ¥ . v ' N ’ L . .
to the lack of knowledge on the toxicological effects of heavy metals in

soils and gaps in knowledge in defining concentrations of heavy metals in
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which could then be translated into safe application rates for metal
contaminated sludge. The guidance comes in the form of the Ministry of
Agriculture Fisheries and Food's Advisory Paper (ADAS 10) which was
produced in 1971, and concentrated upon defining safe application rates
of sludge containing zinc, copper, nickel and boron. It was this
advisory paper which first introduced the concept of a zinc equivalent
which was based upon past experiments and the advisory work of ADAS.
Experience at ADAS suggests that copper is twice, and nickel is eight
times, as toxic as the same amount of zinc to plant growth. It was
recommended that where zinc,. copper and nickel are present in the sludges,
the use of the zinc equivalent be adopted in interpreting permissible
additions of metals to soil. Table 1 summarises the conclusions of this
advisory paper. The values in the table are derived from experiments
undertaken by ADAS, which suggested that it is permissible to add to the
soil or zinc equivalent amounting to 250 ppm.

TABLE 2.1

MAXIMUM ZINC EQUIVALENT (ppm) IN SEWAGE DRY MATTER, FOR SAFE USE

Proposed rate of application

Proposed frequency (ton/ac dry matter)
of use 5 10 20 30 40 50
Every year 1,510 750 370 250 130 150
One year in two 3,020 | 1,510 750 500 380 300
One year in three 4,530 | 2,260 | 1,110 750 570 450
One year in four 6,040 3,020 1,510 1,010 750 600
One year in five 7,550} 3,770 { 1,880 |1,260 940 750
Example:

A batch of sludge with a zinc equivalent of 1,400 ppm in the dry matter:

a. could be used safely at 20 ton/ac of DM one year in four (the figure
- is below the maximum permissible);

b. could not be used safely at 30 ton/ac of DM one year in five (the
figure is above the maximum permissible).

Note =~ it is assumed that the soil pH is about 6.5 \

- it assumes that there are 2,000,000 lbs. top soil per acre.
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2.2

2.2.1

2.2.2

*1'

soils at which a health effect on hazard can be detected. Therefore
it is suggested that it is more appropriate, in the short term, to turn
our attention to describing existing 'normal' levels in soils in urban
areas, and then to use or adapt these as criteria in assessing whether
or not a particular set of levels of heavy metals, from a site

investigation for example, are anomalous or not.

Guidelines and Sewage Sludge to Land

The earliest attempts at producing standards or guidelines for heavy
metals in soil stems from the increasing interest in disposing of sewage
sludge to land. The report of the Working Party on sewage disposal
(Jeger Report 1970) estimated that about 80% of the sludge from all
inland treatment works was disposed of to land, about half of this being
applied to productive land (agricultural and horticultural land). The
report endorsed such practices with the premise that it did not lead to
nuisance or a danger to human health. The possible hazard stems from
the fact that many treatment works receive industrial effluents which
often contain high concentrations of toxic elements (heavy metals,
surfactants, phenols, herbicides and pcb's). These industrial effluents
often lead to a contamination of the sewage sludge produced at treatment
works, thereby creating a potential pollution hazard if such sludge is

disposed of to land. *1.

The first quantitative guidance on sludge disposal to land recognised that
sludges contained toxic elements and set about, initially for heavy metals,

the task of defining acceptable, 'tolerable' lewvels in agricultural land

Currently 29% of sludge disposed in the U.K. goes to sea routes, 67% to
land and the rest via incineration. (Water Research Centre, 1981).

In Europe it has been estimated (New Scientist 1982) that approximately
130 tonnes of Cadmium alone are deposited on farmland in sewage sludge
each year.
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The guidance set out in ADAS 10 assumes there has been no previous
contamination of the soil. If this is the case, then the levels
present for zinc, copper and cadmium should be substracted from the
permissible amount and the remainder is the maximum safe application

rate

‘Such guidance is restricted to agricultural and horticultural land

since it was based on an assessment of 'plant available' metals, which
would have a phytotoxic effect on plant and crop growth. These

permissible safe application rates were subsequently incorporated into

and added to by the Working Party on the Disposal of Sewage Sludge to
Land, (see. DOE/MWC 1977) . This Working Party was established in 1974
to review the need to dispose of sludge to land and, more importantly,
to ascertain the consequential effects of the land disposal of various
sludges on the soil, crops, public health and the environment, both in
the short and long term, The main recommendations to come from the

Working Party was the production of guideline limits for a range of

major toxic elements (including heavy metals) found in sewage sludge
to be applied to land over a 30 year period. Table 2.2 summarises

these recommendations.
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TABLE 2.2

GUIDELINES FOR THE DISPOSAL OF

SEWAGE SLUDGE TO LAND

Normal Range (mg/kg.d.s.) Recommended Implied **
Element Soils Liquid Digested Limit of Maximum
Sludge Addition in Content for
Sludge Arable Soils
(Kg/ha)d.s.* (Mg/kg)d.s.
Zn 10-300 1500-3000 560 550
Cu 2-100 600-800 280 230
Ni 5-500 50-80 70 22
Cr 5-500. 100-400 1000 955
cd 0.1-1.0 5-50 5 3.3
Pb 2-200 200-700 1000 655
Hg 0.01-0.3 3-5 2 1.2
Mo 2 5 5 4.3
As 0.1-40 T5 10 44.6
Se 0.2-0-5 5 5 2.8

* d.s. = Dry Soil

** Interpreted from recommended limit of addition in sludge using fact

that 1 h a. of soil, 200mm deep, has approximately 2,200,00Kg of dry

solids - add this permitted addition to upper limit of the 'normal

range'

in soils.

Source: Adapted from DoE/N.W.C. (1977).
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*2

As can be seen from table 2.2, implicit in the recommended limits of

addition of metals in sludges is an upper limit of acceptable total

heavy metal content for soil. This is obtained by adding the permitted

addition (over a 30 year period) to the upper limit of the 'normal range'’
in soils *2 and is shown in the last column of table 2. The role of
these recommended 'limits of addition' are to allow contaminated sludges
to be disposed of to land, over a long time period, but that in total,
the levels of contaminants in the soil are not enhanced to any great

extent.

The potential usefulness of these guidelines, outside of agricultural
and horéicultural purposes, is limited especially if such guidelines
were adopted for use as criteria to judge whether or not an industrially
contaminated site is suitable for sensitivé development (e.g.
residential or amenity purposes). The limitations result from the fact
that a number of soil factors can affect the behaviour (and hence
availability) of metals in soils, in relatio n to their uptake by crops.
For example, the availability of metals in soil has been shown to be
dependent upon redox potential, certain exchange capacity and the
content of organic matter. It has been established (Berrow; 1977;
Williams, 1977) that soils with a higher cation exchange capacity absorb
and fix greater amounts of heavy metals reducing their availability to
crops. In addition a high organic matter content reduces the
availability of metals to crops. Further, the recommended additions of
metals to soil in sewage sludge, and hence implied maximum levels of
metals allowable in agricultural soils, is based on the assumption that

the ph of the soil will be maintained at 6.5 for arable land and 6.0 for

based on agricultural/rural solls - urban soils often contain '
significantly higher amounts.

- 19 &



2,2.5

*3

grassland. Whilst pH may be reascnably controlled in agricultuéal and
horticultural situations, pH maintenance cannot be guaranteed in other
situations, (i.e. on industrially contaminated land). It is known, for
example, that under certain environmental conditions (e.g. acid rainfall
in-urban areas) soils become more acidic.*3.This is an important
consideration since it has been demonstrated (M.A.F.F. Bulletin 20) that
soil pH can affect the availability and thus phytotoxicity of metals.

In general, the uptake of metals from soils by plants and crops increases
as soll acidity increases, with the exception of selenium and hexaval?gt
chromium whose uptake increases with increasing alkalinity. Therefore
it is important to maintain soil pH at the suggested levels for

agriculture in order to reduce the likelihood of a greater amount of a

particular metal being taken up by plants and crops.

Purves (1979) also takes issue with these guidelines on permitted

additions and implied safe maximum limits of heavy_metals in soils.

Purves considers the values to be too high and that they are based upon

a limited knowledge of heavy metal uptake by plants. In order to
preserve soil fertility and reduce the potential environmental risks
associated with heavy metals in soils, Purves suggests that the total
amount of heavy metals in all soils should be kept to a minimum.

Purves adopts a different concept for standards, in that he proposes to
define maximum tolerable levels of potentially toxic trace metais in soils.
These would take account of a number of factors including the relative
ease with which each element is taken up by plants from contaminated soil
and the fact that some elements are much more toxic to plants, crops or
animals than others. This is illustrated by evidence from the Edinburgh
School of Agriculture that copper, lead and mercury are not readily taken

up by plants from contaminated éoil, whilst cadmium and zinc readily enter

Crops. Other elements such as arsenic, cadmium, mercury, lead and

In' the present research, the pH of soils tests for heavy metals varied
between 3.7 and 8.7, see table F.l.appendix F) .
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selenium, have been shown to be highly toxic, at elevated levels, to

animals. Therefore, in arriving at an assessment of the maximum metal
addition which should be tolerated, and thus acceptable levels of heavy
metal in soils, Purves considers that it is necessary to consider these

toxicity properties in addition to their typical background levels in

uncontaminated soil. .

Purves places the potentially toxic trace metals in 3 categories
according to their potential for producing toxicity praoblems. Table 2.3

illustrates this approach.

Table 2.3 = Maximum tolerable additions of potentially toxic metals to soil.

Element Times Typical Background Level
As, Cd, Mo, Ni, Cr, Pb, 1
Hg, Sé, Zn, 2
Cu | 3

The maximum tolerable concentration of each element in the soil is
ocbtained by adding the maximum tolerable addition (from table 2.3) to

the typical background level in uncontaminated soil (see table 2.4).

Table 2.4 Maximum Tolerable Concentrations of Selected Elements in Soil

Typical Concentration Maximum Tolerable Maximum Tolerable

in soil (Kg/ha) *4 addition (Kg/ha) concentration in

Element soil (Kg/ha)
As 15 15 30

cd 1.5 L.5 3.0

Mo 25 2.5 5.0

Ni 100 100 200

Cr 250 500 : 750

Pb 75 150 225

Hg 0.25 0.5 0.75

Se : 1 : 2 3

. Zn 125 250 ) 375

Cu 50 ~ 150 200

Based upon assumption that this level is present in top 200mm - see
table 2 for explanation of relationship between kg/ha and Mg/Kg.

S 0



2.2.6

2-3

2.3-1

The interpretation of results in the light of this 'maximum tolerable
additions concept' is that when the content of any individual metal in
the soil is found to exceed the maximum tolerable level, the land is
regarded as contaminated and unsuitable for sludge application or 'other'
uses. The underlying principle behind this concept is the need to;
restrict the use of heavily contaminated sludges on land used for food
production; reduce the burden of metal contamination in sewage sludge;
and to persuade industry to reduce the levels of toxic heavy metals in
trade effluents discharged to sewers. It is difficult to justify the
application of such a concept to defining acceptable levels of heavy
metals in urban soils'(and standards with regard to redeveloping
contaminated land) primarily because 'guideline levels' are based upon
a situation where careful control and maintenance of the land will be

on-going.

Guidelines Developed Specifically in Relation to
Industrially Contaminated Urban Soil.

The preceding sections have briefly summarised the attempts at defining
acceptable concentrations of heavy metals in soils in relation to
agriculture or horticulture. These are essentially 'limits' or 'upper
guideline values' which indicate levels of heavy metals above which it is

considered unacceptable that a contaminant should be present. The next

major attempt at producing guidelines or standards for heavy métals in
s0ils stems from the problem facing many local authoritiesﬁ'needing to
develop areas of land which may have become contaminated by controlled or
uncontrolled industrial use, waste disposal, etc. In recent years local
authorities and developers have had to look more and more to areas of land
which have been previously used by all types of industry, to supply their
needs in respect of development land for housing, schools, public open

space and amenity areas. It has only been recognised in the last decade
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that such sites may present possible health and safety hazards to
potential users and occupiers if no regard is taken of the contaminationm.,-
The Scientific Branch of the Greater London Council (G.L.C.) (see Chapman
et al 1976) from their direct involvement with development on
industrially contaminated land, very quickly came across a need for
guidelines or standards for contaminants in soils, which could be used

as a basis for interpreting the results of their site investigations.

In the absence of published standards or guidelines, and the fact that the
standards that already exist are only relevant for agricultural land and
were not readily applicable in the context of urban contaminated land
development, a decision was made by the G.L.C. to draw up their own set
of guidelines. The approach, which is discussed by Chapman, (1976) and
Kelly (1979),has been to define '"undesirable' levels which indicate
pcllution being present and consequently indicates a need for further
investigation of a particular site. The need for guidelines is in
response to the fact that if site investigation and analytical work is

to have any meaning, some levels must be decided, above which the site
conditions must be regarded as being unacceptable from an environmental

viewpoint.

Chapman (1976), in drawing up the first set of guidelines for the G.L.C.,
considered that a wider range of environmental hazards than that
presented by heavy metals, should be guarded against and therefore
included the following problems:
i) physical - explosions, subsidence
ii) inhalation - contaminated dusts and toxic gases
iii) direct ingestion - contamination of food grown on
contaminated land
iv) indirect ingestion - uptake of contaminant by edible plants
v) contact - skin irritation
The above 'risks'_were identified from the G.L.C's direct involvement
in developing a wide range of contaminated sites including sewage works,

coalyards, river-side wharves, gasworks sites and railway land. The
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guidelines that were initially produced focussed attention on the
prcblems of hazards resulting from direct and indirect ingestion of

soll and dust and toxicity to plants from soils which may be contaminated
by heavy metals. Table 2.5 summarises the first guidelines developed by
the G.L.C. They have been primarily derived from 'judgements' as to
levels which may give rise to a known effect.

Table 2.5 Tentative guidelines for suspicion of toxicity.

Contaminant For residential population
(ppm) in soil
As ) 40 '
cd 1
Cu (EDTA av.) 100
Pb 200
Hg i
Ni (acetic acid av.) 20
Zn ' n " 200
Zinc equivalent 250

Chapman emphasises that these are tentative suggestions against which the

results from site investigations for a particular site may be compared.

In the application of such 'tentative guidelines' Chapman suggests that if
all samples, taken from a representative grid sample, are below guideline
values, then the indication is no hazards or risks are likely to arise.
Very important is the fact that Chapman stresses the point that the

converse of the above statement on interpretation is not necessarily true.

Kelly (1979) has added to the work of Chapman from the recent experiences
of the G.L.C. in dealing with a wider range of land contamination prcblems
and in the practical use of the earlier guidelines. An important
addition to the proposals put forward by Chapman was the establishment .of
'typical values' for heavy metals obtained in the analysis of
'uncontaminated' London soils as a basis for considering undesirable
levels in urban soils. In addition, Kelly updates the technical basis

of the approach adopted by Chapman in 1976. This was achieved by
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considering the range of values for each contaminant against the risk

that contaminant presents to health and the environment. An example

of this additional principle is that of cadmium which is considered
critical to health with regard to its uptake by plants and crops, whilst
for lead, the health risk would be from direct ingestion or inhalation.
This principle is in agreement with the work of Purves (1979) (see section
2.2.3) on the toxic effects of heavy metals to plants and animals. Other
principles which have been used in the establishment of the revised G.L.C.
working standards included comparison of site investigation results to
consumer protection regulations (e.g. Toys (Safety Regulations),

available soil evidence on phytotoxic effects, threshold limit values

and 'careful guesstimates'.

Using these principles, the present approach of the Scientific Branch of
the G.L.C. is shown in table 2.6. In interpreting results from
individual sites, it is suggested by Kelly that the range of values for
all contaminants is considered against typical values and values
indicative of slight or heavy contamination. Both Chapman and Kelly laid
great emphasis on the tentative nature of the guidelines and of the fact
that there are considerable gaps in the knowledge required to produce
standards for environmental contaminants in soils. In particular, the
toxicological effects of heavy metals was still very much judgemental
rather than being based upon reliable research studies. They also
stressed that further data was required on the low dose long term effects
of some contaminants and more particularly on the levels of heavy metals
which are acceptable from an environmental health point of view. Kelly
also stated that the problem of setting ‘'acceptable guidelines' was a

national problem requiring an urgent response from the relevant

A

~government departments.
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TABLE 2.6

GUIDELINES ON CONTAMINATED SOILS - SUGGESTED
RANGE OF VALUES (Mg/Kg') DRY SOIL

Element Typical Value Slight Contamination Heavy
(See text) Contamination

As 0-30 30-50 100-500
cd o-1 1-3 10-50

Cu (av) 0-100 100-200 500-2500
Rb 0-500 500-1000 2000-196
Pb (av) 0-200 200-500 1000-5000
Hg o-1 1-3 10-50
Ni (av) 0-20 20-50 200-1000
Zu (av) 0-250 250-500 1000-5000
Se 0-1 1-3 10-50

Source: Adapted from Chapman 1976
Kelly R.T. 1979
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2.4 Tentative Guidelines for Acceptable Concentration of Contaminants in Soils

2.4.1 1In the last five years, the Department of the Environment has recognised
the need to offer advice to local authorities and developers on the wide
range of problems they may be faced with when developing former
industrial land. The Inter-departmental Committee on the Redevelopment
of Contaminated Land (ICRCL) was set up in 1976 (by the Department of.
the Environment's Central Directorate on Environmental Pollution) to give

advice on the potential hazards of developing/redeveloping contaminated

land.

2.4,2 1Its terms of reference (see ICRCL 19/79) are to develop and co-ordinate
advice and guidance on the potential human health hazards arising in
connection with the re-use of contaminated land. More specifically, the
committee sets itself the task of providing guidance that would give an
adequate degree of protection against the potential hazards caused by the
presence of toxic elements in soils. Within the context of defining
'acceptable levels', seven areas were identified on which guidance was

considered necessary. These were:

i) appropriate methods for cbtaining soil samples on which
the metal concentrations are to be judged.
ii) appropriate limits in respect of plant uptake.

iii) appropriate limits in respect of toxicity to plants
(phytotoxicity) .

iv) appropriate limits in respect of ingestion or inhalation.

v) appropriate limits in respect of direct contact with
contaminants (e.g. dermatitis effects and skin irritants).

vi) ameliorative measures for unacceptable concentrations.

vii) the appropriate analytical methods.
In part, the above areas reflect the concern expressed and approach adopted

by the G.L.C. in dealing with new developments on former industrial land.
\
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2.4.3 To date, the main thrust of the ICRCL's work has been to develop guidelines
responding directly to items ( ii - iv ) above. The intention was to try
and define levels which, following a thorough and adequate site

investigation can be accepted as presenting no significant hazard to users

or occupiers of the site. Such concentrations were to be termed
'acceptable' and ameliorative treatment measures would be required,
depending on the particular end - use of the site, if these values were
exceeded. It was recognised by the ICRCL (see ICRCL 16/78 and 47/8l)
that the main difficulty in defining acceptable concentrations is in
detecting a risk or hazard presented by a particular contaminant in the
environment. The only absolute criterion from a health point of view

would be produced by defining unacceptable concentrations in soils which

it is known would produce an adverse effect on human health. However,
since many toxic elements are rarely present in humans in concentrations
which produce recognisable effects, the links between these ‘effects' and
the levels in soilé, is not an easy task and it is not surprising that
there are prcblems in defining unacceptable concentrations. Therefore
the ICRCL turned its attention to the task of producing 'guidelines' to
judge whether or not a particular level of heavy metal in the soil is
acceptable. There are a number of possible approaches to producing
guidelines and these are summarised below:-

i) the siﬁplest of all is to rely on the principle that conditions
on a site should not become more hazardous than is usual or
normal given the intended use of the site:

ii) a two-tier regulatory approach on the model found in the Control
of Pollution Act (1974) with respect to the disposal of waste,
where there are general restrictions relating to the prevention
of an environmental hazard from the presence of waste on land
and a more rigorous tier is incorporated in the site licensing
provisions, which take account of local conditions and enable
the waste disposal authority to attach conditions to a licence,
specifying the maximum amount of contamination allowable in the
waste which would not create an undue hazard in the landfill site:
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2.4.5

*5

iii) a guidelines approach such as that used in respect of
drinking water quality where for substances such as
nitrates, measured levels may be regarded as:

- unacceptable
- acceptable
- desirable

with regard to a combination of health protection and
local circumstances.

iv) establishment of rigid standards above which it is known
a health effect will occur.

The basic dbjective adopted by ICRCL is to ensure that contaminated
land is restored to beneficial use without unnecessary risk and
takes into consideration local economic, environmental and social

factors. Therefore, ICRCL decided to produce 'guidelines' rather than

ktandards', because standards imply "absolute” criteria at which known

hazards and risks occur. Standards also impose artificial restrictions

on the judgement of site investigation data in that they do not take

into account local circumstances.

The approach which has been adopted by the ICRCL follows closely that
outlined in (iii) above. A triple distinction is being developed

along the lines of:

- unacceptable, must do something
- undesirable, should consider doing something
- acceptable, need not do anything

Within the above approach the main emphasis of the work of the ICRCL
has been to establish guidelines for acceptable concentrations of
contaminants in soil. In additicn, the establishment and setting of
a single set of guidelines, for all types of land and development
situations, was believed to be inappropriate since of necessity, such
guldelines would have to be based upon the worst possible case. This
would be unacceptable from an economic point of view since in‘some

situations *5 remedial measures would be far in excess of what was

depends on the proposed end-use of a site, e.g.,, if site covered by
warehousing may present less of a problem than if the same site were
used for housing/allotments.
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actually required. The ICRCL therefore,in formulating its guidelines,
considered that a matrix of values was more appropriate, based upon the
intended after-use of the site and the type of exposure/risk presented
by the site. Four cetagories of land-use were identified (ICRCL 24/79)
which it was considered are likely to be involved in comprehensive
redevelopment schemes. These are:

- allotments and large gardens

housing areas with small gardens

- amenity areas and recreational land

public open space

The rationale behind selecting intended after-use as a basis for
different guldeline values is that different land-uses present a
different route and time period of exposure to potential contaminants.
Examples of this concept are, in the case of allotments and large gardens,
the primary concern has been to identify levels which present a risk from
the uptake of contaminants by edible crops. In the case of small
gardens, children are considered to be at greatest risk, through direct
or indirect ingestion and prolonged periods of contact with contaminants.

As far as amenity areas and public open space is concerned, there are

great variations in their intensity of use and in many cases the general

degree of exposure is limited. Therefore less stringent standards could

be applied.

Derivation of the ICRCL Guidelines

For allotments and large gardens, which the ICRCL considered were
analogous to agricultural and horticultural land, the overriding
requirement is to ensure levels in the soil would not give rise to
elevated levels in crops. Therefore, it is proposed (ICRCL 47/8l) to
adopt the recommended limits and the implied maximum content for arable

solls set out in the report on the 'Disposal of Sewage Sludge to Land'
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*6

(see section 2.2.3 and table 2.2). The argument for adopting such
values in these circumstances is that the land would be well maintained
by users to retain fertility. Therefore, to a certain extent, the
limitations of such guidelines, discussed in section 2.2.4, may not be

applicable in the above situation.

As far as small gardens are concerned, the ICRCL see the primary concern
as being the protection of small children who may accidentally or
deliberately ingest small quantities of soil. Standards already exist
for certain heavy metals in relation to ingestion in the form of consumer
protection regulations. *6. 'The ICRCL proposed to adopt these
regulations as a basis for limiting the levels of metals in soils for
domestic gardens. Table '2.7 summarises the guidelines set out in these

consumer protection regulations. In adopting these as tentative

~guidelines for soil, the ICRCL consider it was necessary to make an

allowance for the greater volume of soil likely to be ingested and

therefore set the 'limits' as summarised in the final column of table 2.7.

As far as guidelines for amenity and public open space areas were concerned
the main risk is seen as being contact with contaminants rather than plant
uptake orpossible risk of ingestion. Therefore it was proposed

(ICRCL 16/78) to adopt industrial hygiene standards, adjusted to allow

for different exposure patterns, as the basis of setting these_guidelines.
From their experience in giving advice and working with these guidelines
and from consultation with practitiocners and developers who have used
tﬁese 'suggested guidelines' in site assessment, the ICRCL recently
produced a revised set of tentative guidelines. Table 2.8 summarises
these revised 'tentative guidelines' for a selected range of elements.

An important factor in the use of such guidelines is in the interpretation

The Toys (Safety) and Pencils and Graphics (Safety) regulations.
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TABLE 2.7

TOYS AND GRAPHIC MATERIALS (SAFETY)
REGULATIONS (1974) LIMITS FOR METALS

Maximum Limit

Plemant Toys Graphic Materials Suggested *
Mg/Kg paint film Mg/Kg crayon, lead 1limit in respect
of soil
Total Mg/Kg
1500
Pb 2500 | 250 soluble 250 soluble
100
As 250 100 soluble
100 soluble 25 soluble
12
cd 100 soluble 100 soluble 10 soluble
1000
Ba 500 soluble 500 soluble 125 soluble
500
Sb 250 soluble 250 soluble 60 soluble
C 250 lubl 1 lubl 200
r so e 00 so e 25 soluble
H 100 solubl 100 solubl o
g ={e) e so e 25 soluble

Source: The Toys (Safety) Regulations 1974
The Pencil and Graphic Instruments (Safety) Regulations 1974

* ~ Cadmium based on evidence available to DHSS for a particular site

- Derived by dividing lirits by 4 to allow for greater volume of soil
likely to be ingested (see text section 2.5.2)
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2.5.6

*7

of results of analyses from individual sités. The guidelines set out in
table 2.8 are intended only to apply to new developments or the
redevelopment of known contaminated sites. They are also to be used
only when a thorough site investigation has taken place. _ In ICRCL 47/81,
it is recommended that when a particular site is assessed in relation to
the guidelines it is necessary to assess each contaminant individually.
This will enable a full assessment of the pattern and extent of
contamination to be.made for all contaminants likely to be present on a

site. It is suggested that:

"No individual 'spot' samples taken from the top 450mm
(250 mm in grassed areas) *7 should exceed the
acceptable concentrations detailed in table 8".

The above concept is difficult to apply since in reality, contamination

is not likely to be present over the whole site, in fact it is only likely
to be found in isolated pockets. Therefore, there will be instances
where some of the contaminants are present above and below the proposed
guidelines. These difficulties relate very much to the sampling programme

for a suspected contaminated site. As no sampling programme can

~guarantee all hazards will be found, it may be more appropriate to make

judgements on potential contamination problems, based upon 'enhancement

above normal levels in soil' as one criterion and-then to use the suggested

~guideline values as a means for defining 'unacceptable' concentrations.

These issues are of critical importance and are developed in subsequent

discussion.

There are in addition to the above points, a number of criticisms which
can be levelled at the proposed ICRCL guidelines. Firstly, in defining
acceptable concentrations, a distinction is made between different types '

of land-use. In many cases, the setting of less stringent guidelines in

This depth for acceptable concentration in soil is based upon the need
to prevent contamination being brought to the surface during normal
cultivation practices.
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*
Table 2.8 Tentative Guidelines for Acceptable Concentrations in Soils

1

(Total mg/kqg)

*2 *3 *4 *5
Small Large Gardens Amenity Public
Element Gardens Allotments _grass Open space
cd 5 3 12 15
Pb 550 550 1500 2000
Hg 1.5 1 4 20
As 20 10 40 40
Se 3 3 6 6 '
*6
Maximum Normally Tolerable Concentrations
Zn 280 280 560 560
Cu 140 140 ' 280 280
Ni - 35 35 70 70
Phytotoxic Guidelines *6
'acceptable' or 'trigger' concentrations
Zn 130 )
)
Cu 50 ) Z.E. 390
)
Ni 20 )
*] Applicable to new development or redevelopment taking place on
contaminated land.
*2 Assumed to be 75m? in size and used mainly for grassed area - little
contribution of home grown vegetables to total dietary intake.
*3 Assume vegetables and soft fruits grown to a greater extent - and
may contribute significantly to dietary intake.
*4 Taken to be play areas and recreational areas in and around schools
and residential areas.
*5 Taken to be parkland and 'large' informal open space areas.
A"
*6 Based upon 'plant available' levels using standard ADAS techniques -

higher concentrations allowable in amenity and public open space areas
as such areas are usually under permanent grass. Lower values in
small and large gardens are attributable to continuing growth of a
variety of domestic garden plant. '
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2.5‘7

amenity and public open space areas is questicnable since, in many urban
situations, such areas will be intensely used, giving rise to the
likelihood of prolonged exposure to contaminants. This is particularly
important for children since the risk of exposure and ingestion is likely
to be similar for small gardens as for amenity areas. Further, the
adoption of consumer protection regulations may be inappropriate since

the iimit values in the safety regulations are based upon an assessment

of 'acid-soluble' metals, and to date very little is known about the
response of soils to such tests and the relationship between 'acid-
soluble' metal values and total metal values. In addition, the safety
regulations state that the tests should be carried out using 0.07m Hcl
acid concentration at 20° C. whereas it is known from medical evidence
that the acidity of the human gut is approximately equivalent to O.lm

Hcl acidity and, of course, the temperature is 38° C. These subtle
differences are important because there is evidence (JURUE 1982) that

the availability of metals, particularly lead and cadmium, is significantly
affected by variations in both temperature and acidity. In general, the
higher the temperature and tjreater the acidity, the more of the metal will

be soluble and thus available for absorption in the human hody.

From the above it is concluded that existinc standards and guvidelines for
'allowable concentrations' of heavy metals are neither practical noxr useful
in assessing the significance of general levels of heavy metals in urban
soil. To produce rigorous pre-determined standards requiresthat levels
of heavy metals in soils are- defined which would present no 'significant
hazard' to health.
The ICRCL guidelines are therefore cautiously termed 'tentative' and are
subject to further consultation. This.is because the task of defining

\

'acceptable' or even 'unacceptable' levels of heavy metals in soil has

proved to be very difficult, especially where public health expcsure is
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concerned. The difficulty arises because the relationships between
measures of soil cox;t:.aminat:.ion and the consequent potential health risk
has not been well established. Indeed, there are considerable . technical
and ethical *8 difficulties encountered in trying to investigate these
relationships and‘establish precise levels at which contaminants in the
soil are a prcblem. The difficulties include uncertainties as to the
relatiVe contribution of soil as one of the many 'pathways' through which
metals may enter the body and the diversity in peoples behavioural habits
that effect the degree of their exposure to heavy metals in soil. The ,
problem is further compounded by difficulties in identifying health effects
due to the presence of elevated levels of heavy metals in the body, the
compounding effects of different metals and pollutants and other factors
influencing the individuals sensitivity to metals, such as socio-economic

status and previous clinical ailments.

2.5.8 The recent Shipham case history is one example of these problems. In
Toyama, Japan, a high incidence of bone disease (Itai Itai) was traced to
elevated cadmium levels in the soil. In Shipham, where zinc mining and
disposal of mine spoil has raised soil cadmium levels to 200 times 'normal’
levels and 10 times the soil cadmium of Toyama, there was no detectable
difference in terms of illness, between the people of Shipham and S.W.
England as a whole. However, one of the problems in Shipham has been the
lack of detailed information about individuals exposure to cadmium and
there are still uncertainties as to the conclusions to be drawn over the
whole range of possible toxic effects from cadmium exposure. In addition,
recent literature (see for example D.H.S.S. 1980, Bryce-Smith & Stephens, 1980)

suggests that subclinical symptoms of exposure to heavy metals are difficult

A

*Q There are ethical reasons why experiments are not carried out on human
exposure to heavy metal contaminants.
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to diagnose due to the compounding effects of different metals and ‘on
individuals sensitivity to heavy metals. It is,therefore, now
recognised that to set precise and unequivocal health protection standards

for soll contaminants is questionable due to the many gaps'in our knowledge.

2.5.9 The use of ‘acceptable standards' in soil for heavy metals has also been
shown to be relevant to food, which has been identified as a major pathway
for heavy metals to the body. The practise of disposing of metal rich
sewage sludge to productive agricultural land has led to a great deal of
research being undertaken to define 'general' toxic limits of heavy metals
in soil. *9. However, it has recently been established that even these
'plant health'lguidelines are now being questioned. This is because it is
now recognised that the uptake of metals by plants is dependent not only on
the total concentration of metals in the soil, but also on the ‘'availability'
of metals to plants and crops. There are a number of factors which affect
the availability of metals in soil including soil characteristics such as
organic matter content, cation exchange capacity, redox potential, pH and
the chemical form of the metal (see work of Hughes et al, 1980; Williams
1980). In addition, several investigators (Bowen, 1971; John & Laerhoven,
1976) have shown that the uptake and translocation of individual metals by
plants varies considerably. For example, cadmium is readily absorbed by
the roots and translocated to plant leaves, while lead tends to be bound
iﬁ the root cell walls. Such factors are further complicated by the fact
that plant species differ in the degree to which they take up metals from
the soil and even varieties of the same species show considerable variation

in metal accumulation characteristics.

2.5.10.The above points clearly illustrate the practical difficulties of

establishing precise standards for both public and plant health where soil

*9 An example is the ADAS guidelines for the-disposal of sewage sludge to
land where limits on the total amount of metal in the soil have been set,
see ADAS 10 and Chapter 3. '
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2.6

2.6.1

2.6.2

contamination may be a prcblem. 2n alternative approach discussed below
is a move away from pre-detemmined standards to addressing the secondary
question of comparison - how levels on a site suspected as belné contaminated

compare with typical urban levels.

Rieference Levels and Guidelines - some concluding comments

From the above discussion it is apparent that it is becoming increasingly
difficult to establish a conclusive definition of 'acceptable' levels of
heavy metals that will ensure the protection of public health. It is

also concluded that in the absence of detailed and extensive research into
'exposure profiles' of individuals to all sources of heavy metals in the
environmerit, and a more detailed assessment of the contribution of land
heavy metals to the body burden, it is likely to be a verf,lopg time
before unequivocal standards are produced for heavy metals in soil.

Given that there are these fundamental difficulties it is appropriate to
focus attention on the secondary question of 'how do levels on a site being
investigated compare with those found in similar urban environments?'.

Such an approach not only allows an assessment of contamination to be made,

but also contributes to the long-term development of standards and

_guidelines which is a clearly crucial policy issue at present time.

The approach implicit in the above is much more tractable, since it moves
Away from identifying health effects and defining appropriate limits in
soils, to being concerned with sqrveillance. monitoring and comparison of
results. This avoids many of the present uncertainties surrounding the
relationship between soil heavy metal levels and known health effects.
The principle of this approach is to set up 'reference levels' based on

\

the 'normal' background levels of heavy metals existing in typical urban

areas. The reference levels can then be used as a basis of comparison
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2.6.4

and their role is to establish, with a degree of certainty, whether or
not the contamination problem is worse than that experienced in comparable

areas, or where similar and/or sensitive developments already exist.

Comparison, in its simplest form, would take on the following structure:
‘are the concentrations of the heavy metals of interest above or below
those concentrations that one would normally expect to-be present given
tﬁe type and mik of land-use?'. If the situation occurs where all
results of analysis for a site bging investigated;exceed the 'reference
levels', then it identifies the need for actién to be conqidered for
reducing the pollution prablem presented by the levels on the site. It

must be emphasised, however, that interpreting site investigation data

in this way is by comparison only and is only stating whether or not the
pollution praoblem is worse or better than that e#periencad in comparable
areas. Such 'reference levels' do not imply an 'acceptable concentration'
nor do they detract from the need for turther research into defining:
'acceptable concentrations'; they are put forward primarily as an

alternative means of assessment on which to base judgements.

In addition to the above, it is suggested that 'reference levels' may be
taken @ stage further through statistical analysis of the spatial
variability of heavy metal levels in urban soils. Indeed, the ICRCL have
frequently stated (see for example, ICRCL 38/80 and 47/8l) in their guidance
on interpretation that a full site investigation and interpretation should
take account of the statistical distribution of 'spot-sample' observations.
Furthermore, the suggestion is that guideline wvalues should not be

exceeded over more than 1% of the area under investigation. The reference
level approach to 'standard setting' could enable estimates of the
statistical probability of certain levels occurring naturally in the urban
area to be obtained, which may then be used to interpret the results of

individual site investigation data.
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2.6.5 This chapter has presented,and discussed in detail,policy issues of
standards and guidelines for allowable concentrations of heavy mets;ls
in soil. From this reviéw} it is concluded that it is neither. possible
nor practicéll given the présent state of knowledge, to speclify precise
and unequivocal environmental health proﬁection standards for heavy metals
in soils. An alternative approach for assessing land contamination, the
use of reference levels, has been introduced here because it is this that
forms the major policy context to which the research strategy is responding.
The development of this approach requires systematic knowledge of typical
levels of urban land contamination. This in itself presents no small
problem for research, in that it requires spatial information on the
variability of urban soil heavy metal levels. The problem rests on the
fact that heavy metals in soil exhibit high, short distance spatial
variability, and to cbtain spatially comprehensive information for large
urban areas is difficult. It requires a sampling strategy which is
sufficiently sensitive enough to enable spot samples to be representative
of the expected spatial variability. These issues are taken further in
the next two chapters. Chapter 3 is a detailed and critical review of
the relevant literature on past approaches to cbtaining information on
heavy metal land contamination. This is followed by Chapter 4, the core
of the research, which is concerned with developing a survey methodology

which will allow heavy metals in urban soils to be measured and mapped.

- 40 -



3.0

3'1

3.2

3.2.1

3.2.2

CHAPTER 3

SURVEYS OF HEAVY METALS IN SOIL: A REVIEW

Introduction

The purpose of this chapter is to present and discuss the literature
relating to the wide range of studies which have been undertaken to describe
the spatial distribution of heavy metal trace elements in soils. In so
doing, it offers a rationale for the selection of key heavy metals for
examination and a critical review of methods of approach and results of,
reported studies in the field. It concludes with some basic requirements

to which the research strategy and survey design must respond.

The Contaminants of Central Concern

The term ‘'heavy metal' is a broad one and includes metal elements of atomic
welght higher than that of sodium and having a specific gravity in excess
of 5 (Bowen, 1966; Lapedes, 1974). It can therefore be applied to over

70 metallic elements, of which only a small number have been identified as
being of broad environmental concern. The heavy metals shown to be of
critical environmental concern include: antimony, copper, cadmium, mercury,

tin, lead, chromium, cobalt, zinc and nickel.

The assessment of heavy metals which can be classed as toxic or hazardous
is, however, complicated by the fact that certain of the above heavy metals
are essential in trace amounts for the normal functioning and growth of
living organisms. The problém is further compounded by the fact that the

difference between the concentration of a heavy metal required for adequate

.nutrition and that which it is known produces toxic symptoms is relatively

narrow and in a number of metals is not well defined (for example, nickel,
copper and zinc). However, there is broad agreement in the literature

that the heavy metals cadmium, mercury, lead, ccbalt, and more recently

molybdenum, have no known functional role and have been shown to cause
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severe prcblems of non-occupational environmental poisoning.

With the limited amount of resources available, it is only possible and
practical in this research to select a small number of heavy metals for
study in urban soils. Four heavy metals have been selected for study,
which have been the focus of considerable research effort; these are
lead, cadmium, copper and zinc. Lead and cadmium are considered important
for their potential adverse effects on human health, while copper and zinc
are more important as phytotoxins. All four heavy metals are associated

with historical and present day industrial activity.

Heavy metals are widely distributed in the environment and are present in
all uncontaminated soils as a result of the weathering of parent material.
In recent years, there has been increasing recognition that naturally
occurring levels in soil can be elevated, often to toxic levels, through
anthropogenic inputs. The principal sources of heavy metal contamination
in the environment are reasonably well recognised and have been widely
documented (see for example the work of Davies, 1977, Nriago, 1979, 1980,
1980a, Thornton, 1980, Greenland and Hayes, 1980.) The main anthropogenic
sources of heavy metal emissions to the environment can be summarised as:
i) urban industrial aerosols created by the combustion of
fuels, production of base metals, iron and steel production
and other industrial sources,
ii) mining wastes.

iii) industrial and agricultural chemicals.

iv) disposal of liquid and semi- salid wastes from
industrial activity.

v) disposal of sewage sludge.
The principal sources and emission of heavy metals for the four heavy metals
to be studied in the research are summarised below:
Lead - The major source of lead in the environment comes from
the combustion of alkyllead in motor fuels. Other major

sources include iron and steel production, copper, lead
and zinc smelting and the combustion of coal.
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Cadmium - Cadmium emissions to the environment arise from
the primary production of metals including zinc,
copper and lead smelting. Additional sources
include the manufacture of batteries, plastios,
paints and the electro-plating industry. The
disposal of residues from industrial activities
and refuse incineration can be significant sources
of 'general' emissions. In addition, the use of
phosphate fertilizers and the application of sewage
sludge from industrial centres are major sources of
productive land contamination.

Zinc - Zinc is emitted to the atmosphere mainly as zinc
oxide fume from industries producing copper and
lead and from steel scrap processing. Industrial
sources include galvanizing activities, brass and
bronze manufacture and the use of zinc oxide in the
paint, rubber and chemical industries.

Copper - Major sources of copper in the environment include

zinc and lead smelting and secondary copper

refining from scrap materials. Other sources

include the combustion of coal and the use of

phosphate fertilizers.
When heavy metals enter the environment through natural weathering processes
and anthropogenic emissions, they follow normal biogeochemical cycles,
being transported by air, water and gravity, until they reach a geochemical
sink. Soil is an important sink and heavy metals have been shown to
accumulate rapidly, but are depleted only slowly. Therefore land in
general, and in industrial areas in particular, is a major reservoir of

heavy metals in the environment and forms an important link through which

heavy metals may be transferred to man.

Surveys of Heavy Metals in Soils

Previous work in the field has responded to a wide range of cbjectives but
can broadly be classified as responding to four types of objective:-

i) to quantify the spatial variation in the 'normal' range
of heavy metals in unpolluted soils.

ii)  to investigate the relationship between levels of heavy
metals in soils and uptake by plants and crops.

iii) to obtain information on background levels of heavy

metals in a variety of urban situations as an aid in
the assessment of potential land contamination.
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*1

iv) to quantify the contribution of man made sources
' of heavy metals (e.g. industrial activity, traffic)
to naturally occurring levels both in urban and
rural situations.
Clearly work responding to categories (iii) and (iv) has the most direct
relevance for this study, but relevant points from studies responding to

other objectives are also examined, where issues of methodological or

analytical significance are raised.

Large Scale Surveys

The first type of survey undertaken to describe the spatial variation 95
soil heavy metal content were general 'reconnaissance' type surveys.
Their broad aim has been to describe naturally occurring levels of heavy
metals in soils in predominantly rural areas unaffected by pollution.

Even these studies are wide ranging in their approach.

The first large scale survey in soils was undertaken by John (1971) who
investigated some 700 soil samples éaken from agricultural land in British
Columbia, Canada. The aim of this particular study was to map lead
contamination only,in surface soils in response to the growing concern of
cultivating land near heavily trafficced routes. *1l. The results of this

study showed that .the lead content of soils varied widely but that, in |

~general, the highest levels of lead in the soil were correlated with proximity

to industrial areas and population centres. 1In addition, the work by
John (op cit) in British Columbia, found that the high lead levels in the

soll were confined to surface horizons and that there was a marked decline

in lead levels with soil depth.

A more ambitious reconnaissance survey of soil was undertaken by the United

States Geological Survey in the State of Missouri, between 1969 and 1973.

The concern is from lead emitted in exhaust gases, due to its presence in
petrol as ‘an anti-knock agent. (See Blokker, 1972.)
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The aim of this 'one-off' survey was to provide epidemiologists with
geochemical information to enable them to investigate into the possible
relationship between human and animal health and disease, and the levels
of environmentally significant heavy metals in soil and water. Thg work
had additional applications in the mapping of general environmental
pollution and agricultural pollution with heavy metals. The survey was
comprehensive in that 54 trace elements were determined in samples from
bed rock, agricultural and uncultivated soils, natural vegetation, crops,
and ground and surface water.The density of sampling varied according to
the environment being investigated,with the most frequent sampling taking
place in agricultural soils and crops. *2. At this scale of survey,
however, a total of 1,140 samples were collected from surface agricultural
land representing only 1 sample per 150 Km2. Although the data from this
survey, produced in map form, showed broad scale variation across the
State of Missouri, the course sampling framework meant that firm conclusions
could not be made. However, it was possible to show, in general, that the

variation in soil levels was correlated with proximity to urban areas.

A variation of the large scale 'reconnaissance' survey was a study carried
out by Broggan J.C. et al (1973) in Ireland. This was a restricted study
in that it looked at the frequency and geographic distribution of high and
low levels of copper and molybdenum in Irish pasture soils. A secondary
aim of this study was to'make a comparison of the levels in Irish 'rural'

soils with other studies (see Alston, 1965).

The samﬁling framework was based upon the national grid and soil saﬁples

were collected,at random, from within each 10 Km square of the national grid.

Soil samples were collected at 10 cm.depth in grid squares containing mineral

Due in part to the need to establish the relationship between crop
uptake of heavy metals and public exposure to heavy metals in foodstuffs.
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soils under pasture only. If a grid square was predominantly covered

by water, peat, mountains or forest, then no soil sample was collected.

In all, 678 soil samples were collected and a measure of 'plant-available’
copper was determined, using 0.05m. EDTA extract solution with the metal
concentration being determined by conventional A.A.S. procedures. In
general, the results of this study showed that the soils had marked
variation, with soil copper values ranging from 1.7 ppm to 44.4 ppm.

(mean of 7.0 ppm). Well over 68% of the soil samples had values in the
range of 2.0 ppm to 8.0 ppm., below the 10-15 ppm copper considered 'normal'
for English agricultural soils by ADAS. *3. Further, and more importantly,
the results showed that high and low values of copper in the soil were

not randomly distributed. In fact, the highest levels of copper in the
soil were found in S.W. Ireland, and in the East near Dublin. However,
when Broggan attempted to correlate heavy metal content in soils with soil

association, no clear relationship was folnd.

One of the most widely reported scale 'reconnaissance' surveys was the work
carried out on stream sediments and reported by Webb et al (1973, 1978).

To obtain a meaningful pattern of heavy metal distribution in the general
environment, stream sediments were preferred to soil samples, because it

is widely recognised that 'parent rock' determines soil heavy metal

content, and many thousands of soil samples would be needed to cover the
extensive range of parent rock types. Stream sediments were also preferred

because surveys on stream sediments are now standard prospecting practice

in the search for metaliferrous deposits throughout the world. (Thornton, 1980).

The technique developed by Webb, et al (op.cit) was based on the premise
that stream sediments represent natures closest approximation to a composite
sample presenting normal conditions, in that they are composed @f the

erosion of rock, overburden and soil up stream of the sampling point.

(See Section 3.3.4).
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Therefore 'natural' heavy metal levels in the rocks, overburden and soil
upstream of a sampling point will be directly correlated to the levels in
the stream sediment sample. A pilot study to test out the technique was
conducted in 1964 over 12,000 K2 of W.Ireland (see Webb, 1973). The
general aim of the pilot study was to assess the problem of sampling,
analysis, and data handling under field conditions, arising from such large

scale surveys.

Success in the pilot study meant that a full scale geochemical stream
sediment survey of England and Wales was undertaken in 1969. The aim
being to map stream sediment levels which reflect naturally occurring
background levels of heavy metals in the environment, and to establish a
direct relationship between stream sediment heavy metal content variation
and reported levels in soils. If such a relationship is established

then the approach would enable large areas to be mapped relatively easily
and deficiencies/excesses in soils highlighted for further investigation.
The sampling framework for the main study was based upon sampling 'active'
stream sediments at stream/road intersections, in pre-defined drainage
basins. Some 49,500 samples were collected from tributary drainages over
105,700 Km? of England and Wales. Because the aim was to map naturally
occurring background levels, no samples were collected within urban areas,
Each sample was analysed for 22 trace elements including arsenic, cadmium,
copper, lead, nickel, and zinc, using direct reading sﬁectrographic
techniques.

The results from streat sediment analysis were plotted in map form

(Webb, 1978) *4 for the whole of England and Wales,using a moving average
smoothing technique to reduce 'noise' due to sampling and analytical

variability. The categories used in deriving the maps were cqmputer

Published as the Wolfson Geochemical Atlas for England and Wales,

L



3.3.11

*5

*6

calculated percentile divisions for each element. For example, the

results of lead in stream sediments were divided into 5 categories,

. (€40, 40-80, 80-160, 160-320, and >320 ppm) and the map shows that

around 97% of England and Wales is represented by class limits ranging
up to 160 ppm. This shows quite good correlation with the 'naturally’
occurring levels of lead in soil reported in the literature, which range
up to 200 ppm. (H.M.S.0. 1974; Berrow and Burridge, 1977; Alloway
and Davies, 1971). Thornton (19B0) also comments that the survey of
stream sediments identifies a large area of Derbyshire as having
abnormally high lead levels which correlates quite closely with the
reported work of Colbourne, (1978), who found that surface soils in

Derbyshire contain lead levels ranging from 200 - several thousand ppm.

In the case of cadmium and copper, there was also close agreement

between levels normally found in unpolluted soils and the results of
stream sediment analysis. For example, the map of cadmium results showed
that over 80% of England and Wales was represented by the lowest class
division of < 1 ppm. corresponding closely to the 'normal' levels reported
by Davies (1977). A recent study by Archer (19¢0) *5 indicates that
agricultural éoils in Ehgland and Wales have an average cadmium level of
less than 1 ppm. The stream sediment analysis also highlighted
abnormally high levels of cadﬁium in the Swansea Valley area, Derbyshire
and Somerset, with up to 100 ppm. Cd. being recorded. Further work in
Somerset, in the Mendip Hills, % by Somerset County Analysts Department
and the Department of the Environment (1979, 1980) found that total soil
cadmium levels ranged from 1l ppm. to 998 ppm. In the case of copper,
the computer printed maps of stream sediment analysis showed that the

lowest category (< 7.5.ppm) correlated well with the known areas of copper

See section 3,.3.4 for a full discussion.

Around Shipham close to former lead and zinc mines and the area. was
used for mine spoil dumping. '
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deficiency in soils reported by Caldwell (1976) for E.Anglia and Hampshire

and parts of Sussex.

In general, the results of stream sediment analysis for heavy metals have
shown that there appears to be close agreement between levels in stream
sediments and those reported in the literature for soil assumed to be
'uncontaminated’. It must be stressed, however, that the nature of
geochemical stream sediment surveys means that they can only fullfill a
'primary reconnaissance' role. Therefore, in terms of their contribution
to soil contamination, such surveys can do no more than focus attention‘'on
the observed pattern of low and high levels and identify broad areas where

further detailed investigation should be conducted.

Urban baseline surveys

Several investigators (see for example, Purves, 1966; Davies, 1977;

Warren, 1971; Beavington, 1973) have established,in recent years, that
heavy metal levels in urban soils may be elevated and present environmental
health problems. In fact, Davies (1977) has stressed the point that soil
sampling is the ideal method of determining the broad levels of heavy

metals in the environment in general. Studies by Purves (1966) and Davies
(1977) have provided substantial evidence that the heavy metal content of
soils in urban areas may show elevation above those considered to be naturally
occurring. For example, Purves found that soils in two Scottish towns
contained four times as much copper and three times as much water soluble
boron as rural afable soils, In subsequent studies (Purves, 1968; Purves
and McKenzie, 1969) lead, nickel and zinc were found at enhanced levels in
urban soils and confirmed as soil contaminants through plant and herbage
studies. Warren et al (1971) confirmed the work of Purves for English
urban sojls and included cadmium as a contaminant present in soils at levels
above 'normal' for rural soils. Many of these studies on urban soils

concluded that the 'contamination' of the soil was attributable to vehicle
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exhaust emissions and industrial point sources.

One of the first comprehensive surveys to quantify the ﬁounting evidence
that suggests a marked accumulation of heavy metals in urban soils was
carried out by Beavington (1973) in Australia. The study was ambitious,

in that it attempted a systematic investigation of the levels of heavy
metals in soils over 56 Km2 of the City of Wollongong, New South Wales,
Australia. The principal aim of this particular study was to investigate
how the levels of zinc, copper, cadmium and lead varied with iand-use in
urban situations and to compare the urban levels with corresponding results
from a rural 'control' sample. Four land-use types were selected for study
within the urban area (recreational, industrial, cultivated land and roadsides),:
and soll samples were collected from the 200m intersections of the national
grid pattern. *7 A similar grid procedure for soil sample collection was
adopted in the rural ‘'control' area. A total of 298 soil samples were
collected from the urban area, and 21 soil samples from the rural area, the
samples being taken from under grass cover, avoiding obvious areas of
contamination. Each soil sample was analysed for a measure of plant

available *8 lead, copper, zinc and cadmium.

The results from this urban/rural comparative survey are summarised in
Table 3.1, for zinc and copper only. The levels of lead and cadmium in
the rural 'control' samples and in many of the urban soil samples, were

below 1.0 and 0.5 ppm. respectively and therefore not within the detection

limits of the analytical procedures.

Based on the 1= 6,360 Planning Authority map of New South Wales, Australia.

Lead, Zinc and Cadmium being determined on 0-0.5N acetic acid extract and
copper with 0.02 M EPTA. extract.



3.4.4

Table 3.1

Available Zinc and ‘Copper in Soils from N.S.W. ~Australia  (ppm)

Land-use Zinc Copper

mean range mean range
Rural control 2.7 0.5 - 8 5.3 l-20
Farm land Tal 1-33 11.3 4 - 78
Recreational land 14 0.5 - 55 2.5 3 - 168
Industrial land 23.4 0.5 - 350 58 3 - 1380
Roadside 28 ~1-90 31 4 - 505

Source: Adopted from Beavington, 1973.

It is clear from the above data, that soils from urban areas contain
higher levels of zinc and copper than in the rural areas. In fact
statistical analysis of the zinc and copper data by Beavington revealed
that there were highly significant differences (p € 0.001) between the
mean levels of zinc and copper in rural areas and the urban land-use types.
Using the guideline data on normal levels produced by Purves, of 40 ppm
available copper in soils as inhibiting plant growth, Beavington also
concluded that the majority of samples from the four land-use types in the
urban area were present at toxic levels, The highest levels of copper

and zinc were found in samples collected from within close proximity to a

smelting complex.

A study with a.similar approach to Beavington was a study of mercury and
other metals in urban soils of the Metropolitan area of Grand Rapids,
Michigan, (U.S.A.) reported by Klein, (1972). A much larger area was
chosen for this study, covering 304 sq. miles of Michigan, of which the

\
urban arealoccupied 120 sq. miles. Land-use categories were used as the
basis of the sampling frame, and the total study area was subdivided into

four categories of land-use:
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i) Industrial area - includes industry, most commercial
areas and high density residential
areas.

ii) Agricultural area predominantly agricultural land only.
iii) Airport area - the alrport and a 1 mile 'fall-out'
zone around the airport.

iv) Residential area - primarily low density residential
area with a substantial amount of
unimproved woodland.

3.4.5 The sampling pattern followed the 'grid iron' street layout of the area,

*9

in that soil samples were collected at the intersection of the 1 mile grid.
A total of 264 samples were collected from the 4 land-use types and on'
each soil sample 11 determinations were made * 9 including Hg, Pb, Zn,

Cu, and Cd, using standard analytical techniques.

Table 3.2 below summarises the results of this study for 4 metals only.

Table 3.2 Mean Heavy Metal Concentrations for Four Land-Use Types (ppm)

Land-use Cadmium Copper Lead Zinc
Residential 0.41 8.0 17.9 21.1
Agricultural 0.57 8.8 15.4 22.1
Industrial 0.66 16.3 47.7 56.6
Alrport 0.77 10.4 17.9 36.6

Source: Adapted from Klein 1972.

In general the results in the above table demonstrate that the level of
heavy metals in soil samples taken from within the industrial area are
higher than in the other 3 land-use categories. In fact, in comparing

the results from industrial and residential categories, Klein found that

in the case of cadmium, industrial soil samples showed on enrichment of

1.4 times, for copper it was 2 times, and for lead and zinc it was 2.7 times

the levels in residential soil samples.

Using a cold nitric acid digest and potassium permanganate for mercury.
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*10

. In Britain, one of the earliest studies to demonstrate the fact that

urban soils contain significantly higher amounts of heavy metals than

rural soils in a similar area, was a study by Purves and Mackenzie (1969).
In a comparison between urban parkland soils and rural permanent pasture
soils from part of Scotland, Purves and Mackenzie demonstrated that there
were highly significant differences between the mean levels of heavy metals
in rural and urban soils (p..€ 0.05). The results also showed that for
extractable copper,  there was a tenfold difference between the mean levels

in urban and rural soil samples.

A further demonstration of the existence of significant differences between
the heavy metal content of urban soils from rural soils was made by

Fleming (1977) and Broggan (1973) for part of Ireland. The results from
these studies showed that although the levels of heavy metals in urban soils
were wide ranging, a significant proportion of the soil samples had levels
well above the 'normal' quoted levels for uncontaminated soil (the normal

level on data from Swaine and Mitchell, 1960).

More recently, Davies et al (1979) have demonstrated that the lead content of
London soils exhibits marked contamination. In this particular study, the
aim was to assess whether urban land was suitable for use as allotments

and for growing vegetables for consumption, with respect to its soil lead
content. To assess the extent and significance of lead levels in London
soils, soil samples were collected from 23 sites on a transect from Central
London (Marble Arch) extending 75 Km. North into rural Hertfordshire (used
as a comparison 'normal' site). Soil samples were collected from a variety
of land-uses including parkland in central London, Municipal allotments and
private gardens, in outer London and Hertfordshire. Each soil sample was

analysed for a measure of 'available' *10 soil lead content us{ng

Using 0.05 M (NH4) 2 EDTA. as an extract
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conventional flame A.A.S. The results, summarised in table 3.3, were
grouped using distance from central London as the key criteria. Sample
sites within 4 Km. of Marble Arch were identified as central London,
between 4 and 10 Km. from Marble Arch as Inner London, Outer London as
10 - 30 Km. and sites beyond 30 Km. were taken to be rural (unpolluted).

Table 3.3 Soil Lead Levels in the London Area

Available Lead

Zone Distance from Marble Arch (Km) Mean Range
Central London 0o-4 523 109 - 1840
Inner London 4 - 10 242 149 - 374
Outer London & 10 - 30 142 42 - 420
Rural 30 30 17 - 67

Source: Adopted from Davies et al 1979.

3.4.9 From the data summarised in table 3.3 it can be seen that the mean soil
lead content for each zone indicates a progressive decline from central
London to rural Hertfordshire. However, even in the central London
category there was wide variation of soil lead levels, with results varying
between 109 - 1840 mg / Xg. dry soil. 1In fact, all three 'London' zones
has some soil samples with lead levels considered to be 'mormal' *11 for
uncontaminated soil. Other data published by Davies (1978) on expected
levels of 'available' lead in uncontaminated soils was used as gquide-line
data for the interpretation of the results in table 3.3. This earlier
work of Davies established the upper limit of 'normal' levels of lead in

soll at 65 mg /kg. which quite clearly demonstrates that the soil samples

taken from the 'London' area exhibit marked contamination.
3.4.10 Although the above studies have demonstrated that urban soils will contain

elevated levels of heavy metals, the variability of heavy metals in soils

\

» 11  According to data published by Swaine and Mitchell, 1960 and Bowen, 1966
who report nommal soil lead level as being 2 - 200 ppm.
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that exists within urban areas still remains unquantified. In fact

in the work of Davies in London, a transect was used as a basis for soil
sample collection and 'distance from central London' was used to orbitarily
define zones or categories. It may well be the case that the type of
land-use plays a more important role in determining the levels of heavy

metals in urban soils than merely distance from city centre. In fact,

surveys by Purves, Klein and Beavington have all shown that the levels of

heavy metals in urban soils varies according to land-use type.

Large Scale Rural Soil Surveys ; ¢

In the studies describing the spatial variation of heavy metals in soils
taken from urban areas, the results were made more meaningful if they
could be compared to 'expected' or 'normal' levels in unpolluted soils.
This relies on a body of data being available which describes the expected
normal range of heavy metals in rural/agricultural situations, where the
soil is presumed to be unpolluted and represent the natural state. The
final set of studies reporting the spatial variation of heavy metals in
soils fall into this category. They have primarily been undertaken to
establish the variation (if any) of levels of heavy metals in an area

considered to be unpolluted.

One such study was carried out in Pembrckeshire and has been reported by
Wilkins (1978). The study was restricted to assessing the range of soil
lead levels likely to be found in 'unpolluted' areas, so that they could

be used for comparative purposes with values from areas in which pollution
ié suspected or is being investigated.

The sampling framework for this 'rural basline' survey was based upon the

Ordnance Survey Grid. Topsoil (at 10 cm depth), Subsoil (at 50 cm. depth)

and herbage samples were collected from trial pits dug at 1 Km. intervals
of the Ordnance Survey Grid, for the whole of Pembrokeshire. Soll samples
were analysed for their available lead content only, and the level found

ranged from 1 - 356 g g”1 soil lead, with over 500 soil samples containing
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*12

less, 39 Hq‘g'l. Using the 'guidelines' put forward by Davies, Wilkins
demonstrated that soil samples showing marked elevation above 69 mg/kg.

were concentrated around the major built up areas of Pembrokeshire. Further,
the results also showed that there were significant differences (P = 0.001)
between meaﬁ topsoil lead and mean subsoil lead level in close agreement

with the work reported by John for British Columbia. (See section 3.3.2).

There are a number of important conclusibns to be had from this survey of
lead in Pembrokeshire. Firstly, it is prcbable, given that the survey
sampled in area of mixed geology and soil type, that the results reflect'
the expected range of variation for agricultﬁral solils in general. This
assumes that such soils are not affected by mining activities or industrial
point sources which are likely to elevate the levels of heavy metals in the
soil. In addition, it appears from the data of Wilkins that the large
towns of Pembrokeshire influence the soil lead content of nearby rural land
as much, if not more than, geology or soil type. A conclusion similar to

the one for the survey by Klein and Beavington, discussed earlier.

A complementary, but much larger scale survey to establish 'normal' levels
of heavy metals in agricultural (unpolluted) soils, has been undertaken by

ADAS *12 and reported by Archer (1980). According to Archer, the survey

was required because:-

i) ADAS have for a long time given advice on the significance

of deficiencies and excesses of heavy metals in productive
soils, ’

i1) ADAS considered it necessary to have baseline information
on the 'normal' (mean and range) heavy metal content of
productive soils against which to make calculations or pass
Jjudgements.

iii) no systematic study of the trace element content of soils
in England and Wales had been reported.

Agricultural Development and Advisory Service of the Ministry of Agriculture

Fisheries and Food which provides analytical services and research into
farming practices.
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3.5.5 The primary aim of the study was therefore to provide a basic data set
on normal means and ranges of the heavy metal content of agricultural
soils. . The soils analysed in this survey were collected in connection
with the Survey of Fertilizer Practice. This survey (see Church and
Webber, 1971) has been undertaken every year since 1971, and involves the
collection of soil samples from randomly selected farms in England and
Wales, covering the range agricultural land-uses and cropping practices.
For the heavy metal survey, soil samples from 16 farms in each of the
12 ADAS regions were taken for analysis. At each farm, four randomly
selected fields were sampled, with soil samples being taken from a depth
of 15 cm. A total of 750 soil samples were collected and analysed for

9 'total' and 5 'extractable' heavy metals using standard MAFF analytical

procedures. *13.

3.5.6 The results of this rural baseline survey are summarised in table 3.4. below.

Table 3.4 Median Trace Element Content of Soils in England and Wales

('total' values expressed as Mg/Kg; extractable as Mg/litre
air dry soil).

Element Median Range

Total cd 1.0 0.08 - 10
Cu 17 1.8 - 195
Ni 26 4.4 =~ 228
Pb 42 ; 5 = 1200
Zn 77 5 = 8l6

Extractable Cu . 4.4 0.50 - 74.0
Ni 1.0 0.12 - 22,7
Zn 6.6 0.40 - 97.6

Source: Adopted from Archer, 1980.

*13 Total Cd, Cu, Ni, Pb, and Zn, are the amount of metal brought into
solution by digesting the soil in nitric/perchloric acid. Extractable
Ni and Zn determined on 0.5 m acetic acid and Cu on 0.05 m EDTA extraction
at pH 7.0 (see MAFF 1973 for details).
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* 14

In general, the results in the above table show that the amount of total |
and extractable lead and zinc are wide ranging in agricultural soils. 1In : ,‘
addition, the survey demonsﬁrated that the heavy metal content of
agricultural solls was not censistently related to parent material (similar
to the observations made by Wilkins for Pembrokeshire). More specifically,
the data showed that in the case of cadmium more than half‘ the samples had
a total cadmium content of less than 1.0 mg /kg. For total lead, 85% of
the soil samples were in the range 40 - 90 mg/kg and 85% of the soil
samples had a total zinc content of less than 140 mg/kg. In the case of
total copper, 90% of the soil samples had a median copper level of less

than 40 mg/Kg. 1In addition Archer observed that high values of extractable

copper tended to be closely related to soils with high total copper content.
Other important comments on the results are that a wider range of values
were found for lead than for any other element, and in many samples high
values of lead were associated with high values of zinc. 1In fact, many of
the high lead and zinc values wem associated with former lead mining areas,
but it was not possible to ascertain whether this observed enrichment has
taken place as a result of industrial activity or was due to natural

weathering of the enriched parent material.

Archer used data on the expected upper limits *14 of the normal range of
total lead, copper and zinc in unpolluted soils (reported by Berrow and
Burridge, 1977) to interpret the results of this survey. Of the soils
analysed in the ADAS survey, 1l.3% contained more copper, 2.1% more lead and
0.8% more zinc than the reported values. Archer con;:luded that of the
results obtained, the majority of soil samples had a heavy metal content
within the quoted ranges for normal (unpolluted) soil. However, the

results also indicated that lead, zinc, cadmium and copper are often found

A

Upper limit for total lead was taken to be 200 mg/kg; for total copper
100 mg/kg; and for total zinc, 300 mg/kg.

< BBy



in ’abnormally large amounts' in soils in England and Wales. This data,
coupled with the results presented from other surveys reported earlier,
confirm that there is broad agreement as to the ‘'normal' level of heavy
metals‘in 'unpolluted'soil. In addition, the data illustrates the fact
that solil samples taken from different parts of the country have similar

ranges of heavy metal content.

3.6 Spatial Studies of soil heavy metal levels and other policy issues

3.6.1 Chapter 2 has already reviewed, in detail, the major policy issues to
which this research study is responding. However, the importance of '
identifying general heavy metal soil contamination in urban areas may be
taken a stage further with the recent interest in 'environmental impact
assessment' and the need for 'before' and 'after' studies. Davies (1977)
for example, makes the comment that soil sampling for heavy metal analysis
is an ideal method by which 'baseline' data can be obtained, which may
then be used to determine potential environmental impacts in an area.

In this context, Davies considers that a knowledge of naturally occurring
or background levels' of heavy metals in soils may be useful in deciding
the types of area which may be sensitive to new industrial developments

which are likely to increase the soil burden of heavy metals.

3.6.2 Of all the studies reported in the literature to date, only one has responded
directly to this quéstion of the policy and planning implications of heavy
metal land contamination. This was a study carried out by Merseyside
County Council (1976) who, within the policy framework of Structure Plans,
attempted to use the existing spatial pattern of environmental pollution to
formulate their pollﬁtion control and land-use planning policies.

3.6.3 The objective of the Merseyside study, which was comprehensive, was to

"investigate the condition of the physical environment .....:

the characteristics and distribution of environmental pollution
and the condition of the land......., also the origin and effects
of pollution",
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in order
"to allow policies and programmes to be developed to
deal with any problems".
(Merseyside County Council, 1976) .
The Merseyside study, therefore, examined a range of environmental

conditions including smoke, sulphur dioxide, soil contamination by heavy

metals and damaged and unused land.

In the case of contamination of the land by heavy metals, the core areas

of interest related primarily to ensuring that new development (particularly
housing and recreation) did not take place on contaminated land without
prior knowledge and the possibility of a full site investigation. In
addition, from a pollution control point of view,Merseyside County Council
considered that information on land contamination would be useful in
identifying 'sensitive areas' where pollution was already present at high
level and where new, possibly polluting industries should not be located.
Closely related to the above policy responses was a need to prevent further
degradation of the land in urban areas and to establish a baseline from
which the environmental quality of the urban area could be judged and

compared and areas identified for improvement.

A key component in the above policies was the need for a systematic survey
of the extent of heavy metal land contamination. The examination of heavy
metal concentrations in the soil of Merseyside was also seen as providing a
quantitative method for determining 'general' metal pollution levels in the
urban environment. A so0ll survey was therefore undertaken over the

650 Km2 of the County of Merseyside, which supports an estimated populatiocn
of 1.58 x 105, 260 km? of the County area is covered by urban development
within which exist a wide range of industrial processes; Including glass

making, textiles and the chemicals industry. '

The sample frame for this survey was based on the division of the County

area into 2 kilometre square grids. Within each grid, soil samples were
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collected from examples of 1and—use'£ypes - parkland; gardens; allotments;
agricultural grassland and agricultural arable land. A constant sampling
density was maintained in each grid and therefore.where a particular land
use type was not available, a substitute category was used. In total, 200
soil samples were collected, each sample being a composite of 4 sub-samples.
The soil samples were analysed for a measure of the available *15 lead,

zinc, copper and cadmium content.

3.6.7 The results of this urban 'baseline' survey are summarised in table 3.5.
The results were assessed through comparison to quoted normal levels in’
unpolluted soil (based on results of studies by Berrow and Burridge, 1977,
and Purves, 1968). In general it was found that when compared to typical
values of heavy metals, the Merseyside soill samples showed marked
contamination with 79% of the soil samples for copper, 20% for cadmium and
30% for lead, exceeding the normal ranges. Parry et al (1981) who have
written in detail about the results, suggest that there is sufficient
evidence to conclude that urban soils in Merseyside may be defined as
substantially contaminated',

Table 3.5 Available Heavy Metal Levels in the Soils of Merseyside County

Land-use ' Element (pg/g air dry soil)

Cadmium Copper Lead Zinc
Garden/ 0.25(0.01-4.2) 34.2(0.8-346) 8.4(0.1-64.7) 156.8(1.7-2730)
allotments
Parkland 0.22(0.1-3.3) 35.4(1.6-545) 4.5(0.1-63) 25.6(2.4-258)
Agricultural ‘
grassland (¢0.01-1.3) (0.5-116) (0.1-25.2) (1.3-182)
Agricultural
arshile (40.01-5.4) (0.4-284) (10.1-51.5)  ( 1.4-4.6)

Source: adopted from Merseyside County Council,
1976; Parry et al, 1981,

Because the principal aim of the survey was to provide a data base for

L

land-use planning, soil contamination maps were drawn up, based upon the

*15 Analysis carried out according to ADAS analytical procedures (see MAFF 1973).
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results of the soils analysis. These soll contamination maps were then
used for direct comparison with existing land-use and mixes of land-use
in the Merseyside County. The maps were produced using the SYMAP
technique which involves smoothing out the 'noise' in the results and

interpolation to define the class intervals for drawing the countour maps.

The resultant symaps were then compared with the existing battern of
industrial, residential and commercial development. The results from

this exercise indicated that high levels of lead and zinc in soils were
relatively evenly distributed throughout the urban area of the County.

In contrast, high levels of cadmium and copper in soils were restricted to
areas of industrial activity, in particular to areas where there are active
or former metallurgical and refining processes. The information provided
in mapped form could also be used (according to Parry et al, 198l1) to
identify areas that merit further investigation. In addition, Parry
suggested that such information maps may have an application in informing
the decision-making process related to land-use planning. In particular,
in assessing the capacity of the environment to accommodate new developments
that may impose additional pollution burdens in an area. Although in theory
a valid application of such a data base, it must be remembered that the
quantification of 'environmental capacity' for pollutants, in particular
soil heavy metal levels, is not at the stage where firm decisions could be
made as to the impact of likely additional pollutant loads in an area.
Indeed, much of the hard battle being fought in the Universal adoption of

'Environmental Impact Assessment' relates to the problems of baseline studies

and the specification of known impacts.

As with many of the surveys describing the spatial variation of heavy metals
in soils in an area, the results above can do no more than indicate generally

elevated levels of heavy metals in urban soils. They do not, at this stage,

establish whether the contamination of soil is the result of former
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manufacturing processes, progressive accumulation over a long time period
(including the influence of local geology) or current industrial activity.
Therefore the role of such surveys in pollution control policies is obviously
limited. In addition, the nature of the survey deslign and sampling
programme, coupled with the limited knowledge on the relationship between
soil heavy metal content and known health effects means that no firm
conclusions can be made regarding the immediate environmental health prablems
associated with the presence of elevated levels of heavy metals in the

Merseyside soils.

There are, however, a number of advantages in the approach adopted by
Merseyside County Council which have implications for this research studies
survey strategy. For example, the survey in Merseyside has clearly
demonstrated that it is possible and practical to obtain information on soil
contamination in urban areas in a cost-effective manner. Further, the survey
technique is sufficiently sensitive enough to distinguish between the
generally enhanced levels of heavy metals typical of the 'general' urban areas
and the further contamination of soil by industrial point source emissions.
This was particularly the case for measured levels of copper in soil, where
'hot spots' of high levels were closely correlated to present day and former
metallurgical processes. 1In addition, such survey work has been shown to
provide sufficient information to enable 'stress areas' to be identified

where there is significant elevation of heavy metal levels.

Other 'General Environmental Surveys'

The preceding review of past approaches to describing and mapping the heavy
metal content of soils in a variety of environments, clearly demonstrates
that to date, there have been very few attempts at describing the spatial
variation of soil heavy metal levels in large and varied urban areas. The
majority of past studies have concentrated on the rural situation or have

restricted the urban survey to identifying and quantifying the differences
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between broad land-use categories (e.g. differences between residential

and industrial areas, or differences between urban areas and rural areas
within the same locality). The result of the abqve is that although it

is possible to draw out key issues from past studies to which the research
strategy should respond (these are discussed in section 3.8), it has not
been poss'ible to identify and critically review a range of survey designs
which C.‘Ol;ld have been used to respond to the policy context set out in
Chapter 2. Therefore, it is necessary to turn to other research related
to large scale environmental surveys for additional concepts which may be
useful to the present research study. This is the purpose of this section,

which introduces examples of large-scale environmental surveys.

3.7.2 1In recent years, there has been a whole body of research directed towards
large scale environmental (mapping) surveys, describing the l'c_;ta-nse.-lrra.l'
condition of the envircnment at the urban and even national scale. It is
worth introducing at this stage in the research these large scale studies,
since they provide useful information which will help to formulate the
survey approach of this research study. The classic example of the large
scale mapping surveys are the studies undertaken for 'State of the
Environment Reports' which have attempted to provide spatial environmental
information (impact of human activities on the environment), often at the
urban scale, to assist in the definition, implementation and evaluation of
environmental policies. The recent O.E..C.D. report 'The State of the

Environment in Member Countries' (1979), is a useful summary of the role

and scope of such work.

3.7.3 1In addition to 'State of the Environment Reports'l the problem of describing
the environmental condition of large and varied urban areas has also been
tackled by planning policy orientated research projects. For example, the
OE .C.D. (1978) have encouraged ﬁi"ol‘.’k on the selection and use éf 'Urban

Environmental Indicators' with the objective of preparing a basic set of
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indicators describing the quality (physical) of man's environment. The
emphasis in this type of research has been the selection, aggregation and
mapping of indicators of the exposure of the urban population to various
pollutants. A key feature of such research is that it has concentrated
on assessing pollution at the urban scale from secondary data sources.
Pollution in this context being the quality of housing, provision of
services such as mains drainage and the quality of the ambient environment

(air and water quality, noise and land quality).

The E.E.C has also supported a wide range of research projects on the
subject of urban scale environmental mapping through its 'Ecological
Mapping' and 'Urban Environmental Indicators' research programme. Research
studies under thisprogramme have attempted to describe the spatial variation
in environmental conditions over large areas (see for example studies by

Ammer, 1976; South Yorkshire County Council, 1978a, 1978b,) .

The aims of these environmental mapping studies has been to develop and
apply techniques to provide basic environmental information for the regions
of Europe, to identify current land-use potential and environmental problems
in these regions and to act as an environmental early warning system. The
method proposed by Ammer and tested in a case stqdy by South Yorkshire
County Council is known as ‘'use-value-analysis', and is based on the
principle of using indicator variables as measures of environmental condition.
In the South Yorkshire case study (see detailed discussion in SYCC, 1978a,
1978b) instead of diﬁiding the environment into four basiec 'environmental
components' (air, water, soil and landscape) the method was based on
selecting indicator variables (e.g. noise- pollution, soil erosion, waste
land, etc. ) as representative of various systems of land—uses.\ The value

of these studies is that they have tackled many of the methodological issues
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related to sampling and mapping environmental conditions such as noise
pollution in urban areas, and therefore are relevant to thls research
work. For example, it has been necessary in the SYCC case study to
undertake extensive data collection and field measurements in order to
obtain optimal information on environmental conditions. This has raised
a number of issues,including deciding on an appropriate sample frame,
size of zone to be sampled and detailed methodological problems such as
how representative are sample ‘point measurements of environmental
conditions in surrounding areas. A key output of the urban indicators
research has been the development of practical urban scale mapping
techniques to enable within and between area comparisons to be made (for

example, between urban areas in one country or similar urban centres in

a number of countries).

Other contemporary and parallel research, notably the work of Wood et al
(1974) and Pocock (1979) hav; developed further many-of the underlying
principles in the 'State of the Environment' and 'Indicators' work,with
particular reference to the spatial mapping of environmental pollution in
urban areas. In the research by Wood and Pocock, for example, the extent
of pollution and its spatial variability in the urban area was found to

be broadly dependent on the degree and type of land-use activity within an
area. Therefore, the problem of describing and mapping the variation in
environmental conditions over large areas, which is similar to the research
problem of this work, was overcome by dividing the urban area into

homogeneous zones based on an appropriate classification of urban land-use.

Although the above 'general environmental surveys' have no substantial
output in terms of mapping heavy metal land contamination, they do provide
contextural information and examples of 'practical! methodologies which
may be used to-help frame the general ﬁethodological approach of this

research study. Chapter 4 developes further many of the methodological
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3.8.1

3.8.2

3.8.3

issues, particularly those found in the studies of Wood and Pocock, in

the context of a research strategy and survey design for mapping heavy

metal land contamination.

Summary and Conclusions

There are a number of general comments and conclusions which can be had
from this review of heavy metal soil mapping studies, and these are
summarised below. This is followed by a summary of the key findings from

contemporary research which have implications for the survey design stage

of the research.

Firstly, as Davies (1980) has stated,

"the soil is like a palimpsest - it is the overwritten

record of all the different environmental factors and

conditions which prevailed during its formation".
This review of past studies has confirmed this statement and has
demonstrated that there are a wide range of factors which contribute to
the levels of heavy metals in soils in general, and urban soils in
particular. These include the nature of the parent rock, climatic

factors, human activity (in particular industrial activity) and urban

'development.

Further general cbservations relate to the fact that there have been
relatively few systematic studies which measuredand mapped the heavy
metal content of soils in either rural or urbaﬂ environments. Of the
limited number of surveys that have been undertaken, the majority have
adopted similar methods of approach - namely soil sampling has been
undertaken on a grid basié with very large areas being covered by a small
number of samples. (see for example the surveys by Merseyside County
Council, ADAS and the work of Wilkins in Wales). To date, therefore, it
\

can be concluded that there has been no systametic study to survey the

spatial variation of heavy metal soil contamination in urban areas.
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In addition to the above general comment there are a number of specific
and detailed conclusions that can be had from the studies reviewed in
this chapter.  For example, the work of Thornton, Archer and Wilkins
clearly illustrgtes that even in 'unpolluted' rural environments, soil
heavy metals are wide ranging. In addition, in the work of Wilkins,
there was a clear relationship between the presence of urban centres and
raised level of lead in the soil samples.

The work of Purves, Beavington and Broggan served to identify a number of
heavy metals which may be present in urban soils at elevated levels. . In
the work of Purves, copper and lead were identified as contaminants in
urban soils. The work of Davies, which compared rural and urban soil
heavy metals, also demonstrated that there is a high prcbability that
urban soils will contain significantly higher levels of heavy metals than
equivalent rural soils. The above studies have also provided information
which suggests that heavy metal level of soil samples taken from within
urban areas will have a wide range of heavy metal levels, ranging from
'normal' (unpolluted) levels to significantly high levels showing marked
contamination; In addition, there is a wealth of evidence, supported
from other research work (see, for example, Wun Lin and Bradshaw, 1972;
Chow and Johnstone, 1965, Le Riche, 1968; Buchaver, 1973), which has
demonstrated that there is a clear relationship between heavy metal soil

pollution and particular urban sources,.such as industrial activity,

~general urban land-use and high traffic flows.

On a more specific.note, this review has served to highlight the fact that
information on the heavy metal content of soils in urban environment may
have a number of roles in environmental assessment. For example,
information from large scale surveys in urban areas can be useq to provide

base-line information against which elevated levels may be assessed.
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In addition, surveys which map soil heavy metal levels may provide a

data base of environmental quality. If such information were incorporated

into the surveys required for the preparation of-stratggic and local plans,

then they may be a useful addition, to the evideﬁca'needed to identify areas
that merit further detailed investigations either in the context of

environmental health or in areas requiring environmental improvement.

3.8.7 1In addition to the above general points, there are a number of particular
conclusions from past studies which have direct implications for the
research strategy and survey design and these are summarised below:

i) levels of heavy metals in urban soils may be elevated
above naturally occurring levels in unpolluted soil.

ii) soil heavy metal levels in urban environments have been
shown to be spatially variable exhibiting a high degree
of short distance spatial variability.

iii) the work of Jchn (1972, 1974) has illustrated that it
is often only surface soils (up to 15 cm. depth) which
contain elevated levels of heavy metals. At depth in
the soil profile, the lewvels of heavy metal quickly
approach normal (unpolluted) background levels.

iv) from the rural/urban comparative soil heavy metal
surveys, there is evidence that in the urban situation,
parent material and soil type may no longer be the
dominant factor controlling the levels of heavy metals
in the soil. The presence of industrial activity,

proximity to industrial point sources and traffic may
be more important.

v) the work of Davies, Parry, Klein and Beavington has
demonstrated that the spatial variability of heavy metals
in urban soils, in particular levels of copper, zinc and

cadmium, are directly correlated to the type of land-use
present in an area.

vi) the work on large scale mapping of general environmental
conditions (introduced in section 3.7) has demonstrated
that it is feasible to obtain field measurement of
environmental conditions on a sample basis, and to
represent the information obtained in mapped form, using
land-use as a basis of the survey design.

3.B.8 The above points have cbvious implications for the development of the
. 1
research strategy, both in terms of the general development of a mapping

methodology and the survey design. It is also clear from the above
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that the emphasis of this research is to be the development of a
suitable sample frame to enable background ‘levels of heavy metal land
contamination to be measured and presented in mapped form. The
following Chapter 4 draws together the policy discussion in Chapter 2
and the conclusions from this literature review into the framework of
a research strategy for the work and proceeds to develop a sample frame

to respond to a series of research needs.
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4.1.3
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4.2.1

CHAPTER 4

RESEARCH 'STRATEGY AND. SURVEY. DESIGN

Introduction

In the preceding chapters a number of key issues related to the presence

of heavy metals in soils have been presented and discussed. 1In particular,
the need for surveys of heavy metal soil contamination in urban areas has
been raised as an important policy issue (see chapter 2 section 2.4). A
detailed review of the adequacy of current and past approaches to and
methods of mapping soil heavy metal content is contained in chapter 3.

The major conclusion from this review was that to date there had been no

systematic survey of heavy metal levels in large and varied urban areas.

The purpose of this chapter is to report the development of a mapping
ﬁethodology which will allow.for measurement and representation of heavy
metal soil contamination over large and varied urban areas. The first
section of the chapter concentrates on the presentation of the research
strategy which has been developed from the policy issues of chapter 2, and

the review of soil heavy metal mapping studies summarised in chapter 3.

Most of the chapter is concerned with the development of the survey design
through which the mapping methodology has been formulated. This includes
an account of the classification of the urban area into 'area-types' which
were used as the sample frame. This is followed by a description of the

application of the sampling methodology in the case study area of the West

Midlands Metropolitan County.

Research Strategy

This section of the chapter reports the research strategy development.
Chapter 2 has presented the key policy area to which this research study
is responding. From the discussion in chapter 2, it is clear that there

are a number of policy issues to which the research strategy should respond.
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4.2.2 The above

4.2.3

These may be summarised as:

i)

ii)

i1ii)

iv)

v)

i)

ii)

iii)

iv)

the need to demonstrate. the scale and spatial variation
of land contamination in urban areas.

the need to provide sufficiently detaliled information on
soil heavy metal levels in urban areas to enable the
existing pattern of soil contamination to be mapped and
used to identify 'hot-spots' or 'stress areas'.

need for information on naturally occurripg background
levels in urban areas to provide baseline 'ambient'
environmental information against which elevated levels
in urban areas may be assessed.

need for information on background levels of heavy metals
in urban soil to assist in the long-term development of
environmental health protection standards and guidelines.

the need to provide sufficiently detailed information on
the spatial variation of heavy metal levels in urban soils

to enable 'reference levels' for particular urban situations
to be established.

needs suggest the following requirements for the research strategy:

there is demand for a simple cost-effective and readily
applied methodology, utilising easily obtained information
to map urban soll heavy metal content.

requirements for a survey methodology which is spatially
comprehensive and practical giving due regard to the

range of possible soil heavy metal levels likely to be
encountered in urban areas.

there is a need for a survey methodology which can be
extended beyond simple description and which is
sufficiently:sensitive to allow a statistically valid

sample to be had in order thatreference levels can be
determined.

for the results of the survey to be meaningful in a

~general policy context, the requirement is for a

survey methodology which enables the spatial variation
of soil heavy metal levels to be cbtained for an area
at least the size of a conurbation or county.

The key conclusion from the above, is that there is a need for a survey
methodology which will allow the spatial variability of background urban

soil heavy metal levels to be measured and represented in map form.

As a generalisation, the design requirements of any survey involves a

trade-off between what is considered desirable from a strictly technical

point and what is feasible with a given amount of resources. In the case

R



4.2.4

4.2.5

of this research, there is the additional need to reconcile the
cﬁnflictipg requirement of extended spatial coverage versus a.close
spacing of.samﬁle Sites'ta achieve a reliable measure of the expected
spatial vgriation of soil heavy metals. The review of literature on
past heavy metal su?veys (see chapter 3) demonstrated the fact that
most soil surveys of heavy metals in urban areas have been conducted on
a micro-scale with small areas sampled at great density, or have tended
to be confined to small areas around a pollution source (see for example
the work of Little and Martin, 1972; Lagerwerff, 1970; Griffiths and
Wadsworth, 1980) and therefore do not provide a éurvey methodology wﬁich

can be adapted to the needs of the present research study.

However, fram the surveys that have been conducted in urban areas, there
are a number of key conclusions (see chapter 3, section 3.6) which have
relevance to the survey design of this research project. These are in

essence:

i) soll heavy metal levels in urban environments have been
shown to exhibit high short distance spatial variability.

ii) industrial activity, proximity to industrial point sources
and degree of 'urbanisation' are dominant factors influencing
the level of heavy metals in urban soils.

1ii) in general, spatial variability of soll heavy metal levels

in urban areas has been directly correlated to the type of
land-use present in that. area.

On the basis of the above recent research experience, it is concluded that
there are only a limited number of practical methodologies which can
respond directly to the need for a methodology which will allow ambient

soil heavy metal contamination to be measured and mapped. These may be

broadly summarised as:

1) a detailed survey of a small part of the urban area where

specific sources of heavy metal contamination may be identified.
A}

ii) a national-scale survey of all urban areas.

iii) the surveying of an urban area sufficiently large to incorporate
the full range of land-use types.

= T3




4.2.6

4.2.7

4,2.8

Ideally, to respond to the needs and requirements set out in 4.2.5 above,
in full, a survey of background urban soil contamination should be

conducted in an urban area where;.

1) past and present sources of potential soil contamination
are wide ranging and

ii) the full range of urban land-use conditions will be present.
Clearly there are cbvious reasons why the approach suggested in 4.2.4 (ii)
above should be discounted. These include the fact that in selecting a
small area for study, the effects of only a discrete number of potential
sources of soll contamination will be taken into account in addition, ﬁy
restricting the survey to a small part of an urban area, the variety of
different land-use types and mixes of land-use needed to be surveyed
may not be present. This latter poin£ is important since adopting this

approach may limit the usefulness of the information output in a policy

context. * 1.

Ali things being equal, the approach suggested in 4.2.4 (ii) above would
appear to fullfill all the requirements - all urban areas being surveyed
and thus the complete range of types and mixes of land-use and contamination
sources will be included. However, the literature clearly demonstrates
that soll heavy metal levels are heterogeneous (see section 3.6 of Chapter
3) and therefore this approach would present a number of intractable
operational problems, For example, to carry out a 'nationél' survey of
this scale would require many hundreds of thousands of soil samples to be

collected and analysed, which is beyond the scope and resources of this

preseht research study.

In the light of the above comment, given the resources available and the

fact that one of the objectives of the research was to develop a simple

\

It is also suggested that the same would be true if a transect approach
were adopted.

.



cost-effective mapping methodology, it is concluded that a more tractable
apprc.)ac-:b.. would be a survey carried‘out in a case study context, in an
urban area of sufficient éize. to incorporate the range of land-use types
and sources of pc‘)t:.ential soil heavy metal contamination. " The West
Midlands Metrc.opolitan County was selected as the case study area for a
nunber of obvious and practical reasons, which will be evident from the

description of the case study area below.

4.2.9 The case study area selected for the development and application of the

mapping methodology was the West Midlands Metropolitan County (WMMC) °*
which is one of England's six Metropolitan Counties. The area of the
WMMC is approximately 900 sg.km. and includes a population of some 2.7m.
From figure 4.1, which shows the predominant land-use types in the WMMC,
it can be seen that the WMMC is, in fact, an agglomeration of industrial
and commercial centres interspersed with housing and open space uses.
over 70% of the area is in fact urban in character, the remainder being

urban fringe or rural agricultural land. The WMMC can be conveniently

divided into three geographic units. Coventry, a free standing industrial

city in the East is separated from the remainder of the County by a rural
wedge of agricultural green belt. The remainder of the County, known as
the West Midlands conurbatién, is a heavily industrialised area and is one

of the U.K. major industrial and commercial centres.

" 4.2.10.The indust"rial heart of the conurbation is known as the 'Black Country’',

consisting of Walsall, and the heavily industrialised districts of Dudley,
Sandwell and Wolverhampton. Its historical connection with the 'metal'
industry can be traced back to thle earliest days of the industrial
revolution, when,at one stage, the conurbation was responsible for the
majority of the country's primary iron and steel production. For well
over 200 years, the WMMC has had a close association with the manufacture

of metal based products ranging from mineral and metal ore extraction
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4.3

4.3.1

4.3.2

*:2

LA

through to the metal finishing industries and primary/secondary non-
ferrous metal smelting operations. From the above description of the
study area it is clear that the WMMC is particularly suited as a étudy

area in which to develop and test a mapping methodology for background
levels of heavy metal soil contamination.

Survey. Design

The above has suggested that the research problem of mapping background
levels of heavy metal soil contamination in urban areas would be more
effective in a case study of a large Metropolitan .Couhty. This approgch:
however, introduces a number of methodological issues to which the survey
design should respond. Results of research by several investigators

(see for example studies by Wun Lin and Bradshaw, 1972; Chow and
Johnstone, 1965; Le Riche, 1968; Buchauer, 1973, Davies, 1980) have clearly
demonstrated that urban soils will exhibit high spatial variability of
heavy metal levels. The prablem rests on the fact that for survey

results to be meaningful a relatively high density of sampling sites would
be needed in order to achieve a representative sample for the whole study
area. * 2. To achieve a sampling_ density of the required order, over an
area the size of the WMMC, would require a total of many thousands of

sites to be sampled and analysed (a conclusion supported by the work of
Webb et al, 1978). Clearly this is an impractical -task given the resources

avallable, and the scope of the study.

Given the fact that it is neither possible nof practicable to sample, at
a sr::fficient density, the whole of the case study area, there is a need
to develop a sampling methodology from which the spatial variation of
soil heavy metal levels may be mapped. How this may be achieved in
practice is rather more difficult to resolve, since it is clear from the

\

literature that a sample frame will have to be derived from first principles.

i.e. a sample in which the sampling error variance is small enough for
the results to be meaningful. 1Indeed, sampling itself can introduce

errors on order of magnitude above those attributed to analytical error.
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In addition, the use of a sample frame introduces other methodological
issues =~ naﬁely the.préblem of spétial auto-correlation. To what extent
are dbsérvations at a single éoint represenéative of conditions at
surrounding points, and, furthermore, to what extent are single

cbservations representative of conditions at surrounding areas.

From the above discussion, it will be evident that the mapping
methodology is essentially a two dimensional random sampling problem:

i) there is a need to divide the study area into suitable
homogeneous units from which to sample.

i1) there is a need to decide on the most appropriate field

sampling technique.
The above will be clearly influenced by:

i) expected spatial variation of urban soil heavy
metal content.

ii) available resources for the survey.

iii) availability of data on which to base
a sample frame.

The discussion below examines these issues in the light of the relevant

literature.

It will be evident from the preceding discussion and literature review
(chapter 3) that the present state of knowledge dbes not allow the

definition of explicit criteria from which an appropriate sample frame
and thus mapping methodology may be developed.

to turn to other relevant literature for concepts which will aid the

formulation of a suitable sample frame, The following section of this

chapter reviews the most relevant literature and concludes with a

discussion of the sample frame development.

& TR =

Therefore, it is necessary
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4.4.2

use activity in an area as being the prime discriminator of environmental

Deriving the sample frame sampling units

Recent research, which has already been introduced in chapter 3 (see

section 3.7) provides useful information on the problem of sampling and 1
describing environmental conditions in large and varied urban areas.
Of this 'State of the Environment' type work, it was concluded that the

studies by Wood et al (1974) and Pocock (1979) contained concepts which

are directly relevant to the research strategy of this study. The
two studies tackled similar theoretical problems of mapping and

describing the spatial variation of pollutants in urban areas. The |,
first was a theoretically derived mapping study of Greater Manchester,

which has been tested using secondary source data and has been reported

by Wood et al (1974). The study by Wood, aimed at reviewing_the

~geographical coincidence of urban pollution and to analyse there spatial !

relationship with other components of the pollution process, including
the generation of pollutants. To study the 'geography of pollution'
Wood proposed a sub-regional wastes-pollution model in which a two stage
modelling process was envisaged, namely:

a) environmental condition in an area being primarily

determined by the level of waste produced within
the area.

b)  the generation of wastes within an area is determined

by the degree and type of land-use activity to be
found there,

In spatial terms, therefore, Wood et al saw the degree and type of land-

conditions in an area. The model was developed to deal comprehensively
with the spatial variation of air, water, land and noise pollution * 3, !
for a study area the size of a conurbation. Wood also recognised that
land-use activities (and hence the wastes/pollution generation system),

\

are not uniformly distributed over a study area. Therefore in applying

Although Wood recognised the importance of heavy metal land pollution, in
this study, land pollution-was taken to mean solid or semi-solid wastes

deposited on land for which secondary source data was readily available.
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the model, Wood considered it necessary to sub-divide the area selected
for study Iinto a number of smaller. areﬁs (hampg}eneous zones) to take
account 6£ such variation.. The choice of boundary and the number and
size of ':.;ones' into which a study area s};ould be di.vided. was important,
and Woc;d suggests that a suitably sized grid square would be desirable.
The actual size and choice of boundary, being determined primarily on

data availability grounds and the wider policy issues to be developed

from such a study.

The second study, reported by Pocock (1979) was an extension to the above
work and toock forward the theoretical proposition that environmental’
conditions in an area can be related to the urban land-use of that area.
The research conducted by Pocock was to develop a simple and readily applied
method for mapping ambient alr pollution, noise conditions and sulphur
dioxide pollution, in urban areas. Specifically, the study aimed at
producing an 'area based spatial prediction model’. The research by
Pocock was a spatial mapping methodology based on the classification of
large and varied urban areas into typical 'urban fabric categories' termed
'Typical Area Elements'. 'Each 'Typical Area Element' was defined by two
parameters - land—usé and road network density, both of which were seen

by Pocock as prime generators of alr pollution in urban areas.

A key result from the work of Pocock, which has implication for the way in
which the survey design of the present study should develop, was that the
methodoilogy allowed a spatially comprehensive coverage of thestudy area to
be achieved w:l.thout the almost impractical task of measuring at é very
large nunble:;' of sample sites. Ambient noise and sulphur dioxide air
pollution, thg. pollutants si:udied, exhibit a high degreel of spatial and
temporal variability and yet through a classification of the urban areas

based on land-use and road retwork density data, ambient environmental



conditions (air pollution) were comprehensively and accurately mapped

by samplipq in 19 1.25 km, grid squares.

4,4,5 The major conclusion to be.drawn from the above two studies ﬁs that
the e?:t;ent of pollution or 'envirc;nmental quality'- within a zone is
seen to be bx"oadly dependent on the dggi‘ee and type of land-use activity
within that zone. 1In the case of heavy metal land contamination the
above conclusion is supported by evidence from the literature (see
chapter 3 section 3.6 and section 4.2.4 of this chapter) which clearly
demonstrates that the extent of heavy metal land contamination in an’

area is dependent upon the degree and type of land-use in that area.

4.4.6 Field sampling technique

When agricultural or horticultural land is being sampled, to cbtain
irnformation relating to soil fertility, plant health or public health
exposure *4 the recommended practice (MAFF 1973) is to take numerous
surface sub-samples on a 'W' pattern across the site or field being
investigated and to combine the sub sample to giveasingle 'bulk' sample.
Fu.;rther, it is suggested that if the site or field is particularly
large, or is one that needs to be studied in greater detail due to a
suspiciml of a high degree of variability, then the site sljould be
divided into 'sub areas' and a 'composite' sample prepared for each |
sub-area in the manner described above.

4.4.7 Iﬂ the guidance on sampling for field investigations of suspected
contaminated sites, the ICRCL (see for example ICRCL, 16/78, 24/79)
consider that 'spot' sampling on a random pattern across a site is more
appropriate than ﬁhe "1l sample per 'W' pattern" suggested by MAFF.

Spot samples are preferred since it is considered by ICRCL that a 'W"

pattern will inevitably combine high and low values to produce an average

* 4 Primarily related to the effect of deficiencies of nutrients and heavy
metals (e.g. copper) in soils and their subsequent effect on plant gruwth.
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* 5

'unrepresentative sample' *5, whereas spot samples have been shown to
produce more meaningful results. Further advice on the approach to
sampling by ICﬁCL inéludeslthe'recoﬁmendation that the field sampling
ppoéramme should be related to the stage of development‘and the intended
after use of a.particular site *6 Guidanée on the actual field sampling
technique is limited to suggesting that the most straightforward approach
is to sample on a regular grid pattern (10, 25, 30 or 100 m grids are
recommended) with individual samples being taken from surface layers

(250 mm) and where necessary, at depth.

Although both of the above approaches to sampling obviously have their
advantages, they have both been derived for a particular situation or

for particular circumstances. When sampling contaminated land thete is

a need to knowf in detail, where the high levels of heavy metals are to be
found. In the case of the agricultural land sampling techniques, it will
generally be the case that such land is unpolluted * 7 and only a small
number of samples over a large area would be necessary to obtain meaningful
data. However, it is considered that neither of the above approaches is
appropriate to the problem of sampling in the context of the present
research study. In the case of the MAFF 'W' pattern there may be
operational difficulties in constructing suitable 'W' patterns in industrial
or commercial centres. Sampling on a closely spaced regular grid, even at

100 m square, will involve the taking and analysing of many thousands of

soil samples over the suggested study area (which is over 900 sq.km.in size.

The results from past soil studies of heavy metals in urban areas has shown
that even in polluted areas, low background levels will still be found.

.The ICRCL. offer guidance on the redevelopment of contaminated sites. The

aim here is to match the sampling programme to the nature of the survey.
For example, a preliminary survey is likely to be less comprehensive
than a programme needed for the drawing up of remedial treatment.

Except in the case of the application of sewage gludge contaminated
with heavy metals, but even in these there are codes of practice limiting
the application role of metal sludge to land, see chapter 3,
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4.5

4.5-1

4,5.2

* 8

From the above discussion,it 1s clear that in order to survey and map

the background levels of heavy metal land contamination in the WMMC,

the study area will have to be divided into a small number of homogeneous
sampling units from which representative soll samples can be taken. This
approach is consistent with the work of arrett (1974) who suggests that
in soil surveys of large areas, the allocation of sampling units is made
more statistically efficient if the study area is classified into
relatively homogeneous units. Unit boundaries should separate areas

where within class variance is less than between class variance.

Selection of the Survey Sample Frame Parameters

In section 4.3.1, it was stated that to achieve a sampling density to

the required order, to take account of the expected variation in the soil
heavy metal content, across an area the size of the WMMC, would require
many thousands of sites to be sampled. It is suggested here that an
alternative 'mapping methodology', based on the proposition put forward
by Wood and tested by Pocock, is the more appropriate methodology to
survey the spatial variation of soil heavy metal levels in the WMMC.

The methodology is based on the proposition that different types of area

have their own particular distinctive pollution conditions.

It willl be evident that the key to the success of such a methodology
lies in classifying the study area into categories of land-use that have
distinctive and different dmelxracteristics, which in turn will give rise
to differing levels of background heavy metal soll contamination. * 8,
Therefore the next important task in the survey design was to choocse

suitable 'descriptions' of the urban area as parameters through which a
usefully limited number of 'unique' sampling units may be identified.

Contamination is chosen to differentiate typical or naturally occurring

levels of heavy metals in soils which are natuirally present in the parent
material.
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4.5.3 There is considerable evidence in the literafure. in both theoretical

4.5.4

and practical studies (see for example Wood et al, 1974; Pocock, 1979,
studies by Harrison, 1979, Duggan and Williams, 1977, Cool, 1980; and
other relevant literature reviewed in chapter 3) that land-use type and
intensity of land-use in an area should be selected as the parameters
from which to classify the case study into sampling units. Although
land-use type data is readily obtainable, 'intensity' of land-use is
rather more diLfficult to deal with. However, intensity of land-use is
a necessary component to the classification since it is recognised

that in large and varied urban areas, environmental conditions may vary
significantly between categories of area defined by the same land-use
type. A similar argqument is put forward by Wood et al (1974) who
suggest that it is essentially the degree (or intensity) of land-use
that causes conditions to vary between areas of otherwise similar land-

use type.

To cbtain further information on how 'intensity' of land-use may be
defined, it is necessary to briefly examine the relevant literature,
Information which may be used to describe the 'intensity' of land-use in
an area is contained in an 'Urban Fabric a&d Building Intensity' study
of Birmingham, c;ﬁducbed by JURUE (1977). This study concluded that

there is a significant correlation between intensity of land-use and

'distance from the city centre'. Other studes (see for example, Davies,

1979; Klein, 1972) have used expressions such as 'rural', 'suburban',and

'central area' as expressions of intensity of land-use, implying a notion

of 'distance from the centre'. However, the use of 'distance from city
centre' as a measure of intensity of urbanisation is not a practical
proposition in the context of large Metropolitan urban areas such as the

WMMC. This is because the WMMC is an agglomeration of many small,
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4.5.5

4.5.6

intensely developed urban areas, with industrial and commercial centres
intermixed with dense residential development, and in recent years,
artificially imposed open,'rural' areas. The only typical structure of
a free standing town is Coventry in the East of the WMMC., and therefore
the idea of a free standing city centre is not relevant in this case
study area.

In the work of Pocock, 'intensity' of land-use was taken to be
represented by the number of 'road network nodes' in an area. * 9

The study by JURUE on building intensity, provided empirical evidence,
that 'road network density' and Qistance from the city centre' were
correlated. In addition, from a geographical perspective, the road
network density of an area implies how intensely developed and used an

area is.

In the light of the above discussion it is now concluded that the sample
frame will be based on the classification of the case study area into
unique sampling units. The classification being developed from two
parameters =~ land-use type and intensity of land-use, where 'intensity'
is taken to be the density of the road network. It is the resulting
unique(units of area, which are to be used as a sample frame from which
to estimate the total spatial variation of heavy metal levels in the WMMC.

Size of Zone

Having decided on the parameters to be used as a means of classifying
tﬁe study area into sampling units; the next stage in the design of the
mapping methodology is to select the most appropriate size of unit from
which to sample. On the basis of available evidence, it appears that

the favoured size of unit used in 'general environmental surveys' has

in this study, network nodes were either major junctions in the
transportation network or network traffic loading points.



4.5.7

4.6

4.6.1

*

10

been one or ‘bvo‘kilomet::g square grids: (see for example, South Yorkshire
County Council,.1978, 1979 ; Cheshire County Council, 1977; Pocock, 1979;
Merseyside County Council, 1979). In line with this evidence, taking
into consideration the need for a simple, cost effective and readily
applicable methodology and the fact that up to date land-use data was
readily available on a kilometre grid square basis for the study area, it

was decided to use a one Km.grid as the basic sampling unit.

The stage has been reached in the research where the necessary conceptual
basis for an appropriate sampling methodology has been established.

Since the study is concerned with the division of the WMMC into
homogeneous units based upon the type and intensity of land-use found
across the WMMC, the next stage is to obtain spatially comprehensive data
on land-use and road network density, from which a suitable classification

may be made. This aspect of the study is summarised below and discussed

in detail in appendix A.

Collection of Data

Land-Use Data

Land-use data for the whole of the WMMC area were directly available from
secondary sources. A composite 1:50,000 scale land-use map of the WMMC
wag'compiled from three data sources;
i) the 1976 land-use map available from the WMCC which
consisted of 1:10,000 (1:20,000 in the case of Solihull)
scale district council land use maps aggregated to a 1:50,000
scale map of the county as a whole.

ii) the WMOC 1979, derelict and vacant land map. * 10.

i11) the 1979, (2nd edition) 1:50,000 scale ordnance survey
. map of the WMMC.

From the detail in appendix ap, it can be seen that eleven categories of
\

Included because over 1.7% of the total land area of the WMMC is derelict
land and if waste land is included, this amounts to over 5% of the land
area (Haines, 1978).



4.6.2

*

11

land-use were available on the WMCC land-use maps and it was decided to
aggregate some of the categories to give six major categories of land-usc
for use in the mapping study.

The six major categories of land use aré:

i) residential

including schools, hospitals and
prison buildings.

ii) industrial

including active mineral extraction
sites and public utilities.

i1ii) commercial = including town halls and public
assemblies.

iv) recreational - including school and hospital
grounds, woodland, parks etc.

v) vacant land = including derelict, and waste land.

vi) agricultural.

A 1:50,000 scale km. grid base map was made from the 2nd edition 0.S. map
and overlaid on both the WMCC land-use map and vacant/derelict land map.

A copy of the pattern of land-use for the WMMC was then made onto this

base map, with the categories of land-use restricted to the six major '
categori;e.s summarised above. From this new land-use map, it was possible
to obtain a measure of the proportion of each km. grid square occupied by
the above six land-use types (see section A.4 of appendix A). It should

be noted that at the spatial scale being used, it waé_neither possible nor
necessary to include every detail of land-usé. Thus, areas zoned
'‘residential’, 'industrial’, or 'commercial' do not imply that all such land |
is covered by buildings. Similarly, 'recreational' and 'agricultural’

land may contain isolated buildings. In addition, transportation routes
have been totally excluded, so that roads, railways and canals are allocated

to the land-use category of the area they pass through. Each of the 1003*11

km.grids of the WMMC therefore contained a 'unique' individual combination
A

of the six land-use categories.

Tncludes boundary grid squares.
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4.6.3 Road Network Density

Road network density was taken as a measure of 'intensity' of land-use
within an area. Data for road network density was obtained from secondary
sources. In fact, as detailed in appendix A, it was decided to use the
number of rcad intersections (nodes) as a measure of road network density.
Nodes per km. grid were calculated by counting all road intersections as
shown on the 1:50,000 scale (2nd edition) 0.S. map. An ‘'intersection'

is taken to be a normal 'T' junction and crossroads count as two

‘intersections' - i,e, 2 nodes. An additional necde is counted for every

extra road at an intersection in excess of 4. *12,

4.6.4 1In order to give a usefully limited number of categories for use as a sample

frame, network density was grouped into 5 categories according to the
following criteria:

i) there was a broadly even distribution of nodes in
each category.

ii) there was a systematic interval size for the five groups.

iii) natural groupings within the distribution were to be
taken into account.

The distribution of nodes within each of the five categories is shown in
figure A.1l of appendix A. which also contains the detailed information on

the grouping of nodes. Table 4.1 below summarises this classification.

Table 4.1

Classification of Road Network Density in the WMMC

Range (Nodes per grid square)

0 -10 11-23 24-37 38-53 54
Code E D o B A
No. of grid 348 209 236 152 58
squares in
each category
TOTAL 1003

The sources and extent of error in this bivariate classification of the
WMMC Urban Fabric Data are discussed in section A.5 of appendix A.

*¥12 For example, 6 roads intersecting at a roundabout would count as '4 nodes'.
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4.7 Definition of 'Area-Types'

4.7.1 In order to achieve a number of sampling units from the above urban fabric
data, it was necessary to classify the 1003 grid squares of the WMMC
according to a typology of the urban fabric involving both the six land-
use categories and five network density groups. The aim of this secondary
grouping is to reduce the 1003 grid squares to a small number of unique
'area-types' *13 covering the range of land-use types and network density
that exist in the WMMC. During the collection of data and subsequent
statistical groupings it was recognised that a functional relationshipl
exists between land-use and road network density. For example, in line
with findings of the JURUE (1977) work in Birmingham, commercial land use
will not generally be found in areas of sparse network density areas.

(See figure A.4, appendix A). This relationship was also identified and

utilised in the air pollution mapping study of Pocock (1979).

4,7.2 Therefore it was decided to produce a typology which resulted from a
grouping of land-use types within each of the five network groups (A to E).
Firstly, each grid square was allocated to one of the five network groups
based on the number of road junctions (nodes) in that grid square. Next,
each of the five network groups were then classified by land use type

through  a qualitative 'cluster analysis' of the land-use data. *14.

4,7.3 Through the above procedure, 20 'urban fabric' éategories, termed 'area-
types were achieved and are described in figure 4.2. The frequency
distribution of the 1003 WMMC grid squares within those 20 'area-types' is
shown in table 4.2. The next stage is field sampling and laboratory analysis

of soil samples taken from within 20 'area-types'. This procedure is

discussed below.

*13 'Area~-type' is the name given to the grid square once they have been
categorised according to the six land-use categories and five network
density groups.

*14 Because there is this functional relationship between land-use and network
density in terms of their impact on environmental conditions in an area, it
would be theoretically sub-optimal to define land-use categories
independent of network density groups,
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Table 4.2 Percentage of the Total WMMC Area in each Area-Type.

Land Road Network Density Catedories

1iUse

Categories A B c D E
1 0.8 6.8 7.3 4.6 3.0
2 351 3.8 6.0 6.8 3.8
3 0.8 1.2 4.1 4.0 4.8
4 4.4 6.6 5.7 7.0
5 "15.6
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4.8

4.8.1

4.8.2

*14

Field Sampling

Decisions on the choice of the optimum sampling density is dependent upon
the spatial variability of heavy metals in the study area and the desired
accuracy in the mean soil heavy metal content. Chapter 3 and earlier
sections of this chapter have shown that guidance on the appropriate
sampling density is not readily available in the literature. In fact,
of the studies reported in the literature, a variety of field sampling
densities have been adopted to suit individual circumstances. The majority
of the past studies have approached the mapping (and thus sampling) of.the
spatial distribution of heavy metals either at the micro-scale (small areas
sampled in detail around point sources, e.g. smelter, or have restricted
sampling to specific land-use types such as allotments or parkland within
the urban area. Few, if any of these studies have gtagistically tested
the results obtained from sampling, since their main purpose has been to
simply obtain information on present levels of soil contamination. In
addition, the choice of the number of samples to take in the field was
conditional upon three factors:

1) the study has as one of its objectives, to cbtain a

measure of the spatial variation in soil heavy metal

content in the most cost-effective and reliable way.

;i) the actual spatial variability of soil heavy metal
levels in the WMMC.

iii) ‘resources available in terms of field sampling time
. and subsequent laboratory analysis.

A pilot study undertaken in four grid square examples of the 20 area-
types indicated that the use of 9 soil samples taken from within each

one Km. grid square provides sufficient sample data to obtain a meaningful

measure of the spatial variation of soil heavy metal levels. The result
from the study also confirms that in order to achieve a much higher spatial

coverage within each grid square, it would be necessary to collect soil

*
from 6 sample pointslﬁithin a 30 metre radius of each of the 9 sample

Additional data supporting the use of sample point and bulking of sample
points is contained in appendix C, which is data from a parallel study
under taken in Walsall Borough by JURUE (1982).
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4,8.3

4.8.4

*15

*16

sites and to bulk the six sample point soils to form a 'composite' sample
for each of the 9 sample sites. In this way, soil sampies would be
collected from a much larger area and thus reduce the sampling error
associated with taking a small number of samples as being representative

of a large area which may contain both very high and low levels of

heavy metals. *15,

Therefore, a soil sampling programme was established using the 20 'area-
types', discussed below, and as shown in figure 4..3. Soil samples were
collected from randomly selected examples of each of the 20 'area-types'.
As a check/validation of the accuracy of the method and to obtain a measure
of the error, which could be statistically tested, a further set of 20
'area-types' were sampled in an identical way. The detailed discussion
of the field soil sampling technique is contained in appendix B. Briefly,
the km. grid to be sampled was located in the field. Within each km. grid,
9 sample sites were selected at random where suitable sampling conditions
existed. For each 'sample area' grid square, 54 sample points and 9
independent measurements of soil heavy metal levels were achieved. For
the WMMC as a whole, 3,240 sample point and 360 independent measures of

soil heavy metal levels were made.

The decision to restrict the field sampling to surface soils was made
because it has already been demonstrated (section 3.4, chapter 3) that
pollution of soils by heavy metals is dominantly a surface contribution
and it will be the surface horizons in soil which will bear the clearest
indication of pollution. *16. In many respects, it is often the surface
soil contamination that is of greatest concern, particularly where public

health and plant health 19 concerned, Several studies have reported the

It must be re-emphasised that the purpose of the research is to obtain
information on the spatial variation of background levels of heavy metal
soil contamination and therefore the study is not solely concerned with
detecting extremes. Detailed data supporting the use of a composite sample
is contained in appendix C.

To prevent cross contamination from filed sampling and contamination of
samples during the preparation and acid digestion stages prior to analysis
for heavy metals, a rigorous cleaning procedure was adopted. See appendix B.
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accumulation of heavy metals in the top 0-20 cm. soil, with slow migration
of heavy metals down the soil profile (see for example Korte et al 1976,
Chow 1970, Marten & Hammond 1966, Beavington 1975) . Of these studies,
many have reported that below 40 cm. soil depth, heavy metal levels reach
levels which are considered to be naturally occurring background levels

for the particular area. In the case of lead for example, John (1971)

in studying 700 soil samples from British Columbia, concluded that the high
lead levels in the soil samples was confined to surface horizons with a
marked decline in lead levels with soil depth. A summary review of the

data supporting the above statements is contained in appendix D.

4,8.5 In line with the above discussion, surface soil samples, taken to be soil
below the first 10cm. of cover (see section B,2 of appendix B) were
collected using 'clean' stainless steel soil sampling equipment. *17.

In all cases upper grass and 'debris' were removed prior to the collection
of the surface soil at the sampling points. Each individual soil sample
(being a composite of 6 sampling points) was stored in a labelled polythene

bag, sealed until analysis, for return to the laboratory.

4.9 Laboratory Analysis of Soil Samples

4.9.1 The laboratory procedures used in the analysis of soil samples for their
heavy metal content are presented in detail in appendix B, Several possible
analytical techniques have been used to determine the concentration of heavy
metals in soil. They can be broadly divided into two groups; techniques |
concerned with estimating the 'total' heavy metal content of soils and
techniques concerned with estimating the 'readily available' * 18 heavy
metal content of soils. The problem of selecting the most appropriate
analytical technique is complicated by the variety of methods (see appendix

B) and the fact that to date there are no "Standard" contaminated soils on

*17 Slightly below the rooting depth of vegetation.

*18 'readily available' is a summary temm for techniques which estimate bio-
availability of heavy metals in soils, For example, the amount of heavy metal
in the soil which may be taken up by plants or released from soil through

acid dissolution in humans.
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4.9.2

40953

which analytical techniques have been developed and tested. In this
study, both total and avallable heavy metal contents of soil are of
interest. The total level is of interest because of potential public
health effects from ingestion and inhalation of contaminated soil, and
the avallable content is of interest due to potential phytotoxic effects

of heavy metals on plant and crops.

Therefore, standardanaytical procedures were used to cbtain a measure

of the 'total' and 'plant available' heavy metal lead, cadmium, copper

and zinc. The 'total' heavy metal concentrations were determined from
solution of metal extracted from the soil samples by wet digestion in
concentrated nitric and perchloric acids. The ‘'plant-available' metal
concentrations were determined from solution of metal extracted from soils
using an ammonium acetate (EDTA) extractant, The concentration of the
metals of interest were measured in the 'digests' and 'extracts' by flame
and, where necessary, flameless atomic absorption spectrophotometry (AAS).
A Perkin Elmer 560 AAS double beam instrument, using deuterium arc
background corréction was used for all determinations. The concentrations
of the heavy metals were obtained through comparison to dilutions of stock
standard solutions espécially prepared'for AAS by BDH Chemicals Ltd.
IndiQidual hollow cathode lamps were uéed in the determinations with lamp
alignment, burner angle and sample aspiration rates adjusted to achieve

maximum éensity of the machine.

To obtaln the concentration of the four heavy metals in each sample, two
separate methﬁds were employed. In the first.method, direct readings of
concentration could be cbtained from the instrument through the use of the
'internal’ calibfation of the instrument using three made up standards of
the metal of interest. So long as the concentration of the metal being
determined is below the linear range of that particular element, a direct

reading of concentration could be had. The second method, used as a check
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4.10

of the instrument readings, involved the transfer of absorption signals

to a potentio-meter recorder. A calibration plot of the 'standard'
readings was made from the chart recording which is then used to convert
readings obtained for the AAS in the  absorbance mode to concentrations of
the metal. in the sample solution. 1In both cases, it was necessary to
dilute samples to obtain readings that were beyond the linear range of

the instrument for the element being determined. Both methods of obtaining
the concentration of heavy metals did not produce significantly differgnt

results.

Error in the results can occur from a number of possible sources, the most
cbvious being cross contamination. To prevent cross contamination of
soil samples, a thorough and rigorous washing procedure was adopted at all
stages (see appendix B). Error can also occur from contaminants present
in the chemicals used for digestion and extraction of heavy metals and in
the dilution of the samples. To reduce this source of error, only high
purity 'Aristar' grade chemicals were used in all analyses. In addition,
to take account of any possible contamination of samples during sample
preparation and dilution, reagent blanks were prepared in exactly the same
way as the samples and analysed for the four heavy metals. Any results
from the analysis of reagent blanks were then subtracted from the final

results obtained for each soil sample.

Conclusions

4.10.1 This chapter has discussed in detail the approach adopted in the research

to survey and map the spatial variation of soil heavy metal content. The
principal methodology used has been an estimation mapping methodology using
land-use type and intensity of land-use (road network density) as
parameters through which the urban area could be categorised. The

concluding sections of this chapter have briefly summarised the field
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sampling technique and choice of sampling density through which the

360 soll samples were collected. In addition the laboratory analytical
procedures used to obtain the concentrations of lead, cadmium, copper
and zinc have been summarised. The following Chapter 5 presents and
discusses the results from the analysis of the soll samples collected
from the 40 grid squares in the WMMC. Chapter 5 also contains the
results of the statistical tests used to validate the sampling
methodology. The discussion on the use of the information output of

the survey results to derive 'reference levels' is contained in Chapter.6.
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5.1

5.1.1

5.1.2

5.2

B.2.1

CHAPTER 5

Introduction

The function of this chapter is to present and discuss the results from

the analysis of soil samples collected from the 20 'area-types' used as

a sample from which to estimate the spatial variation of heavy metal levels
in the WMMC. The chapter is divided into two parts. Part 1 reports

the results and is structured as follows. The first three sections are
concerned with the detailed description of the results for individual

soil samples, their spatial variation both between and within the 'area-
types'. This is followed by an interpretation of the measured levels of
heavy metals in the soil samples. This is achieved in two ways; through
reference to normal.'unpolluted' levels and in the light of data from

other contemporary studies.

Part 2 of this chapter is concerned with examining the validity of the

sample data as a sample. Therefore, section 5.5 presents the statistical
testing and validation of the use of sample data from the 20 ‘area-types'

to estimate the spatial variation of heavy metals for the whole case study
area. This is followed in sections 5.6 and 5.7 by the presentation and
discussion of the grouping of the data to produce'background soil
contamination' maps for the WMMC. Part 2 concludes with a discussion of

the mapped spatial variation of soil heavy metal levels. |The interpretation
of the results in the light of current soil contamination standards and the
use of the information on background levels to operate 'reference levels'

for land contamination in urban areas is contained in the following Chapter 6.

Discussion of Results

Tables 5.1 and 5.2 are summary tables of the 'area-type' mean and ranges

L]

of 'total' and'available' levels of lead, cadmium, copper and zinc. The
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5.2.2

5.2.3

L |

mean is cbtained from averaging the results for each heavy metal for the
18 individual soill samples colleqted as being representative of each
'area-type'. The range is the highest and lowest recorded value of each
heavy metal for the individual 'area-type' obtained from the data for the
grid squares wi\;ere soil sampling toock place. Tables 5.3 and 5.4 are the
'area-type' mean metal concentrations for the four heavy metals, ranked

independently, from highest to lowest.

The data in tables 5.1 - 5.4 clearly llustrate the high variability of
soil heavy metal levels in urban areas and confirm the survey results
reported in the literature for urban soils (see for example Beavington,
1973; Davies, 1980; and section 3.4 of Chapter 3). It is also evident
from the results tables, that significant differences exist between the
20 area-types in the means and ranges for all four heavy metals. For
example, the results show that for inner urban industrial areas (A3, Bl
for example) the levels of heavy metals are significantly higher than in
the more rural area (E2 and E5). The data for measured levels of both
total.lead and cadmium in the soil samples illustrate this point. For
example, total lead levels in 'area-type' B3 range from normal levels
(100 mg/kg) *1 to results for individual soil samples having a total lead
content in excess of 2000 mg/kg, showing marked contamination. For the
total cadmium content of soil samples, there are several instances where
the area-mean levels exceed 3 mg/kg and in the case of area-type Al ranges
up to 30 mg/kg. The above general comments are discussed in more detail

for the individual heavy metals below.

Total Lead Levels

The mean total lead level in the 20 area-types ranged from 49 mg/kg in

area-type H5 (rural agricultural land) to 474 mg/kg in area-type B2

(broad mix of industrial/commercial and residential land in inner urban

In chapter 3 see the discussion of mapping soil heavy metal levels,
presented 'normal' taken from a range of data sources.
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TABLE 5.3

'AREA - MEAN' TOTAL METAL CONCENTRATIONS 'RANKED

LEAD CADMIUM ZINC COPPER
Rank| Area- Mean Area- Mean Area- Mean Area- Mean
type - type type type
Code (mg/kg Code (mg/kg Code (mg/kg Code (mg/kg
il B2 474 Al 4.68 Al 1496 A2 460
2 A3 297 El 3.36 B2 886 B2 285
3 El 274 Dl 2.80 c2 837 c2 279
4 Al 240 D3 2.45 A2 674 Al 217
5 c2 219 Cc2 2.07 D1 616 El 174
6 A2 189 B2 1.64 B4 584 Ccl 124
7 B3 162 B3 1.57 A3 478 A3 108
8 Bl 154 A2 1.37 D3 418 D1 98
9 E3 149 Bl 1.35 D4 354 Bl 95
1o Dl 140 D4 1.23 El 344 D3 90
11 D4 139 A3 1.06 Cl 318 D4 84
12 el 137 E2 0.92 Bl 309 B3 83
13 D3 119 c4 0.90 B3 283 c4 83
14 c4 114 B4 0.82 c4 244 B4 65
15 E4 110 cl 0.72 D2 179 E4 45
16 D2 109 D2 0.72 E2 161 c3 39
17 B4 97 €3 0.69 E3 151 E5 32
18 | c3 92 ‘B4 0.65 E4 145 p2' 28
19 E2 76 E3 0.57 E5 134 E2 23
20 E5 49 ES 0.55 3 126 E3 18
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TABLE 5.4

'AREA - MEAN'

AVAILABLE METAL CONCENTRATIONS RANKED

LEAD CADMIUM ZINC COPPER
Rank| Area- Mean Area- Mean Area- Mean Area- Mean
type type type - type
Code (mg/kq) Code (mg/kg) Code (mg/kq) Code (mg/kg)
1 El 143 D3 2,12 Al 360 c2 142
2 Al 131 Al 1.56 A3 243 Al 133
3 B2 121 c2 1.42 c2 200 A2 85
4 Bl 109 D1 1.26 D1 . 183 El 58
5 a3 107 A2 1.17 B2 148 cl 49
6 c2 92 El 1.0l D3 117 B2 46
7 | c1 89 c4 0.88 El 94 a3 44
8 c4 85 A3 0.87 - : ciL 87 - D3 38
9 | B3 69 cl 0.83 Bl 83 c4 37
10 D3 69 B2 0.83 c4 79 D1 36
11 D2 68 D4 0.70 B3 77 Bl 33
12 B4 68 B4 0.69 A2 - 73 E4 26
13 A2 65 B3 0.67 D4 70 B3 24
14 c3 57 Bl 0.65 B4 61 D4 24
15 B4 57 c3 0.57 D2 60 B4 21
16 Dl 56 E2 - 0.51 c3 39 c3 18
17 E2 54 E5 0.49 E2 38 D2 16
18 E4 41 D2 0.48 E4 37 E2 10
19 E5 36 E4 0.44 ES 31 E5 10
20 E3 34 E3 0.31 E3 .21 E3 9
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areas) . The range of lead levels in the 360 sample points was 5 mg/kg
(area-type E4) to 2232 (area-type B2). Indeed it was in area-type B2
that the widest individual area-type range was recorded, being“28-2232 mg/kg.
Even in the relatively unpolluted area-types this variability in soil lead
content is high being 5-707 mg/kg in area-type E5. The general pattern
of total lead content of soils in the WMMC is of high area-means and
larger ranges in the inner urban industrial areas than in the more rural
agricultural areas. Figure 5.1 is a histogram (log linear plot) showing
the distribution of the measured concentrations of total lead in the 360
soil samples. The histogram shows that the distribution is normal with

a peak of total soil lead levels in the range 70-100 mg/kg reflecting
'normal' concentration in a range of soils reported in several studies
(see for example, Bowen, 1979; Swaine, 1955 and Williams, 1981). This
histogram was taken from a dispersion graph plot of the 360 sample point
results, grouped by area type, for total lead, plotted on long/normal
graph paper as shown in figure 5.2. The use of log-scale graph paper had
the effect of 'stretching' the 'bunching' of values at low levels whilst
keeping the 'tail' of high levels in perspective. From the dispersion
graph it can be seen that in the predominantly rural/agricultural areas
(e.g. area types E5, C3, B4) average total lead content of soils are
between 50-150 mg/kg. This contrasts with the results for inner urban
residential and industrial areas (e.g. area-types B2, A2 and Cl) where

the average total lead content of soils are-between 200 and 280 mg/kg.

The dispersion graph also illustrates clearly that the majority of the
results for total lead in the WMMC soils are in a broad range between
10-100 mg/kg, with some 21% of all results in excess of 200 mg/kg. In
the case of measured concentrations of total lead, three characteristics
are clearly discernible in the distribution plot. Firstly, there is a
general elevation in lead levels from rural 'background' levels of 50-100

mg/kg to high concentrations in the more urban areas of higher network
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Fig. 5.2 DISPERSION PLOT TOTAL LEAD (mg/kq).
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5.2.4

*2

density and increased industrial activity. Secondly, in the more
urbanised ‘'area-types' B3, Al, C2, there is an increasing frequency of
occurrence of individual very highly contamiﬂated sites. Thirdly, even
in the more urbanised areas, with significant amounts of industrial land-
use *2 (D1, A2) there are still some sites with virtually uncontaminated
soil, equivalent to levels found in rural agricultural areas. In
addition the spread of values in area types D1 and A2 are very much higher.
Figure 5.2  also shows that there is significant grouping of soil levels
around a medium value of 150 mg/kg. The above three characteristics of
soil heavy metal data in the WMMC is common to all the four heavy metals
determined in the WMMC soil samples and are shown in figures 5.4, 5.5 and

5.6.

Total Cadmium

Figures 5.3 and 5.4 are histogram plots and dispersion graphs for measured
levels of total cadmium in the 360 soil samples. The pattern of results
is clearly log normal with a 'tail' of higher values exceeding 3 mg/kg.
The highest measured concentration of cadmium in the 360 soil samples was
33 mg/kg (area-type Al) whilst at the lower end of the range, the majority
of soll samples (see figure 5.4) had a total cadmium content between 0.3
and 1.5 mg/kg. Some 14% of all results had total levels in excess of

3 mg/kg, the upper limit in nommal soils (see section 5.3 and Archer 1977).
It is also evident from dispersion graph of the data for total cadmium
that there is a significant elevation of soil cadmium levels in the urban/
industrial area-types Al, El and D1.

The range of total cadmium levels in the WMMC soil samples taken from the
relatively unpolluted 'area-types' of €3, E4, C5 and E5, exhibit broad

similarities, with values ranging between 0.1 and 1.5 mg/kg. ‘In the

Which it is known from past studies reviewed in Chapter 3. contribute

significantly to the levels of heavy metals in soil in urban areas.
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Fig. 5.4 DISPERSION PLOT - TOTAL CADMIUM (mq/kg).
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5.2,5

5.2.6

*3

suburban residential areas (D4, A3, Cl) cadmium levels range between 0.4

and 3.3 mg/kg with a cluster of results around 1.0 mg/kg. However, in

"the industrialised inner urban areas, Al, D1, C2, for example, soil cadmium

levels range between 0.5 and 6.0 mg/kg showing marked elevation. The
spatial pattern of cadmium levels in the 20 'area-types' is similar to that

for total lead and total zinc in the study area.

Total Zinc

Figure 5.5 is a dispersion graph for the measured content of total zinc

in the 360 soil samples grouped by 'area-types'. From figure 5.5 it can
be seen that the general pattern of soil total zinc levels is of levels
ranging between 60-500 mg/kg with considerable'bunching'of values around
250 mg/kg. In the agricultural/rural area-types of low road network
density (E2, E3, E4 and E5) the range of total zinc levels is narrow,
being between 60 and 200 mg/kg, well within the normal range in soils
reported By Williams (1981). *3, However, in the more urbanised areas
(A3, B4, A2) the lower level is at 120 mg/kg whilst the upper limit is as
high as 1600-2000 mg/kg, indicative of marked contamination. The highest
recorded total zinc level in the soil samples (table 5.1) was nearly 8000
mg/kg in area-type.Al and is associated with the highest cadmium level of
33 mg/kg. This observed relationship between levels of cadmium and zinc
in soil has also been reported by several investigators for urban and rural

solls (see for example Nriagu, 1980 and Thornton, 1979). From the dispersion

~graph, figure 5.5, it can be seen that well over 7% of the samples have total

zinc contents in excess of 1000 mg/kg more than 5 times the'upper limit' in

normal soils, detailed in table 5.4.

Total Copper

The spatial pattern of measured levels of total copper in the sqil samples

was found to be similar to that for total zinc., The highest measured level

See table 5.3 in this chapter and section 5.3.3.
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Fig. 5.5 Dispersion Plot Total Zinc (mg/kg).
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Fig. 5.6 Dispersion Plot Total Copper (mg/kg).

COPPEH »
(mg/kq)
3000 =
.
2000 =
. .
®
1000 = ”
e
e - .
® ° . a &
¢ °
500 A . .
" .® .
. [ ]
. ° ™
o, * s P
;. . . . ° .
. . ‘. . o [
250 J ** i . . I
. e o
[ ] ” - ®
.: [ ® o a. o
. e
. @
® . o® . e . = L
90 4 * .:""0' @ » .‘.0 ':'.. o.. °
e %o ®, ® ° oo, 5 L o
.
60 4 . Lo
- ' * o, () ': . . o.: ¢ _" ® - a
- L] .: .. ... 0. .l.... - . .
40- . 4 [ ] .. e 4 & . in -
® " e o ¢ ¢ ° . ¢ © e e c.:': °
% @ ™ L] o .' e e . °
° 5 o . ' a
25- [ ] e .. »°
e, o * oo % e o o.. * 0
e [ » ®
® ‘.‘. * & ° ‘s
° S ’ e '8 e . . Se
» » %, e @
20- ; . . 9 .. - . L] A ..o. °
. > % '.' .: [ ] e & P - L o o Q..'
10 ] ; ‘ O T A )
o L o \ .o:'o
®
"
| | | | D L | i | | ] | L | | |
A2 B2 C2 Al El1 Cl A3 Dl Bl D3 D4 B2 C4 B4 E4 C3 E5 D2 E2 E3

- 112 -

AREA TYPES



5.3

5.3.1

*4

of total copper was 4,574 mg/kg in area-type A2, although the range of
levels in this area-type was very wide, being 17-4574 mg/kg. The dispersion
graph (fig. 5.6) also shows a 'core' of 'background' levels of total

copper in the 360 soll samples between-50-130_mg/kg (also indicating
elevation above the normal range in soils of 2-100 mg/kg (table.5.5) ).

From the data in table 5.1 it can be seen that 35% *4 of the area-types

had a mean measured total copper soil content of more than 100 mg/kg with
the highest mean being 460 mg/kg in area-type A2 (mix of industrial/

residential and commercial land-use).

Comparison with Normal Levels

The above is a general presentation of the results and has illustrated
that the heavy metal content of urban soils is indeed highly variable.
Such results take on more meamning when the data is compared to 'normal'
levels reported in the literature for uncontaminated soils and for
naturally occurring levels from agricultural land. The data for this
comparison is summarised in table 5.5 for 'normal levels' (taken from
various sources, see for example Berrow and Burridge 1977; Bowen, 1979;
Swaine, 1955) and table 5.6 for agricultural soils (adapted from Archer,

1977) .

Table 5.5 Normal (unpolluted)Range and Common Levels of Metals in Soils(mg/c)

TOTAL AVAILABLE

Element Range Common Level 0.05m EDMA | 0.5m HAC Toxi::A
Pb 2-200 10 1.0 - 10.0 0.2 - 4
cd 0.1 -2.0 0.1 0.02- 0.2 0.02-0.2
Cu 2 - 100 20 0.5 - 10 0.1-10 50-100
Zn 10 - 300 30 1.5 - 15 l-10 130-260
Ni 4 - 200 20 0.2 -5 0.2 -5 20-35
Cr ' 5 - 3000 100 0.1 - 4 0.0l - 4

*a Source’: Adapted from Williams, 1981.

\

Based on 'pot trials' by ADAS. Some sensitive crops on light textured soil
at slightly acid pH's will be affected at the lower end of the toxic range,

whilst tolerant crops grown at pH 6.5 or higher will only be affected at the
upper end of the range.

Area-types Al,A2, A3, B2, Cl, C2, El, where majority have high road network.
density. - 113 -



5.3.2

5.3.3

5.3.4

*5

The data in table 5.5 is typical naturally occurring (unpolluted) levels
of heavy metals, obtained from published studies. By comparing the mean
and ranges of measured levéls of total heavy metals in the WMMC soil
samples with this data, a number of points are evident. The lowest
cbserved concentrations in the WMMC soil samples are similar to the lower
end of the range reported fof naturally occurring levels in soils for all
four heavy metals. For example, in the case measured total lead levels
in the WMMC, majority of the results are in the range 30-150 mg/kg.
However, at higher concentrations the levels of total lead in the wMMC
soll samples are some 5-8 times more than the suggested upper limit of
200 mg/kg (table 5.5). 1Indeed, if one took the 'common level' for total
lead of 10 mg/kg, then only 3 of the 360 soil samples had a total lead

content less than 10 mg/kg, suggesting considerable elevation of urban

solls with regard to lead.

In the case of total cadmium content, soils are reported to generally
contain between 0.1 and 2.0 mg/kg cadmium with a common level of 0.1 mg/kg.
A recent survey in Britain of the cadmium content of some 750 soil samples
taken in connection with the 'Fertilizer Practice Survey' *5 showed that
most agricultural soils contained less than 1.0 mg/kg which also
corresponds with the data reported by John (1973) for a soll survey in
Canada. In the WMMC soil samples, the majority of samples contained a
total cadmium level of between 0.5 and 2.1 mg/kg (fig. 5.4). However, the
higher end of the range of total cadmium levels in the WMMC were some 3-8
times the reported normal upperllevel of 2 mg/kg. Very few of the soil
samples analysed had a total cadmium level of 0.1 mg/kg. In addition, it
should be noted from the data in table 5.1 that some 25% of the area-means

total cadmium levels were above 2 mg/kg, the highest being 4.7 mg/kg.

Al

In the case of measured levels of total zinc and copper in the WMMC soil

samples there are some very marked differences. For example the normal

See section 3.4 of chapter 3 for a full discussion of this ‘rural soil
heavy metal survey. T



range for total zinc in soils is reported as being 10-300 mg/kg. The
data in table 5.1 and figure 5.5 shows that the higher concentration in
the WMMC soils are some 10-20 times higher than the upper limit for
naturally occurring levels and in the case of copper, many soil samples
are between 5-20 times higher than 100 mg/kg reported as being the upper
limit for normal levels of total copper. In detail, 40% of all the
results for the WMMC were greater than 300 mg/kg and 60% of the area-type
mean total zinc levels were above 300 mg/kg zinc. In the case of total

copper, 10 area-type means were found to be greater than 100 mg/kg.

5.3.5 The above results show that there is significant elevation of the soil
heavy metal content for total levels of lead, zinc, copper and cadmium in
the soils . In particular, it appears that the levels of total lead in
the WMMC soill samples are all generally elevated with significant
enhancement in high road network density area-types and the older industrial
urban areas *6. This enhancement probably results from a combination of
factors including higher traffic flows and industrial activity (non-ferrous
smelting in the Black Country areas). The levels of total cadmium, and
particularly total zinc and copper in the WMMC soil samples reflect the
high additional contamination of soils caused by pollutant emissions from
industrial activity in the area. This is confirmed, to a certain extent,
by the data presented graphically in figures 5,3, 5.4 and 5.5. These
figures show that the higher area-type means in table 5.1, for the
industrial/inner urban area area-types, is not the result of few very
high values for individual samples, but is due to a general shift of the
frequency distribution to higﬁ individual sample concentrations for zinc,

copper and cadmium,

*6 A full discussion of the spatial variation of heavy metal levels with
land-use is contained in section 5.6
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5.3.6

5.3.?

*7

As mentioned earlier, the data can also be compared to the results of a
study by Archer (1977) who carried out a systematic survey of trace
element levels in agricultural soils in England and Wales. *7. The data
.from the study by Archer is summarised in table 5.8 for total heavy metal
levels. From table 5.6, it can be seen that measured levels of total
lead were the most variable, with several results indicating natural
enrichment (i.e. greater than 200 mg/kg) . When Archer's data is compared
to the results reported by Berrow and Burridge (1977) for 'normal' levels
in agricultural/rural soils (where the upper limit of the 'normal' range
of total copper, lead and zinc is quoted as copper 100 mg/kg, lead 300 mg/kg,
and zinc 300 mg/kg.), of the 750 soil samples analysed in Archer's work,
only 1.3% contained more copper, 2.l% ﬁore lead and 0.8% more zinc than
these values. 1In the case of cadmium, the majority of the soil samples
contained less then 1lmg/kg cadmium, although there are several instances
where cadmium levels exceed 3 mg/kg. (table 5.6). Archer concludes that
the results from this survey indicate the normal range of heavy metals in

unpolluted soils for England and Wales.

When the data in table 5.6 is compared to the results in tables 5.1 and

5.2, and graphical dispersion diagrams for the WMMC, there are a number

of significant differences. For example, in Archer's study, for total
copper, almost all the soil samples had a copper soil content between

1 and 100 mg/kg,in the case of the WMMC, less than 40% of the soil samples
had a level of total copper up to 100 mg/kg,with many samples ranging up

to 100 mg/kg. The distribution of results for total cadmium in the WMMC
soil samples corresponds fairly closely to the data of Archer, with over

50% of results containing less than 1 mg/kg cadmium. However, in the more
industrialised 'area-types' (Al, D1 for examéle) the levels of total cadmium

N

in the WMMC range between 0.8 and 15 mg/kg and are significantly different

See chapter 3 section 3.4 for a full discussion of this survey which was
carried out in connection with the 'Survey of Fertilizer Practise' and
some 750 soil samples were collected and analysed for a range of heavy metals.
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TABLE 5.6

NUMERICAL DISTRIBUTION OF TOTAL TRACE ELEMFENT VALUES

IN SOILS IN ENGLAND AND WALES (mg/kg).

Range of Values mg/kg

- 4

5- 9

10 - 19
20 - 39
40 - 59
60 - 79
80 - 99
100 - 119
120 - 139
140 - 159
160 = 179
180 - 199
200 - 299
300 - 399
400 - 499
500 - 599
600 - 699
700 - 799
800 - 899
900 - 999

1200
' Median
Range

Cu
9
1ol
349
258
18

H N U W W

17
2-195

ELEMENT
Pb

72
286
176
108

40

16

16

(o U BN BRSNS L

42
5-1200
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Zn

76
165
152
156

93

42

20

14

N W o W

77
8-816

cd
374
111
126
48
13

Range
X

1 - 1.4
1.5 - 1.9
2.0 - %.4
2,5 - 2.9
3.0 - 3.4
3.5 = 3.9
4.0 - 4.4
4,5 - 4.9
5.0 - 5.4
5.5 -~ 5.9
10

1.0
0.08-10
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*8

to the data cbtained by Archer. Similar differences in the distribution

of results are found for total lead and total zinc in the WMMC soil samples.

The comparison of the WMMC soil heavy metal results with data for
naturally—nccurring (unpolluted) levels has shown that for all four heavy
?etals the highest concentration in the soils are,on average, ten times
higher than the highest naturally occurring levels. This is an indication

of the elevation of soil heavy metal soils through pollution in the area,

~giving rise to soil contamination. This point is illustrated further by

table 5.7 which shows mean area-type soil heavy metal concentrations for
four characteristic *8 urban area-types. The four area-types cover most
rural/agricultural areas; general urban residential areas of medium to
high road network density; inner area mixed residential/industrial areas;
and highly industrialised areas. The table indicates the typlcal average
soil metal concentrations observed in these types of areas and illustrates

the range of levels of heavy metal to be expected in urban and industrial

areas.

Table 5.7

Representative mean area-type Soil Heavy Metal Concentrations in
the WMMC (mg/kg dry soil)

Areaﬁze
Element ES D3 DL Al

(Agricultural) (Resid/Recr) (Mixed Regid/Ind.) (Ind/Comm)

Pb 49 109 140 ' 240
cd 0.5 0.7 2.8 4.7
Zn 134 179 616 1496
Cu 32 28 98 374

The table indicates that in the rural areas (E5), average levels are

broadly similar to the naturally occurring concentrations detailed in

\

Although the 20 area-types used in the calibration model cover the range
of urban fabric types in the WMMC, these four 'area-types' are taken to

be representative of the cross section of conditions likely to be
encountered in any urban area.
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5.4.1

5.4.2

*9

table 5.3. The outer-suburban areas (D2) also show little elevation
above natural background levels. However, in areas where industry is
present, levels of heavy metal in the soill increase significantly, with

levels in the highly industrialised areas (Al) on average 8-10 times as

high as the rural levels.

Discussion of Results for 'Available' Metal Concentrations

Tablé 5.2 is a summary table of the 'available' *9 concentrations for four
heavy metals determined on the twenty 'area-type' soil samples. The
determination of available heavy metal concentrations is primarily an '
indication of the amount of the heavy metal that is readily available to
the environment, for plant uptake for example. As such, therefore, they
can be used as an indication of the extent to which heavy metal soil

contamination is of more general environmental concern. From the data

presented in table 5.2,it can be seen that the available metal concentrations
exhibit a similar spatial distribution to that described for total heavy

metal concentrations in section 5.3 above.

From the data in table 5.2, it can be seen that mean available soil copper
levels range from approximately 10 mg/kg in rural (unpolluted) areas to well
over 100 mg/kg in the more urbanised areas. The range for available copper
in the 360 soil samples is from 2 - 1220 mg/kg with the highest range
measured in area-type Al being 11 - 1220 mg/kg. For available lead, the
range of results for the 360 WMMC soil samples is between 2 - 758 mg/kg

and area-type means range between 34 - 143 mg/kg. In the case of

available cadmiﬁﬁ, the range of measured concentrations in the 360 soil
samples was 0.01 - 9.6 mg/kg, with the widest rénge in area-type Al of 0.3 -
9.6 mg/kg. Area-type mean available cadmium soil concentrations range
from 0.3 to 1.5, indicating that industrialised inner urban areas (Al for

example) are some 5 times more contaminated than rural areas. For

See chapter 4, section 4.6 for definition of 'available' metal concentration
and Appendix B.for details on analytical methods.

- 119 -



5.4.3

L S )

available zinc, the range in the 360 soll samples was 1 - 2488 mg/kg with
highest cbserved range being in area-type Al of 17 - 2488 mg/kg. From
the discussion of contemporary soil studies fof heavy metals in chapter 3,
it is evident that much of the data on available soil heavy metal relates
to copper and zinc, primarily due to the phytotoxic effects of these
elements on'crops and plants. Therefore, the remainder of the discussion
and comparison of available soill metal concentrations in the WMMC, will

concentrate on the cbserved levels of available copper and zinc.

Available Copper ‘

Figure 5.7 is the dispersion graph plot for measured available copper levels
in the 360 WMMC soil samples, grouped by area-types. In many respects,

the pattern of results is similar to that discussed earlier for total copper
in soils. From the data in figure 5.7 it can be seen that there is a
general rise in the 'low' levels from around 2-10 mg/kg through to 10-25
mg/kg in area-types Al and A2. However, such an elevation is not as clearly
defined as was the case for total soil heavy metal levels, because there is
still a high proportion of results (76%) below 20 mg/kg even in the mnost
contaminated area-types. The dispersion plot clearly illustrates the
differences in ranges between area-types, with the range in less contaminated
area-types (E3, E5 for example) being 2 -20 mg/kg, whereas in the more
contaminated area-types, the range is much higher, being 8 - 200 mg/kg
(area-types A2 and Cl for example). The same three characteristics in the
distribution discussed in section 5.3.2 for total heavy metal concentration,
is also found for available copper levels. The fact that the higher area-

type means (Al, A2, Cl & B2, in table 5.2) are not due to one or two very

samples with high copper levels, clearly indicates that industrial pollution

\

!
J
high copper levels, but due to a general increase in the number of soil
has a significant influence in the levels of heavy metals in soils. In

\

addition, since this has been cbserved to be the case for ‘'available copper' ‘
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. Fig. 5.7 Dispersion Plot Available Copper (mg/kg).
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*10

levels, then it can be assumed that the more contaminated a soil is, the

more metal in the soil is 'available' to the environment.

Available Zinc

Figure 5.8 is the dispersion graph plot for available zinc concentrations
in the 360 soil samples. From. figure.5.8 it. can be seen that the lower
end of the range of levels in the 20 area-types rises steadily from
between 10-20 mg/kg (area-types E3, E4, and E5) to 50-100 mg/kg in area-
types, Al, A3, C2 (industrial and mixed industrial residential and
commercial area-types). The dispersion graph also clearly illustrates the
point that as one goes from rural sites (E5) to more urban and inner
industrial sites (A3), there is a higher incidence of sites with elevated

levels of zinc contamination, with the levels peaking around 1000 mg/kg

in the highly contaminated areas.

As mentioned in section 5.4.3, there has been a great deal of data
published on 'available' levels of heavy metals, mainly due to concern from
the phytotoxic effects of heavy metals in soils, in particular their effects
on crop health. In fact, much of the published data related to 'available’
heavy metal concentrations comes from agricultural soil science, because of
the practice of using sewage sludge (often rich in heavy metals) as a
fertilizer on arable land and grasslands (see for example studies by Will;ams,
1981; Berrow & Burridge, 1977). Table 5.5, summarises the published datﬁ
on naturally-occurring (unpolluted) levels of available metals in soils and
includes limited data on levels of heavy metals in soils considered to be
phytotoxic. The upper limit of the 'normal' levels in soil, quoted by

various investigators, for copper and zinc, are 10 mg/kg and 15 mg/kg

respectively. *10.

A certain amount of caution needs to be exercised when carrying out
comparisons for 'available' levels in soils because of the variety of soil
extraction procedures that are used. However, it is assumed that large

differences in the results, cannot be attributed solely to differences in
analytical method,
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5.8 Dispersion Plot Available Zinc (mg/kq) .
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5.4.6

From the data in figures 5.7 and 5.8, it can be seen that 76% of the
évailable copper ievels in the WMMC soil samples exceed 10 mg/ké and

82% of the available zinc results exceed 15 mg/kg. In addition, if the
upper toxic limit for available copper is taken to be 100 mg/kg (table 5.5)
it can be seen that 8% of all the soil sample results for the WMMC exceed
100 mg/kg, with highest levels being some 5 - 10 times this value. In
the case of available zinc, where the upper toxic limit is quoted as

260 mg/kg, 7% of the WMMC soil sample results exceed this value, with the

highest concentrations being ten times this value.

The data on available metal concentrations in the WMMC soil samples can
also be compared with results from two other studies. The first, by
Archer (1977) reports naturally occurring levels in agricultural soils for

England and Wales and the data from this study is summarised in table 5.8.

Table 5.8 Numerical Distribution of Available/Extractable Metals
An Agricultural Soils of England and Wales.

ELEMENT
RANGE (mg/1) Pb Zn ° Cu te

1 114 6 8

1-4 436 240 35
5-9 78 269 238
10-14 24 82 32
15-19 4 32 ¥ )
20-24 2 20 5
25-29 3 3
30-49 - L
50-100 1 3
Median (mg/l 6.6 4.4
Range (mg/1) 0.4 - 97.6 0.5 - 74

. Source: Adapted from Archer, 1980.
*b determined on an acetic acid extract.

*a determined on EDTA extract..
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The data in table 5.8 is a numerical distribution of 'extractable' *1l
heavy metals and illustrates that for lead, copper Qnd zinc, the majority
of.the results are in a narrow band between 1 & 10 mg/kg, with very few
samples having levels greater than 20 mg/kg. These results reflect a

range of soil types taken from 'sample farms' covering England and Wales,
and as such can be taken as representative of naturally occurring 'background’
levels in uncontaminated soil. When the data in table 5.8 is compared to
the data in table 5.2 and figures 5.7 and 5.8 for the WMMC, it is clear

that soils in the WMMC show marked contamination. Only in the rural |,
agricultural area-types (E4 & E5) do levels of lead, copper and zinc compare
with those reported by Archer and even in these areas, there are a number
of soil samples with levels of zinc and copper in excess of 100 mg/kg. In
addition, in the WMMC soil samples it is quite common to find copper and

zinc levels 10 - 30 times higher than the normal levels reported by Archer.

The second set of data which can be used to compare with the WMMC results
is taken from work by Davies (1979) in London. The study of London soils
was carried out on a transect basis from rural Hertfordshire through to
the centre of London. Soil samples were collected from gardens, parkland
and allotments. Table 5.9 summarises the results of this work for three
broad areas; Rural Hertfordshire; Greater London Urban Parkland and

Central London Parkland, and includes selected data from the research to

aid comparison.

\

Extractable is another term for available and utilises a slightly

different extraction technique, see Chapter 3, section 3.5, for further
details.
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Table 5.9 Comparison of Results Between London *12 Soils and the WMMC

METAL
Lead Zinc Copper Cadmium
(Locality) mean range mean Yrange Tmean Yrange IMean  range

Hertfordshire 53 42-63 95 .52-121 121 1lo-16 0.05

(Rural) Area-
type E4 42 2-80 38 1-111 26 4-113 0.4 0.07-1.07

Gt.London Urban 275 78-848 373 117-1047 45 18-103 0.5 0.5-1.6
Parkland

Area-type B2 121 24-292 147 12-1109 49 9-141 0.8 0.2-2.3

Central London 966 521-2405 327 220-496 56 31-85 1.3 1.1-1.2
Parkland

Area-type Al 131 42-288 360 17-2488 133 11-1220 1.5 0.9-9.6

If the three broad areas in the London study are taken to be similar to
area-types E4, B2 and Al, respectively, then a number of points are
evident. Firstly, the general trend of higher levels of heavy metals

in the more urbanised centres of large cities is a feature of both sets

of data. In addition, the results for the rural soils correlate well
with the reported ‘'normal background' levels of heavy metals in soils.
However, in the case of the WMMC soil sample results, there are a number
of significant differences. Firstly, the mean lead levels are generally
higher in the soils from the London Study - probably reflecting differences
in traffic density, a significant source of léad in urban soil and dusts
(see studies by Harrison, 1979, Duggan & Williams, 1977). In the case of
copper and zinc in the WMMC soil samples, levels are on average much

higher, reflecting the dominance of industrial pollution to *13 soil

heavy metal levels in the WMMC.

Adapted from Davies (1978) , measurements of heavy metals for London are
available-determined on a 0.05m EDTA (NH4)) extract solution.

Non-ferrous metal smelting and high conentration of metal using,
industries.
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5.4.8 Other studies of 'available' levels of heavy metals in urban soil
environments, wﬁich can be used to coﬁpare the results from this research
study, have been reviewed in detail in chapter 3. ' Of these, the work
of Klein (1972) and Merseyside County Council (1976) offer some useful
data for comparisons. In the work of Klein (1972), trace metal
concentrations in soils were mapped according to the land-use pattern for
part of Grand Rapids, Michigan, U.S.A. The results from this mapping

exercise are summarised in table 5.10 below.

Table 5.10 Mean Metal Concentrations (ppm) in Soils from Grand Rapids
Michigan U.S.A.

METAL

Land Use Pb Zn Cu cd

Agricultural 11 27 9 0.6
Residential 15 22 8 0.4
Industrial 48 57 16 0.7

Source: Adapted from Klein 1972.

Klein compared the spatial distribution of heavy metals with land-use and
found that the industrial zones were clearly enriched with heavy metals.
Taking all the results into account, Klein concluded that on average, heavy
metal levels in industrial areas were 2-3 times higher than in the
residential areas. It is also interesting to note that there was little
difference between the levels in the agricultural area and residential areas,
with both sets of résults reflecting published naturally occurring levels in
soils. The data for the WMMC soil samples are clearly significantly
different to the data produced by Klein. The results for the Michigan soil
are at the lower end of the ranges found in comparative area-types for the
WMMC and probably result from the fact that in the WMMC the high density of

metal using industries is a significant contribution to the h;gﬁer levels of

heavy metals generally in the soil.
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- The results from the. study carried out in Merseyside County *14 support

the general view of elevation of heavy metals in urban soils. This

study, which determined 'available' copper, zinc, cadmium and lead on

~garden and parkland soils across the whole of the county, concluded that

the levels of lead and zinc in soils were generally elevated and
relatively evenly distributed throughout the county. In contrast, soils
with high concentrations of copper and cadmium were found to be restricted
to zones near active or former metallurgical and refining industries. 1In
detail, the survey found that approximately 6% of garden and parkland soil

samples contained more than 200 mg/kg copper (levels of this order are

~generally toxic to plants). In the case of extractable cadmium, between

3% and 6% of soil samples contained more than 1 mg/kg and for zinc only 2%
of the soil samples contained in excess of 100 mg/kg extractable zinc.

Therefore, although all the heavy metals were found at concentration

~greater than those regarded as normal in soils, only copper exceeded that

concentration reported in the literature as being toxic to wvegetation.
This serves to further illustrate the point that urban soils, in general,
will exhibit contamination from heavy metals and the presence of metal
using industries, in particular non-ferrous smelting and plating works,
can significantly increase the total levels of heavy metals in solils and

the amount in the soil which may be 'available' to the environment.

Reviewed in detail in chapter 3, where soil samples collected from 2 km

. grids cross whole of the county .area. y
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PART 2 VALIDATION AND MAPPING

Statistical testing of the sample data.

The preceding sectioné of this chapter have summarised the results of the
measured levels of heavy-metals in the WMMC. The results have been
compared with data on naturally occurring(unpolluted) levels of heavy
metals in soil and have also been compared to published data from
contemporary studies in other urban areas. The next sections of this
chapter discuss in detail the statistical testing of the results and
present the background soil contamination maps for the whole of the WMMC,

which have been derived from the sample data.

. Preceding chapters of this thesis (chapters 2 & 3) have demonstrated the

need for further, detailed information on the spatial variation of heavy
metal land contamination in urban soils. In addition, it has been
concluded that there is, at present, no satisfactory methodology for
comprehensive mapping of heavy metal soil levels in large and varied urban
areas. The problem stems from the fact that soil heavy metal levels can
vary substantially over short distances and so a relatively high density

of sampling sites per unit area is needed in order to achieve a
representative sample. Evidence from the literature suggests that to
achieve a sampling density of the required order over an area of the size
of the WMMC, would require a total of many thousand sites to be sampled and
analysed, clearly an impractical task. It was decided, therefore, to adbpt-
an alternative appr&adh and in chapter 4, section 4,4, it was stated that
the research was essentially an estimation mapping methodology,hhich is
based on the general proposition that different types of area have their

own particular distinctive pollution conditions *15 that are linked to

A proposition which has been put forward by Wood et al (1974) in his

Geography of Pollution and was developed for air pollution by Pocock (1979)
see chapter .4 for a detailed review.
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land=-use. If this proposition holds, which will be tested statistically
in part 2 of this chapter, then typical levels of heavy metal soil

contamination in a given area can be estimated and mapped at an urban scale.

The area—-type means (see section 5.2) of the four heavy metals determined
in the 3é0 soll samples are to be used as the basis from which Lo estimate
and map the spatial pattern of soil contamination for the 1003 grid squares
covering the whole of the WMMC. The key hypothesis which is to be tested
holds that: 'the spatial variation of soil heavy metal levels over the
WMMC. are significantly associated with the variation in the area—typés
over the study area'. Two important statistical tests were applied to the
area-type mean soil heavy metal levels, as a test of the sample data.
These were the students 't' test on the means of each pair of grid squares,
taken to be representative of the 20 'area-types'. The second, which was

to be a direct test of the above hypothesis was the classical analysis of

variance 'F' test.

The 't' test and 'F' test, being parametric statistical tests, assume

the following:

i) the samples are independently drawn from a normally
distributed population. -

ii) components of the variance are additive.

iii) parent population mean and variance are independent.

_ Appendix E. summarises the testing of these issues. However, the crucial

question for statistical validation, is the issue of the degree to which
the population from which the samples has been drawn is normally
distributed. There are a range of methods which can be used to check

for normality (see for example, Hammond & McCullogh, 1978); these may

be summarised as:

\

i) common sense - are the data of a kind one might expect
to cluster symmetrically about a mean.
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i1) the use of probability paper - if the sample data are
plotted cumulatively, they will yield a straight line
if they are normally .distributed. .

1i4) if the median is less than the mean, then this
indicates that the distributions are not normal.

iv) if the data is normally distributed then the
variance will be independent of the mean.

5.5.5 Of the five criteria above, it can be seen from dispersion plots of the
sample data and histograms (see figures 5.2 - 5.6), that the data is not
symmetrical about the mean. The measured concentrations of the four
heavy metals shows a cluster of results at lower levels with a 'tail'
towards the higher levels. The data is in fact positively skewed. In
addition, the results of other checks for normality (appendix E) also
indicate that the sample data is not in fact normally distributed with
variance not independent of the mean. It would be inappropriate to apply
parametric statistical tests to non-normally distributed data without the
risk of considerable error. The use of alternative,non-parametric
statistical tests was considered inappropriate since they are not as
powerful as parametric tests .and do not generally utilise all the
information provided by the sample. Therefore, since the statistical
testing of the research results involves the use of parametric tests, it was

necessary to 'normalise' the data through the use of data information.

5.5.6 There are a number of 'transformafions' that can be used to 'normalise' the
data (see for example, Yeomans, 1977; Elliott, 1972). Examples of such
transformation include replacing X byl\fi-or X by log (X+3). For
positively skewed data of the kind found in the sample the more usual
transformation is a log transformation. By substituting the logarithms
for the numbers, a positively skewed distribution is transformed into one
which is approximately normal and therefore satisfies the requirements of
parametric tests. Provided all the daéa is transformed in exactly the

same way, then the results of the testing, discussed below, holds good for
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the original data set. Since the soil heavy metal results data is

skéwed, it was necessary to transform individual sample point results for

ail four heavy metals into logarithms. A simple check on the adequacy

of the transformation was carried out on the sample data. This is

reported in detail in appendix E. The data for total lead clearly
demonstrates that by taking the logarithms of the numbers, the distribution
is transformed to one that is approximately normal, with variance independent

of mean. Checks on the other heavy metals produced similar results.

Analysis of Variance 'F' Test

It is evident from the discussion in section 5.4 of this chapter, that
differences exist between the mean and range of all four heavy metals in
the twenty area-types. It is necessary to test whether this observed
difference is a real difference between 'area-types' or is accounted for

in error in the sampling method. This is tested through the application
of the analysis of variance 'F' test to the sample data. The rationale

of the 'F' test, which has been developed and widely applied in
agricultural science, is to compare two different estimates of the variance
of the assumed common normal population from which the samples have been
drawn. Therefore, the test is in fact applied to the corresponding
null-hypothesis (Ho ), that samples of heavy levels taken independently
from different 'area-types' came from the same background parent population.
The first estimate, termed the between sample variance (B), is based on the
observed variance of the means for each metal in the twenty area-types.

The second, termed within sample variance (W), is based on the variance of

the observation within each area-type. The F - ratio is given as:

F = between sample variance (B)

within sample variance (W) \
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5.6.2 If the above null-hypothesis holds, then the variation between sample
méana shoula be c&mmensurate with éhe population variance, as indicated
by the variation within samples, and the two estimates of variance
should not be statistically significantly different. If it should prove
that the 'between sample variance' were greater than the 'within sample
variance' then tﬁe null-hypothesis should be rejected. One may conclude
that there is statistical evidence that the 20 samples were not in fact
drawn from the same parent population. The inference from the rejection
of the null-hypothesis is that a significant proportion of the spatial

variation in soil heavy metal levels over the study area can be explained

by differences existing between area-types.

5.6.3 The calculated 'F'' value for the four heavy metals determined on the 360

WMMC soil samples is contained in table 5.11 belcw.

Table 5.11. Calculated 'F' Values

Element Total Available
Lead 52 4.6
Cadmium 5.05 3.3
Copper 9.05 6.9
Zinc 7.5 4.3

The appropriate degrees of freedom are given by (K-1, N-K) and in this
case work out to be (19, 340). For the appropriate degrees of freedom,
the tabulated 'F' value at the 1% (p = 0.01) significance level is 1.9

and at the 0.1% level (p = 0.001) is 2.1. From the results in table 5.11
it is concluded that for all four heavy metals and for both available and
total levels, the observed variance ratio is too great for the null-
hypothesis to be sustained, and that there is sufficient statistical

evidence to indicate a specific between sample variation. In other words,

the indication is that there are significant differences in the population

from which the samples were drawn.
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5.6.4 The second statistical test applied to the results was a test of whether
or not the two grid squares, selegted at random as being representative
of individual area-types, are in fact two samples drawn from the same
pérent population.. Thi§ was teséed using the student 't' test on the
means of the two grid squares from each area-type. The 't' test null-
hypothesis (Ho), is that there-is no difference between the means and
variance of the two samples data set for each area-type. The two
samples are taken to be from a single background population and any
cbserved difference between them is no more than might be expected due
to random variation. The null hypothesis is accepted when the observed
value of 't' is equal to or less than the critical value of 't' for the
appropriate degrees of freedom. 1In testing the significance of the

difference between sample means (grid squares) the null hypothesis

includes the following assumptions:

i) the background population of the samples are
approximately normally distributed.

ii) the standard deviation of the population from
which the samples are drawn are equal.

In the case of 'normality' of the data, this has been checked *16 and
the appropriate log transformation carried out. It is the log data which

is used in the calculation of the 't' statistic.

5.6.5 As stated above, the vaiidity of the 't' test also rests on the assumption
that the standard deviations (and hence variance and mean) of the background
populations of the two samples are equal. Since a significant difference
between variances will also produce a significant value of 't', it will
be evident that before carrying out the 't' test, it is necessary to
investigate the above assumption. A check was therefore carried out as

to whether the best estimates of the population standard deviations, derived

*16 See appendix E and discussion in section 5.5.5 on checks for normality
and appropriate transformations of the data.
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5.6.6

31}

from the two samples taken separately, are not so different as to render
the above assumption unacceptable. This check was carried out by
applying the variance ratio 'F' - test to the data, where:

F = greater estimate of the population variance

smaller estimate of the population variance

If the variance ratio is found to be greater than the critical value, then
the necessary assumption of a common population standard deviation must
be regarded as inconsistent with the data and thus renders the 't' test
invalid. The variance ratio test preceded all 't' test calculations, and

the results are summarised in appendix E. table E.l,

Table 5.12 summarises the 't' test results and indicates where the variance
ratio test produced a significant result. The critical value of 't' from
the appropriate degrees of freedom (n - 2 =16), is given as 2;12 at the

5% significance level and 2.92 at the 1% significance level. Where the
variance ratio test produced a significant result, it would be invalid to
obtain an estimate of a 'non-existent' common population variance.

However, according to Yeoman, (1978) a 't' test can be performed on such
means with S2 and S;2 used as respective estimates of the two population
variances in the formula set out below.

t = X -

X
2 2
s2 4 s,
| n,

The critical value of 't' being obtained from revised degrees of freedom,

which is calculated from the following formula.

d. £. + { Si + 522 ; - 2 (to the nearest)
' (whole number )

( i 5 )

("1 2. 1)
2 2 '

E 812) + (32 ; 2
n, ) (n2 )
nl+ 1 n2+ 1



TABLE 5.12
STUDENTS '®' Test Data

Area e | Lead Zinc Copper Cadmium
Tot., Av. Tot. Av. Tot. Av. Tot.  Av,
Al 0.99 0.33 2.69 1.66 0.21  0.10 3.33  2.04
A2 2.34  0.20 0.72 1.51 1.10  2.49 3.14  3.26
A3 0.97 0.0l 1.21  2.15 3.95  3.38 0.21 1.96
Bl 0.82 5.36 0.03 15.97 1.76  9.95 2.41 5.68
B2 3.75  0.80 3.07 0.0l 3.49 2.22 2.57 1.23
B3* 0.45 0.15 1.27 0.13 1.40  1.27 1.47 o0.0l
B4* 0.27 0.37 1.48 1.31 2.99  3.10 2.36 0.33
c1 3.98  2.69 5.53  3.41 8.17  7.08 4.63 6.73
c2 1.32  2.06 3.54 2.84 5.17  5.69 2.84 2.18
c3* 1.05 0.52 2.43 0.18 60.04  0.29 2.78  3.48
c4 1.45 1.56 0.33 0.32 4.38  2.09 0.36 2.06
D1 1.78  2.14 2.11  3.66 0.61  2.52 0.02  3.26
D2 2.07  3.69 0.31 0.46 0.19  1.42 0.67 1.34
D3 2.40 3.85 3.30 4.88 1.62  3.56 3.78  3.99
D4 1.44 0.56 3.11  0.79 2.26  0.08 0.69 0.85
E1* 0.95 0.81 1.58 1.1l 0.05 1,23 3.67 1.91
E2* 1.07 0.97 1.71  0.50 0.52  0.57 2.39  0.17
E3* 1.71  2.91 4.35 2.53 4.26  8.04 Y10 1:39
E4* 5.99  3.82 9.37 4.08 10.73  9.00 6.12 2.37
. E5* 4.06 4.68 1.47 5.46  5.61  3.59 6.34  3.07

*Where 'F' variance ratio is significant

)
Critical value of '"¢' 5% = 2,12
1% = 2.92 ) 2 tailed

) .

Vl = 16 (degrees of freedom)
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5.6.7 The recalculated 't' value, degrees of freedom and critical values of 't'

5.6.8

are given in table E2of appendix E. , Figure 5.9 summarises the 't' test
data where it was found that the null-hypothesis should be rejected, due
to highly significant differences between the means of the two samples

(grid squares) for each area-type.

Figure 5.9

Area-types with highly significant differences between the means (p 0.001)

Element '‘Area-Types'

Lead Total B2 Cl E3 E4 ES :
Avalilable Bl D3 E3

Zinc Total Bl Cl1L C2 D3 D4 E3 E4
Avallable Bl C1 D1 D3 E4 ES

Copper Total A3 BL B2 Cl C2 C4 D4 E3 E4 E5
Available A3 Dl B4 Cl C2 D3 E3 E4 E5

Cadmium Total Al A2 Cl C2 D3 E1 E4 E5
Available A2 Bl Cl1 €2 C3 Dl D3 ES5

From the above summary table, it can be seen that certain 'area-types'

have been found to exhibit highly variable soil heavy metal levels such
that two sample data sets, taken randomly from each ‘'area-type', have not
explained a significant proportion of the 'within sample' variance.

For example, area-types A3, Cl, C2 and D3 are significant, in that they are
examples of very mixed land-use with residential, commercial and industrial
land-use equally represented. The 'E' statistic is reflecting the high
variability of soil heavy metal levels in their area-type which can range

from virtually uncontaminated soil to samples which contain very high levels.

From the data in figure 5.9 it can be concluded that the value of the
within sample variance ( W.), used in the analysis of variance 'F' test
should have included an extra element of variance which is not accounted

for by variation in land-use and intensity of use alone. An addition to

- 137 -



5.7

5.7.1

the within sample variance would have the effect of reducing the calculated
value of 'F' and as such may make it more difficulé to rejeét conclusively
the nuli-h§pothesis. No eétimaﬁe of this 'é#tra' variance was made and
thereforé it was not possible to maké any addition to the 'within sample
variance'. It is, however, suggested that this 'extra' variance would
need to be very large to reduce the 'F' statistic to a level where it
cannot be used to reject the null hypothesis. However, from the results
presented to date and data from other studies (see Chapter 3 and work of
Klein, 1972; Beavington, 1973; Davies, 1979; Merseyside County Council,
1978) , there is sufficient evidence to conclude that land-use type is the
dominant factor influencing soil heavy metal levels in urban areas.
Therefore, it is concluded that although the 20 area-types explain a
significant proportion of the total spatial variance of heavy metals in
the WMMC, there is a certain amount of variance within individual ‘'area-
types', which is not accounted for by land-use characteristics alone.

Suggestionsas to what may be responsible for this extra variance include

- geology, soil type and field sampling error. All of which would require

further investigation and are beyond the scope of this present research

study.

Mapping Background Levels of Soil Contamination in the WMMC

As stated in section 4.3, of Chapter 4, the role of the heavy metal soil
survey in the 20 'area-types' is simply to estimate typical soil heavy
metal levels for 'area-types' to enable comprehensive spatial soil
contamination maps to be obtained. If the data is to be used as in a
mapping exercise for display purposes and in recognition of the fact that
there is 'unexplained variance' in the sample data, it is necessary to
aggregate the data for individual area-types into a small number of useful

A

(for display purposes) and different categories of ‘'area-type'.
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5.7.2

The next section of the chapter describes how the area-type data was

~grouped into five categories, which were then used to produce background

soll contamination maps for the whole of the WMMC.

\

Grouping the data for display purposes.

As indicated above, and detailed in the objectives in Chapter 1, a central
component of the research study was to cbtain data on soil heavy metal
levels in urban areas, which could then be used to describe the spatial
pattern of soil heavy metal levels over the WMMC. The mapping of spatial
data involves the use of two component techniques. The first are .
techniques for obtaining representative spatial data, and the second are
techniques for representing the data geographically. The survey work,

the collection of spatial data on soil heavy metal content in the 20 ‘'area-
types' has been discussed in earlier sections. This section briefly
summarises the methods which may be used to map spatial data.

There are in fact a wide variety of means available to convey qualitative

spatial information, the details of which are discussed more fully elsewhere

(see for example Pocock, 1979; Dickinson, 1973; Hammond & McCullagh, 1978).
It is only necessary to summarise such methods here. Dickinson (1973) has
suggested various methods for mapping spatial data for display purposes and
figure 5.10 is a taxonomy of the extensive range of possible methods.

Figure 5.10 Taxonomy of Spatial Statistical Techniques for Representing datg

o STATISTICAL TECHNIQUES

Spatial disiribulion l Spatial dislribulion
- (11 any) not important needs emphasis
STATISTICAL DIAGRAMS STATISTICAL MAPS

Chiet aim 1o show

Quantiies not known vr unimpor tant l Quuntiies impsrtanl

¥

NON -QUANTITATIVE QUANTITATIVE
relalionships diision 4] Showing quantiies dstnbutey
belween into
quantilies components SYMBOLS
LETTERS \
SHADING, ETC
LINE GRAPHS COMPUUND LINE,
HAR GRAPHS BAR GRAIHS, E1C
CIRCULAR GRAPHS  DIVIDED CIRCLES ()ot wpecitic POINTS (o) within n gunen AREA &) ang o LINE
106G GRAPHS DIVIDED RICTANGLES

SCATTER GRAPHS TRIANGUL AR GRAPHS ‘l( t ,t

{ REPEATED UNIT SYMBOL | Dot BANLS (4
| PRUPORTIONAL BaKS | wyaDita, VRO
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5.7.3 In the context of this reséarch,using Dickinson's taxonomy, both 'spatial

distribution’ ané 'quantities' ére iﬁportant. It can be.éeen from fig.
5.10 that there are.four possible disélay techniques which could be used:
i) dot displafs
ii) shading of zones
iii) proportional shading of zones

iv) isolines

In the work of Pocock (1979) summarised in chapter 4, a detailed review
of the above mapping techniques concluded that of the above techniques,
dot displays involved the reduction of the input data to a lower level
of information and are therefore inefficient techniques for displaying
spatial data. *17. In addition, since shading and proportional shading
of zones, are both examples of choropleth maps, the available
cartographic techniques for displaying the soil heavy metal data reduce
to two—possible types:
i) Choropleth (Shading) Zones - where the spatial pattern

in the data is represented by the use of visually

different (shaded) zones using either simple or

proportional shading of zones. Within any single zone

conditions, in the case of soil heavy metal levels, are

assumed to be homogeneous, with discrete contiguous
zones forming 'area-elements' across the study area.

i1) Isolines - -this technique ‘involves the use of. lines to
represent points'of equal condition (e.g. iscbars on a
weather map or contours on a topographic map). The
drawing of lines involves a certain amount of subjective
judgement.

5.7.4 The suitability of these two classes of technique to a given set of spatial

*17

*18

data is constrained by certain characteristics *18 of the data. The key
constraining factors according to Pocock (1979) concern the spatial

characteristics and scale properties of the data. In general, spatially

Reduces the information displayed to a visual, qualitative level and
are normally used only where the wvisual impression is the overriding
purpose of the mapping exercise.

Characteristics of the data also restrict the choice of statistical

tests that can be applied to a data set (see for example Hammond & McCullagh,
1978, Pl09).
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5.7.5

continuous variables such as noise and air pollution are to be represented
by isolines and discrete and discontinuous data, such as building
condition, and soil pollution should be represented by choropleth zones.
As far as scale properties of the data set are concerned, spatial data may
possess any of the four scale properties, nominal, ordinal, internal or
ratio. In general isoline surfaces require internal or ratio scaled data
where individual observations are assigned to a category where the
interval between each category is shown. Nominal or ordinal scaled data
are more commonly mapped using choropleth techniques since all that is
required is to distinguish each zone from its neighbour.

The meén soil heavy metal data for 'area~types' is ordinal scaled data,
therefore, it is appropriate to choose the choropleth mapping technique
to display the data. In addition, isoline methods are considered
inappropriate, since they require that a regular, spatially comprehensive
distribution of data, describing the attribute to be mapped, be obtained
for points distributed as regqularly as possible within the area of study.
If it was intended to use an isoline technique for display purposes, then
a different sampling approach would have been needed. In fact it would
have been necessary to take representative soil samples from a systematic
spatially continuous grid (for example from the central point of each

km grid square) across the whole of the study. It is evident that since
soil heavy metal levels vary significantly within each grid (see fig.5.4
for example) such an ébéroach is not suitable and increasing the number of

sample sites in each grid square would add significantly to the resources

required.

Having selected choropleth zones as the most appropriate technique for

the mapping of soil heavy metal data over the study area, it is necessary,
o N

for clarity of presentaﬁion of information, to aggregate the range of

values (mean soil heavy metal levels for the 20 ‘area-type') into suitable
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5.7.6

~groups. In dividing the data results into groups, the selection of

the number of groups and necessary dividing points between groups needs

careful consideration, because it is recognised that the process of

~grouping the data may have a significant effect on any maps produced

from the groups. Gordon (1978) has suggested that choropleth maps

should be limited to between 5 and 7 categories 'to produce a map which
is readable and conveys the most information'. Fewer categories than
five usually results in significant information loss, whereas more than
seven categories can result in confusion of the reader. The choice pf
five categories of 'area-types' seems appropriate for the present study,
since in the majority of large scale environmental surveys, five was the
typical nﬁmber of categories used to display information. (see for

example, Wood et al, 1974; Cheshire County Council, 1977; South Yorkshire

County Council, 1978).

It has already been stated above (section 5.6.4) that an essential part
of the process of mapping statistical data is the division of thé soil
heavy metal data into groups, which share common characteristics and
which can be represented by a particular shading. Dickinson (1973) has
suggested five possible 'grouping techniques' for grouping data for
display purposes:

i) 'simple' division techniques -~ in which the data set

is divided arbitrarily using for example regular
interval or round numbers.

ii) quantiles - where the individual measurements are

grouped so that an equal proportion of the measurements
lie within each group.

iii) standard deviation - where the data set is grouped
outwards from the mean in units or class intervals of
one standard deviation at a time, or a group one
standard deviation wide.

iv) other mathematical intervals - where measurements are

. grouped according to geometric progression or
logarithmic intervals.
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v) natural grouping - where the data set itself suggests:
suitable division points. The distribution of
observations along the scale is grouped on the .basis
of 'apparent' natural divisions in the data set such
as 'natural clustering' or 'natural breaks' in the
distribution.

5.7.% On the selection of the most appropriate grouping techniques, Dickinson

*19

*20

suggests that in the case of i) - iv) above, division points and class
intervals are imposed on the data set, either arbitrarily or by using
certain mathematical techniques, and therefore preference should be

given to the possibility of using natural divisions. In addition, since
the rationale behind 'grouping' is to display similarity between zones '
and distinctiveness on a map, account must be taken of clusters and
natural breaks. Indeed in view of the fact that the purpose of the
mapping exercise is descriptive in terms of the natural pattern and

spatial variation of soil heavy metal levels in the WMMC, the use of

natural groupings appears to be the most appropriate grouping technique.

Other methods of grouping the soil heavy metal data were investigated.

For example, it may have been possible to divide the data into intervals
according to recognised and published standards such as naturally occurring
background levels in 'unpolluted' soil or to the guideline and standards
established for plant phytotoxicity *19. However, it has already been
established that soils in urban areas will exhibit elevation of heavy
metals and therefore the use of naturally occurring levels is inappropriate.
In the case of published standards and guidelines, there are at present no
precise environmental health protection standards for soil contamination,

only the ICRCL *20 guideline values for a nunber of elements where

See chapter 2 for a full discussion of such guidelines and standards.

See section 5.3 of this chapter and chapter 6.
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5.7.9

contaminated land is being redeveloped and therefore the use of existing
standards for class interfals is also inappropriate. 1In addition, even
if naturally occurring levels and standards had been selected as class
intervals, probably two, at the most three, categories could be displayed
which would have resultéd in a significant amount of information loss in
the data. The choice of natural grouping techniques is supported by
Theys (1976) who has found that natural grouping methods minimise the
information loss that is consequent upon grouping. 1In the light of the
above discussions, the natural grouping method was preferred and is

applied to the mean soil heavy metal levels for the '20 area-types' as

discussed below.

Figures 5.11 and 5.12 are dispersal graphs of the 20 area-type mean soil
heavy metal levels for total lead and cadmium and available zinc and copper.
From these dispersal graphs, it can be seen that the division of the data
set into the 5 groups, using natural clusters or breaks in tﬁe data is not
an easy task. Although at the extremes (high and low values) , natural
breaks and clusters feature quite strongly, there is marked 'bunching' of
means in the medium values with no clear 'breaks' in the data. For
example, there is an cbvious group of means around the natural background
level reported for uncontaminated soil (100 mg/kg lead, 0.7 mg/kg cadmium,
50 mg/kg zinc, and 30 mg/kg copper). There is also a clear break in the
means at the higher levels of heavy metal soil contamination; at 150 mg/kg

for available copper and 2.5 mg/kg for total cadmium, for example.

Further evidence of natural groups in the data is available from
cumulative frequency plots of soil heavy metal levels in the WMMC. As
stated in section 4.4 of Chapter 4, the mapping methodology is essentially
a sampling technique, where each of the 1003 grid squares in the WMMC can
be assigned to one of 20 ‘area-typés'. Therefo;-e we can use the data of

mean heavy metal soil levels for each area-type as typical heavy metal
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Fig. 5.11 Distribution of Area Type Mean Soil
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Fig. 5 .12 Distribution of Area 'Type Mean

Heavy Metal Levels.
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levels for each grid square of a given area-type. Since we already

know thé'pefcentége of grid séuarés in each aréa-typa (tabla 4.2 of chapter
4), it is possible tolpiot graphically cumulative frequéncy diatribﬁtions

of soil heavy metal levels in the WMMC. These have been achieved and the
cumulative frequency distributions for total soil lead and cadmium and
available soil copper and zinc are shown in figures 5.13 - 5.16. It will
be evident from figures 5.13 - 5.16 that the cumulative frequency plots of
area-type mean soil heavy metal levels reflect the distribution of
individual sample sites (discussed in section 5.2). There is for example

a 'tail' of high soil contamination levels with a bunching of values at the
lower end of the range. It is also evident from the cumulative frequency
plots that there are noticeable breaks in slope of the curve and grouping
of means. For example, in the case of the plot for total lead (figure 5.13)
there are clear breaks in slope at 100 mg/kg; 180 mg/kg and 260 mg/kg with
a bunching of means between 130 mg/kg and 160 mg/kg soil lead. In the
plot for available copper (figure 5.22), there are clear breaks in slope

at 70 mg/kg and 42 mg/kg with groups of means around 36 and 24 mg/kg soil

copper.

5.7.10 Since no single grouping technique was universally applicable to the data
set for all the four heavy metal measurements, a number of characteristics
of the data were taken into account.

1) natural groupings and breaks in the dispersal graphs

ii) the breaks in slope and grouping of means as shown by
the cumulative frequency plots.

1ii) the fact that the results from individual samples and
the means for area-types suggest that there are likely
to be only a few highly contaminated 'area-types', with
a broadly even number of area-types in the other four
categories.

Using the above, the 20 area-type mean soil heavy metal 1eve13,\for the

four heavy netals, were divided into the five categories of area-type as
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5.7.11

shown in figures 5,17 and 5.18. The categories (1-5) range from highly
contaminated area-types (category 1) to category 5 which show little
elevation of soil heavy metal levels. Figures 5.17 and 5.18 also
contain data on the percentage of the WMMC in each of the five categories
of soil contamination for both available and total heavy metal

determinations.

From figure 5.17 it can be seen that in the case of total soll lead

~groupings, category 1 (highest levels of soil contamination) contains

the mixed residential and industrial areas,while category 2 contains the
high network density industrial and commercial areas. Category 3 is
predominantly residential/recreational area~types of medium network
density, while category 4 includes the outer suburban less dense
residential areas, in sparse network density categories. Category 5
represents almost entirely the rural agricultural land-use. In addition,
it is evident that on the whole, the groupings appear to be independent
of road network density with each network density category represented in

each of the five groups.

In the case of total cadmium, category 1 contains the principal commercial
and industrial centres across the range of network density categories.

In category 2, almost alllthe mixed residential /industrial areas are
included. ' Category 3 is predominantly residential with some commercial
and industrial land use present, while category 4 includes residential and
recreational areas in the outer suburban areas of less dense road network
density. Category 5 represents the least contaminated areas, where
agricultural land, parkland and some semi-rural residential areas dominate.
As was the case for the total lead groupings, categaries 1 - 4 include the

range of road network densities while category 5 is dominated hy the

spargest network density.
In the case of the categories for total zinc and copper, a similar pattern
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Fig.5.17

DESCRIPTION OF THE FIVE CATEGORIES OF SOIL CONTAMINATION -

Category

s W N s w NN - nm b w N -

s w D

TOTAL METALS

He avy
Metal

Total Cadmium

greater than 3

1.5 - 3.00
1.0 = 1.49
0.7 - 0.9

less than 0.69

Total Lead

~greater than 250

189 - 249
136 - 188
lo8 - 135

less than 107

Total Zinc

greater than 675

547 - 624
343 - 547
244 - 342

less than 243

Total Copper

greater than 278

124 - 277
9 -« 123
65 - 89

less than 64

'Area-Type' Codes

al, E1,
D3, c2,
A2, Bl,
E2, C4,
C3, E4,

B2, A3,
Al, C2,
B3, Bl1,
D3, C4,
B4, C3,

Al, B2,
A2, D1,
A3, D3,
c1, Bl1,
D2, E2,

A2, B2,
Al, E1,
a3, pl,
D4, B3,
E4, C3,
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D1
B2,
D4,
B4,
E3,

El
A2
E3,
D2,
E2,

c2
B4
D4,
B3,
E3,

c2
Cl
B1,
c4,
ES,

B3
A3
Cl, D2
ES5

D1, D4, Cl
E4
ES

El
c4
E4, ES, C3

D3
B4
D2, E2, B3

Proportion of
County '(by Area)

‘in eadh category

8.4%

15%

17%
28.9%
31.3%

7.6%
10%

24.4%
27.7%

10.6%
12.1%
13.5%
21.9%
42%

12.9%
11.1%
15.4%
18.1%
42%
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*21

to the groupings of area-types occurs. Categories 1 & 2 contain almost
all the‘industrial areas aﬂd those area—types‘in mixed residential/
commercial use in relatively high network density categories. The
suburban residential areas with some mixed industrial land use are in
category 3, which also contain the medium to dense network density
categories. Category 4 represents the majority of the residential areas
where some recreational and agricultural land is also present. Category
5 is almost entirely represented by area-type E, the sparsest network
density category, which includes all the recreational and agricultural

land-use, mixed,in places,with small amounts of residential use.

A similar pattern to the groupings is seen in figure 5.18, the grouping
of the four available heavy metal soil levels, It is interesting to
note from figures 5.17 and 5.18 that category 5 for all eight data sets
accounts for some 35-40% of the land area of the WMMC,whereas the highest

soil contamination levels, group 1, accounts for only 7 - 10% of the

land area. This indicates that using 'naturally' derived class intervals
nearly two thirds of the WMMC land area has a soil heavy metal content,
which is only slightly elevated above 'normal' levels, reported in the
literature for 'unpolluted' soil (see section 5.4 of this chapter). For
example, in the case of total lead and cadmium 60% of the WMMC has an
estimated soil heavy metal content of less than 135 mg/kg lead and 1.0 mg/kg

cadmium. In the case of available zinc, 62% of the WMMC has a soil zinc

_content of less than 80 mg/kg and for copper, some 74% of the WMMC has at

-s0il copper level less than 42 mg/kg. At the other end of the scale,

over 18% of the WMMC has an estimated total cadmium level greater than
2 mg/kg, the upper limit of the range of normal levels *21 in soil. For
total lead, 12% of the WMMC has a total soil lead level in excess of

200 mg/kg. For available copper and zinc where the upper limit of the

normal range in soil is 10 and 15 mg/kg respectively, almost the whole

Based on M.A.F.F. ADAS guidelines discussed in section 5.3 of this
chapter and referred to in chapter 3.
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Fig. 5.18

DESCRIPTION OF THE FIVE CATEGORIES OF SOIL CONTAMINATION -

Category

U & w N b W N o W NN

! b w N

AVAILABLE METALS

Heavy Metal

Avallable Lead

greater than 100

85 - 99
65 - 84
54 - o4
less than 54

Available Copper

greater than 85

42 - 84
30 - 41
17 - 29

less than 16

Available Zinc

greater than 201

95 - 200
B0 - 94
60 - 79
less than 59

Available Cadmium

greater than 1.4

1.0 - 1.33
0.71 - 0.99
0.51 - o0.70

less than 0.50

'Area-Type'! Codes

El,
B1,
B3,
c3,
E4,

AL,
A3,
B1,
B3,
E2,

aAl,
c2,
El,
c4,
c3,

D3,
D1,
ca,
D4,
D2,
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al,
a3,
D3,
B4,
E5,

A2,
B2,
c3,
B4,
E3,

A3

D1,
Cl,
B3,
E2,

%
A2,
A3,
B4,

c2,
D2,
Dl,
E3

c2
Cl,
D1,
c3,
E5

B2,
Bl

A2,
E4,

c2
El
Cl,
B3,

Cl, Cc4
D4, A2

D3
D4, E4

D3

D4, B4, D2
E5, E3

B2
Bl, C3, E2
ES

Proportion of

County (by Area)

in each category

15.2%
15.1%
20.8%
16.9%
27.2%

9.9%
14.9%
22%
22.4%
30.8%

1.6%
18.4%
17%
28%
35%

10%
11.5%
19.5%
26%
34%
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of the WMMC has soil levels in excess of these 'guideline' values.

The use of other than purely statistical criteria for grouping is
;;nsidereé not to affect the validity of grouping or its use in display.
Since, as discussed.above, and pointed out by Edwards (1964), 'natural
grouping' of a set of means allows the researcher

"to section this ordering in such a way that we could say

the means falling within a given section (group) are alike

in that they do not differ significantly among themselves,
but that there are significant differences between sections".

If the data set had formed a continuous distribution without significant
natural breaks or clusters, then it would have been necessary to 'group'

the data according to an arbitrary mathematical method such as the 'equal

interval' or 'round numbers' approach, which is no more statistically

valid than using natural groupings.

However, it is recognised that the grouping performed on the heavy metal
soil data may be susceptible to 'grouping error'. Therefore it is
necessary to carry out a statistical check on the groups to determine the
extent of this 'error': the 'error' is taken to be the misallocation of

an 'area-type' to one of the 5 groups. The actual checking for
misallocation is a statistical test to determine the probability (percentage

chance of error) of misallocating area-types to a group and involves the use

of Fishers 'Z' score, given by the formula

A - X - -f

S

Where X and S are the mean and standard deviation of the sample.

The 'Z' score is based on the normal distribution and the number of
standard deviations a value is above or below the mean for that group,

In this particular case, the standard deviation (s) is the standard
deviation of the sample means for an individuallcateqory, X is the mean
for the area type in that grouﬁ, and X is taken to the 'boundary value'.

of the category being examined. Therefore, what we are interested in
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*22

determining is the 'probabilities' corresponding to differences between
the area-tfpe mean and 'boundary value' (either above or below) for the

group.

For the four data sets, total lead and cadmium and available zinc and
copper, l.Z' scores were calculated for the 20 'area-types' (i.e. ;
category 1 mean being in category 2-or 3, or a category 2 mean being in
category 1 or category 3 or 4). The tabulated calculations are contained
in appendix E and Table 5.13 summarises the results of this calculation.

Table 5.13 Summary data on Percentage Chance of Misallocating
an Area-Type to a Land Contamination Category

Number of categories misallocated

Metal -2 -1 +1 + 2

average range average range average range average range_g_

Total lead 3.8 0-11 27 0-38 21.5 0-42 2.9 0-16
Total cadmium 0.4 0-3.6 18.3 0.3-42 14.8 0.8-46 0.5 0-5.5
Available zinc 2.5 0.1-13.6 16.9 0.6-46 20.3 O0- 46 2.9 0.1-13.6

Available copper| 0.5 o -1.8 17.3 0 - 38 12.0 O =-34.5 0.3 0 -2.9

See appendix E. for detailed tabulations.

From Table 5.13 it can be seen that in the case of total lead, on average
there is a 25% change of an area-type being allocated 1 category out, but
only a 3% chance of an 'area-type' being 3 categories out. *22. For total
cadmium, on average there is a 16% probability of an area-type being
allocated one category out, and a less than 0.56 probability of being two
categories out. | In the case of available zinc, there is a 20% probability
of an area-type being in 1 category too high or too low, but only a 3%
chance of an area-type being two categories out in its allocation, and for

available copper the probabilities are 15% for 1 category misallecation,

il.e.there is a 25% probability that an area;type in group 2 should be in
group 1 or 3, and only a 3% probability that an area-type mean in group 3
should be in group 1 or 5.
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5.8.1

5.8-2

5.8.3

*23

and 0.5% for 3 categories misallocation. The results of this
statistical test of the groupings serve to support the uée of natural
breaks as a 'grouping technique! for'this data to produce categories
which are significanﬁly different.from each other. - Having established
the categories il-S) to be‘ﬁsed fof describing the spatiaIIVariation of
soll heavy metal levels in the wﬁuc, the next stage in the mapping study

is to produce maps of soil contamination; this is described below.

Background Soil Contamination Maps

The next stage in the mapping process is to produce background *23

soll contamination maps for the whole of the study area. Soil
contamination maps were developed by allocating the relevant soil
contamination category (1-5) to each of the 1003 grid squares in the WMMC
on the basis of each individual grid squares 'area-type' code. For
example, all grid squares of 'area-type Al' were allocated to category

1 for total lead in the soil. The mapped data for the 4 heavy metal
data sets of total lead and cadmium and available copper and zinc are

shown in figures 5.19 = 5,22, which are computer derived choropleth maps. !

The maps were cbtained from a specially written fortran programme for

the research (presented in appendix F. ) for use with an ICL 1904 'GINO-F'
graph plotter. The mapping of the grouped data illustrates the spatial
pattern of soil heavy metal levels in the WMMC clearly. Figures 5.19 -
5.22 should be compared with figures 5.23 and 5.24 which show the major

industrial and residential/commercial centres in the WMMC.

In general, the soil contamination maps clearly distinguish the major
industrial centres of Coventry, Walsall, Wolverhampton, West Bromwich and
Dudley. The green belt areas and agricultural land at the urban fringe

and that which separates Coventry from the conurbation, .is also clearly

The choice of 'background' soil contamination is deliberate since it is
intended that such maps will describe normally occurring.levels of heavy
metals in urban soil environments.
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5.8.4

5.8.5

identified (category 5). In comparing the soil contamination maps to
the land use maps, it is evident that there is an association between
high soil heavy metal levels (category 1 and possibly 2 areas) and
industrial land use, and between higher levels of soil contamination and
the centres of the older urban areas in the WMMC. For example, central
Coventry and central industrial Birmingham are clearly identified in all
maps. In addition, for all four heavy metals, categories 3 and 4,
indicative of slight contamination, correspond closely with the major
residential areas in the WMMC. Detailed comments on individual soil

contamination maps are presented below.

Figure 5.19 is the background soil contamination map for total lead.

From figure 5.19 it can be seen that categories 1 and 2 (high levels of
soil contamination) correspond to the industrial centres of Walsall,
Coventry, Walsall and Wolverhampton, with two 'wedges' of high levels
north east and north west of Birmingham. However, it is also noticeable

that high soil lead concentrations are found more widely distributed

"across the WMMC. This is probably a direct result of the importance of

traffic sources of lead (rather than industrial point sources) in urban
environments. There is also a clear 'belt' of high soil lead
concentrations running from Walsall in the north west of the conurbation

to Brierley Hill and Dudley in the south west.

The soil contamination map for total cadmium (figure 5.20) shows a much
tighter pattern. The green belt wedge of rural/agricultural land between
the conurbation and Coventry, and around the County, are clearly
distinguishable. A similar pattern of high soil concentrations (group 1
and group 2) is seen for cadmium as was found for lead. However, there
is less on a concentration of higher levels in the Birmingham area, with
higher concentrations in the‘Black Country areas of Wolverhampton, West

Bromwich, Smethwick, Walsall and Dudley. This is prcbably due to the

T



5.8.6

5.8.7

5.9

5.9.1.

higher incidence of non-ferrous metal industries (plating works, smelters,

etc) in the Black Country area.

The ﬁaps of available copper and zinc (figures 5.21 and 5.22), also
delineate élearly the Solihull green beit of agricultural rural land
between Coventry and the conurbation. As was the case in the cadmium
soil contamination map, the highest concentration for both copper and
zinc are found associated with a historical and present day metal using
industrial centres of the Black Country,including Walsall, Bilston,
Willenhall, Smethwick and West Bromwich. It is also interesting to note
thét the major recreational/rural land in the county is clearly identified,
being land to the east of Coventry, north east of Birmingham, east of
Walsall and in the south west part of the conurbation, bordering on
Halesowen/Stourbridge areas. For all four heavy metals, the major
residential areas of south west of Coventry, south and south east of
Birmingham in the Solihull area and around Halesowen and in the area south

of Wolverhampton and west of West Bromwich.

This final section of chapter 5 has shown how the pattern of five categories
of area-types discussed in section 5.6, have been mapped to'produce
background soil contamination maps for the WMMC study area. Such a
mapping exercise illustrates how readily cbtainable urban, in particular
land-use data, can be used in an estimation mapping model that allows

background soil contamination maps to be obtained for large and varied urban

areas.

Summary and Conclusion

This chapter has presented, in Part 1, a detailed discussion of the results
from the analysis of soil samples for the four heavy metals. The first
éection of Paft 1 sﬁmmarised the résults aﬁd illustrated how svil heavy
metal 1evé1§ in urban soil environments exhibit considerable spatial

variation. From the data it was concluded that urban soil contamination
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5.9.3

exhibits three essential 'contamination' characteristics. Firstly,
there is a general rise in background levels of heavy metals; from
'normal' levels in rural areas ﬁo higher levelé of contaminatién in the
older industrial centres of the WMMC; Secondly, as one moves to the
more urbanised areas there-is an increasing frequency of occurrence of
individual, very highly contaminated sites giving rise to high area-type
mean soil heavy metal levels. Thirdly, even in the most polluted,
urbanised industrial areas, there are still some sites with virtually

uncontaminated soil, equivalent to that in rural areas.

The data has been compared with the results of other contemporary

studies including surveys in rural and urban areas. The conclusions
from this comparison were that the lowest observed concentrations in the
WMMC soil samples are comparable to the lower end of the range reported
for naturall} occurring levels in "unpolluted' soil. However, at higher
concentrations, the levels of heavy metals are often 10 - 1s* higher

than the suggested upper limit for normal unpolluted soll. This was

the case for both total and available soil heavy metal levels. When

the results for the WMMC are compared to studies in other urban areas,
the general trend of higher levels of soil heavy metal content in the
more urbanised centres of large cities is confirmed by the results from
this study. In addition, the presence of historic and/or present day
metal using industries was found to have a significant contribution to the

levels of heavy metals in the soil of the case study area.

The statistical testing of the data was contained in Part 2 and involved
the use of the analysis of variance 'F' test to test the hypothesis that
the spatial pattern in soil heavy metal level is underlaid by an
associated pattern in the urban land-use. The results of the statistical
testing substantiated that urban soii contamination by heévy metals can

be mapped using a sampling mapping methodology based on the division and
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categorisation of the urban area into 'area-types' through the use of
land-use and road network density data. The statistical testing of
the data was followed, in Part 2, by a discussion of grouping and
statistical mapping techniques through which the soil heavy metal data
could be used to produce background soil contamination maps. The use
of natural groupirgtechniques produced five groups of area-types which

were then used for mapping of the data.

The mapped soil contamination data showed, in particular, that high levels
of cadmium, copper and zinc are more prevalent in the Black Country than
is lead, and the dominance of lead in Birmingham may be due to traffic
sources. Lead is also found in relatively high concentrations in places

on the periphery of the conurbation, again possibly due to traffic sources

or past mining activities.

The data presented in this chapter provides the basis for a discussion

of the significance of land contamination in an environmental planning

and public health context. This discussion is taken forward in chapter 6
through an interpretation of the results in the light of current guidelines
for acceptable concentrations of heavy metals in soil - the ICRCL
'tentative guidelines' discussed in chapter 2. However, the ICRCL
guidelines have been developed specifically for assessing the significance
of land contamination on sites being considered for redevelopment rather

than for the general assessment of the significance of background levels

of land contamination. ' Therefore, the issue of assessing both general

background levels of land contamination in urban areas and individual

~contaminated sites, is taken further in chapter 6, through a consideration

of how the information output from the sampling methodology can be used

to generate 'reference levels' and 'normal limit levels'.
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6.1.2

CHAPTER 6

INTERPRETATION OF THE RESULTS AND THE 'DEVELOPMENT 'OF ‘REFERENCE 'LEVELS

Introduction

The preceding chapter has presented and discussed the levels of heavy metals
in soil found in the WMMC. It demonstrated the feasibility of using a land-
use based sampling framework for generating spatially comprehensive data at
an urban scale and of presenting it in mapped form. It remains now, in

the context of the policy discussion set out in Chapter 2, to interpret the
results in the light of their significance for environmental planning and
public health. This implies a knowledge of the levels at which, and the
circumstances in which concentrations pose a threat to public health. It
has been established (Chapter 2), that present state of knowledge does not
allow the definition of levels at which contamination becomes a prdblem to
people, plants or animals. Therefore interpretation and significance in
the context of soil contamination are very much a matter of 'judgement'

using the best available data.

Assessing the significance of land contamination may be considered at two

levels:

1) there are the general issues of the significance of elevated
background levels of heavy metals in urban soil.

i) the issue of land contamination in the context of the
redevelopment of specific sites.

It is recognised that the environmental health problems associated with the
exposure of toxic/hazardous elements are common to both of the above issues.
The distinction is, however, a necessary one because in (i) the main concern
relates to general problems of exposure to toxic elements - the so-called
long-term low dose exposure problem, whereas in (ii) the redeve%opment of
potentially contaminated sites often involves a change of use which

introduces the possibility of deliberate, high dose short and long-term
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exposure prcblems to toxic elements, as would be the case if a former

town gas manufacturing works were redeveloped into housing use.

6.1.3 Chapter 2 contains a detailed review of previous work related to the
derivation of standards and 'acceptable concentrations' of elements
including heavy metals in soil. Of this previous work, it has been
established (see section 2.5.9) that the 'tentative guidelines' put forward
by the Department of the Environments Interdepartmental Committee on the
Redevelopment of Contaminated Land (ICRCL), being the nearest approximation
to 'official' standards, could be used in interpretation. Section 6.2 of
this chapter concentrates upon a discussion and interpretation of the results
at two levels. Firstly, the information output of the mapping study is
interpreted to determine the significance of the general condition of the

land in the WMMC. This is followed by the assessment of the significance

of the individual area-type results.

6.1.4 It is evident from the discussion in Chapter 2 and the material presented
here, that the position with regard to standards and guidelines is far
from satisfactory. There are particular limitations associated with the
use of the ICRCL guidelines for assessing both background levels at the '
urban scale and the individual assessment of specific sites. These
limitations are summarised in section 6.3. The chapter therefore goes on
to set out and operationalise an alternative approach, which has been
touched on in earlier chapters, namely the generation of 'reference levels'
and 'normal limit levels' from the data on background levels of soil
contamination. This approach addresses both the problem of area wide
interpretation and individual site evaluation, the latter of which may be

of greater utility to public planning agencies, and the .development industry

in the short to medium term.

A}
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6.2

6.2.1

6.2.2

ICRCL Tentative Guidelines

There are,to date, no statutory standards for allowable concentrations

of heavy metals in soils. Concern over the lack of standards has recently
been expressed in the D.H.S. report 'Lead and Health' (D.H.S.S5.1980) which
concluded that soil may be a significant exposure pathway for public health
to heavy metals and the development of safe standards should be encouraged.
As reviewed in Chapter 2, over the last four years, the ICRCL, in response
to the need to provide quidance on allowable concentrations, has issued a
series of consultation papers, containing ‘tentative guidelines' aimed at
establishing 'acceptable levels' for metal contaminants in soil for land
being considered for redevelopment. The latest guidelines are set out in

ICRCL 47/81, and are based on the matrix approach with the acceptable level

dependent on the proposed end-use of a site.

The inperpretation of the soil measureﬁent data for the West Midlands
concentrates on total lead and cadmium and available zinc and copper soil
heavy metal levels. This is because total lead and cadmium are of interest
due to their potential health effects, while available zinc and copper are
of interest primarily because of their known phytotoxic effects on plants
and crops. In addition the ICRCL guidelines are at present sub-divided,
with the acceptable level being determined by the intended use of a site.
Therefore, in order to simplify the interpretation, it was decided to
restrict this comparison by considering only two sets of levels from the
matrix presented in table 2.8 of Chapter 2, which cover the range of
acceptable concentrations. These are shown in table 6.1 and refer to the
most 'stringent' guideline for sensitive land-uses, such as allotments

and the most 'lenient' guideline which applies to the less sensitive public

open space land-use.

= 17k =



Table 6.1 ICRCL Tentative Guidelines used in Interpretation
(mg/kg dry soil

Metal 'Most 'Most
Stringent' Lenient'
Pb 550 2000
cd 3 ' 15
Cu 140 280
Zn 280 560

Source: adapted from ICRCL 47/81

6.2.3 Area-wide results - Total Lead and Cadmium.

6.2.4

The information output from the mapping of background levels of soil
contamination in the whole of the WMMC has been plotted on a cumulative
frequency distribution log-prcbability curve. The average total lead
levels in the 1 km. grid square have been plotted and are shown in figure
6.1. Points on the curve are equivalent to the estimated total area of
the WMMC with a soil contamination level above the value on the curve.
Therefore it is possible to use such distributions to cbtain a best
estimate of the percentage of the total lead area in the WMMC at risk of
exceeding the ICRCL guidelines. From figure 6.1, it can be seen that
approximately 8% of the WMMC area has an estimated soil contamination level
in excess of the most stringent ICRCL guideline of 550 mg/kg. For total
cadmium, figure 6.2, it will be evident that approximately 12% of the WMM
area has an estimated background soil contamination level in excess of the
most stringent ICRCL guidelines of 3 mg/kg. It has not been possible to
assess the most lenient guideline'values for lead and cadmium because the
probability curves have been plotted from mean values for square kilometre
units of area, and as. illustrated in table 5;1. of Chapter 5, no grid

square had a mean value approaching this lenient guideline.

Area-wide results - available zinc and copper.

Cumulative frequency distributions of mean heavy metal level of square
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kilometre units of area were also plotted for available zinc and copper
and are shown in figure 6.3 and 6.4 respectively. In the case of
available copper,_it is evident from figure 6.3. that 70% of the county
area has an estimated background soil.contamination level in excess of
140 mg/kg (ICRCL stringent guideline). Approximately 1% of the county
area has an estimated soil contamination level in excess of 280 mg/kg -
the most lenient guideline. For available zinc, figure 6.4 illustrates
that over 2% of the county area has an estimated background soil
contamination level in excess of the stringent guideline value of 180 mg/kg.
The data on available copper and zinc serves to illustrate that in the
WMMC as a whole soil available copper levels are consistently highexr than
normal, even in the relatively unpolluted parts of the county. This is

prcbably a direct result of the non-ferrous metals industry so prevalent

in the WMMC.

6.2.5 The above has been a brief comparison and interpretation of the results on
background levels of soil contamination for the whole of the WMMC, using
currently available data on 'standards'. It should be noted that the
ICRCL have not themselves endorsed the use of the guidelines in any other
context than that of the redevelopment of potentially contaminated sites.
The guidelines are to be used only where former industrial and other
potentially contaminated land (e.g. scrap yards, gas works sites, steel
works and sewage works) are being considered for re-use on redevelopment.
The ICRCL do, however, provide specific guidance on how the guidelines
should be applied to site investigation results. Tﬁe guidelines are
intended for use on 'spot samples' of soil, and the relevant documents

state (ICRCL 47/81):

"no individual spot sample taken from the top 450 mm should
exceed the acceptable concentration and that there should '
only be an acceptably low probability (say 1 in 100) that
any significant proportion of soil exceeds the limit".
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6.2.6

6.2.7

6.2.8

More generally, the above implies two things:

i) if any one spot sample of soil from an area of land
exceeds the guidelines, the area as a whole should e
--be regarded.as 'exceeding' them.,

ii) the soll metal levels of an area cannot be taken as
'acceptable' if more than 1% of that land area
exceeds the guidelines.

The latter point above is important because it has been demonstrated in
sections 6.2.3 and 6.2.4 that there are large parts of the County where
existing background soil contamination levels are at risk of exceeding
current ICRCL guidelines, particularly in the case of total lead and':
cadmium. This evidence serves to question further the suitability, on
practical grounds, of using the current guidelines to assess general

urban land contamination, when there is a high probability that in certain

situations, existing 'naturally' occurring levels will exceed acceptable

‘concentrations.

Interpretation of Individual Area-Type Results

In the light of the above comments on the application of the ICRCL

guidelines to spot sample data, the individual sample site results for

the 20 area-types were interpreted using the data presented in table 6.1.
Figure 6.5 is a histogram plot of the measured levels of total lead in

the 360 soil samples, grouped by area-types. Figure 6.5. shows that 6%

of the sample sites are above 530 mg/kg and 0.3% are above 2000 mg/kg.

The location of those sites above the guidelines are seen to be spread

evenly through the urbanised parts of the WMMC (area-types A3, B2, B3 and

Bl figure strongly).

For total cadmium, it can be seen from figure 6.6 that 10% of all sample
sites are above 3 mg/kg and 1l.1% are above 15% mg/kg. The location of
the sample sites exceeding the guidelines are seen from figure 6.6 to be

concentrated in the more industrialised urban area of the WMMC (e.g. area-

types Al, B2, Bl and B3,

- 178 -



* Fig.6.5 DISPERSION PLOT TOTAL LEAD (mg/kq) .

LEAD
(mg/kg
3000 1
e
2000 1 °
L ]
1500 4 ’
1200 1
1000 1
3
b L ]
750 - . . . 2
® [ ]
600 °
[ ] [ ]
500 1 T g * :
b [ ]
° L ]
3 o ° . ¢
350 14, . 3 > ) )
s i .
o I “e ~  eee o% ’ A
26 h . . " ¢ - Y L ]
° * - L4 : ’ ’
A [ ]
200 po . : .®® ; ~
@ ] ':. [
e ., . R . . i o
® L ]
o : P . & oo *e ® ;
120 ~ L1 ) ° e .. * : :. L1 .. L]
* . L4 K
100 . e - . *
» r e *% L o
[ ] * [ ] S0 ® > <
75 = . % e ¢ ee o o * °*
. ¢« s °* . o ° - :
@ ; " . . o? ¢ ‘ o«
§ ° . . s °* o..‘. ° o L %
60 . ¥ 4 ° ¥, d " % o.'. . s *
50 1 P ® 8 o s ) e * .
o ® . z . o
[ ]
L . . .:o e > . .. L *® s
. . .. ° e ¢ » * vy o - *
35 1 o coe . ' e
) i L ] . [ ] g
» ? A ° e g v, ® o
25 - 2 o E
) p® 2 @ . 0o, *®
20 | ' * - .‘ ) :
y [ ]
15 ! = - .o. [ ]
10 1 " > &
5 .
.
A

B2 A3 El Al C2 A2 B3 BlL E3DI D4 C1 D3 C4 E4 D2 BAC3 E2 ES

AREA TYPES

- 179 -
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6.2.9

6.2 .10

6.2.11

In the case of measured levels of available copper and zinc in the soil
samples, it cén be seen from figﬁres 6.7 andhﬁ;B that 5.5% for copper

and 7.0% for zinc of all.sampie sites exceed the most stringent guideline
in table 6.1. In the case of the most lenient guidelines, the percentage

of sample sites above the values are 2,0% for copper and 3% for zinc.

The above assessment clearly demonstrates that if the guidelines are
applied, as stated in section 6.2.5, to spot sample measurements from
within areas of 1 sq.km.in zinc, then there is a small but significant
fraction of the area at risk of exceeding current guidelines.. This ln
turn leads to the conclusion that whole sq.km. units of area in the WMMC,
have 'naturally occurring background levels of heavy metals' which exceed

current guidelines.

The above interpretation of the results and subsequent conclusions may,
at first sicght, be somewhat alarming and suggest two prcblems:

i) that current guidelines for acceptable concentrations
of heavy metals in soil may be unnecessarily stringent.

ii) background soil contamination levels in the WMMC are
sufficiently elevated in certain areas to be considered
to present a public health problem.

It is difficult to come to any firm conclusions on the above problems.

This is because, as reviewed in Chapter 2, there are a number of limitations

associated with the use of the ICRCL guidelines, some of which hawve been
touched on earlier in this chapter. They may be summarised as:

i) all proposed levels are guideline values. They must
be used by experts exercising 'professional judgement',
taking into account local knowledge of a particular site.

ii) in general, assessment should be based on the 'worst'
results from the site investigation.

1i1) due to gaps in our present knowledge, particularly on
~general contamination of urban soil, many of the values
must be regarded as preliminary. '

iv)  the guidelines were not devised as a 'remedial standard',

nor were they to be used to assess the hazards presented
by contamination on existing developments.
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Fig o 65.- 8

Dispersion Plot Available Copper (mg/kq).
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6.3

6.3.1

6.3.2

*1

v) the guidelines are tentative only - it is difficult, given
present knowledge, to define a 'safe level'. ..

Reference Levels and Normal Limit Levels

In the light of the preceding discussion, it is clearly difficult to judge
the overall significance of background levels of soil contamination due

to the lack of background standards'. In addition, the above limitations
on the use of ICRCL guidelines suggest that they may be of limited value

to local planning agencies wishing to assess the significance of urban

land contamination, both at the general urban level and at the site specific
level. Therefore, it is suggested that since current guidelines are still
open to further consultation, given the present uncertainties as to what
are 'unacceptable concentrations' and the results of interpretation
presented in this chapter, that the further development of standards for
soil contamination should take account of existing 'background levels'of
soil contamination. Indeed, earlier guidance notes from the ICRCL (see
for example, ICRCL 24/79) included reference, albeit by inference, to
comparison of site investigation data to values considered 'typical' for
urban soils. This approach was never pursued because to date, there has

been very little reliable data on typical (background) levels of urban

soll contamination. *1.

The chapter therefore goes on to set out and operationalise the concept of
reference levels and normal limit levels which can be'used to assess the
significance of both general urban land contamination and specific site
contamination problems, In so doing, they respond to some of the
limitations which accompany the use of current guidelines. Obviously they

cannot make any direct contribution to the problem of the relationship

As reviewed in Chapter 3, very few studies have assessed the sﬁatial
pattern of urban soil contamination - most 'urban studies' have
concentrated on point sources.
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6.3.3

6.3.4

6.3.5

between soil contamination and health effects. They do, however, offer
an assessment tool which may have more immediate utility to local planning

agencies and the development industry.

To operationalise such an approach, requires that spatially comprehensive
data on background levels of heavy metals in urban soils is available at
both the general urban scale and site specific level. The information
output from this research study can be used directly to provide the
necessary data for 'reference levels' (to be used in area-wide assessment)

and 'normal limit levels' (to be used in individual site specific assessment).

'Reference levels' are directly obtainable from the mapping methodology
results presented and discussed in Chapter 5. This is because the mapping
methodology is based upon assigning 'typical' values of soil contamination
to the 'sample 'area-types', followed by grouping to produce five categories
of land contamination which were subsequently used to produce background

soil contamination maps.

Table 6.2 illustrates how the data output from the mapping model, used to
produce the five categories of urban land contamination, has been translated
into 'reference levels' for five different types of urban area. They were
cbtained by averaging the 'area-type' mean resulté for each of the five
categories of land contamination used to produce the land contamination maps
preéented in chapter 5. The reference levels are defined as the levels of
heavy metals in soil which one would normally expect to be present, given
the type and mix of land-use. A description of the principal urban land-
use of each category is also given in table 6.2. The role of the 'reference
levels' is to interpret land contamination data by comparison, e.g., is

the contamination problem of a site being investigated worse than that

experienced in similar kinds of urban area, where developments‘of a similar

kind to the one proposed already exist.
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6.3.6 The way in which the 'reference levels' are used to interpret urban
land ﬁontamination is straightforward. 1f, for example, an area in
the densely developed indusﬁriél inner urbén area was being sampled,
G.e., category 1 in table 6.2) the reference levels for total lead and
cadmium would be 400 mg/kg and 3.5 mg)kg respectivelf; If after
investigation of the site, it was found that the 'reference levels' were
exceeded, then consideration should be given to further investigation and
possible ameliorative measures. Alternatively, if the levels on the site
were found to be below the 'reference levels' then we can say that the
site, ceteris paribus, is no more contaminated than would be expected, given
the type and mix of land use present in the area. From the data in table
6.2 it will be evident that the 'reference levels' are more lenient in the
industrialised urban area than in the rural urban fringe areas (Category
4 and 5). This allows for a much more flexible and practical approach
to assessment, in that areas likely to be contaminated due to their land-use
characteristics, are, on average, likely to have a number of sites which are
heavily contaminated. Whereas, in the relatively uncontaminated areas
there should not be many sites with elevated levels of heavy metal and

therefore the reference level is more stringent.

6.3.7 The use of reference level and the land contamination maps in the above

context,is seen largely as a preliminary sieving technique, where the use
of mapped information, the broad suitability of tracts of land for
particular development can be determined. The reference levels are
subjective criteria allowing interpretation of urban land contamination
data to take place, on a comparative basis, in the absence of pre-

determined and definitive standards or guidelines.
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Table 6.2

Land-Use (mg/kqg)

Reference Levels of Heavy Metals for Different Types of

Land Contamination Reference Levels Area-Type
Category
| Pb (total) 400 Industrial and industrial/
cd (total) 3.5 commercial centres. Densely
Zn (available) 300 developed residential/
Cu (available) 120 industrial mixed areas.
] Pb (total) 200 Inner urban area, dense
cd (total) 2.0 residential development and
Zzn (available) 160 residential/industrial mixed
Cu (available) 50 land use.
3 Pb (total) 150 Mostly dense residential
Cd (total) 1.5 development with residential
Zn (available) 100 commercial mixed use.
Cu (available) 35
4 Pb (total 120 Outer suburban less
cd (total) 1.0 dense residential development
Zn (avail#ble) 75 with recreational land.
Cu (available) 25
5 Pb (total) 90 Mostly rural open space
cd (total) 0.5 areas with agricultural
Zn (available) 35 areas with some residential
Cu (available) 10 development.
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6.4 Normal Limit Levels

6.4.1 The data on reference levels presented in table 6.2 and discussed
above, is an aégregation of the soil heavy metal data and allows
qualitative judgements only to be made as to the significance of heavy
metal survey results for urban areas. Therefore, in Eheir present form,
the reference levels can do no more than 'trigger' concern that the levels
of contamination in an area may be elevated above what is typical; they
do not allow for the assessment of individual site investigation data.
If the data output from the research is to be used in the assessment. of
site investigation data, as complementary to existing standards or as
alternatives where no such guidelines exist, then it will be necessary to
use individual area-type sample data, grouped as for the reference levels,

as a measure of the significance (risk/hazard) presented by individual

site measurements.

6.4.2 The need is for a set of criteria (levels) against which to determine
whether the results obtained from site investigations are statistically
significantly elevated above typical levels for that area. To do this
involves examining the statistical distribution of individual sample site
results for the five categories of land contamination. The method (sample
collection and aggregation techniques) through which the land contamination
data and reference levels were derived allows such a data set here termed
'normal limit levels', to be produced. The method involves a

statistical analysis of the 'area-type' individual sample site measurements

grouped according to the five categories of land contamination. The
statistical technique is based on the standard error of the sampling
distribution and the 't' distribution. Using the 't' distribution it is
possible to obtain, for given probabilities and sample size, mean values

(normal limit levels) which would occur due to the spatial variability of

soil heavy metal levels.
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6.4.3

6.4.4

*2

Tables 6.3 and 6.4 are probability matrices of significant'soil
contamination levels for a range of sample siées. They have been
calculated for total iead and éadmium and available zinc and copper, to .
illustrate how normal limit levels can be used and assume for each sample
size a random distribution of sample points. Each 'cell' .in the matrix
is the 'normal limit level' for a given category of land contamination,
sample size and statistical probability. The application of the matrix
to site investigation data can comprise of two approaches. The first
relates to the percentage chance of a mean value occurring. For example,
if 10 samples were collected from a site in contamination category 1, then
there is a 5% chance that the mean of those 10 samples will exceed 510 mg/kg,
but only 0.1% chance that the mean will exceed 755 mg/kg. For total
cadmium, the values are 4.0 and 6.0 mg/kg respectively. What this means
in practice is that mean values of 10 samples, higher than the expected
value in the matrix, will not occur by random chance and are therefore
anomalous. Results higher than the 'cell value' can be interpreted as
indicative of significant contaminationlof the site above 'normal' for

that area.

From the d ata in tables 6.3 and 6.4 it willlbe evident that the 'normal
limit levels', at lower levels of contamination” (categories 4 & 5), are
not significant}y different. For example, total cadmium levels in
category 5 are all between 0.7 and 1.2 and are similar to levels for normal
'unpolluted’ soil. This is a reflection of the fact that in the less
polluted area-types (E2, E3, E4 etc.) the spatial variability of soil heavy
metal levels is not as high as in the more poliuted area-types (e.g. Al,A2,
B2, etc.). *2. In addition, in the more contaminated areas, categories

1 & 2 for example, there are significant differences between normal limit

\

See results chapter section 5.6 for a detalled description of
the within area-type spatial variability of sample site results.
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Table 6.3 Normal Limit Levels for Total Lead and Cadmium

LEAD - CADMIUM

No. of Samples. 95% 99% 99.9%b  95% 99% 99.9% *b

1*a 5 550 735 1364 ° 4.5 6.0 11.9°
10 510 600 755 4.0 5.0 6.0
15 500 575 680 4.0 4.5 5.5
20 495 560 655 4.0 4.5 5.3

2 5 305 370 570 2.5 3.2 5.2
10 288 320 378 2:4 2.1 8.3
15 285 310 353 2.3 2.6 3.0
20 283 307 343 2.3 2.5 29

3 5 207 252 391 1.5 1.8 2.4
10 © 195 218 257 1.4 1.6 1.8
15 193 211 240 Lid 1.5 A
20 192 208 233 1.4 1.5 1.7

4 5 147 180 283 0.9 1.1 1.5
10 138 155 184 0.9 1.0 1.1
15 137 150 171 0.9 0.9 1.0
20 136 148 166 0.9 0.9 1.0

5 5 112 135 200 0.8 0.9 1.20
10 106 117 140 0.7 0.8 0.8
15 l1o5 114 130 0.7 0.8 0.84
20 104 112 125 0.7 0.8 0.82

*a Land Contamination Category. *b Probabilities.

Table 6.4 Normal Limit Levels for Available Zinc and Copper

ZINC COPPER
No. of Samples  95% 99%  99.9%*b 95%  99% 99.9% *b
1*a 5 450 661 1540 167 226 437
10 403 497 686 154 181 233
15 395 470 600 151 173 209
20 389 458 568 150 170 200
2 5 240 320 590 70 80 125
10 220 260 330 65 70 85
15 220 250 300 63 69 78
20 217 245 285 63 68 76
3 5 145 190 350 0 50 8
10 135 160 200 40 45 55
15 133 150 100 40 40 50
20 132 148 170 40 40 48
4 5 90 105 145 30 35 45
10 85 95 105 28 0 35
15 '8 9 100 28 30 33
20 84 90 98 28 30 30
5 5 45 55 8o 10 12 15
10 o 50 55 10 10 13
15 | 40 45 50 10 10 12
20 0 45 50 10 10 12

*a Land Contamination Category *b Probabilities.
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6.4.5

*3

levels for sample size 5 and the other sample size categories, reflecting
the h_igﬁer spatial variability in soil heavy metal levels in 1;_he more
polluted areas. This suggests that in assessing potentially contaminated
sites it will be necessary to take more than 10 samples in order to obtain
a representative sample. There is one further point on the use of the
probability matrix. The data used to produce the nommal limit levels is
based upon bulked samples *3 as being representative of large areas. Given
that soil heavy metal levels exhibit a high degree of spatial variability,
this may be a source of error in the normal limit levels. However, there
is evidence from other work (JURUE, 1982 and Appendix 4) which investigated
the variability between bulked samples and sub-samples making up the bulked
sample, that this error is not significant. The conclusions of this
investigation were that there is very considerable variability between soil
metal levels of sub-samples despite all sub-samples being collected from
within 30m of a central sample site location. In addition, it was found
that mean soil metal levels derived from 10 individual sub-samples were

not significantly different from mean levels derived from the analysis of
independent bulked samples. Therefore, the use of bulked samples in the

probability matrix is thought not to be a significant source of error.

Since we are concerned with defining acceptable concentrations of heavy
metals in soé6il, the normal limit levels approach can be taken a stage
further by attaching 'risk factors' or acceptability to the probabilities
in tables 6.3 and 6.4; this is the second of the two approaches suggested
in section 6.4.3 For example, if a site is being proposed for
redevelopment for recreational use where the contaminants are only
significant from a phytotoxic point of view (as would be the case with

copper and zinc), then we may decide to set the mean level at which it is
X e - 4 ‘ g : A

The original sample frame used 6 sample points, bulked for 1 sample site,
with 9 sample sites per lkm.sq, grid. See appendix
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considered there is a problem on the 'lenient' side, say for example at
the 0.01% prcbability. Alternatively, if the site being samples is to
bé redavéloped for housing use and the contaminant may present a risk to
human health (as would be the case with higﬁ level of lead and cadmium)
then it may be more appropriate to set the-significaﬂce level at 5% which
then determines a more stringent normal limit level. The use of normal
limit levels in this manner, although being to some degree subjective,
allows a more flexible approach to determining the significance of site
contamination than is at present the case with the ICRCL tentative

guidelines.

The above has been a discussion on use of background soil contamination

data as guidelines for use in assessing both general urban land
contamination and individual site investigation data. There are two
additional points which need to be taken into account when using this
approach. Firstly, the normal limit levels are based entirely upon
‘typical' or 'normal’ lgvels of soil contamination for five different
categories of urban environment. They do not, therefore, take into account
any linkages between elevated levels of heavy metals in the soil and either
known health effects or phytotoxic effects. -In addition they are not
intended to detract from the pressing need to establish environmental

health protection standards for allowable concentrations of heavy metal in

soll. Thelr value is in providing additional information of the variability

of soll heavy metal levels in urban areas, a data set, to aid in the

assessment of the significance of elevated levels of heavy metals.

Summary
This chapter has concentrated upon the interpretation of the results of
the research study in the context of the policy discussion set.out in

Chapter 2. Specifically, the chapter has assessed the results of

background levels of soll contamination in the WMMC and individual area-
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type measurements in the light of current guidelines and has concluded:

i) there are large parts of the WMMC area which are at risk
of exceeding current ICRCL guidelines.

ii) current ICRCL guidelines may be unnecessarily stringent.
1ii) there is a need for a practical method for assessing:
a) the overall significance of background levels of
urban land contamination and
b) individual site specific investigation data.
To respond to the above, it was suggested that-the mapping methodology
used to cbtain background levels of heavy mectal soil contamination for
urban areas may also be used to generate locally relevant information for
use in the assessment procedures in 1iii) abowve. In sections 6.3 and 6.4
it has been demonstrated that the information output from the mapping study
provided useful data to enable 'reference levels' and 'normal limit levels'
to be obtained. It is these 'reference levels' and 'normal limit levels'

which are put forward as alternative criteria for the assessment of land

contamination and which may be of more immediate utility to local planning

agencies and the development industry.
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7.2.1

7.2.2

CHAPTER 7

APPRAISAL OF THE RESEARCH

The introductory chapter to the research presented and discussed the
research area of conﬁaminated land, which provides the framework within
which the research reported here has been uﬁdertaken. .The remaining
chapters of the thesis have concentrated on the care of the work, which

has been the measurement, mapping and assessment of background levels of
heavy metal land pontamination. The purpose of this final chapter is to
place the work in the wider research and policy context. It also describes

the contribution that the research and similar methodological approaches
might make to the field generally. The chapter concludes with suggestions

for further research which might build upon the work undertaken here.

The Wider Research and Policy Context

The review of the research area provided the general background to the
problems of contaminated land which are essentially policy related issues
of environmental pollution and control over contaminated land. This
background to the research identified key research and policy issues which
formed the context of this study,and these may be summarised under three
broad issues. These relate firsfly to determining the nature and extent
of contaminated problems; secondly to produce guidance for the assessment
of the significance of contaminated land; and thirdly, the development of

appropriate ameliorative and protective measures when contaminated land is

being redeveloped.

As stated earlier in this thesis, central government has become involved in
the problems of contaminated land, and through ICRCL are funding an extensive
research programme with the aim of ensuring that contaminated I?nd is
restored to beneficial use, without unnecessary risk. The emphasis in this

programme has been placed in three main areas which in part respond to the
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wider policy issues summarised above. These relate firstly to the early
identification of contaminated sites in advance of de;elopment proposalss.
secondiy to the investigation and assessment of céntaminaﬁed sites; and
thirdly to developing aﬁeliorative measures to ensure reliable methods of
treatment are available for the protection of subsequent users. The issue
of the assessment of the hazards presented by contaminated land has already
been discussed in detail in earlier chapters, and therefore the discussion

here is limited to considering those studies which are relevant both to this

research work and the wider policy issues.

7.2.3 The early identification of potentially contaminated sites is very much a
recent research area for ICRCL who have funded desk based research in the
two pilot study areas. The two studies have been concerned with developing
techniques which will enable local planning authorities to take contamination
into consideration when exercising planning and development control functions.
The aim of the work has been to move away from a 'fire-lighting' approach to
a situation where contaminated land is identified at an early stage in the
planning system, thus avoiding the problems which might be caused by the
inappropriate use of a contaminated site. The general approach in the two
pilot studies has been the assessment of information sources which can be
used to identify activities which are taking place in an area, or have taken
place, and to assess the likelihood with which the activities identified may
have contaminated the sites they occupy. Preliminary results from the two
projects (for further details see JURUE, 1981; BarXey, 1981), suggest that
although it is possible to generate comprehenéive information on current and -
past use of particular sites, its value is often severely limited due to the
many uncertainties in establishing the link between the use of a site and
potential contamination of a site. 1In the study carried out by JURUE in
the WMMC, it has also beeﬁ concluded that the use of desk study research
only, and the absence of detailed information on industrial activity and land
contamination, means thét in practice it is only possible to allocate land to
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one of three broad categories of contamination. These are:

i) definitely contaminated - sites such as gasworks,
scrap yards, steel works.

ii)- may be contaminated - areas and sites which have

activities that are likely to give rise to land
contamination.

1ii) probably not contaminated - no indication that
the site has been occupied by a contaminating activity.

The latter two categories are large 'grey areas' and to determine whether

a site presents an actual contamination problem would require a further
significant input of resources, which in some cases approaches the level

of resources required for a detailed site survey. The problem is more
acute for areas and sites in category (ii), which are predominantly inner
city locations of mixed industrial/residential/commercial land-use where
sites are small and have often had multi-use over a long period of time.

It is also in these inner city locations where redevelopment is most likely
to occur, given current government policies. Therefore there remains a
need for techniques which can be used to identify, with some degree of
certainty, potentially contaminated sites. Since it is doubtful that
desk based research alone is capable of providing the information required,
it is suggested that there is a need for additional methodologies which are
based on practical field research, similar to the work reported in this

thesis.

The research work undertaken here has concentrated on the development of
a sampling methodology to enable background levels of land contamination
to be accurately measured. The results from applying the methodology in
a case study area has demonstrated that the technique not only facilitates
the mapping of the existing pattern of background land contamination, but
also permits the fairly precise definition of sub-areas ox'hot-spots' of
significantly eleéated levels of contaminatién. Thus, by providing a

reasonably cost-effective means of quantifying contaminated land in urban
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areas, such techniques offer the possibility of identifying potentially
contaminated sites. Inhfhis respect, the funétion of'the'sémpling
methodology is to act as a 'preliminary sieéa' for lgrge and varied
urban areés in order that 'hét spot' afeas of contamination may be
identified, alerting the local authority to a potential contaminated site
problem, The use of the sampling methodology and similar work in this

way is described further in section 7.3.5.

Having identified that contaminated land or a contaminated site presents
problems for redevelopment, it is necessary to consider ameliorating the
pollution prcblem. It is in this area of remedial measures that central
government has placed the largest research effort, and there are a range

of studies assessing the effectiveness of conventional treatment methods
(these include removal, mixing and covering). The techniques being
researched are directed at protecting the general public from heavy metal
soil pollution and are therefore of direct relevance to this research study.
For example, research at Liverpool University (Jones, et al, 1981) is
investigating the biocavailability of heavy metals in a range of contaminated
materials (from soil to mine waste), and the effect of a top soil covering
on metal absorption by plants. Results to date suggest that merely
placing 0.5m of top soil directly over heavy metal contaminated soil is

not effective in preventing metal uptake into vegetables and soft fruits.

A parallel study by Liverpool Polytechnic (Lepp and Harris, 1980) on the
Beaumont Leys development site in Leicestershire has also produced similar
results to those above, and is now investigating, under field c;nditions,
the use of barrier materials (impervious seals of clay and chemical barriers
of crushed limestone), to isolate the exposed surface and plant rooting zone
from underlying contaminated material. The problem of movement of metals

through the soil appears to be more acute for metals such as lead and
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cadmium which accumulate at high levels in surface soil horizons. The
preliminary results from the research work on émeliorative measures has

a number of implications for the present study, the most important of
which relafes to the pracéical task of amelioréting 1argé areas of
background land contamination. As h&s been demonstrated, this study has
identified large tracts of land in the WMMC which has significantly
elevated levels of both lead and cadmium in surface soil horizons. One
practical option for protecting public health and_plant health in areas

of high pollution would have been simply to cover the contaminated soil
with a suitable depth of top soil. However, since it appears that this
may not be satisfactory, it raises the question of what remedial measures
should be recommended if background land contamination was found to be an
environmental hedlth problem. The viable alternatives to covering
contaminated soil are removal and the use of barriers; the latter is still
under development. However, both of these alternatives involve the use of
considerable resources, and in the case of barriers may not be a practical
solution for very large areas. Clearly, this issue of remedial treatment
suggests the need for further research in two areas. Firstly, there is a
need to demonstrate that elevated levels of heavy metals in soil actually
presents a health prablem. This in itself presents no small task for
research, as the recent case of cadmium pollution in Shipham illustrates.
What is in fact required are extensive and detailed epidemiological studies,
building upon this research and other similar work which provides
comprehensive baseline environmental information, (this is taken further

in discussion in section 7.3.4). The second course of action hinges upon
the first, in that if background land contamination can be shown to present

a health problem, then there is a need to develop more practical solutions

to protecting public health.
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7.2.9

redevelopment, there have been a number of smaller studies concerned with
the problems of specific heavy metals in éoil. For example, research by
Alloﬁay and Bufterworth (1980) , is investigating the speciation .and sorption
of cadmium in a range of polluted and control soils. An important
conclusion from this reéearch is that sludge amended soils have been found
to have a significantly higher proportion of exchangeable cadmium (that
readily available to the environment) than soils polluted by mining waste
or oxide fume emission. This result suggests that background land
contamination, due to the widescale use of metal contaminated sewage sludge,

may potentially be a more long term problem than individual highly

contaminated sites.

Research work concerned with the investigation and assessment of
contaminated sites has not been directed at the problems of heévy metals,
but has concentrated entirely on the problems of redeveloping former gas
work sites. The reason for this is that many former gas work sites were
purchased by local authorities as prime development sites, cbviously
without recognising many of the pollution problems associated with town

gas manufacturing. Therefore, the research on gas work sites, conducted
by the Environmental Safety Group at Harwell (for details see Harwell,1981),
is providing detailed information on the type of contaminated material
present on such sites, and the hazards which they present to human health.
Although the work is not directly relevant to the research study, it deals
with organic pollution such as phenols and coal tars, it has had to respond
to similar methodological problems of assessing the significance of
elevated levels of contaminants in the absence of standards. It is
interesting to note that the approach adopted by Harwell has been to
develop a two-tler guideline of 'undesirable' and 'unacceptabie' levels of

contaminants. The guidelines themselves have been based on normal or

'typical’ values for either uncontaminated soil or 'urban' soils, taking
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into consideration Health and Safety threshold values for certain

carcinogenic pollutants.

Wider Policy Issues and the Research Work

In recent years, the quality of the general environment has become a
central issue in the field of ﬁublic policy, which has created A demand
for research into the provision of environmental information for use in

a wide variety of applied policy contexts. The foregoing chapters of

the thesis have demonstrated that it is possible to develop simple and
cost effective techniques which provide spatially comprehensive and
accurate ambient data on the levels of land contamination in large and
varied urban areas. Such techniques provide information on the generally
enhanced levels of metals, typical of soils in the general urban
environment, and permit the fairly precise definition of 'hot spot' areas.
In so doiné, they generate a potentially valuable data base for use in a
number of applied policy applications. This section, therefore, describes
those policy areas where the research and similar methodological approaches

may make a positive contribution to the decision making process.

An important policy orientated use of spatial data on background levels

of land contamination is in the technique of Environmental Impact

Assessment (E.I.A.), a method for the assessment of the likely environmental

consequences of both public and private development projects. It was an
early tenet of the E.I.C. process that some information base (survey) was
required from which to anticipate and assess the environmental impacts of
proposed developments. The need for 'baseline studies' of environmental
conditions is supported by Catlow and Thirlwell (1976) and Clark (1976) in
their review and recommendations on the role of E.I.A. in the U.K. planning
system, Indeed, Clark supports the argument for baseline data with the

view that

"baseline studies.....provide the planning officer with an
understanding of the existing situation against which he
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will be able to assess the likely advantages and
disadvantages of development proposals".

7.3.3 The information output of the sampling method developed in this research
providés such 'baseline data' in the form of background land contamination
maps. It is suggested that the mappéd inférmation may be used to assess
the capacity of the environment to accommodate new developments that may
impose additional heavy metal pollution in an area. For example, the
mapped data (see figures 5.21 and 5.22) for levels of zinc and copper,
pollutants which are associated with a range of metal using industries,
indicate broad areas where existing land contamination is already 10-15
times the 'normal' level in unpolluted soil, and in some cases exceeds
current guidelines. These 'polluted' areas include large parts of
Coventry, central Birmingham, West Bromwich and parts of Walsall, where
it is suggested additional sources of heavy metal emissions may create
environmental pollution problems, particularly if pollution control
measures are not as effective as they ougAt to be. Therefore, not only
does the mapped information highlight areas of potential concern, as far
as additional sources of pollution are concerned, but also enables areas

to be identified where the controlling authorities will need to be

especially careful in ensuring the efficient control of any pollutant

emissions.

7.3.4 From a public health perspective a more important potential use of the
ambient information on levels of heavy metal soil pellution, is in the

field of epidemiological studies. In recent years several investigators

(Barltrop, 1981; Zeilhaus, 1981; Piotrowski and Coleman, 1980) have
recommended that the only reliable method of assessing the health effects
from exposure to heavy metals is through epidemioiogical studies. A
critical component of such studies is the formation of 'exposﬁre profiles'
for individuéls to tﬁe wide variety of potential sour&es of heavy metals

(these include total diet studies, workplace exposure and the general
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environment). Clearly, to detect health effects from exposure to heavy
metals and to identify fhe source, requires éﬁat defailed information is
available on all poséible sources of exposure to heavy metals, including
metals present in the ambient envirdnment. To date, however, such ambient
information has not been readily available due to data collection problems
and therefore the exposure profiles that have been undertaken are
incomplete and of limited value. This study has demonstrated, however,
that it is possible to develop a simple and accurate technique to enable
the 'baseline pattern' of heavy metal contamination to be measured and
mapped for large urban areas. The technique also enables 'hot spot'
areas or 'stress areas' of significantly elevated levels of heavy metals
to be objectively defined. Both sets of information may be used in
exposure profiles either as a 'control! set of data on which to base
judgements as to the significance of any detected health effects due to
exposure to heavy metals, or,in the case of 'hot spots', as a significant
gource of exposure to heavy metals. An example of this dual role of the
data in exposure profiles is in the mapped data for total cadmium (see
figure 5.20 of chapter 5). The map of total cadmium provides the general
pattern of environmental exposure to cadmium,and in addition identifies
sub-areas where the typical background level of cadmium exceeds 3 mg/kg,

the current most stringent ICRCL guideline for acceptable concentrations

in soils.

A further policy orientated use of the identification of sub-areas or

'hot spots' of land contamination . is in the definition of areas requiring
investigation in the context of environmental health. In particular, the
research has highlighted the existence of substantial tracts of elevated
levels of land contamination in the traditional inner city areas of the
wMMC. in view of the current interest in rejuvenating inner areas by
encouraging new industrial and commercial activities and, more importantly,

providing new housing and recreational facilities, it is suggested that
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the mapping methodology may be used to flag potential problem areas in
relaiion to heavy metal land contamination. For example, if the inner
city regeneration policy requires that sites within the 'hot spot' areas

be developed for sensitive uses such as housing, then the mapped information
provides an e#rly warning of potential environmental health problems, and
identifies areas where detailed surveys and)or remedial treatment would

be necessary prior to specific redevelopment taking place.

This policy application of the mapping methodology has seen further
practical development by JURUE, in a soil contamination survey of the
Borough of Walsall (for details see JURUE, 1982). The survey,based on
this research work, was commissioned by Walsall to map 'background' levels
of heavy metal land contamination, on a grid by grid basis, for the whole
of the Borough, to assist the Environmental Health Departmeﬁt in their role
of providing environmental information for consideration in local plans,
and in development control. Contoured soil contamination maps have been
produced and are used as an 'early warning system', alerting the Borough
to the need for further detailed site investigation in areas of planned
development. Comparison of the soil contamination data with data from
the West Midlands Structure Plan revealed that two proposed major housing
developmenté, both in the inner urban industrial part of the Borough, were

to take place on sites which exhibit significant soil contamination problems.

In fact the levels of total lead and cadmium in the soil in these two

' areas were found to exceed current ICRCL guidelines for housing use. 1In

the case of total lead, measured levels were over 2 times higher than the
recommended level of 550 mg/kg,and in the case of cadmium the measured
levels were nearly 4 times higher than the recommended acceptable
concentration of 3 mg/kg. In addition, since carrying out the survey,
the data base has been used by the local authority to identify a number of

small sites which will require investigation in the near futufe because they
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have been earmarked for short-term allotment use.

Clearly, the above examples demonstrate that survey methodology developed
in thié-research has a number of potentially valuable roles in an applied
policy context. ‘The argument in favour of using comprehensive and
mapped baseline environmeﬁtal inforﬁation aé an aid to policy and decision
making has Seen supported by Kafpe and Scholz (1976) , who suggest that
their value lies mainly

"in the transformation of difficult and complex data into

understandable and clear information......clearly indicates

areas of heavy pollution impact and areas where standards
are exceeded; also the origins of pollution can be traced".

Recommendations for further Research

The purpose of this final section of the chapter is to suggest ways in
which further research might build upon the work undertaken here. Earlier
sections of this chapter have already raised a number of potentially
useful research areas, particularly in relation-to the provision of
baseline environmental information, However, the focus in this section
is on further research which takes forward the techniques developed in the
work reported here. These relate fi?stly to policy issues with respect
to the regulation and control over the use of contaminated land; secondly
to the further evaluation of the sampling methodology and assessment
techniques developed in the study; and thirdly to the more detailed

elements of the analytical techniques used in the research.

Throughout this research work, the emphasis in the control over the use
of contaminated land has been restricted to considering the problems of

developing standards and guidelines as a means of control over the

redevelopment of contaminated land. However, the practical experience

~gained in carrying out this research study,-suggests that a key issue in

controlling the use of contaminated land is in preventing the development

of contaminated sites without full recognition of the pollution problems.
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To do this requires detailed knowledge on the extent and nature of the
contamination present on an individual site. The collection of such
information is not only a time consuming and costly exercise for local

authorities to undertake, but is also complicated by the fact that a

planning authority has no direct responsibility to collect such information.

In fact, the powers and duties of local aﬁthorities to control the
development of contaminated land are weak and unclear. This is because
contaminated land is not a planning problem in the sense of the Town and
Country Planning Act, as the principle of use is not the issue, only its
implementation is doubted with respect to pollution and public health risk.
Therefore, a planning authority has no direct powers to require a potential
developer to carry out a site investigation for contamination. However,
the problem is not as straightforward as at first it may appear, because
local authorities do have powers to impose conditions on planning
permission. The relevant legislation allows them to grant plannihg
permission, subject to 'such conditions as thgy think fit'. Therefore,

if a planning authority were to regard contamination as a material
consideration, it can in theory impose conditions designed to ensure that
the problem of contamination is dealt with before development takes place.
However, the use of éonditions introduces further problems in that it is -
doubtful if a planning authority can be held to have any dutyf or indeed
have the resources, to check the physical suitability of all land for its
proposed development. Moreover, suspicion of poten£1a1 contamination of
the land, and making it known in advance of detailed knowledge of the
nature and extent of the problem introduces other is;ues. such as 'planning
blight', and may also have a potentially disastrous impact on land values.
Such issues place the local authority in a difficult legal position, and
the responsibility of proving that a site is indeed_contaminated to an
unacceptable levei may be left up to the local planning authority. It 1t

were the case that the local authority were put in this difficult position,
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then in the future they may be unwilling to take potential land
contamination into consideration when exercising their planning and

development control functions.

In essence, the problem is one of identifying, with some degree of
certainty, that an area or site 6f propoged dévelopment may be
contaminated. In the light of tﬁe above comments, the most cbvious
extension of the work in this direction would therefore be in alerting
the local authority to potential problem areas. This aspect of the work
has already been touched upon in section 7.2.5; however the proposallhere
is to undertake a more detailed examination of those areas in the WMMC
where soil contamination is already at elevated levels. In this respect,
it would be a relatively simple matter to subdivide 'hot spot' areas
according to their likelihood for redevelopment and to carry out a more
detailed soil sampling programme in those areas of potential conflict.
Thus, by using the sampling methodology as an 'early warning system',
followed by more detailed investigations wﬁere necessary, the problem of
the unwise development of contaminated land without the full knowledge of

potential contamination should be avoided.

As was noted earlier, the mapping methodology provides a record of the
existing situation regarding soil contamination ,and cannot therefore be

used in its present form to determine directly whether the contamination

of the soil is the result of former activities, progressive accumuiation
over time, or current industrial activity. This implies it is not possible
to demonstrate whether land contamination is an increasing problem, or
whether it will be réﬁuced as re-use and redevelopment takes place. Tt is,
however, a relatively simple mattér to obtain information on past and current
uses of sites (see JURUE, 198l), and to compare such information with the
land contamination maps. Where this comparison identifies a current source
to a problem, the monitoring of emissions through, for example, air sampling,

and deposition gauges, would soon demonstrate whether the current activity
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is creating further land contamination. A key advantage of this

extension to the research work is that the additicnal information may also
provide a means of assessing the effectiveness of existing environmental
protection policies, and may also serve to highlight either areas or

sources where additional control policies may be required to prevent further

land contamination.

Methodology

The research work reported here has concentrated on developing a generalised
methodology for measuring and mapping the spatial variability of heavy
metals in soils and has produced an operationally useful tool. However,
there has been no field testing of the mapping methodology in areas where
soils have not been collected. If the sampling methodology is to see
further development as a technique for providing 'baseline' information as
well as identifying 'hot spots', it would seem advisable to structure
further research work so as to validate the robustness of the technique.
Such a study would also strengthen the data base used to generate the
'reference levels' and'normal limit levels',particularly if it were combined

with the further work recommended below.

As has been emphasised in chapters 3 and 4, there are no set rules or
procedures for sampling the spatial variability of heavy metals in urban
environments. The sampling framework and sample size for the study were
detezﬁined using the relevant literature and the results of a pilot study.
However, it 1s recognised that any sample will provide an estimate of the
population subject to some error. Generally speaking, error will decrease
with sample size, but at a decreasing rate. For any given sample design,
the accuracy of the sample will depend on the size of the sample and
variance of the measures, The precise density of sampling adopted in this
research was a stratified random sample, with all area-types being sampled
at the same density. However, the results of the survey (see chapter 5,
section 5.2) indicate that the variability of heavy metal levels within
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area types is not constant. For example, the densely developed area-
types, with a high percentage of industrial land-use (A2, Bl) have highly
variable heavy metal levels compared to the more rural agricultural area-
types (E4, E5). (This variability was taken into account during sampling
by using a composite bulked sample) . Therefore, it is suggested that in
certain areas it may well be more statistically efficient to sample
particular area-types or groups of area-types more intensely than others.
Thus, for example, in area-types where the levels of heavy metals are
highly spatially variable, it may be worthwhile sampling at a greater:
density than in area-types where the spatial variation is not so great.
Relating the density of sampling to the expected variability in soll heavy
metal levels,would serve to improve the accuracy of the sampling
methodology and at the same time improve the statistical validity of both
reference levels and normal limit levels. Moreover, such an approach
would provide a useful source of additional information to enable

potentially contaminated sites to be identified in a.more systematic and

cost-effective manner.

7.4.8 Specific Elements of the Analytical Techniques

The present study restricted the analysis of heavy metal contamination to
considering pollution by lead, zinc, copper and cadmium for the reason
outlined in chapter 3. However, in recent years, interest has been
focussed on the other heavy metals such as mercury, thallium, arsenic and
barium which, due to their environmental persistence and high toxicity at
low levels of exposure, have been siﬁgled out by the EEC (see Ferrante
and Berlin, 1981), for priority attention. Therefore, it is suggested
that further work should include the extension of tﬁe range of heavy
metals to cover those which are becoming more important as env%ronmental
intoxicants.

7.4.9 The interest in heavy metal soil contamination stems mainly from the public

health problems assoclated with the uptake of metals by food crops grown
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on contaminated soil or due to direct ingestion. However, as has been
demonstrated in this research, there are a wide variety of chemical
vextractants (see apendix B), which have been used to assess the
bioavailability of metals in soil and this creates problems for
interpreting the significance of elevated levels of heavy metals. The
problem is further complicated by the fact that there are no recommended
analytical techniques or 'standard' contaminated soils on which to assess
the suitability of the various techniques. Therefore, there is scope for ,
further research to determine both the precision of the various chemical

extractants currently used, and their value as a soil test, to predicting

the relative bioavailability of heavy metals in soils.

To conclude, the work reported here has touched the problem of contaminated
land at the general urban scale, rather than concentrating on the detailed
site specific issues. In so doing, it has demonstrated the feasibility

of developing practical techniques which provide a simple, cost-effective
and accurate means of quantifying the extent and nature of background land
contamination. Moreover, it is contended that the major contributions of
the work are that it not only provides an information base which has utility
in a number of applied policy contexts, but has also made an initial
contribution to the task of developing rigorous and practical standards

for contaminated land. Such information is of intrinsic value to both

planning and environmental control authorities.
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APPENDIX A

BACKGROUND TO THE CASE STUDY AREA AND LAND-USE DATA CLASSIFICATION

A.l Introduction

A.l.1 This appendix provides a general description of the case study area and
describes in detail the methods by which land-use data were obtained,
adapted, classified and used to derive the 20 'area-types' which formed

the basis of the sampling framework.

A.l.2 The appendix first describes the study area, its location and the general
pattern of land-use in the case-study area. Details are then given
describing the structure of the industrial base, with particular emphasis
on the spatial variatiqn of the dominant manufacturing industries. This
is followed by the technical details of the methods by which the land-use
data and road network density data, derived mainly from secondary sources,
were collected and categorised to give the 20 unique ‘'area-types' from
which surface soil samples were collected. The technical details on the
actual field sampling technique and analytical methods used in the research

are contained in appendix B.

A.2 The Case Study Area

A.2.1 The study area selected for the development and application of the

- .mapping methodology was the West Midlands Hetropolitan.County(WHNC). The
WMMC was formed in the local government re-organisation of 1974 from parts
of Warwickshire, Worcestershire, Shropshire and Staffordshire. The
County'coéers an area of 900 sq.km, and has a population of 2.7m people.
;It is centred on Birmingham, the major regional centre of commerce and
the second largest city in Britain. Figure A.l shows the location of
the WMMC in the U.K. and figure A.2 the pattern of predominant land-use

\

types in the area. General statistical land-use data is available for the

WMMC (West Midlands, 1978) and this shows that 39% of the land area is
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Fig.A.1 The Relative Position of
the West Midlands Metropolitan County.
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A.3

A.3.1

occupied by residential land-use, 22% by agricultural, 11% by leisure
and open space use, 9% by vacant, derelict and other land and 7% by

manufacturing uses.

The WMMC can, in fact, be conveniently divided into three geographical
units. Coventry; a free standing city in the east is separated from

the remainder of the County by Solihull, a rural area of agricultural
green.belt. The remainder of the County, known as the West Midlands
Conurbation, is an industrial area founded on metal based manufacturing.
The industrial heart of the conurbation is known as the 'Black Country'
consisting of Walsall, Dudley, Sandwell and Wolverhampton. Its historical
connection with the metals industry can be traced back to the earliest days
of the industrial revolution when, at one stage, the conurbation was

responsible for the majority of the Country's primary iron and steel

production.

The major residential areas in the WMMC are dominated by Birmingham which
occupies 29% of the land area of the county, and accounts for 38% of the
residential land-use. Other important housing areas are Halesowen and
parts of Wolverhampton, Walsall and Coventry. Open space is principally
restricted to the rural area of agricultural green belt separating
Coventry from the conurbation in the district of Solihull. In fact, the
Borough of Solihull occupies approximately 20% of the land area of the
WMMC, and has 53% of the total agricultural land-use of the WMMC in its

area. Other areas of open space are principally large parks which are

found widely distributed in the conurbation.

The Industrial Base

It has already been stated earlier, that the 'Black Country' comprises

the dominent industrial areas of the WMMC, with something like 59% of all

industrial land-use found in the 'Black Country'. The industrial base of

the WMMC has been dominated by manufacturing industries for many years.
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A recent report'(JURUE, 1981) has shown that the manufacturing industry
in 1976 was still dominated by metal-based manufacturé and engineering
indust;ies, with nearly 40% of all eﬁployment in the County accounted

for by these two sectors. The manufacturing activities range from small
foundries in the 'Black Country' to large vehicle production factories in

Birmingham and Coventry.

The WMMC has been shown (see JURUE, 198l) to represent by far the largest
concentration of metal based manufacturing in the U.K. The important
metal manufacturing industries in the WMMC are primary iron and steel '
production, non-ferrous metal manufacture and metal finishing industries.
Large scale primary iron and steel production was an important feature of
the industrial base of the conurbation, but has declined steadily since
the early part of the century, to a point where there are no longer any
major steel producing plants in the County. However, small scale iron
foundries still proliferate in the Smethwick and Wolverhampton areas.
Such industries are important to the research study, since the ferrous
metals industry has been shown to be largely responsible for air pollution
problems in the form of grit, dust and metallurgical fume emissions, and

therefore contributes to heavy metal land contamination.

The non-ferrous metal manufacturing sector includes the production of
aluminium, aluminium alloys, copper, brass and other copper alloys, and
other base metals. In the WMMC the non-ferrous metal production is based
on secondary refining, and represents 50% of the industry in the U.K.
Secondary copper refining is concentrated in Walsall where two large plants
have been operating for a number of years. The smelting and refining of
lead, aluminium, zinc, magnesium and titanium is also an important industry

in the WMMC, with 20% of the total U.K. lead smelting taking place in

Birmingham.
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The metal finishing industry is also important in the WMMC and includes
a range of.plating operations (cadmium,‘zinc, chrome, nickel and tin
plating) és well és énodizing and galvanizing operations. The industry
is centred on Birmingham and Sandwell with local concentrations in

Dudley, Walsall and Wolverhampton.

In general, therefore, the most significant industrial areas in the WMMC
are the north east part of Birmingham, Coventry and a broad band of
industrial centres in the 'Black Country'. This broad band stretches
from Dudley in the south west through Oldbury, Smethwick and West Bromwich
to the Bilston area on to Wolverhampton and Walsall. The importance of
the metal industries in the context of the research study are that they
represent significant sources of metal rich grit, dust and fume emissions.
Therefore such industries are important contributors to the high metal
content of dust deposited in the area and have contributed significantly
to contamination of the land with toxic heavy metals including lead, zinc,

nickel, copper, cadmium and chromium.

The indication of the importance of industrial sources of heavy metals in
the general environment can be gained by comparing the results of dust
analysis conducted in the largely non-industrial town of Lancaster

(Harrison, 1979) with those obtained in the West Midlands (Archer and

Barratt, 1976é; JURUE, 1981). The data are shown in Table A.l

- =

Table A.l. Mean Levels of Selected Heavy Metals in Roadside Dusts .(Mg/Kq)

Metal o Lancaster West Midlands
Lead 1,880 1,000 - 4,500
Cadmium . 3 _ 8
Chromium . 29 102
Nickel 35 73
Copper ' 143 1,300
zinc 534 1,600

The data in Table A.l. clearly demonstrates that the levels of most metals,

especially cadmium, copper and zinc, are much higher in the WMMC dusts.
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The available data appears therefore to verify the suggestion that the
metal industries contribute significantly to the metal contamination of

dusts‘in the West Midlands,

Land;use Data Coliection

In section 4.6 of the main text, a summary was given on the collection
of land-use data for the WMMC. This data was directly available from

secondary sources and was derived from the following three sources:

i) the 1976 land-use map available from the West Midlands
Metropolitan County. This map was derived from 1:10,000 °
(1:20,000 in the case of Solihull) scale district council
land-use maps, which had been updated.

ii) the 1979 vacant and derelict land map of the WMMC available
from the West Midlands County Council.

iii) = the 1979 (2nd edition) 1:50,000 Ordnance Survey Map of
the WMMC.

The procedure for obtaining a comprehensive and deﬁailed base map of
land-use data for the WMMC was as follows. Firstly, eleven categories
of land-use were available on the 1976 land-use map and because ths
research study is interested only in mapping the spatial variations of
heavy metal content in major land-use types (e.g. variation between
agricultural and industrial or residential and industrial areas), it was
necessary to aggregate some of the eleven original land-use categories to
give six categories of major land-use for use in the research study. The

comparison between the two categories is illustrated in table A.2 below.
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TABLE A.2

COMPARISON OF THE LAND-USE CATEGORIES

WMMC CATEGORIES

RESEARCH CATEGORY

1s Residential : 1 Residential (including schools,
2. Education hospitals and prison buildingd.
3. Public assemblies, (e.g. .
hospitals, prisons)
4. Industrial 2. Industrial (including active
e Minerals mineral extraction sites and
6. Public utilities (e.g. sewage) public utilities).
7. Commercial 3. Commercial (including town
halls).
8. Recreation 5. Recreational (including school
9. Oother open land (inc. and hospital grounds, woodland
vacant land, cemeteries). and cemeteries).
10. Agricultural. 6. Agricultural.
11. Transport (road, rail, etc.)

A.4.3 A 1:50,000 scale Km.,grid base map was made from the 2nd edition O0.S. Map

covering the WMMC.

land-use zones and Km grid when transferring the land-use data.

This was to ensure correct geographical delineation

This

grid base map was then overlaid on the County vacant land map and a copy -

made of the ‘vacant' land-use category. The remaining five categories of

land-use were taken from the 1976 land-use map giving consideration to

possible new land-use developments (e.g. residential on reclaimed derelict

sites) not recorded on the 1976 land-use map.

It should be noted that at the spatial scale being used, and with the use

of only six land-use categories, it was neither possible nor necessary to

include every avallable detail on land-use.

\

Thus, for example, gardens

and grass verges in residential areas are recorded only as residential land
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and not as recreational land-use. Similarly, open land in industrial
areas is recorded as industrial land. Thus areas zoned 'residential',
'industrial"or 'commercial' do not iwmply that all such land is covered
by buiidings. In addition, transportation routes (roads, canals,
railways) have beeh totally excluded and have been allocated to the land-

use category of the area that they pass through.

By the means described above, a base land-use map was produced which was
as spatially and typologically detailed as possible. The next stage ,
was to use this land-use map to obtain a measure of the proportion of

each Km grid square occupied by the six land-use types. Estimates of the
percentages of the grid square in each category were achieved by placing
a transparent overlay divided into twenty five sub-grids, each sub-grid
therefore being equal to 4% of the sqg.km. By disaggregating the sqg.km.
grid into 25 sub-grids, the task of adding up the proportion of each land-
use category in the km. grid was therefore simplified. This measurement
procedure resulted in obtaining for each of the 1003 sq.km. grids
(including boundary squares), a 'unique' individual combination of land-

use category proportions.

It was recognised that there would inevitably be inaccuracies in this base
land-use map. Two possible sources of inaccuracy were the cartographic
transformation of land-use data from secondary source maps, and the method

used to estimate proportion of each grid square occupied by each of the

six land-use types. However, since the mapping study is being undertaken

at an aggregate scale, it was not considered necessary to assess the extent

of any error.

Road Network Density Data

Al

Section 4.6.3 of the main text summarised the rationale behind the choice
of road network density as an indicator for 'intensity' of urbanisation

and hence land—use,‘in an urban area, to be used as the principle parameter
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in the definition of 'area-types'. The selection of road network

density was also based on the fact that such data is readily obtainable
for the whole of the WMMC and,unlike 'distance from city centre', allows
a comprehensive-coverage of the WMMC to be achieved. The data for road
network density was cbtained from secondary sources, being the number of

road intersections on the 1:50,000 (2nd edition) Ordance Survey Map.

The number of intersections, termed nodes, were calculated by counting

all road intersections in a 1 sqg.km. grid on the 1:50,000 0.S. Map. An

.

intersection' was taken to be a normal 'T' junction, with crossroads

- counting as two intersections (i.e. 2 nodes) and an additional 'node' is

added for every extra road at an intersection. For example, 6 roads

intersecting at a junction would be counted as 4 nodes. By these means,
the number of 'nodes' per sq. km. grid were obtained for the whole of the
WMMC. The number of 'nodes' per grid ranged from O in-agricultural land

through to 92 in the traditional industrialised inner city areas.

It was recognised that ‘errors'could occur in cbtaining the data on road
network density, largely from miscounting, omitting or double counting
junctions. Since road network density was to be used (see section 4.6.4
of chapter 4) as the primary differentiator for grouping the data into
'area-types', it was necessary to assess whether this error was significaﬁt.

To test the magnitude of the error due to repeated manual counting, four

_grid squares were selected at random and six independent assessments were

made of the 'nodal density' for each of the four grid squares. The

results are given in table A.3, below.

TABLE A.3. CHECK ON THE ACCURACY OF THE ROAD INTERSECTION COUNTING PROCEDURE

Grid Square A B o D E F Mean Map

91/99 68 64 64 70 65 65 67 65 ;
88/99 36 33 34 32 33 34 34 34
83/95 44 46 57 53 47 45 48 45
85/94 30 30 32 38 35 34 35 34
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Fig. A.3 Frequency Distribution of Road
Network Density.

53
4 E E
| a a
3 5 2
= a > -
o=l = 5 5
[ 34 v ] L
5 2 2 & 2
S 2 A 2
% - 2 =
< 2 g é (]
400 = % PR
= =
Q -
o
300 -
200 =
100 -
I L} L] 1
0~ 10 11 - 23 24 - 37 38 - 53 54 Nodes per Sq, Km.

E D _ C ~220~- B A



A.5.4

A.6

A.6.1

A.6.2

The above table indicates the kind of consistency that may be obtained

in measuring the ‘'node density' for the 1003 Km grid squares in the WMMC.
The data in table A.3 demonstrates that although there is a certain amount
of error in the repeated counting of road intersections, the magnitude of
this error is likely to be small enough so as not to have a significant
effect on the final data collection. The table also compares the mean

of the six estimates of 'node density' and the measure actually achieved
in the application of the procedure to the grid squares of the WMMC,

which also indicates that any error is likely to be very small.

Derivation of 'Area-Types'

As stated in section 4.6.4 of the main text, it was decided that in order
to achieve a usefully limited number of grid squares from which to sample
soil to determine the spatial variation of background levels of heavy
metals in the soil of the WMMC, it would be necessary to categorise the
land-use data and road network density into a smaller number of units of
area, termed 'area-types'. It is these 'area-types' that were used as
the sample frame. During the collection of both land-use data and road
network density data, it was recognised that a functional relationship
exists between the two sets of data. For example, industrial land-use
is not normally associated with areas of sparse network density, and
agricultural land-use is not normally associated with dense network areas.
Therefore, it was decided to produce a typology of 'area-types' which

resulted from a categorisation of land-use within a primary grouping of

road network density.

The first task in deriving ‘'area-types' therefore was to group the
1003 grid square measurements of 'node density' into a statistically valid

number of categories. Since the use of road network density as a measure
of intensity of land-use in the context of soil mapping is 'unique', there
is no available literature on which to base such grouping. Therefore

it was decided to group the 'node density' data into 5 categories
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according to the following criteria:

i) there was a broadly even distribution of the number
. of nodes in each category.

ii) there was a systematic interval size between categories
taking into account the fact that in highest category
(representing urban centres) there are likely to be only
a few grid squares.

iii) natural groupinas within a frequency distribution were
taken account of (see chapter 5, section 5.7).

A.6.3 The distribution of 'nodes' within each of the five categories is shown
in figure A.3, which also contains a verbal description of the predominant
land-use types in each category. Having established the number of ;ode
density categories (A - E), and the class interval of each category,
each grid square in the WMMC was allocated to one of the 5 categories
according to its 'node density’'. The number of grid squares in each
category is given in table 4.1 of the main text. The next stage in the
derivation of the sample frame was to group the grid squares in each node
density category according to land-use data. This was achieved through

a qualitative cluster analysis and is described below.

A.6.4 For each node density category, a frequency distribution of grid squares
occupied by the six land-use categories was produced and these are shown
in figures A.4 - A.9. Each grid square was allocated according to the
dominant land-use type in the square. It can be seen from figures that
in node density E, only agricultural land and a limited amount of
residential and recreational land-use is found. Residential land-use
tends to be a dominant feature in node density categories A, B and C.
There is also a strong presence of commercial and industrial land-use in
node-density A, while in category C, residential land-use is a dominant
feature. In node density category B, there is a much more mixed pattern
of land-use including residential, recreational, industrial and vacant land.
Commercial land-use appears to be dominant with residential in network

density category B.
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Fig. A.4 Distribution of Residential Land Use in the WMMIC...
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Fig. A.7 Distribution of Vacant Land Use in the WMMQ:

Node Density Category

20 -

<

0]

]

~

m

=

o]

wu

il

Ll

M

C

Y

o

]

o

£ 2o -

=
20279
20
15 =
10 T
5—

i

L]

10

|
20

el Ty

30 40

50 60

70 20p] 90 1Mn
Percentage ~rid Saare in Vacant Use

- 226 -



Number of Grid Squares (%)

2r""|
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Fig. A.9 Distribution of Agricultural Land Use in the VMMC.
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A.6.5

On’ the basis of this pattern of clusteriﬁg of land-use and mixes of
land-use in each node density caﬁegory, a 'qﬁalitative cluster analysis'
of all grid squares was performed, which resulted in the definition of
the 20 ‘'area-types' which were to be used as the sample frame. A
description of the 20 'area-types' is given in figure 4.2 of the main
text. Table A.4 contains summary data on the 40 grid squares selected
at random as representing the 20 'area-types'. It is these grid squares
which were sampled in the WMMC and the following appendix gives details

on the technical issues related to soil sample collection and laboratory

analysis.
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TABLE A.4.

PERCENTAGE LAND-USE, ROAD NETWORK DENSITY AND

GRID SQUARE CODE FOR THE 20 'AREA-TYPES'

Area-type|Grid Resid- | Indust-| Commer-| Vacant | Recrea~|Agric~ | Nodal
Category |Square | ential | rial cial tional |ulture Dengity
Al 8606 00 45 55 00 00 00 85
Al 9801 28 32 40 00 00 00 79
A2 9896 64 13 15 08 00 00 58
A2 7934 60 22 08 10 00 00 90
A3 8801 79 00 08 00 13 00 60
A3 9893 90 00 00 00 10 00 55
Bl 7633 94 (0.0) 0l 05 (0.0) 00 52
Bl 8311 88 12 00 00 00 00 42
B2 8134 15 60 24 ol 00 00 49
B2 8810 66 24 02 00 08 00 50
B3 9612 68 00 12 00 20 00 38
B3 8697 82 04 10 00 04 00 50
B4 9293 50 00 00 15 36 00 45
B4 9400 76 00 00 04 20 (o]e} 42
Cl 8205 100 00 (o]0 00 00 o0 33
cl 8816 90 00 00 00 10 27
c2 8690 64 32 00 04 00 00 37
c2 9008 20 80 00 00 00 00 32
c3 8996 64 00 00 26 20 00 32
c3 9204 74 04 04 12 06 00 24
c4 9988 52 - 00 00 00 36 12 32
c4 9209 76 00 o]0] 00 24 00 33
D1 8493 34 32 00 12 06 16 18
D1l 9296 12 68 00 10 1o 00 18
D2 7915 50 00 24 00 26 00 14
D2 8301 41 00 00 04 55 00 18
D3 9092 50 00 00 50 00 0o 20
D3 0198 46 14 00 40 00 00 23
D4 0405 50 (0]0) 00 02 00 48 18
D4 8020 30 00 00 00 08 62 14
El 9002 04 54 00 07 35 00 » 8

El 9013 24 72 00 04 00 00
E2 9708 40 00 00 00 60 00 10
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TABLE A.4. cont'd.
Area-type|Grid Resid~- | Indust- | Commer~ | Vacant | Recrea~| Agric~ [Nodal
Category |Square| ential| rial. cial tional. |. ulture |Density
E2 8517 50 00 00 00 34 16 9
E3 8913 28 00 00 00 10 62 8
E3 7623 43 00 02 00 22 33 8
E4 7513 06 00 00 00 42 52 3
E4 9904 10 00 00 00 50 40 7
ES 8228 00 00 00 00 00 100 3
E5 9705 00 00 00 00 00 100 5
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APPENDIX B

SOIL SAMPLING PROCEDURES AND ANALYTICAL TECHNIQUES

Introduction

This appendix provides a detailed description of the soil sampling
procedures adopted in the research study. The appendix also provides
the technical details of the laboratory methods by which the concentrations

of heavy metals in the soil samples were determined.

Procedures used for collecting soil samples

Section 4.7 of the main text referred to the fact that surface soil samples
were collected from within the 40 sample grid squares of the WMMC. The
details of this are described below.

The sémpling area (1 Km. grid square of the 1:50,000 0.S. map) was located
in the field and nine sample sites selected at random where surface soil
samples could be easily obtained and where suitable sampling conditions
existed. The following criteria were used in the field to determine
where soll samples should be taken from:

1) soil samples were not taken from obviously newly disturbed
areas which may result in concentration or dilution effects;

ii) soil samples were not taken from areas under fences, overhanging

porches, roofs or trees which may be concentration pathways
for heavy metals;

1ii) soil samples were not collected from newly landscaped bedding
areas where topsoil or fertilizers may have been added;

iv) soil sampling avoided locations where obvious and erroneous
point sources existed leading to higher concentrations,
(e.g. deposits of ashes, refuse, abandoned vehicles, etc.).
For each of the nine sample sites, soil was collected from 6 sub-sample
points in a 30m radius of the estimated central location of each sample
site. The six sample points were then bulked to give a composite sample

of soil representing the soil quality of the 30m zone around the sample

point. Thus, for each Km grid sample, soil was collected representing
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approximately 3% of the grid square. ‘The total sample collected in

the field normally weigﬁed approximately 500g (wet welght).

At each sampling point, upper grass and loose surface debris were removed
prior to sampling. ‘The 6 sample points were taken from approximately

10 cm depth of soil using stainless steel soil sampling equipment which
was cleaned between each sampling (see section B.4). The six sample
points were bulked together and sealed into labelled polythene bags for

return to the laboratory.

Laboratory Preparation of Samples

In the laboratory, soil samples were placed in aluminium foil trays and
dried to constant weight in an uncontaminated oven (see section B.4.1)at

105° for 24 hours. After drying, soil samples were removed from the oven

"and cooled in a dessicator. Each soil sample was then hand ground with

a porcelain mortar and pestle to pass through a 'clean' stainless steel
sieve with a 2mm mesh, Soil sub-samples were further ground to pass
through a 70 B.S. mesh stainless steel sieve and sealed into labelled
polythene bags. To reduce cross contamination of soil sample from this
preparation stage, mortar, pestle and sieves were thoroughly cleaned
according to the procedures detailed in Section B.4 before a fresh sample

was introduced.

Precautions taken to avoid cross contamination

Cross contamination of soil samples could have occurred during drying in
the oven and sample preparation stages, and therefore certain measures were
taken to avoid such a possibility. To take account of possible
contamination from the soil drying stage, three ashless filter papers were
placed in foil trays at varying points in the oven. Oven temperature was
set as for foil samples and the filters remained in the oven fsr 24 hours.

The filters were then removed and each was acid digested (see section B.5.4)
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together with three control filters, and analysed for lead, copper,
cadmium and zinc. A comparison between 'exposed' and control filters

indicated no contamination from the oven.

Standard Washing Procedures

To avoid the contamination of soil samples and soil sample solution from
equipment used in the preparation of samples for analysis by atomic
absorption, a detailed washing procedure was adopted. All containers,
sieves, glassware, pestles and mortars used in the preparation, extraction
and digestion of soil samples and sample solution storage were thorouéhly
washed, using a three stage washing procedure. All equipment received

an initial rinse and soak in a 10% solution of 'Decon 90' concentrate,
followed by several rinses in glass distilled water. This was followed
by an acid wash in 50% nitric acid (v/v). Finally, all equipment was

rinsed several times with glass distilled water prior to drying.

In addition, t? reduce contamination of soil samples from chemical
reagents, only low metal content 'Anistar' grade chemicals were used in
all determinations. Reagent blanks and duplicated samples were included
in the digestion and extraction procedures (see section B.5.1) and
subjected to all experimental procedures gnd conditions. Concentrations
of the heavy metals.within 'blanks' were subtracted from the final sample

readings.

Procedures for the 'acid digestion' of soil samples

It has already been stated in Section 4.9, Chapter 4, of the main text

that, to obtain a measure of 'total' lead, zinc, copper and cadmium in the
soil samples, an acid soil digestion procedure, using concentrated nitric
and perchloric acids was used. Tke decision to use an acid/wet digestion

A

procedure was based on evidence from past studies.

There is, in estimating 'total' heavy metal concentrations a choice of

dry ashing or acid/wet digestion procedures. Both procedures have
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their advantages and limitations which have been summarised by Manning
and Kerber (1978). 1In the dry ashing technique, the soil gample is

taken to a very high temperature to 'ash' the organic material in the
sample, before dissolution with an acid. The"advantages of this
technique are that a minimum of acid is required and therefore the
possibility of reagent contamination reduced. However, several
investigators have opted for an acid/wet digestion procedure in preference
to dry ashing (see for example Isaac & Kerber, 1971; Manning and Kerber,
1978) . The limitations of dry ashing are that heavy metals may be lost

through volatilization, in particular cadmium, due to the high

temperatures used, whereas acid digestion takes place at a much lower

temperature, 100-1509 compared to 500°c. In addition, acid dissolution
of the ash may be difficult or not complete, due to the presence of
pyrophosphates in the ashed sample. Other limitations are that dry
ashing requires a much longer time to complete and involves the use of
more complex equipﬁent. In the wet digestion procedure, however, the
equipment is not involved (see below B.5.4) and many samples can be handled
at one time, reducing analysis time. The main limitation of wet
digestion procedures is that there may be reagent contamination of the

sample. However, this can be taken into account, (see section 3.4).

Due to the need in the present research study to use a simple, reliable,
reproducable ahd easily managed procedure for the analysis of 360

soils for heavy metals, a wet/acid digestion procedure was adopted.
Numerous wet digestion techniques, involving a wide range of reagents
have been recommended for total heavy metal analysis (see for example,
Rees & Hilton, 1978; Ritter et al, 1978; Thompson & Wagstaff, 1978).
These include digestion using nitric and perchloric acids, nitxic and
sulphuric acids, nitric acid, nitric acid and hydrogen peroxide, 'aqua-

regia' (nitric/hydrochloric 1:3v/v) and hydrochloric/hydroflouric acids,
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all with varying degrees of success. From the literature, it appears
that the use of a mixture of nitric and perchloric acids is the favoured
technique for routine soll heavy metal investigative work, and it ensures

solution of both the organic and inorganic fractions of the metal.

Duplicated sub-samples of each ground soil, containing approximately

0.5g of soil were transferred to 'clean' 50ml digestion flasks, and

10ml of 'Aristar' grade concentrated nitric acid were added to each flask
and the contents were thoroughly mixed. Digestion flasks were then
positioned on an electric micro-distillation stand and left to stand'for
24 hours. The digests were then gradually heated to approximately 50°c
for 2 - 3 hours. The temperature of the digests was then increased to
boiling point and heating continued until organic matter digestion was
complete. Flasks were removed from the heat and allowed to cool. After
cooling, 2 ml of 'Aristar' (70%) perchloric acid were added to the
residual mixture ip each flask. The contents of the flasks were heated
until perchloric acid fumes were emitted and the digest lightened. The
remaining nitr;c acid was then boiled off leaving approximately 2 - 3 ml
of solution. The residual solution was allowed to cool and then filtered
through ashless filter paper (Whatman 41). The digest residue was washed
with several aliquots of distilled water and the filtrate made up to a
volume of 25 ml. Reagent blanks were prepared and run in exactly the
same manner as samples,to take account of any heavy metals introduced into

the samples through the glassware from the chemicals.

Extraction of heavy metals from soil samples

Many investigators have used 'extraction' solution to obtain a measure of
the.heavy metal in the soll which may be readily available to plants and
potentially toxic to both plant health and human health (throudh the
ingestion 6f metal contaminated food crops) . There is broad agreement

that the total metal content of a soil frequently will not provide the
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information required to assess the likely toxic effects of heavy metals
in soil. What is required 1is information on whefher thé heavy metal

in the soil is in a form which is usable or 'available' to plants.

Scott et al (1968) has suggested that the 'total' content of heavy metals
in a soil can provide no more than a general indication of contamination
and is limited in assessing the importance of that element as far as crop

health and human health are concerned.

The laboratory procedures to estimate the available quantity of metals in
soils normally involve extracting the metal from the soil with various
reagents, including water. Water extraction removes the ionic and
molecular forms of trace metals present in the soil. Readily exchangeable
metal ions from inorganic clay or organic material can be extracted by ion
exchange using neutral salts, such as ammonium acetate, while more firmly
bound ions in the exchange complexes are displaced by H¥ ions from

dilute acetic acid (Berrow and Burridge, 1972). Thus, it is seen that a
number of differené extraction methods are used for determining available
levels of heavy metals in soil. In addition to the range of extractants
used, availability of metals in soils for plant uptake is also dependent
upon soll properties including chemical form of the metal in the soil,
fertility, pd, molsture status and cation exchange capacity, (see Williams,
1979) . Ideally, an extractant for measure of 'availability' would be
selected on its ability to extract or exchange the metal(s) of interest at
levels comparable to that provided by natural processes of plant growth,
which release the metal for uptake. This, however, is virtually impossible
to simulate in the laboratory, and therefore several extraction solutions
have been used as a measure of 'plant available' heavy metals in soils.
The problem is also complicated by the fact that some extracti?n methods,

involving, for example,complicated leaching and re-extraction with
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concentrated solvent solutions such as M.I.B.K., may not be the most
convenient from an analytical point of view, nor indeed practical, in

terms of being reproducable for many hundreds of samples.

Purves (1968) has suggested the following extraction solution as being
useful for general advisory purposes.
i) 0.5.N acetic acid for Co, Zn, Ni and Pb.

ii) 0.02 M EDTrA (Dianimonium salt) for Cu.

iii) Hot water for B.
In addition, a number of investigators have shown a good correlation
between extractable soil metal, using various methods, and plant uptake
(see for example Maclean et al, 1969; Kerin, 1975; John, 1972), which
in many respects is the only appropriate way to obtain measures of
'plant availability'. John (1972) for example, has shown .a significant
correlation between the lead content of soil extracted with 1IN nitric acid
and the amount of l%ad in lettuce plants grown in the soil, Mira and
Pandey (1978) evaluated four extractants which are used regularly for
measures of 'plant available' metal extracted from soil. The amounts of
lead extracted from the soll with the four extractants were correlated with
the lead concentration in wheat crops grown on the soil. The results of
this comparison showed that acid ammonium oxalate, closely followed by
ammonium acetate, correlated significantly with heavy metal levels in wheat,
whereas EDTA did not give a significant correlation. Although such an
approach to deciding on the most suitable extractant to be used for
‘available' mefals is ideal, in practice this is almost impossible to
achieve where there is a wide range of soil types, as is the case in this
research study. In addition, different and similar plant species behave
differently in a range of soil enfironments and because of the wvariations in
théldistribution of heavf metals in plants and uptake at different stages of

growth, no one extractant is likely to be universally acceptable.
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8;6.4 The above problems associated with the estimation of 'availability' of
metals in solls has led several investigators to use only one particular
method, being aware of the limitations and the confidence which can be
placed in any results; For example, Scott et al (1968) recommends that
for general investiqative-analysis, 0.5N acetic acid has proved reliable,
a factor borme out by the work of Berrow and Burridge, 1977) in their
analysis of sewage sludge amended soils. However, Dolar and Keeney (1971)
found that the amount of copper extracted by various extractants was
strongly influenced, among others, by soil pH and organic matter in the
soil (a similar conclusion to Williams, 1979). They concluded that it
might be preferable to use a neutral extractant such as normal ammonium
acetate in place of an acid extractant. In the case of lead analysis,
Roberts (1975) has reported that a major disadvantage in the use of 0.5N
acetic acid for the extraction of 'available' lead is that the metal is
extracted belww thg normal soll pH, and any results should be regarded as

an estimate of 'maximum availability'

B.6.5 A number of workers have reported -'acceptable' results from the use of
chelating agents for organically complexed metals (see for example Jones
and Clements, 1972; Thornton, 1979). However, Jones and Clements (1972)
have pointed out that in the case of lead, a chelating agent such as EDTA
extracts a considerable proportion of 'total' lead and it is unlikely that

all of it, in the short term, would be available for plant uptake.

B.6.6 The ICRCL..in their guidance on analytical techniques, which is limited
at present, have suggested that it might be preferable to adopt the
analytical procedures set out in the Toys and Graphics Safety Regulations
(1974) for a measure of available lead in soil, particularly where children,
who may voluntarily ingest soil, are concerned. The 'gafety' regulations
speciff the use of‘an écid extractant which would simulate the behaviour

of soil in the gut. Other guidance on the choice of suitable extractants
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B.6.7

for measures of 'available' heavy metals in soil comes from the Ministry
of Agriculture Fisheries and Food's Agricultural Develoément and Advisory
Service (ADAS).- Their involﬁement stems from the practice of spreading
heavy metal rich sewage sludge a; a fertilizer on arable and pasture land.
For many years, ADAS has offered advice and an analytical service for
heavy metals in sludge amended soils and have obviously been concermed
with the amount of metals in sludges and soils which may be 'available'

to plants and crops and thus have phytotoxic effects. For many years,
ADAS used acetic acid in the routine analysis of available lead, cadmium,
zinc and nickel and 0.5M EDTA for available copper. Recently it was
decided to switch to 0.5M EDTA for all routine analysis of available lead,
cadmium, copper, zinc and nickel. A comﬁarison between EDTA and acetic
acid methods (reported by Williams) found that EDTA extracted slightly
more zinc and similar amounts of nickel and cadmium as acetic acid. In
the case of lead, EDTA extracted 10 times more lead than did acetic acid.
Williams (1980) suégested that in the case of cadmium and lead in sludge

amended soils, it might be preferable to use the results from the analyses

of total content, due to the unpredictability of plant uptake from soil

-measureménts of both EDTA and acetic acid extractable lead and cadmium.

To summarise, the major extractants used in past studies have been weak
acids, chelating agents and neutral salts. The use of weak acids, (i.e.
0.1N Hcl, 0.05M acetic acid) have been used mainly for the determination
of the exchangeable form of the metal, i.e. that which is immediately
insoluble, but capable of being brought into solution. Such extractants
have been shown to easily dissolve exchangeable metals in soil, but also
dissolve some metals which have moved into forms beyond exchangeable.
Therefore, the estimates of 'exchangeable' metal in soils are likely to

be higher than the crops or plants can actually absorb. Chelating agents,

such as the Diammonium salt of EDTA, at varying concentrations have also
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B.6.8

been used for measuring the levels of available metal in soils, It
removes all of the organically complexed forms and has provided a more
satisfactory diagnostic correlation with plant uptake than dilute acids.
However, there 1s some concern as to the actual amounts extracted, since
it is known to extract heavy metals at levels which are not likely Fo be
'readily available' to plants. Neutral extractants such as ammonium
acetate have also been used. The problem with neutral extractants is
that for certain elements (i.e. lead and copper) they only extract small

amounts and therefore may be an underestimate of the metals in soils '

which may be 'available' to plants.

From the above detailed discussion, it has been difficult to decide on

the most appropriate method for the analysis of available metals, in the
WMMC soil samples. In the absence of detailed experiments on plant/soil
metal level correlations, using various extract solutions, it was decided
that an analyticai}y convenient extraction method would be used which has
also been shown to provide a reasonable estimate of'available' heavy
metals in solls. The extraction solution used in the study was therefore
a solution of 1lm ammonium acetate - 0.0lm EDTA at pH 6.5; the detailed

method of extraction being discussed below.

Extraction of heavy metals from soil samples. 5g duplicated sub-samples
of each ground soil were transferred to clean 125 ml Enlenmeyer Flasks

and 25 ml of the extractant was added to each flask. The pH of the
solution was adjusted to pH 6.5, if necessary, by the addition of a few
drops of sodium hydroxide or c;ncentrated hydrochloric acid. The flasks
were then shaken for one hour at 250 r.p.m. in a orbit shaker. After
shaking, the flasks were removed and the solution filtered through ashless
filter paper into clean, 'uncontaminated' and labelled sample tubes. As

with the procedure for acid diéestion, reagent blanks were run at the same

time and any readings obtained deducted from final sample results,
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B.7.4

Measurement by Atomic Absorption Spectro-Photometry

The concentrations of lead, zinc, copper and cadmium in both extracts

and digests were measured on a Perkin Elmer 560 double beam instrument.
Conventional flame absorption was employed, using a single slot burner
head and air-acetylene flame. In the case of cadmium, where soil samples
were at the normal flame detection limits, a heated graphite analyser was

used. Deuterium arc background correction was used where necessary.

The concentration of heavy metals in the sample solution were obtained
from a calibration graph using commercially prepared (B.D.H. Chemicais)
stock stanaard solutions of lead, zinc, copper and cadmium. Suitable
dilutions of the stock standards were freshly prepared on each day of
analysis by dilution with 10% acid solution made up with glass distilled

water.

Individual hollow cathode lamps were used as radiation sources for each

of the metals deterﬁined. Cadmium was measured using the 228.8 nM

wavelength; copper using 324.8 nM wavelength; lead the 283.3 nM wavelength

and zinc the 213.9 nM wavelength allwith a 0.7 slit setting. Hollow
cathode lamp alignment, burner angle, gas flow and nebulizer (sample
aspiration rate) were adjusted to achieve maximum sensitivity of the

machine using duplicated standards.

The performance and calibration of the machine was checked by frequent
atomisation of standards during each analysis run. This was to ensure
wavelength drift or lamp/burner misalignment did not occur. Results

obtained from a calibration graph of absorbance readings using suitably

diluted standards were corrected for sample dilution.
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APPENDIX C

AN INVESTIGATION OF THE VARIATION OF SOIL METAL LEVELS OF SUB-SAMPLES

Introduction

This appendix provides detailed technical information of an investigation
into the variability of soil heavy metal levels in soil sub-samples that
are taken and bulked to give individual samples used in this survey of
background levels of heavy metals in soil. The data is taken from a study
conducted by JURUE in 1980 (see JURUE, 1982), as a parallel study to the
work reported in this thesis. The study was undertaken in the Borough of
Walsall, which is a traditionally industrialised part of the West Midlands
Metropolitan County (see figure 4.1 of Chapter 4), and was conducted on a

grid by grid (1 sq.km.) basis across the whole of the Borough.

The field sampling technique, soil sample collection, use of composite
samples and analytical techniques were identical to the procedures
developed and carried out in this research. The study in Walsall gave
the opportunity to investigate in more detail, pilot study results in the
WMMC (see Chapter 4, section 4.8.2) which confirmed the need for sub-
sample soil collection at sampling points. In the study for Walsall, the
variability of copper and lead levels between individual sub-samples and

a composite sample,formed from bulking the sub-samples, were compared.

Sub-sample collection

The investigation of sub-sample variability was made on soil samples
collected at four sites in the survey of Walsall; these were W12/2, W81/1,
W90/3 and W99/1. * The sample sites were selected to include a cross
section of land use types, and covered the range of metal contamination

levels from high to low.

These are soil sample codes and for further details of the study,
see JURUE (1982).
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C.3.2

The procedure was for the sub-samples to be collected and stored
individually (marked A-J) rather than being bulked on site, as with other
main survey samples. Back at the laboratory, a bulked sample for each

of the four 'trial sites' was made up from half the soil in the sub-
saméles; these bulked samples were then forwarded for analysis in an
jdentical manner to the remainder of the bulked samples of the main survey.
The remaining half of the individual sub-samples were prepared and analysed
separately. The measurements of copper and lead were determined on a

'plant-available' extraction, using identical laboratory procedures to

that in this research. |

Results

Table C.l shows the results of this analysis expressed in terms of the

10 sub-sample metal measurements. The mean and standard deviation of
these 10 measurements was also calculated, and compared to the mean for

the site in questiqn; as obtained through the analysis of the relevant

bulked samples.

Two points are evident from the data in table C.l. One is that the ]
variation in metal levels in the sub-samples is high; in half the cases,

the standard.deviation is higher than the sample mean. Site WBl1/1l, the
commercial site, is the most variable, with sub-sample metal levels

varying from 4 to 567 mg/kg lead and from 11 to 1123 mg/kg copper. The

site showing least sub-sample variability is the rural site, W99/1, which
also has the lowest level of contamination. This is consistent with
expectafions for soil where the metal present is natural in origin, and
therefore broadly hamogeneously spatially distributed. The other sites

show evidence of elevated levels as a result of pollution of some kind, and
indicate how unsatisfactory and unreliable it is to assess soil contamination

problems in these areas on the basis of a single spot sample of soil,
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TABLE C.1l

VARTATION IN SOIL METAL LEVELS OF SUB-SAMPLES

Sub-sample SITE DATA (mg/kg)
and wlz2/2 W81l/1 W90/ 3 wW99/1
Statistics (Industrial) (Commercial) (Residential) (Rural)
Pb Cu Pb Cu Pb Cu Pb Cu
A 152 106 12 21 105 247 33 10
B 154 109 224 422 100 93 114 9
(2 120 84 567 1123 85 118 28 12
D 148 101 402 847 72 58 23 10
E 190 97 109 218 124 454 25 12
F 153 107 43 62 79 155 23 11
G 131 90 8 13 93 62 25 11
H 194 144 184 398 73 39 28 10
I 203 145 4 11 44 27 29 12
J 176 128 21 41 73 71 31 12
x 162 111 158 316 85 132 36 11
& 28 . ‘21_ 193 390 22 130 27.5 1.1
Bulk mean 161 113 159 243 84 122 36 16
Diff. from x| 1 2 1 73 1 10 o 5
't'statistic| 0.08 0.1l1 0.01 0.43 0.10 0.55 0] 10.2

The second point to emerge from Table C.1l is that the mean soil metal levels
derived from 10 individual sub-samples, are not significantly different to
the levels derived by the analysis of independent bulked samples. Only one
example of a statistically significant difference between the sub-sample
mean and the bulked mean was found, and that was on the rural site where the
levels of metal present are sufficiently low to reveal other probably
analytical sources of systematic error, such as atomic absorption machine
set up bias. Generally these analytical errors are too low to be

detectable on the majority of the soil metal results reported in the study.

N
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C.3.4 This investigation has clearly demonstrated the very considerable
variability that exists between the soil metal levels of sub-samples

despite the fact that all sub-samples were collected from within a

30 m radius of the central sample location. This conclusion strengthens

the arguments in favour of the bulking of sub-samples, prior to analysis,
in order that a much higher area is covered by each sample and the final

sample data are representative of conditions at the site in question.
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APPENDIX D

SUMMARY DATA ON THE VARIATION OF SOIL HEAVY METAL CONTENT WITH DEPTH

D.1 Introduction

D.1l.1 This appendix provides summary data in the form of tables illustrating
the variation of soil heavy metal levels with depth in the soil profile.
The data is taken from a wide variety of studies which have investigated
the distribution of a range of heavy metals in soil profiles. The
majority of the studies have concentrated on the contamination of soil
from point source emissions, such as non-ferrous metal smelters. l
Nevertheless, the results are relevant to the survey of background levels

of heavy metals in the WMMC, because in both circumstances the heavy metal

enters the soil from deposition on the soil surface layer,

D.1.2 Section 4.8.4 of the main text referred to the fact that in the study,
soll sampling was restricted to surface solls because the pollution of
soils by heavy meégls was considered to be denominantly a surface
contribution, and it will be surface soil horizons which will bear the
clearest indication of contamination. The data presented below in summary
tables, confirms this observation and strengthens the argument in favour of
the taking and analysing of surface soils to represent background levels

of heavy metal contamination.

D.2 Summary data

D.2.1 Soil profile data are available from a range of studies showing the variation
in the levels of heavy metals in the soil profile. It is known that soil
organic matter acts as a sink for heavy metals, and the data below
substantiates the fact that heavy metals accumulate in the top layers

(Ao Horizon) of soil.

N
D.2.2 Soil samples from five depths were taken from a range of soils in the urban

area of Wollongong City (see table D.1). The soil is contaminated mainly

from industrial emissions, in particular, secondary non-ferrous metal
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smelting. The data illustrates that below 5 cm, levels of heavy metals
are significantly reduced.

Table D.1l.

Distribution of Lead, Zinc, Copper and Cadmium in Contaminated

Soils of Wollongong City Area, Australia

Depth Acidic Acid extract ug g_l EDTA Extract ug g"1
(cm) Pb Zn cd cu

0-5 17.0 102.5 1.0 488.3

5-15 1.6 39.4 0.3 51.3

15 - 30 0.7 15.2 0.1 26.2

30 - 45 0.6 2.1 0.1 12.2

45 - 60 0.4 1.0 0.k 8.7

Source: Adapted from Beavington (1975).
The data in tables D.2 and D.3 are summary data from two detailed studies
of pollution around Avonmouth near Bristol. The Avonmouth industrial
complex contains Europe's largest non-ferrous smelting complex and both
soil and hérbage s%mples from a variety of locations have been sampled
and analysed for their heavy metal content. The data clearly illustrates
the accumulation of heavy metals in surface layers, particularly zinc and
cadmium,
Table D.2.

Distribution of Lead, Zinc and Cadmium in Contaminated Soils
from Avonmouth, Severnside

METAL

Depth (cm) Pb * Zn * cd *
o - 3 126 1,000 6.5

3 - 27 720 0.4

6 - 9 10 280 1.5

9 =12 1 175 1.2

12~ 15 10 250 1.6

Source: Adapted from Little and Martin (1971)

* acetic acid extract ug g'1 (oven/dry soil) using 2.5% acetic acid.
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*1

*2

Table D3.

Distribution of Lead, Zinc, Copper and Cadmium in Contaminated

Soils from the Bristol area. (pg g’l dry soil)

METAL
Total Available

Depth (mm) Pb Zn Cu cd Zn Cn cd
A o-175 163 8l6 23 8.6 117 9 2.9

75 - 100 102 408 20 4 29 8 1.0
B 0o-175 75 258 17 2.0 18 5 0.6

75 - 100 75 163 15 0.7 4 3 0.2

Source: Adapted from Griffiths and Wadsworth (1977)

A = 3 km in direction of prevailing wind
B = 7 km in direction of prevailing wind
total = soil digested with HNo3 and Hclo4d

available = Zn and Cd 0.5m acetic acid and Cu with ammonium E.D.T.A.

Most*l of the sewage sludge produced inland in the U.K. 1s disposed of

to agricultural igﬁd usually after treatment. It contains useful amounts
of plant nutrients, particularly nitrogen and phospherous; it can also
have a beneficial effect on soils by increasing their organic matter
contents. However, many sludges contain heavy metals and in some sludges,
particularly from industrial areas, the levels may be very high. Once
applied to the soil, metals are slow to be leached and if the metal rich
sludge is applied at heavy rates, or applied frequently over a long period
of time, metal levels may reach a point at which they are phytotoxic to
plant health. *2. Several studies have investigated the metal content

of agricultural soil dosed with sewage sludge, and the data in table D.4
summarises data from a three year study of soils from fields sampled
throughout England and Wales which had received sewage sludge (Richardson,

1980) . The data is average levels in soils taken from fields with a long

The exception is the West Midlands where the very high metal content prevents
its use in agriculture and therefore over 60% is incinerated (see JURUE 1982)

Due to plant and animal health problems from sewage sludge disposal to
agricultural land, there are codes of practice governing the application
of sludge to land and chapter 3 contains details of this.
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history of sewage sludge application, which also serves to illustrate

the fact that at depth in the soil profile, metal levels are significantly

reduced.

Table D4

Variation in Metal Levels with Depth of Sampling

Depth (cm) Pb Zn Cu Ni Cd
O - 7.5 183 329 174 76 1.1
7.5- 15 161 260 121 54 0.9
15 - 30 113 220 76 43 0.6

Source: Adapted from Richardson (1980).

D.2.5 The data in table D.5 is summary data of the results of a study of heavy

metal levels in roadside soils in the U.S.A. Soll samples were collected
at 8m distance from roads in Maryland, U.S.A. and analvsed for a range of
heavy metals, inclpd;ng lead, zinc, nickel and cadmium. The range of
levels is accounted for by the variation in traffic flow which ranged

from 7,000 cars per 24 hours, to 48,000 cars per 24 hours.

Table D5

Distribution of Lead, Zinc, Nickel and Cadmium in Roadside Soils of U.S.A.

Depth (cm) Pb Zn Ni cd
0-5 242-522 54-172 4.7 0.9 - 1.5
5 - 10 112-460 24- 94 1.0 0.6 - 0.8
10 - 15 95-416 16— 72 0.8 0.48- 0.54

Source: Adapted from Lagerwerff and Sprecht (1970).

Summagx
The data in the above tables demonstrate that in soils contaminated with

heavy metals from a variety of sources, the concentration of metal is

frequently elevated in the surface layers. In many cases there is marked

accumulation of metals in the 0 - 5 cm layer, which corresponds to the

rooting zone of plants. The high accumulation occurs in the top few cm.
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mainly because of the deposition of metals onto the soil surface, and
the deposition of plant residues. The summary data also illustrates
the fact that in contaminated soils, the concentration of heavy metals
at depths below 20 cm. closely approach the reported 'normal' (unpolluted)

levels in soil, (See chapter 3 and section 5.4 of chapter 5).
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B.2.1

APPENDIX E

SUMMARY DATA ON STATISTICAL TESTING OF SOIL SAMPLE RESULTS

Introduction

This appendix sets out in brief issues related to the statistical testing
and validation of the sampling method. It also contains summary data on
the statistical testing of the grouping of area-type mean data used to

produce the background soil contamination maps and reference levels.

Statistical tests may be divided into two families:

i) 'classical' or 'parametric' tests such as the 't'
and 'F' test, which have dominated statistical
theory and practice, and

ii) 'distribution free' or 'non-parametric' tests such

as the Chi square or Mann Whitney U test, which
have recently become important.

It was stated in section 5.5 of chapter 5, that the statistical testing

of area—typ; mean &aﬁa was to use the 't' test, the most powerful test
available, and the analysis of variance 'F' test as a test of .the central
hypothesis. Although such tests are the most powerful, they make certain
assumptions about the background population from which the samples are
drawn. The most important assumption is that the background population

of the sample is approximately normally distributed and the smaller the
sample being tested, the more nearly normal must the background population

be for the parametric tests to be valid. Therefore, as stated in the

main test in chapter 5, before any parametric statistical tests were applied

to the data, it was necessary to check the sample data for nommality.

Checks for normality

It has been pointed out above that the 't' and 'F' test are only valid
if the background population of the samples are approximately ﬁbrmally

distributed. There are four checks which can be used to determine whether

this is the case, and these are:
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i) common sense and some knowledge of the factors
affecting the variable in question - are the data
of the kind one might expect to cluster symmetrically
about a mean.

ii) use of probability paper - if the sample data are
plotted cumulatively on probability paper, they will
yield a straight line.

iii) if the median is less than the mean, then this
indicates that the distributions are not normal.

iv) if the data is normally distributed, then the variance
will be independent of the mean.

E.2.2 The soil sample data was checked for normality using the above criteria.

E.2.3

In the case of common sense and knowledge of the data, it may be stated
that whenever there are two groups of factors affecting a variable, one
dominant group acting consistently, and another acting randomly, then
there are a priori grounds for expecting that a frequency distribution
of values will, in the long run, approximate to a normal distribution;
i.e. cluster symmeprically about the mean. The roundness of pebbles on
a beach, temperatute and other weather data, pedestrian and traffic
densities for particular places at particular times, are just a few

variables that show a tendency towards a normal distribution.

Levels of soil contamination by heavy metals in urban areas are known to
be affected by a number of groups of factors, including multi sources,
local climate, soil pH and parent rock type. From present knowledge it
is assumed that no one group of factors is dominant, and therefore it is
nnlikély that soil heavy metal data will approximate to a normal
distribution. This is confirmed by the data presented in figures E.l1 -
E.3, which are frequency distributions for total and available lead and
total cadmium levels in the 360 soil samples. The figures clearly
demonstrate that the distribution is not symmetrical about a mean, but is
in fact positively skewed,with the majority of results concent;ated around

medium to low heavy metal levels and a 'tail' of very high levels. The

data presented in figures 5.1 to 5.6 of chapter 5 also serves to confirm

- 253 =



Tsaidues 1105 OWWM

(By/Bu) avd1 TVIOL
000¢ 0081 0091 oor1

L A i

00ee

503 UT peo 12301 3JO S1oA°1 painsedy

3o uotrangqiiista 1°d “bra

o
o

| = R = |

Fv1
L OC
$ 24
8¢
42
- 9¢
- OF
224
| 87
2S5
L 96
L 09
-¥9
- 89
~ZL
FoL

- 254 -



(bx/bm) QvaT TVIOL
O3L OZL ©O89 OV9 009 095 0OZS O8F OFy OOF 0O9€ OZE 08Z OFZ 00T 09T OTT

"SSTAWES TT10S Owrd 5U3 UT, DP9 50 SIOAST, olQP[TEAY. 30 UOTINGIAISTA ¢ 4. *brd. -

e

A

A

L L A i 'l

ocg oOv

|

LJ

UL

4
- B
FZ1
p T

- OC
8 74

- 8¢

- CE
- 9¢€

oy
R4
- 8

- CS
L VS

- 09
- V9
- 89
.INN‘
9L
L 08
L V8
- 88

- 255 -



124

120 -

116

112

108

104

44

40

36

32

28

24

20

16

12

- o,

-

Lo lllemem  BE Heemamac

1 2 3 4 5 6.7 8 9 12 13 15 19 25 30

TOTAL CADMIUM (mg/kq)

\

Fig. E.3 Distribution of Measured Levels of Total Cadmium in the WMMC.
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E.2.4

E.3

E.3.1

that the soil heavy metal data is positively skewed for all four metals.

In view of the obvious skewness in the frequency distribution, it was

concluded that it would not be necessary to carry out any further checks

on the data.

Trans formation of Skewed Distributions

If samples are not normally distributed, as is the case with this data,

it is impossible to transform the data so that they are more nearly normal
and therefore amenable to parametric tests. There are a number of‘
mathematical transformations that can be used to 'normalise' data, and

a useful summary is found in Elliott (1972), and Yeomans (1977). Examples
of transformations include replacing x by \ri} or x by log (x+A) or x Dby
log x. The most widely used transformation for positively skewed

distributions is that in which the numbers are replaced by their logarithms.

By substigpting the logarithms for the numbers in the soil heavy metal data,
it is possible to‘transform the skewed distribution into one which is
approximately normal and therefore satisfies the requirements of parametric
tests. Of course, since in this research a number of sets of data are
being compared, all the data must be transformed in exactly the same way.
Provided this is done, the results of any hypothesis test carried out on

the transformed data holds good for the original values.

In view of the fact that all four heavy metal results had skewed
distributions, it was necessary to transform all individual sample point
results into logarithms. After transformation, a further set of checks
were made as to the adequacy of the logged data, to represent a normal
distribution. These checks are shown in figures E.4 - E.6. Figure E.4.
is a plot of the variance and mean for the 40 grid square tota} lead
sample results, and demonstrates that the variance is independent of the

mean, from which it is concluded that the data now approximates a normal
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distribution. Figures E.5 and E.6 are plots on probability paper of
the cumulative frequency distribution of log data for total lead and
available zinc results. From figures E.5 and E.6, it can be seen that
both plots yield a straight and are therefore taken to be near normally

distributed.

Further cbservations on the 't' test

As stated in section 5.6.4 of chapter 5, the 't' test was used to
determine whether the two grid squares, selected at random as being
representative samples of individual area-types, are in fact two samples
drawn from the same parent population. The validity of the 't' test,

as well as requiring the background population of the samples to be
approximately normally distributed, also rests on the assumption that
the standard deviation of the background population of the two samples
are equal. Therefore, before carrying out the 't' test, it was necessary
to determine that the best estimates of the population standard deviation
derived from the two samples taken independently, are not so different as
to render the above assumption unacceptable. This can be checked by
applying the variance ratio test (variance is the'square of the standard

deviation) as follows:

i) = calculate the best estimate of the population
variance from each sample.

i1) calculate the variance ratio (F) from:

F = greater estimate of the population variance
lesser estimate of the population variance

If the variance ratio is calculated to be less than the relevant critical
'F' value for the appropriate degrees of freedom, then the difference

between the best estimatesof the population variance (and therefore standar
deviation) based on the two samples, is not so great as to be incompatible
with the assumption that the standard deviation of the two populations are

equéil. The 't' test can then be carried out. If, on the other hand,
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E.4.4

the variance ratio is found to be greater than the critical value, then
the necessary assumption of a common population standard deviation must
be regarded as inconsistent with the data, and the 't' test may not be

used.

The variance ratio test was performed on the data and table E.l summarises
the calculated 'F' values for the 20 area-types, for all four heavy
metals. The table also indicates where the calculated value of 'F'

is greater than the critical value of ‘F°', It is evident from the

data in table E.l, that in the case of all four heavy metals, there are

a number of area-types where a common population variance cannot be
assumed, on which the validity of the 't' test lies. The area-types
where this is the case, cover the range of land-uses, although area-types
B3, B4 and E3 are notable anomalies, in that all four heavy metals
produced a significant result. This result ﬁends to suggest that the
variability of heavy metals in these area-types is more highly spatially
variable, to the extent that there is a source or sources other than land-
use and road network density influencing soil heavy metal levels. One
suggestion could be that in these area-types, local geology may be more

dominant in influencing the spatial variability of heavy metal levels.

Although it has been stated earlier that the validity of the 't' test
rests on the assumption that the standard deviations of the background
populations of the two samples are equal, it is possible to perform a 't'

test on the grid square means using the formula set out below, which has

almost the same power as the conventional 't' test formula (see Yeomans ,1978)

t = “1 — xz

s2 4+ 52
1 2
nl n2

\

The critical value of 't' being obtained from a revised degree of

freedom,which is calculated from:
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TABLE E1
VARIANCE RATIO TEST SCHNEDECOR 'F'

Area Type Lead Zinc Copper Cadmi.um
Tstal Av. Total Av, THtal Av, Tptal AV.
Al 4.026 2.022 1.41 2.34 l1.03 1.71 3.01 1.33
A2 3.071 3.470 3.04 1.68 4.75 1.10 1.25 3.12
A3 1.871 1:310 2.55 1.05 2.97 2.76 2.06 1.21
Bl 2.154 2.230 29.22 7.70 57.3 1.85 2.00 1.85
B2 1. 116 1.210 1.09 2.46 1.36 2.26 1.03 1.04
B3 9.360 5.32 3.09 2.41 10.50 6.07 6.10 3.82
B4 12.36 22,73 22 8.7 19.80 83.66 1.44 2.75
Ccl 2:15 2.66 1.04 1.03 3.68 6.35 1.85 4.35
c2 1.13 1.25 4,23 4.85 X571 7.24 5.00 12.18
c3 6.03 10.96 1.16 0.43 1.90 1.97 1.48 4.76
c4 . 4.08 2.25 4,22 3.74 3.20 2.91 2.55 1.39
03 1.34 1.31 1l.04 2.16 4.54 1.0 1:25 3,27
D2 3.64 Y15 1.08 1.43 1.50 2.00 1.70 7.16
D3 1.29 2.5 4.00 2.16 3.33 13.00 3.88 4.73
D4 1.11 1.23 2.72 3.30 10.07 2.88 4.38 2.69
El 4.47 7.0 2.31 2.00 333 2.94 2.09 3.30
E2 1.88 11.92 11.92 4.14 1.12 3.94 1.35 4.64
E3 34.77 2.58 3471 2.03 7.8 4.00 7.66 3.69
E4 1.48 1331 1.90 7.33 1.30 1.68 1.04 1.44
E5 2.81 4.64 1.18 1.46 1.13 1.84 3.22 1.36

9.36

value
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E.5

E.s.l

E.5.2

- 2 2 2
degrees of freedom Sl -~ 32
ny n2 = 2
2 2 2
S1 82
ny ny
ny +1 n2 +1

In essence, this re-formulation of the 't' test and appropriate degrees
of freedom make it more difficult to reject the null-hypothesis

tested wusing the 't' test.

Table E.2 summarises the recalculated 't' values where the variance ratio
test produced a significant result. It also indicates where there are
highly significant differences, between the means of the two samples

(grid squares) taken as being representative samples of the same background
population. From the data in table E.2 it can be seen that copper and
lead are the most prominent metals where there are significant differences
between the means 'of grid squares. The.significant differences are also
most prevalent in ;he highly mixed land-use area-types of B3, C4 and E3,
also indicating that a classification based entirely on land-use and

intensity of use does not appear to account for all the variance in the data.

Misallocation of grouped data

The background soil contamination maps presented and discussed in chapter 5
section 5 . 8, and the 'reference levels' presented in chapter 6, are based
on the 'natural grouping' of area-type mean data to produce five categories
of land contamination. It is stated in section 5.7.13 of the main text
that the grouping performed on the heavy metal data may be susceptible to
'grouping error' and a statistical test, the Fishers 'Z' score, was used

to estimate the percentage probability of m}sallocating an area-type to one

of the five land contamination categories. ' \

The data presented in tables E.3 - E.6 shows for each area-type, the

percentage chance of misallocating on area-type two categories, above or
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T-ABLE iE - 2

RECALCULATED. STUDENT (t) VALUES USING FORMULA SET OUT IN SECTION 3.4.1

AREA TYPE Lead Zinc Copper Cadmi um
Tot. Av. Tot. Av. Tot. Av. Tot. Av.,

A2 1.53

Bl i 0.04 15.97** 2.49*

B3 0.64 0.21 1.98 1.79 2.08

B4 0.38 0.51 2.09 1.85 4.24%* 4 39%*

el 10.01**

c2 8.04%* 4.02%% 3.69**

c3 1.48 0.74 4,52%*

Dl 1.03

D2 1.89

D3 5.04%% 5.63%*

D4 3.09%* 0.98

El 1.34 1.15

E2 1.38 2.41*

E3 3.82%*% 5 41%* 6.03** 1.47

E4 5.77%*

E5 6.61%*

* Significant differences between means of the two samples (grid squares) but not
highly significant.

** Highly significant differences between means of the two samples (grid squares)

for each area type.
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TABLE E.3
TOTAL LEAD

Percentage Chance of Error of Misallocation of 'Area Types' to a Category

-2 Categories -1 Categories +1 Categories +2 Categories
Al 0 4.5 3.0 -
A2 3.6 42 4.5 =
A3 2.3 27 - =
Bl 11 27 42 16
B2 0.0 5.5 = -
B3 2 16 3E 2
B4 = - 42 6.7
c1 5 38 8 0.1l
c2 0.3 13 16 -
c3 -~ - 34 3.6
c4 - 21% 21% 0.3
Dl 7 38 11 0.3
D2 - 34 18 0.5
D3 - 24 24 4.5
D4 4 34 11 o
El 6.7 42 - =
E2 - - 16 2.9
E3 4 27 21 0.8
E4 * 38 27 3.6
ES _ - _ - 0.0 0.0
Average ' 3.8 27% 21.5% 2.9%

J not dstermined
3-4% chance of being 2 groups out.
25% chance of being 1 group out.
20% chance should be in a higher group.
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TABLE E4
TOTAL CADMIUM

Percentage Chance of Error of Misallocation of 'Area Types' to a Category

-2 Categories -1 Category +1 Category +2 Categories
Al o 1.8 - -
A2 0.1 6.7 | 34 0.1
A3 0.1l 31 1.1
Bl o 1.8 24 o}
B2 0.5 31 0.8 -
B3 3.6 42 2:3 -
B4 - 9.7 5.5 (o]
Ccl - 42 3.6 0
c2 o 5.5 13.6 -
5 G _ 46 5.5
c4 - 3.6 21 o
Dl 0.1 34.5 - -
D2 - 42 1.4 o
D3 0.3 6.7 42 -
D4 o C.3 97 (o}
EL 0.1l 2.2 - -
E2 - 9.7 34.5 1.1
E3 - - 1.1 o}
E4 - - 3X 0.4
ES - ‘ - 4.5 0
Average 0.43% 18.3% 14.8 - 0.5%

_ = not determined

0.5% . chance being 2 groups out.
15% chance of being 1 group out.
14% chance of being in a higher group.
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TABLE E5

AVAILABLE ZINC

Percentage Chance of Error of Misallocation of 'Area Types' to a cateqory

-2 Categories -1 Category +1 Category +2 Categories

Al (o} 5.5 = -
A2 - 2.9 31 5.5
A3 0.2 42 - -
Bl 4.5 46 27.4 0.1
B2 1.8 9.7 8.1 -
B3- - 3.6 42 13.6
B4 - 11.5 2.9 0.0
Cl 0.6 34 27.4 o]
Cc2 0.1 0.6 38 =
Cc3 - - 11.5 o]
Cc4 = 2.9 46 3}
Dl 0.3 2.9 27 -
D2 - 22.2 9.7 L.}t
D3 13.6 31 3.6 -
D4 - 45 24.2 3.6
El 1.4 34 34 0.0
E2 = - 13.6 0.1
E3 -~ - 0 (o]
E4 - - 18.4 0.6
ES - - 0.4 0
Average 2.5 16.9 20.3 2.9

= not'determined-
3% chance of being 2 groups out.

20% chance of being 1 group out.
20% chance should be in a higher group.
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TABLE E6

AVAILABLE COPPER

Percentage Chance of Error of Misallocation of 'Area Types' to a Category
A

. =2 Categories -1 -Category +1 Capegory +2 Categories
Al o} 1.8 - -
A2 0.1 24.2 - -
A3 0.6 38 o] -
B1 0.8 38 21 0.3
B2 1.4 31 0.1 =
B3 - 2.3 9.7 0.1
B4 - 18.4 6.7 0.2
o | 1.8 24 o,é =
c2 -0 2.3 . -
c3 - 38 0.3 0
c4 o} 11.5 24 0
Dl 0 18.4 21 o
D2 ~ - 31 0
D3 o 11.5 34.5 0.2
D4 - o} 1.1 o}
El 0.5 11.5 0.5 -
E2 - - 0.1
E3 - : - 0
E4 - 5.5 27.4 2.9
E5 - - 27.4 o
Average 0.5% 17.3% 12.0% 0.3%

- not determined
0.5% chance of being 2 groups out.

15% chance of being 1 group out.
with only 12% chance being in a higher group.
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below its present position is very small. For total cadmium, table E.4,
the average is a less than 1% and there are several instances where the
percentage chance approximated to zero. The data in table E.3, for total
lead groupings, is much more variable where, in cases, there is nearly a
50% prcbability of misallocating an area type one category out. This
reflects the much higher spatial variability of lead in urban soils which
is primarily the result of high densities of traffic flows in the WMMC.
Whereas for cadmium, copper and, to a lesser extent zinc, the percentages
are on the whole much lower, reflecting the dominant influence of land-use

in the variability of these heavy metals.

The results of this statistical test of the groupings of area-types,
serves to support the use of natural breaks in the data, rather than
imposing class intervals using certain mathematical techniques, as a
Yrouping technique', which produces categories of land contamination which

are significantly different from each other.
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APPENDIX F.

SOIL SAMPLE HEAVY METAL RESULTS

This appendix contains the results of the analysis of the 360 soil
samples for their heavy metal content. The data is presented in table
F.l and includes the results for both 'total' and 'available' heavy metal
concentration for lead, zinc, copper and cadmium. Also included in

table F.l is the data on soil pH.

Figure F.l is the specially written fortran programme used to generate

the background soil contamination maps presented in Part 2 of Chapter 5.

« 271 =



® & & 8 & 9 B+ 2 8 8 "

.

L] L]

°
unrtsre~~MMOINOSFOMMPOOR~ODORPPVOTE RO~ N SO

* & * @ 9 ® e @ . & & @+ @ B

L]

e
Ry

€S°0
¥S°0
13 M4
Lz 1
€8°1
ST L
1€°1
G9°S
S9°0
SL°0
29°0
6v°0
L8°0
(AR
09°0
Lv°o
01°¢
62°0
€E°0
% e 4
(A
v9°T
62°0
EE°O
134 Mg 4
(AR
vo°T
19°0
0E°¢
90°T
S9°6
$9°1
S0°T
Pr°I
WAIWAYD

06" 02 02 °¥S
0E°6¢€ 00°%0T
0L €E9¢ SL"99T
SEE9T L v
08°6€T 0Z°1¢
00°S0T 0E°9TT
00°18 06°EET
0S°LZT 0E°LZT
05°86S 0E°09
0E*0€E 06°€TT
06°ve oV vv
0L°92 69° €2
0E °9¢ 09°99
0T°ST 00°9¢
G8°8¥T 00°68T
0E° €9 09°LS
0Z°SbT ov°zZot
O "8€ 08°0¢
06°0T Sy°cL
09°657 68°92¢
06°EE 0C°2¢s
08°6T Ov° LT
0y 8¢ 08°02
06°0T Sv°ZL
09" 652 68°9Z2
06°EE 0Z°2S
08°6T, 0v° LT
0Z°11 06°9L
Ov°0221 00°88¥Z
08°S? 00°¥PT1
00°912 0T°069
0Z°ve 00°99¢S
pE*Le 0S°181
0T°S¥ 00°%92
¥addOD . ONIZ
FTEVIIVAY

0L° 1S
08°v9
00°88
00°9%T
09°99
00°98
ST 9%
LL"98
00°vE
9z LT
IV €2
GG °9Y
Py SYI
Zv° 69
19°L82
LL*BYVI
06°¥02C
s0°Zy
¢S°6S
9Z°GLI
S9°vCI
gz°90z
S0°¢y
25°6S
92 °SLT
S9°veI
GZ°90¢
0E°62T
Te°LZe
16°S9
00°€8
92°68T1
08°2Z9
12°L8
avd1

Sv°0
L9°0
0Z°¢
Sv°T
00°2Z
0Z°1
0E°T
0€°9
S8°0
S6°0
0L"0
£9°0
56°0
€L°0
€6°0
05°0
Sv°z
6€°0
LY*0
Lv*e
06°T
T9°9
6£°0
Lv°0
Ly°Z
06°1
0“9
€T
ZE°0E
oY1
ov°zt
0z°2
0T°T
01°8
WAOTIWAYD

09°¥S
0Z°60T
oV °¥v9L
09°90¢
06°162
00°012
0E°PLT
0E€°T1Z¢
06°L02Z
00°€9
06°Cv
gz L
SZ°0T1T
09°sZ
00°LLY
0S°06T
0V °TLY9
0Z°88
00°LLY
00°006
0C°1ZT
09°LVE
0z 88
00°LLY
00°006
oz 1Zt
09°LVE
09°2¢
0T*99s¢
0Z°LTT
00°9¢€€
08°¥%9
0z°8vy
0Z°8cl
¥ddd00

SE°tEl
g8°Ztt
Z8°89C1
00°0€9
09°S0L
06°0LZ
09°¥9¢
0¥ °689
0% °092
0CT EES
0L°9LT
SE°CTIT
ov°09¢
09°081
59°508
0L"L6E
08°98V1
0Z°60T
09°96
oV °1Z1I
00°6€TZ
00°2LS9
0Z°60T
09°96
OV °TZIT
00°6€TZ
00°2LS9
09°2¥%1
00°EV8BL
00°Z89
OV LEET
ov°scL
09°Z89
0Z°9vel

ONIZ
TYIOL

0F°L9T
0S°862
00°6LC
0Z°LOE
SC°LL
0E°SST
0S°66
06°28T1
08°EC
08°T¢E
0€°9¢€
S0°€9
GETLLT
0Z2°06
0f “8SS
01°692
08°€EVE
LT°8S
G¥°09
0% “9S¢t
0Z°¥8Z
09°STt
LT 8S
S¥°09
0¥ °9SE
oz vez
09°STE
00°L6T
L0°S2TS
oz vel
09°€TT
TL"VST
09°9¢T
v9Tzee

ava

Fyvnds
aryo

SIINSHY TVLIAW AAVEH JTIWUS TIOS TVNAIAIANI

creeL (A4

IvE6L (A4
69686 (A
89686 (A
L9686 -“CV¥
99686 A4
59686 [A 4
$9686 A
£9686 [A 4
29686 A4
19686 (A4
69098 v
89098 184
L9098 184
99098 v
S9098 TV
¥9098 v
£€9098 v
29098 184
19098 144
61086 IV
81086 - IV
£€9098 184
29098 IV
19098 IV
61086 184
81086 184
LT086 v
91086 18 4
GT086 18 4
v1086 184
€1086 184
Z1086 v
11086 18 4
ddAL

Yauv

T1°d JTEYL

a7 7 R



® ¢ & s ® e ® ® s ® B 6 ® 6 8 & B 8 " B B S 6 & * I S O 8 0 S 8 0 ® 8 8 @
OO NNTITOLVUNVUTSTLTINNTOD NNV YUNVOOSN

EAONANFNNOTMODONTSENOONNORNHMONSOANNND T~ WO

[

penurjuod 1°4 ITIYL -

GL°0 SG°8 0v°99 00°12 08°T 06°ST 0Z°€6T SV°LE €EpE9L  TH
€€°0 0Z°TT 09°8Y Z1°99 0T°T Sb°€2 OV°L6T G9°€8 ZvE9L 18
9Z°0 06°L 9Z°ST 0Z °S€ Z6°0 S8°F¥I OV°€ST  0S°LE TrE9L 19
LL°0 00°99 0T°SZT  0Z°90T 00°T 0Z°88 08°0TE 00°9ST 6TTES 14
06°0 LS°G¥ 0b°60T O0S°€EL 16°0 0S°¥6 08°IEE 00°FPTIT 8TITE8 18
68°0 G8°BZT 0S°STIT 08°961 G0°T O06°CEEE O00°8EY 00°€£9€ LTI1E8 1€
GE°T 00°6¢ Ov°¥6T 00°0TI Z6°T  0L°86 06°8EY  00°8LT 911€8 19
L6°0 06°1E 00°9%T 0S°ISY €G°T 09°6ST 08°CT9G 08°LSL GTIE8 19
€9°T 06°69 9T°LET  0S°ZLI ¥6°Z 00°L¥Z 09°L¥YL 00°0ZZ PITES 1€
SY°0 00°18 0z°LZZ 00°v0Z GE*Z 00°0TZ 08°¥09 00°¥ZV¥ €TTIE8 19
€EL°0 0L°ZZ 0L°S8 0b 91T zires 18
Z0°T  ¥E°96S 0T°GST  0Z°¥8I TTIT¢E8 T8
90°T 00°8T 08°9¥ 00°9S 00°T- G6°6¢E 08°0TE  09°TLI 61088 £V
21T 06°0¢€ 00°808 OV E¥L 09°Z OT*LOT 09°LS6 OV 0ETIT  8T088 €Y
Z8°0 00°S¥ 08°€L I AREA 2 I8°0 OL°T9 09°8¥E  0Z°9FT L1088 €Y
0€E°0 SL°¥%T S8°%T 00°0¥ 09°T 06°62 00°92T O0f£°ZL 971088 £Y
8E°0 OV°€C 0Z°'¥E S9° 0¥ EL°0 - OL*LZ GZ°V6T 05°Z9 S1088 £Y
88°0 OF°SE 06°€IT G6°G8 06°0 06°€¥ 08°ELE  GL°EET vy1088 £V
GZ°0 05°9T GE°GZ 00°¥¥ ¥9°0 06°SZ GY°"GET O0V°69 £1088 €V
BE°0 0V°TZ 0Z°E¥ zZ0°9L 86°0 GL°LE 0£°9TZ 08°2Z1 21088 €Y
9%°0 0b°0Z 0Z°2S 61°96 96°0 SV°£€ ov°81Z GZ°Z8 11088 €Y
09°0 00°9¢ 08°IST  00°0S G6°0 0T°S9 0E°LYY 0S°¥8 6€686 £vY
08°T 00°Z9T 00°26L O0Z°OfT GE°Z T6°S9T 00°66ST 08°Z88T  BE686 £V
98°0 OL°LE 06°Z0T  OT°GE €L°0 00°GO0T OV°09Z S8°¥S¥ LE6BE £V
oL*T -00°0L 0Z°¥¥Z GE° €V GG°T OV°Z0OE 08°L99 06°S8S 9€686 £V
I¥°0 09°62 0E° by 06°6€ 9€°0 08°LE 0Z°60T SZ°IS GE686 €Y
St°0 06°0¢€ 0% LS 08°9¥ 9€°0 S9°9L 09°LIT GG°8F vYE686 £V
08°T 0S°Z¢ 0S°L¥Z 00°T9 06°T GL°TPT OVP°PSS  0G°6€T £€686 £V
€8°T 0Z°OTTI 0E°S0ZT Of°96 gL°T GL°8FY¥y 08°GL9T 0T°ZLZ Z€E686 €Y
L9°0 09°%9 OV°"€TIT  06°L¥I 25°0 SZ°'¥6T 09°G8Z 0E°LET 1£€686 £V
86°0 S¥°8T 0E°TL 00°G¢E EpP°0 GI°9¢ 6T°8TF GE°89 6VE6L  ZVY
0S°0 08°¥I oL vL 0L°96 Sp°0 0T°82C OT"VYVE  O0E°S6T 8y¥E6L  ZV
02°0 00°S¥ 96°6T 06°SS ¥Z°0 08°9¢ OL°BEZ 09°0¥2Z LYE6L 2V
0S°0 SL°9T 9L°9Z 00°T¥ 0E°0 G0°62Z SZLYT OL°T6T 9VE6L 2V
85°0 08°00T 06°9 66°86S GG°0 GO0°6EO0T GO0°69T 00°6LZ GVE6L 2V
BY°T OV°L9T BE°90T GSE°06 0G°€ 08°ELSY GSE°PPES 0T°ZLZ PYE6L TV
EMWLWW 00°GT 08°6€ 00°0L €E°0 SG°9T 0L°LO0Z 0Z°Z0S €EVE6L 2V

D  ¥I4d0D ONIZ avan WAINAYD  ¥3dd0D ONIZ avat TYNOS  FdAL

dTaVIIVAY TYIOL aryo 3w

- 273 =



.

* o @ . 0 " e 8 @& & ® @ . ¢ 0

MOV AVANHMONUMENLSANEOAONNTITMTRARTNODOVOOONNNDN
L]
NN P NINS LI IO NOVOSErYTT NN ST NN TSNS

o
a

pPenuTjuoD g AI9vy

Le°t
Lv°o
A T
vT°0
€9°0
8S°0
05°0
G9°0
9€°0
0C°0
ov°0
¥9°0
9€°T
0E°0
rA )
0Z°0
Lz°o
0v°0
or°o0
S8°0
eS°T
oL°T
S0°T
T A 4
00°T
0z*¢
0Z°0
SS°0
09°0
SE°0
0L°0
¢e0
12°0
(AR
0Z°0
8E°O
9¢°0

0T°6S
€Z° 1S
0z°0L
(3
SL"6
S0° 82
0L"ST
0S°0T
OV €T
SE°9T
SZ°6
0E°LT
G9°€Z
0T°9S
OT°ET
0Z° vt
0oLz
0S°€2
09°8
0L°82
00°12
oL"Zv
06°61
oL" 821
SETTVT
S6°69
ST 11
0T°12
08°9L
09°1S
0S°TL
0S°€E
0S°€E
06°S
00°L
0E°9
oL"s

WOIWAYD ¥3ddod
dTIVIIYAY

00°¥VvI
08°20T
0z ZvI
80°1T
6€°TC
09°LS
08°9¥
0T°6¥
00°S¥
09°8¥
00°ST
00°€9
08°¥8¢C
0v°62
Sv°el
89° €T
0€°SE
00°EY
S8 LY
06°T0T
1Z2°8SY
08°80TT
08°2S
0E°vET
LE"L8
80°8TI
0S° 1T
06°80T
82°9T1
0E°Z6
(AR %!
86°V
Ly €1
0S°L
LS°6
£€0°0z
SE'6T
ONIZ

W ZIt
0S°19
¥6°82T
06°22
06°2¢
¢k CL
Z1°99
0E° TS
OT°EV
0T°29
0S° vy
£€C°L9
PGS SET
0S°SVY
S9°vy
09°€EV
00°09
SY°vL
00°ZET
06°8¢
0L°602
0Z°2Z62
00°EE
0L°602
1781
00°P¥T
0S°€C
eL°cL
oo0°o0LzZ
0E° 62T
05°C9cC
0s°8
89°81
L6°TE
00°8T
19°621
oL*9z
avd1

GL°¢E
16°S
8S°¢
£Ev°0
Sv°0
S9°0
09°0
S 1
SS°0
¢E®O
Sv°0
oL°0
06°T
0T°Y
LE°L
08°0
0T°T
09°T
4 A !
€0°€E
06°¥
08°S
09°0
09°¢
08°0
09°T
12°0
08°0
¥9°0
85°0
¥8°0
16°0
€9°0
61°0
29°0
00°T
99°0
WNIWAYD

0v°2ZST
0Z°€TT
05 *802Z
GZ €T
S0° %9
G8°10T1
GL"LS
S6°€0T
S6°19
ST°L8
06°09
0Z°60T
S¥ 95T
09°¥0TT
00°L0T
Op*LET
0Z°62S
08°L99
00°9ZT
0S°"0E¥
0S *9€E
0% *TOL
oz°Ze
00°252
08°89¢
00°00T
08°ST
00°€EY
09°€6
08°59
0Z°6€T
0z %1
0z °TT
S6°L
0€°€T
0T°21
S0°TT
ddddo0

00°0C¥
ov°82V
00°LSE
00°€9
0Z *ST¢
0L°99C
GTI°vee
0L°209
G0°C¢te
or*cie
S9°091
S6°80¢C
Sv°L6L
00° €69
0¥ "¥8E
00°8SS
oo°ove
08°09€T
08°60TT
06°8VET
0T °PTLZ
00°0%0S
0Z°0¢tT
08°8L0T
8E° LSS
08°90L
08°98
09°699
09°06€E
09°992
0¥ °092
00°¢y
S8 10T
SE°OL
0T°LOT
0T 6V
09°8ET
ONIZ
TYI0L

§9°98¢
GETE9L
69°98¢
Sy°se
G9°S6
SC101
Sv°66
SS°00T
S0°LS
G6°98
0T°0L
0T°68
EL°SLT
06°8€EE
00°LLZ
OV °"VEE
ov-Cey
08°VE6
08°C68
BET06T
08°00FT
00°CEZ¢
ov°0V
0Z° 16t
09°821
09°96T
09°LZ
00°0€ET
02°66T
09°90T
0Z°L0¢E
SV €T
SL°6T
0zZ° oV
S¥° ST
S6°0ET
T § 3
aval

¥Z196
£2196
22196
12196
6L698
8L698
LL698
9.698
GL698
$L698
£L698
2L698
1L698
6VETS
8VETS
LVETB
9yET8
GYETB
PPETS
EVETS
ZPETS
IvELS
60188
80188
L0188
90188
G088
v0188
€0188
20188
I0188
6VEIL
8VEIL
LYEIL
9yE9L
SPE9L
vPESL
Fuvnos
anyo

1:
€d
X
£g
Kx:
1982
€g
X
€8
€d
£d
€4
€g
zd
zg
zd
zd
zd
zd
zg
zg
zd
z8
zd
zd
zd
zg
zd
zd
zd
zd
19
18
14
14
18
14
ddAL
hréce-\4

- 274 -



® o o o ® o » & 0 e 4 e o o o |

NN OATYTMANTOORMOMAHN | 0N OUNNINTOCOMMINAOANN~ODOM®
L]
NMVUPVOYFOVNVOVSKRTIcYTRY [ FTOVOFNF~NOVONNNNINTOMNM I T

Hd

- TAM
9Z°0
SZ°0
€C°0
0€°0
0z°¥
81°1
6T°T
S9°0
29°0
XA |
0S°T
98°0
06°0
L8°0
14 V)
BE"O
08°0
85°0
TL°0
ov°0
8L"0
1e°1
12°0
SE°0
LZ°o
S6°0
SL®0
0L"0
0E°T
SS°0
0C°T
L8°0
¢T°0
6T°0
99°1
S8°0
WNIWAYO

penuT3uoD T4

05°0T
0Z°6
ov°6
SL°6T
08° 1T
SL°T0T
00°L8
0S°L6
GZ°18
0% °89
0S°EV
0S°¥0T
00°18
0¥ °89
TARA
01°6
$6°6
S6°TT
0S°0T
00°6
SZ°6
06°8
0v°0T
§Z°Z
00°LZ
Sz ¥L
0S°T9
0€°T8
09°SL
8S°22
Sy°0Z
09°99
SZ°12
0v°S
08°TT
0L°ZE
0S° 1€
¥dddod

CH AT

69°S¢
LE®OZ
G6°ST
00°LTT
85°2¢Z
0T°LE
08° 18T
0L°E6C
09 °8ET
0L°8S
00°80T
00°L62
0L°S6
08°GS
0S° TS
ov°Z¢
10°92
0L°8Y
00° TV
0L°8S
0E°0E
08°1S
0S°LY
0€°TT
09°6¢€
08°82
0Z °6S
0€°911
05°S8
0T°¥8
09°8ET
OL°LET
0€°L0T
L6"°S
S8°ST
06°0¥%T
00°06
ONIZ

dTIYTIVAY

£9°9¢
ST°0E
98°SZ
ST°66
cL ¢L
0T°89T1
St vL
0E°"VPI
9T°60T
SL°6L
8% °Z0T
oo0°ze
12°29
00°66T1
06°9¢
0T°SE
19°9¢
05°62
0S°89
S6°0F
0S°6€
TT°2Ss
v6° 0¥V
06°¢
S8°0¢
0Z°LE
0S°SL
0S°06
0Z°L8
00°SE
€T°v9
09°2Zzz
00°8¥
68°L
LT €S
05°S8
LL"BY¥T
ava1

92°0
82°0
82°0
910
€0
00°T
86°Z
€0°T
05°0
S¥°0
€6°0
€r°1
$9°0
06°0
ov°1
9% "0
0v°0
£9°0
LS°0
05°0
SE°0
€9°0
08°0
9% "0
86°0
85°0
90° 1
09°0
68°T
97" T
0Z°1T
08°T
Zr° 1
LT"0
12°0
SL°€E
LT°Z
WAIWAYD

99°91

S0°9T

0L LT

S0°€TC

S9°8T

Sv°861
09 " 69¢€
08 °892
GE"ZTC
68°2Z1
0Z °0ET
0S €8T
09°6ST
00°0TZ
08°6¢

G8°0¢

00°T1Z

09°%2

09°61

ST°81

09°LT

08°6T

0S° €2

00°ZT1

ov°Svy

08°€Z

00°88

00°TETC
00°ZLE
08°69

0S°9¢

0V °66

0T°0S

0v°6

Y A

0Z°L9

00°99

¥3addoo

S8°08
08°6L
09°SL
0% "0ST
G6°¢C8
0S°SES
oL°Z18
0s°vZL
06 °SCt
S0°061
0L°Z6E
09°S0L
08°L¥C
0Z°26S
ov°162
ST°90¢
SL E6l
06 "90€
0€°LST
(1 F A XA
06 °10C
00°68T
ST €TV
SZ°LY
0Z°9T1¢t
09°TTT
0% °T09
08°9¥LT
0Z°v081
oV LLY
08°8SY
09°0T0T
ov°18¢C
S6°0V
0L°9S
00°STE
S0°TI1Z
ONIZ
TYIOL

Sk o¥
00°S2
GL °LZ
S9°¥PIT
ST EL
08°€9T1
00°L8E
ov° 962
0% °881
G6°t6
06°LLT
00°TLT
oL°zs8
09°0¥C
0¥ °S8
ST IS
S1°2S
GE'6S
0V €01
ov°vs
ST LS
CL 61T
ST°19
08°9
0z°29
0Z°Lt
08°CZET
0Z°LZ1
08°€0T
00°€E8
00°S8
08°BI¥
G5°98
00°2T
SE°09
00°¥6C
g9°zoc
aval

co188
po188
£9188
29188
79188
65028
86028
Ls0zZs
95028
6s0¢Z8
ysozs
£502Z8
zs028
15028
6E6Z6
BE6Z6
LEGCH
9E6C6
GE6ZH6
yE6Z6
£E€626
ZE6Z6
TE6Z6
600¥6
BOOV6
LOOY6
900¥6
Goove
yoove
€00v6
zoove
T100¥%6
62196
BZT196
LZT96
9Z196
GZ196
TIYNOS
aryo

0
10
0
0
10
1o
10
2
0
10
10
0
10
D
ve
vE
ve
ve
ve
ve
ve
ve
v
ve
ve
ve
ve
ve
pe
ve
ve
ve
€8
€8
€8
€d
€g
ddAL
Yauv

- 275 <



® & ® ® e @ ® & e ® 8 ® B B " B 8 B B ° ® B B 8 8 & 8 & 8= ® 8 " e s " 0w
LOUVUFLLYUNNNVOLVNNIS T OO MO OTmMIN

O rH OO ATONANNTAO~ANONDOMOVTOMONANODODLDOTONNND

Prer I~ 0

m

panutjuos T°4 dTd¥L -

v 0 SL*SL 00° LT 05°62C €T1°0 ov° 1V SP°LY 00°88 99668 €0
66°0 0Z°6 8v°6 L1°ES SE'O ST*LY 69°801 GL°88 59668 €D
19°0 00°LT 08°6¢t SE°TE 09°1 09°1S St cCL 00°vL ¥9668 €2
0Ss°0 SL°VI €L°9C 65°9¢ ¥Z° o 09" 8¢ ov°2ZL 00°99 £9668 €D
99°0 00°6 ST LT zeeoe 1T°0 00°0¢t SL°LS 00°2S 29668 _ED
60°T 02°TT 85 °6C T2°1S 0Z°0 00°8€E 00°€9 00°0S2 19668 €0
09°0 08°9T 9L°0S 8¥°0ST ov°o 09°€9 00°8¥%2 0Z €91 6v0Z6 €0
0E°0 0L"62 06°6S 00°29T1 €EL°0 00°SS ov°ezc 0Z°S91 8¥0Z6 €0
Ev°0 0CT°LE 0S°LY S9°98 Sv°0 08°8¥ 00°8¥2 08°96 LY0Z6 €0
0v°0 SL°TT 08 °0¥ 0S°¥S oL°? 00° €t 09°¥%02 09°0L 9v0C6 1 389)
91°0 0E°LT £9°S 6V°TT 9T1°T 08°9S 09°SL ov°2T Svoze €2
Lv0 0T°8€E 09°€é6 Sy LL 8E°T 00°€¥ 0z°CeT ov°LL vvoze €0
o SE°PT 0€°S¢ 00°pS L9°0 ov "2t 09°TTT 08°09 £v02Z6 €0
90°0 0T°2 vL°Y 0E°¢E £€C°0 0Z°0T1 00°29 0Z°8 Zvoze €0
0S°0 0E°6€E 0T°¥vE 06°16 02°1 OV °ES oy °Z6 00°CTT Tv0Z6 €0
09°0 0S°EL 02°90T 00°%Z 00°T 08°0S2 9E"tV8 cs°19 68006 A
£EZT°T 0L*9S 0% °6¢€ 86° V¥ 08°T1 00°06¢€ 08°2LL 06°26 88006 [4°)
02°T 0Z° %S 00°066 0T °sZ 0Z°1 ov°L8 09°STTIZ 0Z°S9 L8006 (4
08°T 08°8G8 0T " L9E 68°2S 0C°¢t 00°Z8¢ 00°66ST 0Z°CPI 98006 ZO
S6°0 05 °0S 0Z°8ET OF"€EE 09°T 09°9T1 08°1¥S 09°28 S8006 (4]
S¥°0 oy °LS8 0T €T 12°0¢E ¥Ss°0 ov°¥v2e 00°L¥PI 00°6S ¥8006 Zo
96°T 00°TLY 8E*96T 00°¥TT 08°¢ OF°VvEL 00°9SL 00°862 €8006 Zo
GE°S 6Z “EEY 00°€6V 0Z°Z9T 0T°L 09°SL6 00°%Z0€ 0Z°6T1¢ 28006 [Ae]
00°S 06°€T9 oz zzL 0€°2Z0T 09°8 09°GZ¥T O00°BLEZ 09°6SE 18006 (4]
SS°0 ST tT S9°LI 0% “6S 9S°0 0z 0¢ S9°181 08°¥8 60698 Zo
86°0 0T°SE 0% *LL €T €9 G 0T°602C oL°0zs 06° VLT 80698 [A9)
08°0 0L"VvT oz°zy ZLvEZ 8L:0 SV EE 1A 4 44 08°6¥E L0698 (4
S9°0 00°0T1 0L 6V 00° TP ¥9°0 SL° €T Sh°S0¢E T} {4 90698 [4o)
66°0 06°0T 09°LS c0°9L CE'T 06°LT 00°TVv¥ 08°2ZT S0698 [4e)
29°0 09°TT 08°LE 0y °8v £9°0 09°92Z oL°vze 0¥ L9 v0698 ZO
SL*°0 00°G2 0S°L9 00°LS 96°0 0T°LO0T 0oL €02 GZ°09L £0698 20
99°0 0L°2T 0Z e LL 8PT SS°0 s0°8¢ 00°¥8T SEE6T ¢0698 (4%
80°1 02 °8T 0v°o¥T ZETIVT [4 30 ¢ L Sy 06 °S8S oL°L6Y 10698 (4%}
82°0 ov°8 59°6¢T 1S°6¢E 19°0 06°02 OL°6T1 S8° TV 69188 12
95 °0 0T1°6S 0V °S6 80°60T 09°0 0S° vt 09°S82Z ST LTI 89188 10
¥Z°o 08°S2Z 02°19 ¥8°8ET TIE°0 0S° 0oV 06°6¥Z 0L ¥9T L9188 10

¥Z°0 06°9 SL 8T 20°82 9Z°0 0S°Z1 S9°L6 09°8¢ 99188 10
WOIWAYD ¥3IJJ0D ONIZ avian HWATWAYD d3addod ONIZ avd aAIVNGS H3XL

qIGYVIIVAY IVYIO0L arydo Yauav

- 276 ~



L ® & & & @& * " 8 8 B e * ® & & = & 9 8 & 0 . 0 LI ] L] L L . L I I

VAN DONANLNNAFNNHTOINONARNAMUVO~N0O0ONSNM~ODMINNWY
ATMaeTNTarLVOOVNFYVNNEFENFYNFOYVOYOVDOVURRRE~ON~NT O NN

i

panuT3uOD 14 FTEVL

82°0 ¢ gl S0°8¢ 98°2%2 ov°1 0T 62 0L°692 SV €9 LEGYS Ta
08°0 0S°ST 0T 6% 0S°9% 09°¢ 0% °SS SLTE0S 0F°S6 9€6¥8 1a
10°0 0Z°6 £E6°¢ 0T°0T 06°2S $9°99 01°22 SE6VB 1d
gz ¢ 0E° ¥V 0E°9¢E 08°STT GZ°1 06°SVY 08° 1TV LZ°0€T pEGY B 14
05°0 0S°T1T 0C°1¥ 0S°0¢E 0E°T 09°SS oT1°28c 0z v¥ €EE6ys - 14
L6°0 0T°€Z £E 81 80°8T 06°¢ 0Z°S8 g8 LZC ST EY 434 1a
6€£°0 Sl 11 08°¥C 98°6¢Z 0L"0 0S°8S SLE6T SCT°Le 1E6V8 1{¢
09°T 00°9¢ 0 °T1S8 00°8¥% 00°2 0¥ *¥8T1 0Z°LZET 08°8CI 69626 14
62°9 09°T102 09°L82T T¥°89T1 0Z°€ET 2S°LY9 0Z°¥ILZ O09°VEY 89626 1a
Sv°0 0T°"LZ 0E°LOT GE'LE 00°¢ 08°8V 0Z°S6S 08° 1S L9626 j¢
SS°0 G9°9T 08°T¥ ov°62 00°0¢ 09°8C¢t 09°LY 99626 1a
LY A 4 0Z°0ov oo°Lsz 0E°ZTT 09°¢ 00°88 09" 1ISs¢E 00°€LT G9626 1a
0S5°0 0E€°8T 0E°¥9 08°82 00°T (1] -4 ov°622 0z°vy ¥9626 1a
S6°0 0S°PE 00°LL 00°2L 0z°1 08°S9 09°S¥S 0Z°T1ZT = €96C6 1d
0670 00°S¥ 06°¢8 T€°08 08°0 0Z°89 09°1Z¥ 0Z2°61S 29626 1a
0T°1 0T " 8E 0L°TOT S6°CL 00°T 08°09 00°S9¥ ov° 12T 19626 1da
08°T SZ°1¢ 0E°TY 09°S0T 00°¢ 0z°Zv Ov°LOV 0Z°vel 66668 ¥o
L9°0 0T°81 06°L6 G6°C6 oL°0 09°9¢ 00°TEZ 0Z°¢0T 86668 ¥vo
Z5°0 (1] 2 44 08°2T1T £8°8S 0S°0 0T LE 08°¥8I1 09°99 L6668 1 4
09°0 SL° LT 06°19 0Z°6L 0L"0 ov°9v 08°STV oV °86 96668 ¥O
LeE"0 08°6T1 L8°Le 1 X/ 4°1 0S°0 08°LZ 08°€9T 09°99 56668 2%
99°0 0€°99 08°SL 0z°oL 00°T 09°69 08°68¢ 08°€E6 ¥6668 ¥O
(43 08°ST oL°oz SL LT 99°0 00°L2 0V 9LT ov°Sb £6668 ¥O
9Z°0 09°€ET 90°1? ST°9¢ 0S°0 09°0¢ 08°12T1 0T1°9¢ 26668 ¥O
8E°0 09°€T 6V €T 0€E°S¥ 09°0 02°12 00°L¥PT ov°8¥ - 16668 1 2%/
el 0E°6¢ 09°v8 §9°Z8 ar-I S6°62¢C ST°S9¢ 0E°¥BE 66026 vo
TN | 0¥ °89 00°0LT 00°S6T €L°0 06°¥8 G8°G8T 80° 1V 860C6 ¥o
L8°0 0v°S¢ 6S°9¢C S6°S8 SZ°0 OL €T ST°SY 08°cv L6026 ¥o
8Z°0 06°6 Sv°S EE°CE oL-2Z 06°vEZ 0¥ °908 0S°Z62 96026 ¥O
S9°¢C 0S°00T 09°ESY 00°LYT EL"L 09°18 08°68C 00°00T S60C6 ¥O
£9°T 0Z°2Zs 09°¢€6 5978 8E°T 0S°81T 0z ove 0T ¥PIT ¥6026 ¥o
£E8°0 00°¥%S 0€° 99 00° %S 99°0 08°S8 0E°CET LyY°S9 -£6026 ¥O
Sv°0 0S°G8 9L° 92 6L °vZZ 8E°0 0Z°902 09°90T 0T° 162 z6026 ¥o
vo°1 SZ°11 9z 61 86°S¥ SS°0 S9°80T1 ST 26 0T°€9 = T60T6 | 4
L8°0 9€°61 S6°0L 00°9S oL°o0 SL°TL 0T°0S2Z ST°06 . 69668 €0
66°0 0% °01 [A 14 S8 LY 01°0 ov°91 S¥° 0t 00°8L 89668 €0
18°0 0€°8T1 0L°06 0T1°8S 0Z°0 oz vy 08°00T 00°80T L9668 €D
WNIKWAYD ¥ddd0D ONIZ avd1 WOIWAYD dddd0od ONIZ avar W.mdﬁam ddAL

JTIYIIVAY TYIOL ) aryd Yauy

- 277 -



e ® 8 ¢ ® 8 * @ ® T ® ® ° 4 8 & B ® e & ® e ° * & B & 8 * 4 " 0 e 8w @

NHONTMUNOrRYNFOMOOTMONUVOUNDONNANNANDNNM AN~
ANVYINOULSNLSLTSONOSTNNOOOO TOINYOIN WYY LNLWNWNIN

ool

panutjuocd 1°*J3 FTAYL

SL°0 09°LT ov°LL 8¥°LS L9°0 ov°zg 06°L0C S1°8¢ 88610 £d
PI°LT oO0Z°1ve 00°9SL 0Z°TEE £9°SZ 0Z°TI1S 09°ETLT 0T1°806 L86TO £a
60°T 08°1¢ 00°92T ¢8°29 06°T 0T "€ 0E°00€ G8°G9 98610 £a
29°0 0T° LY 09°€E6 G6 6V 89°0 SL°62 09°89L S0°€9 G86T0 £a
18°0 06°ST 08°¢EL S6°8€E €9°0 cg 8¢ IL°66T G9° 1S ¥86T10 €a
06°0 09°€2 08°60T 68°¢S 98°0 OL° TV oy °“vveE oT1°0L £8610 £a
c9°2 00°99 0C°tET sv°es 0s°¢ 0E°VLT DE°OTS G °89 Z86T10 €a
ST°9 08° 12T 0Z"ETE G9°¢8 £€9°L 08°02Z2 0Z°8¢Z8 01°92T1 TI86T0 £a
£€S°0 00°€T S9°61 00°12 9T°0 0L " 0¢€ 11 S Al ¥4 Sy°ov 62606 £a
£2°0 01°ZT1 S0°01 16°6 TIE°0 0E~°69 09°voe GZ° €€ 82606 £a
6T°0 0T°01 ¥8°9 SL°Y vE°O 191 Rk X A S§9°6ST GL°ST LZ606 £a
Zv°o GZ° €1 Py 01 0S°1T €1°0 00°¥%S 09°2%T ST 0¢ 9Z606 £d
69°0 01°8T 0S° LY LT°E9 99°0 08 °SS G6°0¢ET 0Z°96 GC606 £da
9G°0 08°%1 9Z°8L G8°Ls I8°0 GG 91T 08°TEE G8°2ST vZ606 £a
0Z°0 00°6 S1°9 00°8 8E°0 G2 12 0Z°¢6T1 08°%T £2606 £a
¥Z°0 0z L Z6°¥P 0L°E rAA ] L ve 13 A A A 0S°LT 22606 £a
29°0 OV €T 08°08 L6°C9 G9°0 €S9z 06 °9¢G¢ GE°18 12606 £a
TL°0 S vT 6C°LTT 00°SZ 98°0 0Z°1¢ 09°2¥¢1 00°LY 6T0ES r4 ¢
SP°0 08°8T 9L° 1T L9°6T 0L"0 00°2z 08°8¥%T 08°vc BT0ESB za
2Z°0 09°9 6S°L G6°ST 9Z°0 oz 01 VL EOT po°z¢e LTO0ES za
18°8 SL°CT ov°9¥ 0S°2T1 €G5°0 08°8¢ 08°00T 0Z°EE 9T0ES ca
8S°0 06°8T 0E* ¥V €v° LS 29°0 09°sz 00°LST 00°8S cT0ESB ca
I6°0 00°02 06°9¢ 08°19 €ET°0 00°LZ 0Z €61 0Z°"v9 v10€E8 ca
98°0 00°Zv 06°8¥T 06°ZS (A4 ¢ ov°2Z9 vL°zee 0z 9L £T0E8 za
29°0 oL Lz 0E°L8 8T1°G8 16°0 09°8¢ 0C °91¢€ 0Z°86 ¢TI0ESB ca
9Z°0 oLzt ¥Z°ST e ol & 4 0E°O 00°LT ov°ceé 08°1€E TI0€E8 za
[A ] 00°¥vT 6T LT 00°S0T ¥v5°0 0E° 12 13 A AA 08°81T 6GT16L Zza
09°0 0T1°02 08° €21 0S°¥ST ZL°0 S9°9L ST ET1C 0Z°S9¢ 8ST6L za
Sy°o 0L"6 0T°9¢€T LY °8S L9°0 0E€° 9T GE®96T S6°1L LST6L za
0S°0 G9°22 PL°T9 0V °9TT LZ "1 0s° 82 06 °“¥¥C c0°0Z1 9G6T16L ca
LL"0 00°ST 00°66 0E°B8TE OL"T 09°¥S 00°LSE 08°1SL GS16L ca
ZZ°0 0L L 08°81 8 °8¢ 9€°0 O0°€T Gz 68 €S8t ¥YST6L za
0E*D 0S°0T 96°91 00° 9% 8€°0 08°ST 0T°96 0Z° Ly €ST6L za
£Ev°0 orv°e 00°L9 1S°0F 9% °0 0T°ST Sy ¥8T GE°TY rA-R YA ca
8Z°0 09°ZT1 1 1l A c8°6¥ 6E°0 0T°6T SV €ST S¥°0S T1ST6L ca
SL°0 06° 1S 91°S9 0S° 1S GZ°1 0% °89 09°GEZ ov°%9 6E6YS8 14
0S°0 09°0T S0°1E 81°9¢ 0S°6 0S°¥ST 06°680T 0Z°86C geEebvs 1a
WOIWAYD ¥yIJd0D ONIZ avat WAIWAYD yIddod ONIZ aval FYYNos IdAL

JdTGYIIVAY TYI0L aryo Yy

= 278 .~




" & & @ 8 @ & B 8 "« o & = @ . & @

® * & 0 8 ® & & 8. 8 & 8 " 8 8 8 ®

TENNOODHAMAODTHONTTFARNDODOAANONNATHANTIOINNMNM
L]
TV UVOULINNTLORFFPONNORRORTINEY LM MOMM

o o]
&

panutjucd T*Jg JTAVL

8Z°0
¥S°0
9Z°0
Le°o
I%°0
9Z°0
ov°1
¥8°0
0s°0
OL°E
8v°0
(A AN ¢
LAY
0Z°1
00°S
08°0
89°0
99°0
09°0
¥s°o
Sv°0
08°0
SL®0
SE°O
SS°0
68°0
S9°0
IL°0
Sv°0
Zt°o
18°0
85°0
1s°0
98°0
29°0
9Z°0
09°¢
WNTWAQYD

SL°0Z
0V vZ
05° 11
00°€T
0T°95
06°€T
00°LS
0T°2€
00°¥8
00°68T
00°8
0Z°28
GE“L
0L EVT
00°L8T
0T°89
0€ " 6€
02°82
0¥ €T
0T°9T
0L°9T
00° €€
09°€2
0¥ €T
08°8T
0T°9T1
06°2T
SY P
08°8T
09°9
SL°ZT
06°8T
00°02
00°2Y
0L°LZ
0L Z1
08°SS
d3dd00

0L° 1T

SZ°0¢t

vr°ee
89°2¢
0s°29
06°CT
0V "L9T
0Z°SL
0v°2Z8
09°TTE
08°26
09°SL
09°S
08°60T
0v°0TY
06 °S¥
09°6€
08°8¢2
0v°v8
0€°06
0L"9¢
0T°S8
06°19
0€°91
09°2¢
08°€EL
0S°9%
6Z°LTT
9L " 1T
6S°L
ov*9¢%
0E°¥¥
0S°9¢
06°8%T
OE*"L8
vZ°S1
0% °L9T
ONIZ

dTEYIIVAY

SZT°6L
08°pST
6% °86S
00°92T1
06°62¢
oV vL
00°v02C
0€°06
S6°C8
P8 ELT
0T°8E
Zv°69
P9°ET
08°LSL
ST ¥0E
00°€ES
6V °¥e
1 AGE >
00°86T
L8°¥%9
ET°v¥
0s°2?Z
81°82Z
ozZ°oL
0S°¥S
GE*CZ
PI°6T
00°s2
L9°6T
S6°ST
0S°21
eV LS
08°19
0s°¢s
81°S8
c1°L?
Z0°8¢€T
ava1

9T°0
¥9°0
250
€2°0
YE*O
€2°0
€6°1
L0
cL’1
SZ°ST
26°0
00°S
08°0
0E°€
0€°6T
£6°T
911
A0
€0°T
£1°1
80°T
SL°T
0z°1
06°0
SP°T
26°T
8S°1
¥9°0
€L°0
¥6°0
08°0
00°2
0L°0
09°1
8T €
8T°T
8L"Z

WAIWAYo

08°0%
SV °9GT
SL°Z91
0T"°S9
OV PET
0€ *9¢
00°891
S8°91T
S8°PLE
SL*E09
S9°VI
06°22¢
0L"LY
GZ°667C
09°86%
OV "€T1
G6°19
SY°1s
0T ve
0v°2Z9
08°S2
0% °0S
0€°SZ
09°92
0L°SE
0S°¢Ss
s0°8¢
00°21
00°8¢E
08°96
00°0S
00°012
ov° 6V
08°Vv0E
09°LVT
09°10S
VZ OET
dddd00

S6°901
00°LPT
Sy PIl
0Z°L9
02 *LST
06°6ST
co0°ZLL
06°98T
00°8LE
00°S20T
SE*96T
00°EV6
s0°Zs
0T° €98
0¥ °S291
00°0T2
0L°0VT
0S°9€ET
ST ELT
09°90¢
08°6LT
S0°96¢
GE'6TI
G8°PET
09 °v02
sg 0ct
Sh°9ve
0Z°60T
08°0TE
09°Tv¥
0% " €ES
09°S0L
08°CSE
00°86L
0% °96S
0Z°0SS
SETTITL
ONIZ
TYI0OL

0Z°08
GZ°ST1C
S6°9¢ET
0L°LZT
0S5°9VvE
0Z°S0I
0L°09S
06°9TT
00°ses
0€"€9¢
09°6¢t
0€°9TT
T AN KA
0Z2°16ST
TL°S69
0Z°S9
0E°SE
STyt
0z °Z8t
GE°8ET
GS°0S
Sy 8¢t
0S°T9
Sy°ts
Vo T1L
S6°0S
0S5°LE
00°vV
00°0L
00°¥8
00°89T
00°VvO¥
00°06
oo°*vze
00° 0PI
00°092
0S°Z62
avar

62006
82006
LZ006
92006
S2T006
¥Z006
€2006
22006
12006
6£T06
8ET06
LETO6
9€T06
SET06
PETO06
€ET06
CET06
TIETO06
60208
80208
L0Z08
90208
S0208
v0208
€0208
z0zos8
10208
6S0Vv0
8S0¥0
LSOVO
95s0%v0
SS0V0
¥Sov0
€S0V0
ZSov0
1IS0v0
68610
J¥VN0S
ardo

T3
13
13
13
13
g !
13
12
13
13
13
13
13
T3
13
Td
13
&<
va
va
va
va
va
va
va
ra
va
va
va
va
va
va
va
va
|4
va
€d
ddAL
Yauv

= 279



I OO0 OVMOT~INONNM M
]
NSNS~ ONOO O ™S~

YrnMownuwvIunreEr~raArM~WOU
.
nNnenwmMMMOMmMOMM M

L]

M~~~
L
SO

=
Py

Lo°o
Lz°o
YA
0z°0
ST°0
ov°0
19°0
oL"o
Zv°o
ZE0
Ev°-o
1Z°0
8Z°0
¥Z*'o
0Z°0
1€°0
62°0
0zZ°0
0z°0
z°0
61°0
91°0
0Z°0
9L"0
(A8
ot°e
89°0
S°0
£EV°0
SE'O
9Z°1
8E°0
0E°0
9% 0
05°0
SeE°0
0€E°0

WAIWAYO

oL"L
0S°6
oOv°6T
oL"L
S6°S
0T° 1T
0S°v1
00°6
0V 11
0T°92
ov°6
0Z°v
08°%V
0T°S
09°S
0T°S
0T°9
08°S
0Z°s
0E°6T
00°€
09°8
1z°z
00°8
oz°¢
08°TT
0L°LTY
06°8T1
08°9
0Z°9
0S°¥C
06°6
0Z°6
ov°s
0Z°0T
06°¥
0T° 1T

d3addoo

penutljuod T°d dTdVL

09°0
oV -2z
0Z°62
08°0T
06°TT
06°0Z
00°18
0T°8T
09°2¢
£1°92
8°82
80°0T
Lz-z1
9€ *ZT
06°9
85°02
Py 0T
8y zT
8% 0T
8y °6
8L°8
ZL"6
96°9
00°6
SV
20°2¥T
08°16
0Z°STT
£8°9T
60°LZ
09°00T
18°€T
191
LE"LT
0Z°¥S
L6° 02
62°61
ONIZ

dTEVTIIVAY

80°T
00°SS
SS°9L
16°S2
05°9¢
Tv°0€E
L6°2¢t
0s°LeT
8y °1¢t
06°20T
6E°LE
V8°ET
tE"Cc
GL"8T
vZ° 62
€L°02
LE°LY
6E°ET
8 °91
00°8S
¢9°sy
(A 4
05°2T1
v L9
e €1
00°t102
80°6L
S6°Z6
ps°o¢t
TL°82
0E°SS
EL°VE
06°Z¢
00°0V
EV°T9
06° 1€
S8°9¢
avdt

12°0
Lv°o
Sv°0
0€°0
sZ°0
LS°0
TL°0
08°0
89°0
ee’l
Iv°0
6¥°0
L9°0
Iv°0
8E°0
Ly°0
8v°0
8v°0
LE®O
89°0
6v°0
LY°0
Lz*°0
L8°0
PT°0
T AN 2
26°0
0Z°T
L5 0
Le*0
06°0
¥T°0
BT°0
Lz*o
Lz*o
0T*0

WNIWAYDO

00°8

(1) A4
09°9¢
S6°TT
SL 1T
ov°ec
06 °SZ
SL°TC
G6°1¢
09°¥%S
o%° ST
ov°6

00°6

ov°0T1
00° 11
0% °0T
09°21
00°ET
0¥ °0T
Sy 1¢
SZ°L

S8°ST
0E"V

0T°8T
GS°E

ov°68
SS°6¢
SCT°6¥
06°TT
8V €T
oV °S¥
PS°LT
98° L1
08°8T1
Zr°e6e1
9T €1

¥dadqa0d

0L°9S
g8°LTT
0Z° 191
SE°6TT
0€°20T
0S°102
SL°E6T
GE°0ST
S9°06T1
0T°TT19
08°TZT
00°€9
00°v8
0Z°LY9
2eE°19
0¥ °26
08°T1CT
09°SL
09°6GL
08 €91
0E°ZET
0E°ZET
0Z°88
oz LLT
06°18
08°LYZ
00°v62
SL°YyLe
09°S¢
0T °L9
0Z°v1iv
Ob°SST
09°96
08°1IZT
09°96
08°00T

ONIZ
TYIOL

LO°Y
0S°€EL
ST°69
G0°SE
€ET°0E
S6°v¥
Sy oV
0S°¥vv
0Z°LY
2E° 8661
09°8%
(1] A 4
00°¥vE
00°9¢
09°6¢t
00°pE
08°82
oz ve
00°LZ
05°6S
S0°LY
0E°¥9
G9°p1
09°69
OV €T
08°69¢
Sy 81T
0E°TVT
oy TV
00°S¥
00°L6
0Z°EY
ov°89
0Z°0S
ov°8v
0z 1V

ava’

TETSL
6€£T186
BET8B6
LETB6
9€ 186
GET86
YETIB6
EEI86
ZE186
T€186
6€Z9L
BECIL
LECOL
9¢C9L
SETIL
veEZIL
€E€CoL
ZET9L
TECIL
680L6
880L6
LBOL6
980L6
S80L6
¥80L6
£80L6
280L6
180L6
6LTS8
BLISS
LLTS8
9LTS8
SLTS8
PLTS8
ELTSS
ZLTS8

ILT1S8
FUVNOS

aIyo

1<)
€d
€d
€3
€3

\mm

£d
£d
£d
1 2¢< |
£d
£d
€3
€3
€3
€3
€3
£d
£d
[A¢<!
cd
A
cd
cd
ca
cd
cd
rAC
cd
cd
cd
cd
cd
cd
(4
cd

cd
ddAL

vauvY

- 280 -



® ® 2 8 8 & ° e * 8 0 8 " 8 8 @ L . 8 8 & @ L ] L I . @ . & @ L]

VOoONNINANLTANNTN DAV NN AT~ ONTONOS
ALVFULVLNUNVLNNTLOLFNNNNNNLS OO LINONLN NSO TN N

o]

panuT3luod T*4 JTAVL

€S°0 0z°8 00° €9 08°82 L9°0 0T° €2 09°921 00° 8¢ 6S0L6 c3
ov°o 08°0¢C €E1°62 8S° 1§ 16°0 0Z° 9% 00°921 00°%9 8G0L6 s
8Z°0 08°¢2 06 °0€ | 713 vveo 0Z*Sst 0z °88 00°v¥ LSOL6 g
SL°0 00°TT OL"EE 0v°9S €EL°0 ST°SY 09°6ST 00°S9 960L6 -S3
S9°0 DL ttE SL°9Y 89°96 S8°0 oT°v¥ 06°€CT 00°29 GS0L6 s
L8°0 0T"9¢ oL°L8 SG°66 S6°0 0Z "9¥ otr°cie oo°zL vS0L6 S
06°0 09°01 0E°¥Z 00°Z¥ S0°T 0T PV 09 °8ET 00°L9 €S0L6 cd
[A 08°9¢ 09 °88 66 °9L 05°1 06°00T 06 °82¢C 00°¥0T ZS0L6 c3
ov°0 0Z° LT 0L°82 EV°LS ¥s*o 08 °8S 0Z°0ET 00°2L TS0L6 G
LE®O S6°S 0S°ST 0S°T1 9Z°0 8L 1T 0Z°66 €€ 82 68228 s3
CEO ST°6 0% °8¢ S6°6Y 82°0 3 €4 S8 PET 3 A4 8878 c3
8Z2°0 et L 0€°ST ¥9° &1 0E°0 0T LT 09°2¥%1 oz°0c¢ LBZZ8 s3
ov°o S8°V 0% ° ST 00°0T LE®O GB°ET1 6€°9ST Sz 62 98¢¢8 s3
60°0 0Z°¢t 0T 0T Lv°9 12°0 0S°0T I1°96 0S°ET G878 cd
SZ°0 08°¢€ 0L ¥T ¢ el 0E°0 S 11 ST ETT S8°12 ¥8ZZ8 s
S9°0 0Z°LE 1Z°9 00°S¢E 13 AV} 06 °GE Sy °¥81 ST°0L £82¢8 s3d
9¢°0 0Z°9 00°21 13 A 44 Lz°o 0T°Z1 0T°LY GZ°6¢C 78218 s3d
€EE"D SL°E 09°0T1 08°ST YA S9°0T 06°68 SL°8C 18228 sa
ST°0 00°EE ST°GE 00°S¥ 0L°0 06°18 TT°EeEe 96 ° €Ll 6v066 va
S9°0 06°€E 0€°09 S6°S9 Z8°0 0S°¥6 08°922 TT° 92T 8v066 va
SS°0 0T° 12 0L°9€ 6L°9¢E S9°0 ot vd 0T 6VvT 89°90T LY066 va
29°0 8V 19 06° V€ 05°SL 8L°0 08°8S 0E°"¥PLT BEZVI 9v066 va
09°0 0L v 0T°8¢E 9Z° 9% (1} 34 09°%S oz e6T L6°S6 Sv066 a3
LS°0 08°211 0v° 19 81°08 Z8°0 08°8T1 06 °"8¢¢ 0C°1ST vvo66 v
0E°0O 00°SY 0L*0TT 0S°8S 6L°0 06°18 69°0LT L8°Lel €EV066 ra
Lo°T 00°9¢ oL°ZoT 90°8L 60°T1 00°€9 1619 Lo°LoL Zv066 ra
€EL"0 0¥ °8¢t 06°S9 6Z°08 s8°0 16°86 0Z°SE€T TL°STT Tv066 1 4<)
Lv°0 0S°0T 9¢ "L¢ 00°se £S°0 06°02 0T°LOT S6° 8¢ 6ETSL va
SE®O oL v 6S°TT ¢0°8Z 6€°0 08°6 SS°vL 0z°ve BETISL va
€E"O ov°S 1€°0T 9% * 62 vE"OD 0Z°v1 SL*66 SG°CE LETSL va
£EE°D SL"E 66°6 00°ST 8Z2°0 SL"8 ov° 1L 0S° 12 9ET1SL va
8Z°0 oL*9 Ov°oT1 29°81 82°0 0€°ST 0Z° L9 Fv°ve SETSL va
60°0 09°€ LL°Y 9L°0T ~ ST°O 06°0T ST°S¥ S 1T VETISL va
or°o 0S°S 11°01 0S°¥T vE°O 08°01 SL°8L 00°S2 CETSL va
8E°0 00°0T 0L°1S LE LS ov°o SL °CC 0T°82T S6° 8¢t CETISL  4¢)
WNIWAYD ¥dddoD ONIZ aval WAIWAYD ydddod ONIZ avdl ayvnos ddAl

dTaVIIVAY IYIOL aryao Yauv

- 281 -



'Fig. F.1 Fortran Computer Programme used to Froduce the
Background Soil Contamination Maps.

UAFORTRAN *GP GINO,PLOT
MASTER FORT17

\ INTEGER MAT
DIMENSION X (9),Y(9),MAT(52,37)
COMMON X,Y,ICOL
DO 10 K=1,9
READ(1,12) X(K),Y(K)

10 CONTINUE
12 FORMAT (2F0.0)

CALL OPENGINOGP
CALL SOFCHA
CALL UNITS (10.0)
CALL MOVTO2(2.35,7.6)
CALL LINBY2(0.0,4.5)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,3.0)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(-1.5,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(-1.5,0.0)
CALL LINBY2(0.0,3.0)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(2.25,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(3.0,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(2.25,0.0)
CALL LINBY2(0.0,3.0)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,-3.0)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(2.25,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(0.75,0.0)
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CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(3.0,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(2.25,0.0)
CALL LINBY2(0.0,-0,75)
CALL LINBY2(0.75,0,0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,-4.5)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-2.25,0,0)
CALL LINBY2(0.0,-0,75)
CALL LINBY2(~-0.75,0,0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0,75)
CALL LINBY2(-1.5,0.0)
CALL LINBY2(0.0,0,75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(-1.5,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-2.25,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(~1.5,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(~-0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-1.5,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-1.5,0.0)
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CALL LINBY2(0.0,0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(-3.75,0.0)

\ CALL LINBY2(0.0,0.75)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(0.75,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0 0 -0.75)
CALL LINBY2(- ,0.0)
CALL LINBY2(0 0 0 75)
CALL LINBYZ(-0.75,0.0)
CALL LINBY2(0.0,1.5) .
CALL LINBY2(1.5,0.0)
CALL LINBY2(0.0,1.5)
CALL LINBY2(-4.5,0.0)
CALL LINBY2(0.0,0.75)
CALL LINBY2(-0.75,0.0)
CALL LINBY2(0.0,-0.75)
CALL LINBY2(-3.75,0.0)
CALL MOVTO2(18.0,27.0)
CALL CHASIZ(0.6,0.5)
CALL CHAHOL (48HF*LIG5.19 *UG*LRID MAP OF THE *UWMMC *LSHOWING*.
CALL MOVTO2(21.6,26.3)

CALL CHAHOL(40H*LSOIL CONTAHINATION-TOTAL LEAD (MG/KG) *.)

CALL MOVTO02(25.5,24.5)

CALL CHAHOL(BHK*LEY:* )

CALL MOVTO2(26.8,23.7) :
CALL CHASIZ(0.4,0.3) : ‘
CALL CHAHOL (35HA*LREA-MEAN LEAD LEVELS ABOVE 250%.) :
CALL MOVTO2(26.8,22.7)

CALL CHAHOL (41HA*LREA-MEAN LEAD LEVELS BETWEEN 189-249*,)

CALL MOVTO2(26.8,22.0)

CALL CHAHOL (41HA*LREA~MEAN LEAD LEVELS BETWEEN 136~188%*.,)

CALL MOVTO2(26.8,21.3)

CALL CHAHOL (41HA*LREA-MEAN LEAD LEVELS BETWEEN 108-135%,)
CALL MOVTO2(26.8,20.6)

CALL CHAHOL (35HA*LREA-MEAN LEAD LEVELS BELOW 100*.)
CALL CHASIZ(0.4,0.4)
DO 90 I=1,52
90 READ(1,99) (MAT(I,J),Jd=1,37)
99 FORMAT (37 11)
DO 91 I=1,52
DO 91 J=1,37
IF (MAT(I,J).EQ.0) GO TO 91
X1 = FLOAT(I)*0.75
Y1 = FLOAT (J)*0.75
ICOL = MAT(I,J)
CALL MOVTO2(X1,Yl)
CALL FILL(X,Y,ICOL)
91 CONTINUE
CALL DEVEND
STOP
END
SUBROUTINE FILL(X,Y,ICOL)

DIMENSION X(9),Y(9)
CALL PENSEL (ICOL,0.0
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: CALL SYMBY2(X,Y,9,8)
RETURN
END
FINISH

0.0 0.22

0.0 0.22

0000000000000000000000000070000000000
0000000000000000755000000775550000000
0000000000755707227000050705570000000
0000000000707170712000057005050500000
0000000007571517775077777710025000000
0000000007577572050257072111777000000
0000000000552150105177000111215500000
0000000000057505217000077725775500000
0000000000777117222012751202757000000
0000000000577727571522007002107000000
0000000000775707201177575510055000000

0000000000070027002211111210705000000

0000017000055777777777212770250700000

0000757005155757111107100125210700000 °

0000575755557777071115001121777550000
0000771755557700212050770212007050000
0000717757557777722505215557555570005
0000050005572772120507505750557052500
0000550151755757717777750775702770550
0000057111755721225557555007010071200
0000007775555711111207077577757500000
0000007577772111171777777057000000000
0000005555722112221757755050000000000
0007007555521727127755055007700000000
0007775557717522277777705007700000000
0000075757771557772777505775000000000
0007011507575505507755577507000000000
0005021555777771502755775577000000000
0005005555777770500777575000000000000
7700070557755517750270000000000000000
0057777775550505775220000000000000000
0770705555050075500000000000000000000
0000770000052727500000000000000000000
0000005255055050000000000005712000000
0700007070500000000000000000000000000
0000000000000000000000000000000000000
0070700555000000000000000000000000000
0050075502700000000000000000000000000
0000770707700000000000000000000000000
0000000000055000000000000000000000000
0000005055055000000000000000000000000
0000722770000000000000000000000000000
0000020700000000000000000000000000000
0000017257700000000000000000000000000
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0070777772700000000000000000000000000
0050550575577000000000000000000000000
0007051127252000000000000000000000000
0070721112150000000000000000000000000
0005052112125000000000000000000000000
0005551277755000000000000000000000000
0007751700005000000000000000000000000
0000705555500000000000000000000000000
0000255700000000000000000000000000000
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