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ABSTRACT

The seasonal variations of a number of plant nutrients, pH,
spoil moisture and temperature and groups of microorganisms concerned
with the recycling of nitrogen1were investigated in ameliorated and
untreated spoils at two colliery spoil heaps of contrasting spoil
pH situatedin West Yorkshire.

In addition, the ability of unameliorated spoil to supply
nitrogen for plant growth and the fate and effectiveness of nitrogen
applied in the form of sewage-sludge and shoddy was assessed.

The results showed that in acid spoil (pH less than 5.0) the
concentrations of a number of plant nutrients (especially aluminium

and manganese) increased in the summer and autumn months to phyto-
toxic levels. VWhilst the levels of available potassium and nitrogen
were low, the vegetation was so limited by the phytotoxic concentra-
tions of aluminium and manganese that it failed to respond to nitrogen

additions.
In neutral spoil, toxicities were absent and the poor growth of

the vegetation could be attributed to a deficiency of nutrients,

especially nitrogen. Sewage-sludge, however, had no beneficial
effect on plant yield and shoddy only had a slight effect. The
ineffectiveness of these two sources of nitrogen was shown to result
from leaching and denitrification losses of mineral nitrogen released
from these ameliorants.

The results of the investigations are discussed in relation to
the revegetation of colliery spoil heaps and a number of practical

suggestions are made.
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CHAPTER ONE

INTRODUCTION

1. The need for reclamation of colliery spoil heaps

In Great Britain between 150,000 and 200,000 acres
of land have become derelict as a result of the extractive
industries and the tipping of industrial and domestic

refuse. Colliery spoil heaps represent approximately
30,000 acres, or something less than 20% of the total
(Chadwick 1973a)

This relatively small proportion is of great signi-
ficance because spoil heaps are concentrated in localised,
often densely populated areas, where they have a visual
impact out of all proportion to the land area they cover.
Further, they occupy land in areas where it is reqﬁired

for recreational and amenity purposes and the general

unsightliness they produce prevents urgently needed

economic development.

The reclamation of colliery spoil heaps is therefore

economically and soclially desirable.

2. The composition of colliery spoil heaps

,Colliery spoil heaps are largely composed of the
strata that originally layed adjacent to the coal seanms
and which were removed together with the coal during
mining operations. They may also include unmarketable
low grade coals, small coal particles and almost any
other material removed from the earth during the opening
of new seams, or discarded by the mining industry.

The mineralogical composition of colliery spoil is



shown in Table 1l.l.

Table 1.1 The mineralogical composition of colliery

gpoil.

Inert quartz g

Clay minerals of ) 95%
mudstones and shales )

Coal %

Pyrite )
Siderite

Ankerite 5%
Jarosite ;

Gypsum )

Spoil heaps are of very variable composition and the

percentage values quoted in Table 1.1 are only approximate.

Minerals other than those shown can sometimes occur. The
variability arises because the proportion and nature of
the shale (a general term for noncarbonaceous material)
and dirt (carbonaceous material containing greater than
40% ash after combustion, Fenton et al.1962) removed during
mining varies with the thickness character of the seam
being worked. Some seams contain dirt bands, others do
not. A single colliery may have worked a number of
different seams and a single spoil heap may have received
spoil from a few closely situated collieries.

The spoil may be unburnt (black) or burnt (red or
white) and mixtures of both sorts commonly occur.  Igni-
tion occurs as a result of the spontaneous combustion of

the carbonaceous fraction of the spoil. Burnt spoil often

occurs as fused masses and Doubleday (19722) claims that




combustion at temperafures in excess of 45000 reduces
the phosphate sorbing capacity and increases the avail-
ability of potassium.

Spolils resulting from open cast or strip-mining are
very similar to those resulting from deep mining and

present the same sorts of reclamation problems.

3. Revegetation of colliery spoil heaps

I) The nature of the problem
Colliery spoil heaps reclaimed for agricultural,

public amenity (playing fields, open space) or aesthetic
reasons must be able to support a cover of vegetation.

Colliery spoil does not however, represent a favourable

substrate for plant growth. Natural revegetation may

failed. The following literature review on factors affect-
ing plant growth on spoils outlines the nature of the problem.

a) Physical factors.
Brierley (1956) working mainly in the Nottinghamshire-

Derbyshire coalfield suggested that the establishment of

vegetation depended upon mechanical rather than chemical
factors. Conditions which facilitated the establishment
of vegetation were found where large, firmly anchored rocks

or any kind of stable rough material was exposed on the
spoil surface (Brierley 1956).

Wood & Thirgood (1955) reported that exposure may be
the cause of poor growth of trees planted on the upper
slopes of tall conical heaps situated in exposed positions.

From a study of the dark coloured spoils of County



Durham, Richardson (1958) concluded that the desiccating
effect of high summer temperatures on shade free slopes
of spoil heaps was an important factor limiting plant
growth. Similar conclusions were reported by Cornwell
(1971) from a study of anthracite spoil banks in
Pennsylvania.
b) Chemical factors

i) Deficiencies.

Davison & Jefferies (1966) examined freshly exposed
and weathered, burnt and unburnt spoils with pH values
ranging between 3.2 and 7.8 from the Northumberland and
Durham coalfields. They concluded that all were severely
deficient in phosphorus and nitrogen. Potassium

deficiency symptoms were reported by Coates (1964) to

occur in grasses and cereals grown on the Bickershaw
reclamation site in Lancashire.

Beyer & Hutnik (1969) reviewed the results of invest-
igations into poor plant growth in strip mine spoils in

certain American states and commented that deficiencies
of nitrogen, potassium, calcium and magnesium were found.
Knabe (1965) stated that nutrient deficiencies could

account for the poor growth of vegetation on certain spoil
heaps but not the complete absence of vegetation noted on
some spoil heaps. One example was guoted, however, where
the lack of vegetation on a neutral spoil bank in.central
Germany was due entirely to extreme deficiencies of
nitrogen, phosphorus and potassium (Knabe 1965).

ii) Toxicities.

Spoil heaps may contain appreciable quantities of

the mineral iron pyrites. On weathering, this mineral



becomes oxidised with the result that sulphuric acid.

is produced (see page 72). This reaction can occur

to such an extent that the surface layers of a colliery
spoil heap become extremely acid. Chadwick, Cornwell

& Palmer (1969) reported pH values of 2.8, 3.5 and 3.8
as the means of twelve samples taken from three colliery
spoil heaps in the West Riding of Yorkshire.

Knabe (1965) stated that extreme soil reaction was
the most frequent cause of the failure of natural
revegetation of industrial waste material. The import-
ance of soil acidity is not usually ascribed to a direct
effect of hydrogen ions but rather to the increased

solublility of certain potentially phytotoxic elements,

especially, aluminium and manganese.

Berg & Vogel (1968) observed both in laboratory and
field studles that several legume species grown in

Kentucky strip-mine spoils produced symptoms of manganese
toxicity. Tree growth and survival in some Iowa spoils
was reported to be inversely related to exchangeable
aluminium levels (Lorio & Gatherum 1965).

Beyer & Hutnik (1969) examined spoils from the
bituminous coalfield of Pennsylvania and concluded that
pH and soluble aluminium were the most probable causes
of spolil toxicity.

Toxicities attributable to copper, zinc and lead are
not usually found in colliery spoils although they have
been observed in heavy metal-ore mine spoil and smelter
wastes (Bradshaw et al. 1965; Smith & Bradshaw 1972).

Knabe (1965) has suggested that the failure of




natural revegetation of certain spoil heaps could be
due to the osmotic effects of high salt concentrations.
This worker has also claimed that sulphur dioxide and
mercaptan may be produced when spoil undergoes combustion,
and these may be important factors in some situations
(Knabe 1965).
¢) Biotic factors

Atkinson et al. (1957) and Wood & Thirgood (1955)
suggested that in Great Britain, vandalism may be the

prime cause for the failure of tree planting revegetation

schemes.

II) The solution of the problem?
The initial stages in revegetating a colliery spoil

heap usually involves landscaping operations. These are
necessary t6 lessen the visual impact of prominent spoil
heaps being reclaimed for aesthetic reasons and to produce
a suitably contoured surface where reclamation is intended
to provide land for agricultural, amenity or building
purposes. The reshaping of the heap is only the first
and usually the least problematical, though most expensive
operation in a reclamation programme.

The establishment and maintenance of a suitable
cover of vegetation presents few problems if the surface
of the spoil heap is covered with a sufficiently thick
layer of soil fo isolate the plants from the spoil, i.e.
20-25 cms. This is not usually a practical proposition
because of the unavailability, and extremely high cost
of transporting and spreading topsoil. This procedure

can only be considered when large quantities of topsoil

are available in very close proximity to a reclamation



site. Such opportunities may occur for example, when
a motorway 1is built through an area of derelict spoil
heaps. In the normal situation the vegetation must
be established directly onto the spoil surface énd the
problems outlined in the literature may be encountered.

In early reclamation schemes the selection of
ameliorants and piant species were made on an ad hoc

 basis. Frequently the initial results were encouraging
but the rapid regression of what had initially appeared

to be completely successful revegetation schemes indicated
the need for a sound understanding of the factors involved
in the poor growth of plants on colliery spoil heaps.

A number of research groups were established and the
present thesis represents an investigation undertaken in

the Colliery Spoil Research angd Advisory Group established
at the University of York.

1. Introduction to the work resented in the present thesis
The alms of the present investigation were twofold.

a) To elucidate the extent and significance of seasonal

variation of factors that might affect plant growth on

colliery spoil.
b) To determine the availability and fate of naturally
occurring and applied fertilizer nitrogen.

Both these topics had received very little attention
in the literature: seasonal variation had not been
considered and whilst it was usually thought necessafy
to add fertilizer nitrogen to spoil heaps during revege-
tation programmes (Doubleday 1972), the fate and effect-

iveness of applied nitrogen was unknown.




A spoil heap called Mitchell's Main (situated
near Barnsley in the West Riding of Yorkshire) was
chosen for the investigation. This site was selected
because it possessed characteristics typical of many
spoil heaps in the West Riding of Yorkshire. Thus,
Harding (1970) examined this site in winter 1967 and
concluded that the spoil was moderately acid and contained
very low levels of phosphorus and potassium together with
high and locally toxic levels of aluminium, manganese
and possibly iron, copper and zinc. Further, a field
trial had been established on this site in 1967 (Chadwick
1973a), in which some ameliorants were applied to
neutralize spoil acidity and others to supply nitrogen.
Information had been obtained by Cooper (1973) on the
initial effects of the applied ameliorants on the yield
of vegetation. This field trial, therefore, represented
a very suitable site at which to perform the present
investigations because both acid and neutral, fertilized

and unfertilized, replicated established plots of known
history were available for sampling.

As a basis for the investigations, spoil samples
were removed from the trial plots at very approximately
monthly intervals over a period of two years. Samples
were analysed for a number of plant nutrients, pH and
enumerations of organisms responsible for nitrogen
cycling were performed.

The plant nutrients included the elements aluminium,
manganese, copper, zinc and iron, all of which were shown

by Harding (1970) to occur at higher levels in Mitchell's

Main spoil than in acid moorland soil and potassium for




which the reverse was true. The cations, calcium,
magnesium and sodium were measured because high concen-
trations of these can result 1n spoil salinity problems
(Knabe 1965). The three forms of mineral nitrogen, i.e.
ammonium, nitrite and nitrate were also determined and
the following groups of micro-organisms were enumerated;
Fungi, Nitrosomonas, Nitrobacter, Pseudomonas and
Denitrobacillus. In addition, spoil moisture determina-
tions were performed and recordings of the spoil
temperature were made.

Phosphorus determinations were not made because
the standard methods of analysis for this nutrient in
solls, do not give meaningful results for colliery spoils.
The quantities of phosphorus extracted from colliery
spoils in which plants were growing well or to which
large quantities of phosphorus were added immediately
prior to extraction were negligible (Chadwick, personal

communication). This problem has been the subject of

an investigation by Fitter (1972).

Sometime after the sampling programme at Mitchell's
Main had been initiated it was decided that the invesgti-
gation should be extended to include an examination of
the initial effects of weathering reactions and
ameliorant applications on plant growth. such data
could not be obtained at Mitchell's Main because the
field trial had been established three years before the
present sampling programme was begun in 1970.  Further,

Mitchell's Main spoil heap had been regraded in 1959,
eight years before the field trial was la#'_ii' down. A
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suitable site for the new investigations was found at
a spoil heap situated at Upton. One end of this large
spoil heap was regraded (thus exposing unweathered spoil)
in the summer of 1970 and a field trial was layed down
immediately. The experimental design included the
ameliorant treatments used at Mitchell's Main so that
comparisons between the two sités could be made. With
the exception of spoil temperature recordings, the
determinations outlined for Mitchell's Main were repeated
at the Upton site. The sampling programme at this
second site was maintained for a period of twenty months.
Whilst the periodic sampling programmes at both
sites provided useful information on the seasonal changes
in the levels of plant nutrients, other experimental
procedures had to be adopted to study the fate and
recycling of nitrogen. To this end, two spoil incubation
experiments and determinations of the dry weight yield

and percentage nitrogen composition of the vegetation

growing on the trial plots were performed.

5. Presentation of methods, results and discussions
The materials and methods used throughout the

investigations are presented in Chapter Two. The results
of the experimental work are detailed and discussed in

the following two chapters. Chapter Three is concerned
with the plant nutrients (other than mineral nitrogen),
pH, spoil moisture and temperature recordings included

in the repetitious sampling programmes. All the wvarious
determinations performed to elucidate the nitrogen status
and recycling activity of the spoils are collected



together in Chapter Four. Overall assessment of the

spoils at the two sites is made in Chapter Five and in
Chapter Six, the results of the present investigations
are discussed in relation to practical schemes for the

revegetation of colliery spoil heaps.



CHAPTER TWO
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CHAPTER TWO

MATERIALS AND METHODS

Introduction

The present chapter is divided into four sections.

Section I Site and field trial description

Section II Chemical and microbial determinations
~ In this section all the methods of analysis

and enumeration used in the repeated

sampling programme are described and

discussed.

Jection III Incubation experiments

The experimental design of the two incuba-

tion experiments and the materials and

methods used are given.

Section IV  Miscellaneous techniques
Materials and methods that were not

appropriate for sections I-III are

included in this section.

14



SECTION I SITE AND FIELD TRIAL DESCRIPTION

Mitchell's Main

The Mitchell's Main spoil heap covered approximately
40 acres of land at Wombwell (National Grid reference

SE 394 043) and resulted from the mining of four coal
seams, the sulphur content of which ranged from 1.6 to
2.45%.

When tipping ceased in i956 the spoil heap was
composed of two high, steep sided conical peaks. These
were reduced to raised mounds connected by a saddle
shaped area of spoil by regrading operations carried out
in 1959. The regrading operations represented the
first stage in a reclamation programme initiated by the
West Riding County Council. In 1960 the spoil heap was
limed (at 1 ton/acre), fertilized (4001bs/acre 7:7:7)
and a grass mixture sown (30% Festuca rubra, 25% Lolium

erenne, 15% Poa trivialis, 10% Agrostis tenuis, 10%
Cynosurus cristatus and 10% Phleum pratense at lcwt/acre).
In 1962 a dréssing of nitro-chalk was applied at 2.5 cwt/

acre and the following year the whole site was planted

with trees (Acer pseudoplatanus, Alnus glutinosa and
A. incana, Quercus borealis, Robinia pseudoacacia and

Pinus laricio).

The scheme appeared to be completely successful and
won a Civic Trust Reclamation Award in 1964. By the
autumn of 1964 the grass and trees had begun to die and

large eroding patches had formed. The regression
continued over the next few years and the south-facing

slopes became almost devoid of vegetation.

15



In spring 1967 a field trial was established on the
south~facing saddle shaped area between the two mounds.
The details of this field trial are given in Table 2.l1.

The main plots were arranged along the same contour
with the sub-plots running down the side of the spoil
heap (a gradient of approximately 1:5). The grass was
sown and the trees were planted in March, 1967.

The surface layers of spoil on the trial plots were

composed both of burnt and unburnt material, with the
latter predominating.

When the present investigations were begun early in
1970, the original sub-divisions of the main plots were
not obvious because many of the trees had diled and the
sown grasses had spread to form a patchy cover over the
whole of the main plots. The division of main plots
into sub-plots was therefore ignored throughout the

present investigations.
Upton

The tipping complex at Upton (National Grid reference
SE 484 143) was composed of a number of irregular spoil
mounds. The spoil résulted from the mining of four
seams of coal with sulphur contents ranging from 1.6
to 2.2%.

The west facing end of the tip complex was regraded
in the summer of 1970 to produce a slope of maximum
gradient 1:5. During the regrading operations the sub-
surface layers were found to be burning and after

regrading, the spoll surface was composed of approximately

equal proportions of burnt and unburnt material.

16



A field trial was established immediately after the
spoll moving operations were completed in August 1970.

The details of the field trial are given in Table 2.2.

17
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Table 2.2 Field trial design at Upton

Block I

(3) (1) 7 9 (0) 8 5 4 (2) 6 10

Block Il
8 5 (0) 7T 9 6 10 4 (3) (2) (1

Block III
4 (3) 5 6 8 (1) 10 7 9 (o) (2

All plots were arranged along the same contour and each
measured 2yds along the contour and 4yds down the slope.

NOTATION
(0) Control All plots were sown with
(1) Shoddy 4 tons/acre the Mitchell's Main
(2) Sewage-sludge 20 tons/acre grass seed mixture at
(3) Limestone 8 tons/acre loz/square yard.

4 Limestone + shoddy at above
rates

5 Limestone + sewage-sludge
at above rates

Only treatments enclosed

in brackets were included
6 Compound fertilizer 8cwts/

acre ('Saingral' 17.17.17) in the present investi-

7 Limestone + compound gations.

fertilizer at above rates
8 1" topsoil + treatment 7
9 4" topsoil " '
10 8" topsoil " "

20



SECTION II  CHEMICAL AND MICROBIAL
DETERMINATIONS

A diagramatic representation of the collection and

subsequent determinations performed on each spoil
sample in the repeated sampling programme is shown

in Fig. 2.1. The individual determinations are

described and the reasons for their adoption are

discussed in the following pages.

1. Collection of spoil samples
Mitchell's Main

Spoil samples were collected from the trial plots
on the following dates:-

Exp.No.1 16th March, 1970 9 1l1th May, 1971
2 4th May, 1970 10 7th June, 1971
3 14th July, 1970 11 22nd July, 1971
4 19th November, 1970 12 5th August, 1971
5 11th January, 1971 13 17th September, 1971
6 26th January, 1971 14 3rd November, 1971
7 25th February, 1971 15 29th November, 1971
8 16th March, 1971 16 1lst February, 1972

At each sampling time, a single bulked sample
was prepared for each of the'three field replicates
of the shoddy, sewage-sludge, limestone (treatment 3
only) and control plots. Each sample was obtained by
bulking six spoil cores taken at random from within the
whole of a main plot. Individual spoil cores of 7.5cm
diameter and 15c¢cm depth were taken with a fern trowel
after removal of the above ground vegetation. The

trowel was cleaned with 70% ethanol before each core

21
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was taken.

The cores forming a single bulked sample were
placed together in a sterile, heavy duty (250 gauge)
clear polythene bag that was sealed with an elastic
band. (The polythene bags were sterilized by exposure
to an ultra-violet light source for 24 hours). Care
was taken to keep the individual cores of spoil intact
during transportation to, and storage at 4°C in the
laboratory. The period of storage in the laboratory
was never greater than twelve hours and usually much
less.

Upton

Spoil samples were collected from the trial plots
on the following dates:-

Explo. O (%ggr‘:ungioizzgs applied) > #ist dprid, 197
1 19th August, 1970 6 22nd June, 1971
2 1l6th September, 1970 7 Tth August, 1971
3  Qgth December, 1970 8 14th October, 1971
4 10th February, 1971 9 10th January, 1972

At each sampling time a bulked sample was prepared
for each of the three field replicates of the shoddy,
sewage-sludge, limestone and control plots (treatments
0, 1, 2 and 3 in Table 2.2.).

Each sample was obtained by bulking three spoil cores
taken at random from within each plot. The cores were
collected, transported and stored in exactly the manner

described for Mitchell's Main.
Discussion of the sampling regime adopted

Consideration of the time and amount of equipment

23



needed to carry out ali the required determinations

on each sample lead to the conclusion that the maxi-
mum number of samples that could be collected on any
occasion was twelve. Since the number of main plots
at Mitchell's Main was eighteen, all could not be
sampled at once. Cooper (1973) demonstrated that at
‘this site, all three regimes of limestone applications
(main plots 3, 4 & 5 in Table 2.1) were insignificantly
different with respect to pH and yield of vegetation
and it was therefore decided to omit main plots 4 & 5
(those receiving the split applications of limestone)

from the investigations.

Sampling at Upton was restricted to the plots
common to both sites.

Because only a single sample could be taken from
each plot, attempts were made to ensure that this sample
was representative of the whole area of the plot. “Thus,
s1lx cores of spoil were bulked at Mitchell's Main and
three at Upton. In both cases the number of cores taken
to form the bulked sample was considered to be the
maximum that could be taken without damaging the plots.

2. Initial preparation of samples
Immediately before the determinations were to be

performed, the polythene bag containing the bulked sample
was removed from the cold room at 4°C and the individual
cores of spoil broken down and th&roughly*mixed together
by passage through a stainless steel, lcm round holed
sieve. The less than lcm fraction was collected in a

stainless steel tray. Both the sieve and collection




tray were sterilized before each sample was sieved by
swabbing with 70% ethanol and flaming.

The less than lcm material was divided into two
parts, one was used in the fresh state for the prepara-

tion of a dilution series, mineral nitrogen and spoil

moistufe deteminations, whilst the other was air
dried and subsequently used for pH and plant nutrient
(other than mineral nitrogen) determinations.

When soils are analysed for plant nutrients the
determinations are usually performed on the less than
2mm fraction. It is assumed that this separates the
"chemically ingctive" larger fraction that is composed
of silica grains from the "chemically active" smaller
grains. Chadwick (1973b) pointed out that this was a
meaningless procedure for colliery spoll because
large particles of spoil are not composed of silica
and may rapidly break down to form "chemically active"
material. A1l determinations in the present investli-

gations were therefore performed on the less than lcm

fraction of spoil.
3. Air drying of spoil samples
Because air dry soil samples are much easier to
handle and store than fresh ones, many workers routinely
dry their samples before analysis. Jackson (1962)
states that many determinations are not significantly
affected by complete air drying for storage purposes

but he includes iron, phosphorus, potassium and nitrate

as examples of determinations that must be made on

fresh material. Other authors have reported that
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considerable changes in the levels of ammonium and
nitrate occur on drying and storage of samples and
suggest that analysis of fresh material is preferable
(Allen & Grimshaw 1962; Cooke & Cunningham 1958;
Gasser 1961).

It was decided that analysis of mineral nitrogen
would be performed on fresh material and the effect
of air drying the spoil samples before analysis would
be investigated before a decision was made for the
other plant nutrients and pH. The investigation was
initially carried out on a bulked spoil sample taken
at Mitchell's Main in March 1970 and was repeated for
an Upton sample in August, 1970. The experimental
technique, and results were similar in both cases and
will be described together.

At both sites a single bulked sample was obtained
by pooling fifty cores of spoil taken at random from
the area immediately surrounding the field trial plots.
Each core was 4 cmns in diameter and 15 cms deep and all
were mixed together by passage through a 1 cm round
holed, stainless steel sieve. The less than 1 cm
fraction that was used in the determinations was divided
into two parts. Duplicate saturated paste extracts
(see later) were prepared immediately for one part
whilst the other was air dried before the extracts
were made. The saturated paste extracts prepared from

both the fresh, and air dried spoil samples were

analysed for a number of elements and pH determinations

were performed (by the methods described later). The
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results are given in Table 2.3.

The results show that air drying colliery spoil
before analysis increased the concentration of most
of the elements studied. With the exception of
potassium, however, the magnitude of the increases
was small. °~ The pH changes induced by alr drying
were also small. It was, therefore, decided to use
air dry material for the determination of pH and all
plant nutrients except mineral nitrogen.

Although the levels of potassium were much higher
in air dry than fresh spoil, this was not thought to
be particularly important because the surface layers
of spoil heaps often become very dry in the summer
months. Further, Harding (1970) found that the levels
of potassium that occurred in plants grown in spoil
were well related to determinations performed on air
dry material.

The following method of air drying was employed.

The spoil sample was spread ta a maximum depth of
2 cm over a polythene sheet lining a shallow poly-
propylene tray. The tray was placed in a drying
cabinet maintained at 25°C for four days after which
all plant material was removed before the dry spoil was
transferred to a polythene bag for storage.

4. The determination of spoil pH
Several factors affect the pH reading given by a

soil:liquid suspension. Of these the dilution level

and salt concentration are the most important.



Table 2.3.

Comgarison of various determinations made

on fresh and air drz sgoil samples.

Mitchell's Main

Fresh Air dry %

(14% Moisture) (6% moisture) change
Aluminium 38.0 28.0 0,
Manganese 17.19 17.49 + 1.3
Copper 0.43 0.61 +41.8
Zinc 0.70 0.80 +14.2
Iron 537 5.62 + 4.6
Sodium 6.90 7.01 + 1.5
Potassium 1.10 2.66 +141.8
Calciunm 204 .80 211.20 + 3.1
Magnesium 144.96 146.23 + 0.8
pH 3.02 2.94 - 2.6
Setracion . 3¢ 56 :

Upton

Fresh Air dry %

(13% moisture) (5% moisture) change
Aluminium Too low to detect
Mangenese 2.07 2+59 +15.4
Copper Too low to detect
Zinc 0.07 0.07 0
Iron Too low to detect
oodium 1029.1 103%3.4 + 0.3
Potassium 10.14 16.14 +59.1
Calcium 651.13 669.11 + 2.7
Magnesium 157.10 161.97 + 3.0
pH 5.41 5.86 + 8.3
i e e

All values are the mean of two replicate determinations.

The values for the elements are expressed in ppm in the
saturated paste extract
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901l dilution: the greater the dilution the higher the
pH value recorded. This is overcome by measuring the
pH at a fairly wide soil:water ratio by placing the
calomel electrode in the supernatant and the glass elec-
trode in the settled suspension (Seatz & Peterson 1964).
ooluble salts: as the salt concentration increases, the
pH falls. This phenomenon can be eliminated by the use
of 0.01 M CaCl, in place of water as the diluent. It

is assumed that the salt concentration in the sample is

negligible with respect to the amount of salt added in
the diluent. pH values obtained using 0.01 M CaCl2 as
diluent are usually between 1.0 and 0.5 pH lower than
corresponding values when water is used (Seatz & Peterson
1964 ). The method for determining spoil pH used this
background salt solution because colliery spoil may

contain high levels of soluble salts (Chadwick 1973b).
The method used is given below.

Duplicate 10g quantities of air dry spoil were placed
into 50 ml capacity glass beakers containing 20 ml of
0.01 MCaCl2 solution. The suspension was stirred
intermiteéntly for thirty minutes and allowed to stand
undisturbed for a further thirty minutes.

The measurement of pH was made electrometrically

using an Electronic Instruments Ltd. (EIL), model 23A
direct reading pH meter.

The position of the electrodes was adjusted so
that the glass electrode was partly immersed in the
settled suspension and the calomel electrode in the
supernatant. After switching the meter to the read
position, thirty seconds equilibration time was




allowed before the reading was taken.

5. « Saturated paste extract of colliery spoil
Chadwick (1973b) demonstrated that conventional

methods of soil analysis based upon an extracting
solution coming into rapid equilibrium with the solid
phase were inappropriate for use with colliery spoil,

and suggested that the determination of water soluble
elements in a saturation extract provided a better

guide to the suitability of colliery spoil for plant
growth. Using this method of extraction, Harding (1970)
found that a relationship could be established between
the levels of certain nutrients in spoil and in plants
grown on spoil.

Saturation paste extracts have been used in the
present investigations and the following method of
preparation was used.

Duplicate 250g quantities of air dry spoil were
placed in 1 1 glass beakers and mixed with a spatula

‘whilst delonised water was added until saturation
point was reached.

"At saturation the soil (spoil) paste glistens as
it reflects ligh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>