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The Use of Stabilised Biowaste
in the Restoration of Former Landfill Sites

Executive Summary
This report describes a programme of research undertaken by Remade Scotland on
behalf of, and funded by, the Scottish Executive. The report considers the framework
to determine the basis on which stabilised biowaste - waste which has been subject to
mechanical biological treatment (MBT) in a mixed waste composting facility - may
be used for the treatment of land, particularly sites which are closed former landfills.
Generally the waste involved will be municipal solid waste (MSW) collected by local
authorities.
SEPA proposed in its Composting Position Statement (September 2004) that if a
stabilised biowaste can achieve a particular quality standard in terms of PTEs
(Potentially Toxic Elements – heavy metals), microbial standards and levels of
impurities (glass/metals/plastic), then the material may be suitable for the restoration
of old landfills. However, the recovery of stabilised biowaste by land spreading in this
way is not considered to be a long term solution. This material and its application to
land would require to be assessed on a site by site basis, subject to a risk assessment
process and under regulatory control. This report explores the issues involved.
The Stabilised Biowaste Working Group
The Scottish Executive is well aware of the important role composting processes must
play in organic waste recovery in meeting the Biodegradable Municipal Waste
(BMW) landfill diversion targets specified in the EC Landfill Directive (1999/31/EC).
The Directive requires the phased diversion from landfill by 2020, of up to 65% of the
biodegradable waste fraction contained in municipal solid waste. The Stabilised
Biowaste Working Group was established by the Scottish Executive to provide a
forum for biowaste producers, local authorities, SEPA, WRAP, COSLA and the
Scottish Executive, to address the issues and to advise and contribute to the overall
research programme.
Main Outcomes
The research work was initially described by several work programmes. However, the
work can be generally condensed into two distinct packages:
•

The processing and sampling/analytical issues - relating to the ability of
any plant in achieving the Indicative Standard which SEPA has set out before
any biowaste material can be considered for land restoration/treatment.

•

The planning and environmental regulatory control regimes - needed to
be applied to any land/site operation where the stabilised biowaste material is
to be applied.

The following sections summarise the work.
Processing, Sampling, Analysis and Screening
At the present time there is no defined sampling methodology for taking samples of
mixed compost to form a composite sample, which can then be considered as
representative of the whole batch. In addition, the frequency of sampling needs
iii

careful consideration, in order to demonstrate the biowaste’s compliance with SEPA’s
indicative standard. Sampling and analytical results taken from two mixed waste
composting operations in Scotland (Dunoon and Levenseat) were used in the exercise
to determine sampling frequency and methodology.
A sampling protocol involving 25 samples is proposed for the within-batch
sampling. The number of samples to form the composite sample should be based on
the homogeneity of the biowaste, and the level of PTEs in relation to the indicative
standards. The biowaste material taken from both plants was never consistently below
the indicative standards. It therefore proved difficult on a statistical basis to determine
the frequency of analysis required to detect failure of the stabilised biowaste batches.
A review of various screening systems available for numerous providers is
produced. The impurity requirements of the SEPA indicative standard on first
inspection seem onerous. However, discussions with the screening equipment
companies suggest that the biowaste can be screened to meet these requirements. It is
anticipated that the next step will be to install a pilot screening system to see if the
standard can be achieved.
Planning and Environmental Regulatory Control
Good practice guidance for both planning and licence/permit applications is produced
and included in the form of a “roadmap”. The primary purpose of the roadmap is to
provide a higher degree of regulatory predictability to assist local authorities and
mixed waste compost operators in the investment decision making process. It is also
intended to be of assistance to the statutory regulatory bodies and to prospective
applicants.
The study sets out the principal planning considerations in the restoration of old
landfill sites. The study has drawn on discussions with development control officers.
It was initially envisaged that a case study could be developed and indeed preparatory
work has been done on a particular closed former landfill site. Ultimately, however,
the route to securing planning approval for the use of stabilised biowaste will be
determined by the individual local authorities in whose area the land restoration will
take place.
The use of stabilised biowaste on old landfill sites will be the subject of a waste
management licence or permit. This licence will require a risk assessment unique to
the site, to ensure the material is being applied in a way which does not disturb the
underlying waste and its potential to pollute controlled waters.
The option of regarding land treatment by stabilised biowaste as an exempt activity
was explored, but ultimately ruled out because of the strict limitation on the types of
waste suitable for application in the exempt activities.
Restoration Methodologies
The report also highlights some of the issues which need to be considered in using the
biowaste in soil amendment/ restoration. Blending calculations which seek to
achieve target organic matter levels in the final amended soil are provided. These
calculations can be used to facilitate the blending of biowaste with a soil or indeed
blended directly into the existing soil.
A preliminary survey of all 32 local authorities indicated a significant number of
former landfill sites (464 sites – 3116 hectares) could be suitable for restoration using
stabilised biowaste. However, such sites should be treated with caution, since many
iv

former landfill sites may have potential to cause pollution. In addition, some sites may
be privately owned, and therefore not necessarily available for restoration. Based on
blending calculation methods provided in the report, between 1.9 and 5.8Mt of
biowaste could be used in restoration. But such use should be seen in the context of a
more integrated approach to the utilisation of biowaste as RDF for energy recovery
and other possible land restoration uses.
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Introduction
Background
The Landfill Directive (1999/31/EC), the National Waste Plan and Area Waste Plans
have fundamental implications for the development of integrated waste management
strategies throughout Scotland. Of particular significance is the statutory requirement
derived from the Landfill Directive to achieve a number of targets including:
•

The quantified and phased diversion of biodegradable waste from landfill
disposal by 2020, and

•

The pre-treatment of waste prior to final disposal by landfill.

The specified quantities of biodegradable municipal waste to be diverted from landfill
are based on recorded 1995 waste arisings and are phased over the following
timescales.
•

Reduction to 75% of baseline by 2010

•

Reduction to 50% of baseline by 2013

•

Reduction to 35% of baseline by 2020

These targets are supplemented by a 2006 Scottish domestic target of a reduction to
85% of baseline quantities, equivalent to 1.5 million tonnes of biodegradable
municipal solid waste (MSW) being landfilled. An additional domestic target is also
in place to achieve a combined recycling and composting rate of 25% by 2006. On the
basis that a typical analysis of MSW comprises approximately 63% biodegradable
waste, strategies designed to maximise the diversion and treatment of biodegradable
waste from the municipal waste stream have the potential to deliver these onerous
targets.
Area Waste Plans (AWP) have identified the local Best Practicable Environmental
Option (BPEO) and have focused on the role that source segregation of recyclable
materials and green waste composting can play in delivering targets, particularly in
the short to medium term. However, it will be necessary at some point in the future to
adopt waste treatment technologies capable of delivering longer term targets. By way
of example, to date an increasing number of Scottish local authorities have committed
to small to medium scale green waste composting, in addition to kerbside recyclate
collection schemes. Green waste processing capacity continues to expand in an effort
to comply with first phase diversion and recycling targets. Several other councils have
also committed to green or mixed waste composting technologies1. However, an
infrastructure for the treatment of source segregated garden and mixed residual wastes
on a scale designed to make a significant contribution towards diversion targets and
treatment requirements has yet to be established in Scotland.
Within the above context, the Scottish Executive initiated a fundamental review of the
factors capable of influencing the overall viability of mixed waste processing by
Mechanical Biological Treatment (MBT). MBT covers a range of technologies
designed to process mixed wastes by composting, the primary purpose of which is to
stabilise the organic fraction within the municipal waste stream.

1

Aberdeenshire, Argyll and Bute, Dumfries and Galloway Councils
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Working Group on the Use of Stabilised Biowaste
This review includes an examination of the market for suitably treated and specified
material, specific to the restoration of closed former landfill sites. The Scottish
Executive established an expert Working Group to oversee this review. The Working
Group is chaired by the Executive and comprises members from COSLA, SEPA,
SESA and WRAP. Remade Scotland has been commissioned to research and report
on a framework specification for the application of stabilised biowaste on closed
former landfill sites. However, some of the research findings will be of relevance to
operational landfill sites where stabilised biowaste may be utilised as part of site
operations. For example, stabilised biowaste could be used as daily cover material on
the landfill face and on restoration of the site above the landfill cap. Existing site
licences/permits are expected to address such activities.
As part of the study, a programme of sampling and analysis has been conducted in
partnership with mixed waste composting operations, designed to produce time series
data on the quality and variability of stabilised biowaste currently being produced in
Scotland. This work is ongoing, with some early results reported, but it is not possible
to reach definitive conclusions or to make recommendations on these aspects of the
research until a representative series of samples has been procured from different
locations and analysed.
Specification of Stabilised Biowaste
Specifications for the use of stabilised biowaste have been the subject of various
reviews in recent years. (EU DG Env2A2; SEPA3; Briton4; Greenpeace5; Irvine et al
2003)
The National Waste Plan (p45-46) sets out to the important role that composting of
waste will make to the diversion of BMW targets for Scotland. However an important
distinction is drawn between source segregated wastes which, after composting, can
achieve PAS100 standards and a residual or mixed waste which is subject to
composting. The National Waste Plan states that “With regard to court decisions and
the proposal for a Directive on biodegradable waste, SEPA and the Scottish
Executive consider that composts from source segregated waste that meet PAS100 or
the Composting Association standards, and which are used as a product, will not be
considered as waste”. This view is also reflected in SEPA’s Composting statement
(Sept 2004). All composting operations whether treating source segregated or mixed
waste, are regarded as waste treatment facilities and subject to the waste permitting
regime.
The National Waste Plan states that the output material from the composting of mixed
biodegradable waste remains a waste material and therefore its subsequent application
in landfill restoration or land reclamation uses has to be subject to appropriate
regulatory measures, principally the waste permitting regime. The Plan adds that the
regulation of mixed waste composting will be proportional to the risks – this is
assumed to include the application to land of the stabilised biowaste produced. The
SEPA position statement develops this further and suggests an indicative standard
2

Working Document on the Biological Treatment of Biowaste, 2nd Draft, Feb 2001
www.sepa.org.uk/pdf/guidance/waste/sepa_comp_position_sep04.pdf
4
Compost Quality Standards and Guidelines, W F Brinton, Woods End Research Laboratory, Dec
2000
5
Cool Waste Management, Greenpeace Environmental Trust Feb 2003, ISBN 1-903907-04-7
3
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given in Table 1, which, if mixed waste compost is able to achieve the indicative
standard, then it is may be possible to consider applying the material to land subject to
risk assessment procedures on a site by site basis. The threshold values for Potentially
Toxic Elements (PTEs) in the indicative standard are based on a combination of
PAS100, the EU 2nd Draft Working paper on Biowaste and the Sludge Use in
Agriculture regulations (1989) Schedule 2.

Table 1.1 Indicative Standard – SEPA Composting Position - Sept 2004 with EU 2nd Draft
Working Document standards for comparison
Parameter

SEPA
Indicative
Value6

EU Working Document
2nd Draft7
Compost/Digestate
Class 1

Class 2

Stabilised
Biowaste

Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Mercury (Hg)
Nickel (Ni)
Lead (Pb)
Zinc (Zn)

3mg/kg
400mg/kg
200mg/kg
1mg/kg
100mg/kg
200mg/kg
1000mg/kg

0.7
100
100
0.5
50
100
200

1.5
150
150
1
75
150
400

5mg/kg
600mg/kg
600mg/kg
5mg/kg
150mg/kg
500mg/kg
1500mg/kg

Impurities >2mm
(excl. gravel and
stone)

<3% of air-dried
sample

<0.5%

<0.5%

<3% of airdried sample

Faecal coliforms

<1000CFU/g

In relation to the use on land, the EU 2nd Draft Working Document suggests that:
•

Only treated biowastes shall be allowed to be spread on land;

•

The use on land of treated biowastes shall result in agricultural benefit or
ecological improvement;

•

The use of stabilised biowastes fulfilling Table 1.1 requirements above be
authorised as a component in artificial soils or in land applications that are not
destined for food and fodder crop production (such as final landfill cover with
a view to restoring the landscape).

In essence, there are four types of municipal organic wastes which require to be
considered as given in Table 1.2.

6
7

Normalised to 40% organic matter
Normalised to 30% organic matter
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Table 1.2 MSW Compost Types and markets

MSW Feedstock

Quality Standard

Possible Use

Source segregated
organic waste

Meets PAS100 criteria

Range of markets
without environmental
regulation

Source segregated
organic waste

Does not meet PAS100
criteria but meets
indicative standard for
mixed waste composts

Treat as waste – but
material could be
applied in landfill
restoration subject to
waste licensing

Mixed residual waste

Meets SEPA indicative
standard

Treat as waste – but
material could be
applied in landfill
restoration subject to
waste licensing

Mixed Waste

Does not meet SEPA
indicative standard

Treat as waste – no
prospect for landfill
restoration. Most likely
disposal route – Landfill

Mixed Waste Composting - Short or long term solution?
The National Waste Plan suggests that 300,000t/yr of capacity for composting mixed
waste will be in place by 2010. However, with an anticipated increase in source
segregated organic wastes, the amount of mixed waste composting will reduce, with
an increased emphasis in the composting of source segregated organic waste. The
Plan also states that some uses for lower-quality “composts” are limited; for example,
the finite number of landfill sites that can be restored using mixed waste compost. The
SEPA composting position statement echoes the National Waste Plan by stating that
Local Authorities should be “aware that composting mixed waste is not a long term
solution”.
For the reasons given above, clear emphasis is therefore placed in the longer term on
the treatment of source segregated organic municipal wastes, rather than mixed waste
composting.

Developing the Composting Framework
The purpose of this report is to provide guidance to local authorities and the waste
industry. It focuses on the composting and subsequent application of mixed waste
compost to old landfill sites. To do this the research has to consider:
•

The issues relating to producing compost which can achieve the SEPA
indicative standards in Table 1.1; and
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•

The regulatory aspects which require to be considered by the planning and
waste permitting regimes for the subsequent application of the material to
specific sites.

The Terms of Reference for the Research is given in Appendix A and is summarized
in the diagram below.
Figure 1.1 Outline Programme

Work Programme 1 focuses on achieving the SEPA indicative standards:
•

Screening - To what extent are screening systems able to remove impurities
such as glass, plastic and other contaminants, in order to meet the 3% of air
dried sample under 2mm?

•

Stability - What is the importance of stability in assessing the suitability of
composted biowaste for application to land? Stability is an important
consideration in considering how a composted waste might behave as a soil
amendment. Compost which has yet to achieve stability will continue to lose
organic mass, resulting in increased concentrations of PTEs. Stability is also
important because it is an important factor in determining whether a
composted material is still biodegradable.

•

Sampling – Little information is currently available on how to take a
representative composite sample from the compost for testing, and how
frequently sampling should take place.

•

Leachability – Although not part of the SEPA indicative standard, the extent
to which PTEs might leach from the compost will inform the risk assessment
in any subsequent use of the material as a soil amendment.

This work is reported in Section 2 and associated Appendices.
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Work Programme 2 builds on Programme 1 by undertaking specific sampling of
biowaste from two existing mixed waste composting operations in Scotland and
makes a comparison of the results with the SEPA indicative standard. These results
are given in Section 3.
Work Programme 3 considers the potential downstream use of the mixed biowaste
(limited at the present time to old/former landfill sites). In particular:
•

Capacity Assessment – An initial survey of all 32 Councils in terms of the
number of old landfill sites and associated hectares was carried out;

•

Planning – The priority issues relating to development control procedures
require to be identified for any landfill restoration activity

•

Environmental Permitting – the restoration activity remains within the
waste licensing regime as a licensed activity.

These issues are addressed in Sections 4 and 5. To date, Work Programme 4 has not
been developed because of the efforts directed to the other Work Programmes.
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Achieving a Quality Standard for Stabilised Biowaste
Introduction
The first step in the Framework is to consider what issues have to be addressed in
order to achieve and to demonstrate achievement of the SEPA indicative standard.
Without this, any composted biowaste is expected to be disposed to landfill.
Sampling and Analysis
The principal contamination concern in biowaste is heavy metals i.e. potentially toxic
elements (PTEs). Any chemical and biological analysis requires that the sampling
protocol produces a sample of material that is representative of the entire batch. This
is usually achieved by extracting numerous point samples from separate locations
within a batch and mixing them thoroughly to produce a single composite sample for
analysis, that ensures the sample is representative of the entire batch. One of the aims
of this research was to identify a suitable sampling protocol which addresses the
following questions:
•

How many point samples are required to produce a composite sample that
represents the batch (within-batch sampling)?

•

How frequently should batches be sampled (between-batch sampling)?
Analysis of the final product can be costly, however it is important to sample
as often as is necessary to achieve accuracy.

The research suggests a methodology which SEPA and composters may wish to
consider, which will give some degree of confidence in the ability of the composted
biowaste to comply (or otherwise) with the SEPA indicative standard. The method is
based on a statistical analysis of numerous samples from Dunoon, a mixed waste
composting operation in Scotland.
The number of point samples required to ensure that the resulting composite is
representative of the whole batch depends on a number of factors, such as
heterogeneity of the material and the level of each contaminant compared with the
regulatory targets. For example, if a contaminant has a concentration well below the
indicative standard and the batch is relatively homogeneous, then few point samples
will be required to produce a composite sample that is representative of the entire
batch and demonstrates that the level of the PTE of interest is below the applicable
regulatory threshold. Sampling protocols have been suggested for green waste, which
suggest up to 10 sampling points for a batch. However biowaste is more
heterogeneous than green waste compost and is likely to contain PTEs closer to the
threshold and therefore more sampling points are required.
The batches used from Dunoon had contained high levels of Pb, Cu, and Zn which
exceeded the concentrations in SEPA’s indicative standard.
Proposed Sampling Protocol
The proposed approach is detailed in Appendix B. It is suggested that at least 25 point
samples should be taken from locations distributed throughout the batch and mixing
the materials should take place to form one composite sample. Due to the high levels
of certain PTEs in the batches, it is not possible to recommend a statistical method
that would allow producers to reduce the number of point samples required and still
demonstrate that most of their product was of sufficient quality.
7

At present, every batch should be analysed for PTE levels. During the course of this
research, few mature batches were available for analysis and as a result the variation
in PTE levels was impossible to gauge accurately.
Stability
Stability is regarded as important since it provides further information on the
characteristics of the composted material:
•

The stability of the material is a measure of the microbial activity level of the
material. This knowledge is important for the purposes of soil amendment and
blending activities in the treatment of land.

•

It may inform on the extent to which further organic matter is lost and the
resulting impact on increased PTE concentrations

•

An early consideration was to try to determine whether after composting, the
mixed waste may be capable of achieving a level of stability which is defined
in the 2nd Draft Working Paper on the Biological Treatment of Biowaste.

A consultation paper8 and its associated research study, considers how biodegradable
waste diversion from an MBT plant might be determined. One method highlighted in
the report is to assign zero biodegradable waste content to MBT wastes which reach
AT4 10mg O2 /g DM. This method is not considered as an option in the consultation.
No single method for determining stability exists. Each focuses on O2 consumption,
CO2 production and temperature changes. WRAP defined stability in terms of
biological activity and proposed that the aerobic respiration rate as determined by CO2
production should be adopted as the most suitable method for determining stability.
Results
Samples were taken from the Dunoon plant over a 150 day period. Other parameters
measured were:
•

Dry Matter (DM)

•

Organic Matter (Loss on ignition (LOI))

•

C:N ratio

•

Organic and inorganic carbon

•

Salmonella spp, E Coli, Enterobacteriaceae

•

PTEs (see section 1 and 2)

Final samples from Dunoon and Levenseat were also analysed for AT4.
The results show a steady reduction in CO2 production and hence stability, over time.
However, after week 5, the dry matter content of the composted material is high and
this ultimately halts the microbial activity. This dry material is required for final
screening purposes.

8

Assessing the diversion of biodegradable municipal waste from landfill by mechanical biological
treatment and other options, A consultation paper related to monitoring the utilisation of landfill
allowances, Environment Agency, Nov 2004.
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In terms of AT4, Dunoon was able to show 24.1mg O2/g DM. Levenseat gave 53mg
O2/g DM, against the 2nd Draft Working paper standard of 10 mg O2/g DM. This does
suggest that while the material does not quite reach the stability standard, further
composting/maturation may help the material reach this standard.
The full details of the stability work are provided in Appendix C.
Screening Technology Options
Section 3 will show the PTE results from biowaste samples taken from the Dunoon
and Levenseat mixed waste composting plants. Although the feedstock from both
plants is MSW, the Dunoon site has lower PTEs. The composting process is different
for both plants, as are the screening systems deployed. Pre and post screening
techniques are likely to have some impact on PTE concentrations in the biowaste.
However, the most significant role screening can play is in the removal of impurities
such as glass and plastics. An objective of the research is to identify equipment, plant
or machinery which is expected to be capable of refining stabilised biowaste to meet
SEPA’s indicative standard, specifically by the removal and reduction of non
compostable elements (NCE) or impurities. In addition, such equipment has to be
capable of being incorporated into existing and new treatment plants with minimum
impact on layout and procured and installed at an acceptable cost.
Principles of Waste Separation
There are three principal separation techniques used in the industry with varying
degrees of potential for removing contamination by NCE’s from stabilised biowaste.
•

Air Classification - relies on differences in density, size and shape to separate
mixed materials by placing them in a strong flow of air.

•

Ballistic Separation - uses the differences in trajectory attained by materials
with differing air resistance, elasticity and inertia.

•

Centrifugal Separation - applies centrifugal forces to separate materials of
different size and density.

Equipment Configuration
It is relevant to note that the configuration of screening equipments within a
flow/treatment process in the majority of cases studied incorporates more than one
appliance and more than one of the above techniques. Manufacturers often combine
two of the above techniques into one machine, particularly with air classifiers and
ballistic separators. They also advocate the use of appliances in series to deal with
distinct particle size distribution.
Equipment manufacturers and suppliers routinely endorse their own products to
effectively remove NCEs from stabilised biowaste. This is dependant upon equipment
being suitably specified and configured within a flow/treatment process as outlined
above. However, the case studies indicate that only in exceptional cases would these
types of equipment be operated in isolation. The majority of operational sites visited
had complementary and sequential equipment comprising a wide range of screens,
diverting materials into distinct particle size ranges, routinely in 20mm fractions.

9

Equipment Suppliers
A comprehensive review was conducted of European business directories, internet
trade associations and newsgroups, technical discussion forums and individual
equipment manufacturers and suppliers. This initial desktop study identified a modest
number of manufacturers/suppliers of equipment with the potential to remove and
reduce the proportion of NCEs in stabilised biowaste sourced from the municipal
waste stream. The second stage of the vetting process entailed providing each of the
manufacturers/suppliers with the undernoted:
•

An input specification - the characteristics of the waste to be processed; and

•

An output specification - the draft specification to allow the application of
stabilised biowaste to former landfills.

A range of manufacturers/suppliers, which is not exhaustive, and their manufacturing
locations, who participated in this part of the study, are outlined below.
(See Appendix D for detailed screening survey information)
•

Doppstadt (Germany)

•

Envipro (Denmark)

•

General Kinematics (UK)

•

IFE (Austria)

•

Nihot (Holland)

•

REDOX (Holland)

•

Stramproy Group (Holland)

•

Vecoplan (Germany)

•

TTP (Holland)

Equipment Performance
The majority of equipment manufacturers/suppliers will discuss with potential
customers the level of performance guarantee that they are prepared to provide in
relation to their equipment.
Critical factors in the provision of performance guarantees are outlined below:
•

Input material specification (waste analysis);

•

Total tonnage to be processed; and

•

Rate of throughput.

Similarly, any alterations to other up-stream equipment within a process flow are
likely to impact on the effectiveness of these screening technologies.
Manufacturers/suppliers are normally prepared to re-calibrate their down-stream
equipment within the context of continuous improvement programmes and customer
satisfaction. This can offer an opportunity to involve new equipment suppliers in the
retro-fitting of screens within existing plant, with a view to accurately defining the
terms of a performance guarantee.
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Equipment Costs
Although initially this range of equipments may be considered turnkey, manufacturers
and suppliers consider the number of site and process variables to be so significant as
to restrict their ability to provide “catalogue” or budget costs. Factors which influence
both performance and cost include:
•

the physical environment into which the equipment will be located;

•

the proximity and relationship to other plant;

•

the need for additional structural/civils works;

•

the installation of bespoke feeding and discharge systems optimised to
specified materials flow; and

•

the additional overall commissioning costs.

These auxiliary features which can be unique to each installation preclude
manufacturers from providing accurate budget costs. However, some manufacturers
provide an indication that smaller less sophisticated screening equipment will cost
around £25,000 to purchase, while more complex integrated systems could be within
a range £100,000 to £150,000. Based on notional plant throughputs, additional
screening equipment only costs would seem to range from £2 to £3 per tonne of waste
processed. These figures are indicative only and are subject to the range of site
and process specific factors outlined above, with proportionate cost implications.
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Results from Existing MBT Plants
As part of the research programme, a sampling and analysis programme was carried
out on two separate plants in Scotland (Dunoon and Levenseat). Both plants use pre
and post screening systems.
Full details of the Sampling and Analysis are given in Appendix F. The analysis
sought to understand the levels of PTEs found in the mixed waste compost and the
relationship between organic matter and PTE concentrations
Results
Table 3.1 shows the results of the final composted material from both plants
compared against the PTE standards for PAS100 and SEPA’s indicative standard
Element

Dunoon
(mg/Kg)

Levenseat
(mg/Kg)

PAS guideline
SEPA Industry
(mg/Kg)
Standard (mg/Kg)

Cu

205.1

300.4

200

200

Zn

403.2

1011.4

400

1000

Pb

284.4

432.4

200

200

Cd

0.66

0.73

3

3

Hg

0.11

0.19

1

1

Ni

21.66

41.77

100

100

Cr

11.9

25.71

400

400

As can be seen, both plants fail to meet the PTE standards for Cu Zn and Pb. The
Dunoon samples were generally lower than the Levenseat plant. This is probably
attributable to the different pre and post screening systems. The samples were taken
from the plants during a time of commissioning, and it is expected that improved
management of the operations and refinement of the screening systems will lead to
lower PTE levels.
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Planning Procedures for the Application of Stabilised Biowaste to
Former Landfill Sites
Factors Influencing the Use of Stabilised Biowaste
Local Authorities are the principal bodies responsible for planning and developmental
control. SEPA is a statutory consultee in the development plan and planning
application process, providing an opportunity to positively influence land use
decision-making. It is well recognised that informed land use policies are integral to
effective environmental protection and can also help to address growing public
concern in relation to matters of human health.
In addition to the option to landfill treated waste, the opportunity exists to consider
recovering the organic matter and nutrients from the waste, thus presenting an option
for more productive use of natural resources. However, these alternative uses of
stabilised biowaste are determined by a number of related factors outlined below.
•

The biological, chemical and physical characteristics of the mixed waste
compost, and its availability;

•

The availability of land, within specified categories and locations that would
genuinely benefit from the application of the material;

•

The assessed risk to human health and to the environmental impact of
applying the material to land; and

•

The regulatory and procedural requirements as they relate to individual land
uses.

Consideration of each of the above factors will significantly influence the way in
which the planning authorities and SEPA determine applications for planning
permission and waste management licences respectively.
Sections 4 and 5 focus on the potential application of stabilised biowaste in the
restoration of closed former landfill sites. They do not address the planning and
regulatory procedures that apply to the development of the processing infrastructure,
such as the need to construct buildings, or to the MBT process itself.
The work is restricted to former and existing landfill sites, however, since existing
sites will be subject to an existing waste permitting system, the work considers the
broader application to former landfill sites where no specific waste permitting regime
is likely to be in place.
Key Planning Issues
Review Methodology
The Working Group required that the review of planning procedures should be at a
practical level, should be piloted in a realistic case study situation and should also be
capable of adaptation into a user-friendly good practice guide. The relevant phases are
outlined below.
•

Appraisal of Planning Control Procedures

•

Integrated case study/pilot
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•

Preparation of draft planning or amendment application to any planning
permission already in force

•

Production of user guidance

This methodology assisted in the identification of priority issues relating to
development control procedures, within the context of land restoration and
reclamation. The case study assisted in linking the specific technological and
scientific factors to the procedures. The outcome of this integrated exercise facilitated
the production of user guidance in the form of a “roadmap”, capable of being used by
planning authorities and also by applicants.
The intention was to work with a specific former landfill site. Site visits and outline
planning preparation work has been carried out. However, because of the
requirements to install a second stage composting process to comply with Animal Byproduct Regulations, it has not been possible to complete the study by progressing to
the actual MBT composting stage. Nevertheless the approach used is set out in this
Section in some detail.
A number of parameters were identified to provide a relevant scenario for this work.
•

Closed former landfill sites that would benefit from up-grading or remediation

•

Site ownership can be either local authority or private sector

•

The minimum standard for stabilised biowaste is in accordance with SEPA’s
indicative standard for mixed waste compost

Planning Policies relevant to the Application of Stabilised Biowaste to Land
Recent national planning and environmental policies, both statutory and advisory,
have supported responsible and sustainable land use and attempted to minimise the
risk of environmental pollution. Examples of these policies contained within statute,
guidance and advice include, Scottish Planning Policy (SPP 1): The Planning System,
the EIA Regulations and Planning Advisory Note (PAN 63): Waste Management
Planning.
Environmental degradation and pollution is also addressed through a variety of policy
instruments. The undernoted list represents the more significant but not exhaustive
legislation, guidance and advisory resources to which local authority planning
functions and applicants/operators are likely to refer.
•

The Town and Country Planning (Scotland) Act, 1997

•

Scottish Planning Policy (SPP 1) The Planning System

•

The Environmental Impact Assessment (Scotland) Regulations, 1999

•

The Environmental Protection Act (1990)

•

The Landfill (Scotland) Regulations 2003

•

The PPC (Scotland) Regulations 2000

•

The Waste Management Licensing Regulations 1994

•

The Waste Management Licensing Amendment (Scotland) Regulations 2003

•

The Sludge (Use in Agriculture ) Regulations 1989
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•

EC 2nd Draft: The Biological Treatment of Biowaste 2001

•

SEPA: Composting Position Statement, September 2004

•

NPPG 10

Planning and Waste Management

•

PAN 33

Development of Contaminated Land

•

PAN 51

Planning and Environmental Protection

•

PAN 58

Environmental Impact Assessment

•

PAN 63

Waste Management Planning

•

PAN 64

Reclamation of Surface Mineral Workings

•

PAN 66

Planning and Open Space

Current government policy is also clear in confirming that planning powers should not
normally be used to secure objectives which can be achieved under other legislation9.
However, pollution or damage to health, and public fears about them, are material
considerations that the planning authority can take into account, but conditions
attached to planning permissions cannot be used in ways that duplicate the pollution
control regime10.
Development Plans
The Development Planning system comprises Structure Plans which provide a longterm vision as part of an area’s development requirements, and Local Plans which
address detailed policies and specific proposals to guide day-to-day planning
decisions. Both plans help to determine the intended land use within their respective
policy areas and are intended to be complementary. The development control function
of the planning authority provides the statutory control mechanism for the area. In
terms of applications for planning permission, there is a presumption in favour of
development if the proposal is in accordance with the approved policies of the
development plans, unless material considerations indicate otherwise. Approvals can
be subject to conditions and legal agreements. An appeal process to Scottish Ministers
is available to applicants in the event of non determination, refusals, conditions
applied or enforcement action.
Requirements for a Planning Application
The deposit or application on land of waste, including stabilised biowaste from the
MSW stream, can be construed as an operation on land that will require an application
for planning permission. Where the planning authority requires the submission of an
application, a number of factors will be taken into consideration, notwithstanding the
distinction in areas of responsibility outlined above.
•

Impact on residents and a consideration of their views (either through
neighbour notification or public advertisement)

•

Protection of controlled waters

•

Protection of private water supplies

9

SPP1
The Royal Commission on Environmental Pollution; 23rd Report/Environmental Planning; March
2003
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•

Public health

•

Odour

•

Dust

•

Vermin

•

Traffic movements

The views of statutory consultees are also important. The above factors are not
exhaustive and any planning conditions attached to the consent should not duplicate
those issues that will be considered as part of the environmental protection regulatory
process administered by SEPA.
Two distinct application scenarios are considered.
1. Where an approved Restoration Scheme/Plan is in place for a delineated area
of land (closed former landfill)
2. Where no current consents or approvals are valid
Restoration Scheme Already Approved - A formal restoration scheme may be in
place for closed former landfills, either in the form of a detailed Restoration Plan or as
a more generic statement of completion standards in the case of more historic sites. In
the latter scenario, it is common for output standards to be specified, with the
minimum of detail provided on resource inputs. Consequently, the restoration
medium, in the form of clays, sub-soils and topsoils may be specified in terms of
depth of cover, impermeability factors and ability to support vegetative growth etc.
However these plans are most unlikely to refer to the use of stabilised biowaste as part
of a restoration scheme.
It is suggested that approved restoration schemes and existing specifications can be
amended to include the use of stabilised biowaste as part of a restoration medium. The
process of amendment to the restoration scheme would not automatically or
necessarily require the submission of a new planning application.
•

Where the original restoration scheme consent did not have an Environmental
Impact Assessment (EIA) in place as it was an old/existing site, it may now
require an EIA. The need would be determined during the screening exercise,
on the basis of the proximity of the proposed site to sensitive uses or sites, or
was above the specified thresholds specified in the annexes of the EIA
Regulations (see section 4.7).

•

Where an EIA had originally been submitted, an amendment to the EIA is
likely to be required to allow the application to land of such material. Any
proposed amendment(s) as outlined above would require notification to SEPA.

In considering the need for an EIA or an amendment to an existing one, the planning
authority may take cognisance of the biowaste meeting SEPA’s indicative standard on
quality.
Where No Consents or Approvals are Valid - The emergence of the sustainable
development agenda requires planning authorities to address applications “in a
holistic manner that recognises the social, economic and environmental implications,
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together with a more recent emphasis on social justice/equality issues.”11 In broad
development control terms, a “suitable for use” approach underpins the decisionmaking process.
Application Process
Where no approvals, consents or existing permissions are in place, it is likely that the
planning authority will consider it appropriate to require the submission of an
application for planning consent to deposit waste in or on land. The application would
routinely be considered as a full or detailed application and not as an outline
application (an in-principle application).
Status of Applicant
A planning application requires to be made irrespective of whether the site is owned
by the local authority (a notification of intention to develop procedure applies) or is in
private ownership. Application procedures, advertising and information requirements
are common to both categories of applicant.
Bad Neighbour Development
Remediation of closed former landfills is likely to be considered to be a bad
neighbour development, on the basis that the use of land is for the disposal or deposit
of refuse or waste materials. A case could be promoted that the primary activity is the
deposit of waste and less of a final waste disposal operation. However, the
interpretation and implications of bad neighbour status are acknowledged, where an
application is required. This entails the formal public notification by advertising of the
bad neighbour development, with advertising costs borne by the applicant. Delegated
powers to determine the application at planning officer level are unlikely to be in
place for this category of application.
Change of Use
In the case of stabilised biowaste being utilised by spreading on land, it is considered
that the primary activity is one of land restoration which may also entail ancillary
works, such as drainage, tilling, seeding, planting, etc. This would be considered a
change of land use requiring “change of use” planning permission to be obtained, the
incorporation of stabilised biowaste as a soil amendment is secondary to that primary
process.
In the case of a closed former landfill where the primary objective is simply to
remediate the site, it is considered that a “change of use” application would not be a
requirement. In all cases it would be good practice to discuss matters with the
planning authority before assumptions are made.
Information Requirements for a Planning Application
1. Where an EIA is not a requirement:
• Completed standard planning application form, as per The Town and Country
Planning (Scotland) Act 1997
•

11

Location plan, 1:1250 preferred; 1:10,000 may be acceptable in rural areas

SPP1
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•

Method Statement which details the overall nature of the proposal; the type,
quantity and source of materials to be used; drainage provision; vehicular
numbers and movements; hours of operation; timespan of operational works;
soil treatment (e.g. tilling, blending); final/finishing treatment (seeding,
planting)

2. Where an EIA is required, three stages require to be followed:
1. Screening procedure requirements:
•

Plan identifying location of proposed site

•

Description of the nature and purpose of the proposal, with possible
environmental impacts

•

Any additional relevant information to facilitate the decision-making
process

2. Scoping opinion requirements:
•

Plan identifying location of proposed site

•

Description of the nature and purpose of the proposal, with possible
environmental impacts

•

Any additional relevant information to facilitate the decision-making
process

3. EIA Application requirements:
• Completed application form as per the EIA Regulations 1999 / PAN 58
•

EIA Statement

•

Non-technical summary

•

Any other supporting documents (e.g. Planning Statement)

Planning Application Processing Timescales
As a bad neighbour development, i.e. the use of land for the disposal of waste
materials, local authorities are unlikely to have granted delegated powers to officials
to process this category of activity (see Section 4.4).
If there is no EIA requirement, the statutory determination period is 2 months. If an
EIA is required, the statutory determination period is 4 months. In this scenario an
additional lead-in period requires to be added to accommodate the procedures under
the EIA Regulations. This is exclusive of the time required for preparation of
submissions.
1. Screening Opinion – Request for determination from the local planning
authority on whether an EIA is required, with a statutory determination period
of 3 weeks, unless a mutually agreed longer period is confirmed in writing.
2. Scoping Opinion – Consultation with the local authority on the scope of the
EIA with a statutory determination period of 5 weeks, unless a mutually
agreed longer period is confirmed in writing.
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If the planning application is made by the local authority or the land is owned by the
local authority, additional time-related requirements come into play following formal
Local Authority Committee decision to grant consent.
1. Where the proposal is contrary to the Development Plan; and
2. Where objections to the application have been received.
In both scenarios, the application and local decision are referred to the Scottish
Ministers. The Ministers have a 28 day period to consider and issue a decision on the
application. The initial period may be extended by further periods of 28 days, as may
be required.
Application Fee Structure
On the basis that applying waste on land is to be considered by the planning authority
as a waste disposal activity, the application fee structure is £130 per 0.1 hectare,
subject to a maximum individual fee of £19,500 (15 hectares). Additional costs would
be incurred with variable local advertising rates for publishing the bad neighbour
development notification.
Requirement for an Environmental Impact Assessment (EIA)
The Environmental Impact Assessment (Scotland) Regulations 1999, Schedule 2,
specifies a range of activities that may require an EIA submission. Installations for the
disposal of waste on land of more than 0.5 hectare are a specified activity.
•

An EIA is required when the development is likely to have significant
environmental effects due to its nature, size or location. Indicative thresholds
(Circular 15/1999, Annex A) will determine the requirement for an EIA where
new capacity to hold waste of more than 50,000 tonnes per annum, or on a site
of 10 hectares or more, is exceeded. The selection criteria (Annex B) should
also be referred to and Figure 1 (page 8) of the Circular is a good guide.

•

An EIA would not be required where the above thresholds were nor exceeded
or where inert materials only were used in the application to land. Current
planning interpretation is unlikely to regard stabilised biowaste as inert.

In the majority of likely cases relating to closed former landfill sites within
Scotland, it is anticipated that the above thresholds would not be exceeded.
Consequently, an EIA would not be required. However, if a proposed site was
within proximity of housing or other sensitive land use location, e.g. SSSI, SINC, etc,
it is likely that an EIA would be required as part of the overall regulatory assessment
process.
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Case Study/Pilot

A former hard rock (felsite) extraction quarry operated from 1979 to 1984,
excavated to an estimated depth of 40 metres. Waste disposal, comprising MSW
and commercial/industrial wastes, operated from 1984 to 1990 when the site was
closed. Both activities had appropriate planning consents in place and the disposal
activity authorised and managed under a Resolution. The site is 3 hectares approx.,
located in a predominantly rural and agricultural community and is adjacent to a
new waste transfer and waste bio-stabilisation facility. The site and facility are
owned by the local authority.
The site is covered with 1 metre approx. of clay-rich material, machine track
compacted and at 2 metres approx above adjacent agricultural land, with a passive
LFG management system. An existing Restoration Plan is in place, with no
specified end-use identified for the site. The incorporation of stabilised biowaste
as a soil amendment would not require a planning application, but would require
an amendment to the Restoration Plan. This would detail the treatment of land
where reclamation, restoration or improvement following industrial or other manmade development (minerals extraction and landfill disposal) was necessary. The
amendment would incorporate the use to which the land could be put due to the
improvement achieved by the use of the stabilised biowaste (benefits to agriculture
or ecological improvement). More detailed submissions are also required to SEPA.

Restoration Plan: Amendment Application
The planning authority will require to satisfy itself that the proposed amendment to
the Restoration Plan makes a positive contribution to the reclamation of the site. The
amendment application can be required to include factors relating to:
•

Land use options – As an illustration, this could entail a proposal to reclaim
the land by ecological improvement, by incorporating biodiversity enhancing
features. This could include planting indigenous hedging and tree belts to
provide natural habitats and wind breaks; seeding with local grasses and
creating a small wetlands area adjacent to and beyond the site boundary. This
type of approach would influence the proposed site topography, gradients and
surface water management.

•

Potential Human and Environmental Impacts – The potential impact on
local residents of odour, dust, noise and any private water supplies, arising
from the application of stabilised biowaste could also be considered as part of
the amendment.
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As in the case of a new planning application, the planning authority will be mindful of
the need not to duplicate the more detailed requirements of SEPA, specifically in the
areas of human health and environmental impact.
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Environmental Regulatory Procedures
Regulatory Bodies
Current planning policies require the potential environmental impacts of a proposal to
be considered relevant to the decision-making process. The Scottish Environment
Protection Agency (SEPA) has specific statutory responsibilities in terms of both
environmental protection and the prevention of damage to human health. SEPA is
also a statutory consultee in the development planning process. As regulatory bodies,
local planning authorities and SEPA share many common environmental principles
but retain distinct and separate application procedures in terms of the attainment of
formal consents.
The Waste Management Licensing Regime
The Waste Management Licensing Regulations 1994, as amended by the Waste
Management Licensing Amendment (Scotland) Regulations 2003, provide a
regulatory mechanism for keeping, treating or depositing waste in or on land. The
development of the Pollution Prevention and Control Regulations (Scotland) 2000
(PPC) and the Landfill Regulations 2003, which include a new permitting regime,
provide a comprehensive control mechanism for use on active landfilling and other
high environmental risk processes.
The National Waste Plan states that “Until such time as standards are agreed for
other composts [presumably mixed waste compost], SEPA and the Scottish Executive
will ensure that the regulation of mixed waste composting is proportional to the
risks”. SEPA’s Composting statement goes further and states “it is expected that in
the generality of cases mixed waste compost which meets the indicative standard is
likely to be acceptable component of the restoration unless the site for restoration
presents particular environmental risks”.
The Use of Biowaste in land restoration as an Exempt Activity
Stabilised Biowaste is ineligible for spreading to land under exemption contained in
the Waste Management Licensing Regulations 1994 (as amended) because it can
never achieve the prescribed description of compost consisting of only biodegradable
waste, due to the inevitable non-biodegradable wastes which will be contained in
MSW derived stabilised biowaste.
Therefore land application of stabilised biowaste must be carried out only under a
waste management licence.
Waste Management Licence Application Process
Article 4 of the EC Waste Framework Directive (75/442/EC) requires member states
“to take the necessary steps to ensure that waste is recovered or disposed of without
endangering human health and without using processes or methods which could harm
the environment…”. In relation to this the requirements for an effective risk
assessment process are outlined below.
1. Material and Site Specific Risk Assessment
•

Source, nature, analysis and quantity of waste

•

Identification of potential or introduced hazards and pathways
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•

Existing soils, surface/ground water quality, run-off and leaching potential,
restoration material

•

Potential receptors, human intake/respiration/food chain

•

Potential Ecosystem uptake

•

Groundwater Protection through the Groundwater Regulations (1998) which
prohibits discharges of List I substances to groundwater and limit the
discharge List II substances.

2. Exposure to Hazard
•

How much

•

How often

•

How long

•

Effect on receptor
Exposure Assessment Criteria

Receptor

Humans

•
•
•
•
•

Site proximity to settlements
Windblown materials/inhalation/quantification
Food chain uptake/consumption/quantification
Restoration material/skin contact/ingestion/extent
Drinking water/consumption/quantification

Surface water

•
•
•

Restoration area
Surface area/detailed assessment
ID of route entry/assess risk/resultant conc. levels

Ground water

•
•
•
•
•

Restoration area/ground water/ proximity
Surface area/ detailed assessment
Leachate generation potential
Leachate movement potential
ID of route entry/assess risk/resultant conc. levels

Ecosystems

•
•
•

Restoration area/ecosystem/proximity
Exposure pathways
Transfer to higher trophic level/potential

3. Integrate Site Specific Data and Exposure to Hazard
•

Probability of risk

•

Consequences of risk

•

Significance/Seriousness of risk

•

Tolerability of the risk

There may be a liability risk associated with remediation by spreading stabilised
biowaste and that would require to be addressed by legal advisers.
However, it is recognised that the risk assessment process carried out prior to any land
spreading activity commencing on a closed site will help to identify the relevant

23

characteristics of both the historic landfill and also the proposed stabilised waste as
cover material. For example, an assessment of the ability of the existing landfill cap to
present an impermeable surface to either rainfall or potential leachate emission from
stabilised biowaste helps to make a distinction between potential sources of leachate
or gaseous emission. Therefore, the outcomes from the risk assessment process help
to inform and clarify potential areas of liability where existing or historic waste
deposit sites are to be remediated utilising stabilised biowaste.
The Environmental Regulation Road Map
The Figure below attempts to summarise the expected environmental regulatory
process for a mixed waste compost that is able to achieve the SEPA indicative
Standard.
The Roadmap indicates a four month timescale for the process. However, the actual
timescales in practice are determined by the quality of the information provided by
the applicant, and the extent to which the applicant has consulted SEPA prior to
formal application. Therefore, in some circumstances where inadequate information is
provided, the timescale could be considerably longer than four months.
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Use of Stabilised Biowaste in Land Restoration
The use of sewage sludge on agricultural land and on restoration sites is well
established and aims to utilise the content of organic matter and nutrients, to improve
soil quality and reduce the need for expensive inorganic fertilisers. Other waste
materials such as paper sludge, brewery and distillery wastes and various food derived
wastes are also often utilised in this way. In all cases some form of treatment is
necessary before the waste can be used on land and specifications have to be met to
avoid damage to soils and the wider environment, including human health.
The use of stabilised biowaste for closed former landfill restoration could be
construed as having a moderate level of environmental acceptability. The activity is
capable of providing useful amounts of organic matter and some plant nutrients,
subject to the specifications for treatment processes, output quality and end-use
being met and that any negative effects are identified and assessed as being
acceptably low.
It is currently proposed to consider the use of stabilised biowaste in the restoration of
closed former landfill sites. The characteristics of individual landfill sites are variable
and therefore must be considered on a site-specific basis before specifications for the
application of biowaste can be determined. Biowaste has a high organic matter
content and low structural integrity and blending with soil materials to achieve
optimum physical characteristics will be necessary. Issues such as environmental
protection, leachability of potentially toxic elements and liability must also be
considered.
Site Characteristics and Suitability
Landfill sites vary considerably in design and may be located in former hard rock
quarries, sand and gravel pits, topographical depressions and some may actually be
land raise sites built up by layered cells and successive earth bunds. Consequently,
some sites may have steeper slopes and more complex topography than others.
Variations also occur in landfill capping systems designed to provide run-off of rain
water and prevent escape of leachate and gas. Some sites may have engineered clay
caps and their quality may be variable, e.g. the depth of the clay may be less than
adequate, or it may be poorly compacted and uneven. On some sites leachate and gas
may be escaping through weak areas in the cap. Recently developed sites are more
likely to have well designed and constructed clay or heavy duty polyethylene capping
systems. However, leakage can and does occur. Older sites may be relatively stable
but there could be areas of historic subsidence with deep depressions and unstable
ground. More recent sites may be subject to active subsidence and may have
infrastructure associated with leachate treatment and gas extraction in place. Leachate
and gas pipes (above or below ground), boreholes and pumping equipment are all
prone to damage by machinery.
The above site characteristics may all impact on machinery operations and restoration
techniques and may also be pertinent to liability and health and safety considerations.
The details and characteristics of a closed landfill site proposed to be restored using
stabilised biowaste should be fully assessed by the local authority. Any site with a
significant area of subsidence, steep slopes, poor drainage/ponding, poor capping,
signs of leachate or gas escape, obstacles or uncovered waste should be assessed as
potentially unsuitable unless the local authority can improve conditions prior to
restoration.
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Soil Characteristics
Prior to blending of biowaste with soils and subsequent site restoration, the physical
and chemical characteristics of the soils must be assessed. Physical parameters should
include texture, structure, organic matter content and bulk density. Chemical
parameters should include pH, total nitrogen, available phosphorus, potassium and
magnesium. Suitable soil reserves for use in blending may be available on-site, but if
necessary soils could be imported e.g. from nearby development sites, usually at
reasonable cost. Any soil materials either already on-site or to be imported that are
suspected of being contaminated should be sampled and analysed, and the data
assessed by a qualified soil scientist prior to use of the soils for restoration.
In much of lowland Scotland, soils are derived from glacial till that has a high clay
content and consequently soil material found on and around many landfill sites also
has a relatively high clay content. In some areas the soils are developed on sand and
gravel deposits and are freely draining. Such coarse textured soil materials will be less
suitable for blending as they will not significantly improve the structure and
nutrient/moisture retention when blended with biowaste. In other areas the soils are
organic (peat) or have organic surface horizons over mineral horizons (e.g. peaty
gleys). Such soils and soil horizons have a very high organic matter content (and also
weak structure and high water content) and will not be suitable for blending with
biowaste, but the underlying mineral horizons are more likely to be suitable for
blending.
The average organic matter content of soils in the UK is 6%, but arable soils are often
below 4% and some arable soils under intensive cultivation are below 2%. Some of
the available soil materials at landfill sites may be derived from topsoil, but it is
anticipated that most will be derived from subsoil and unaltered parent material (e.g.
glacial till). The organic matter content of these soil materials will be negligible.
Blending of Stabilised Biowaste
The following equations allow calculation of the ratio in which biowaste and soil
should be blended to achieve a given target % of organic matter in the final soil mix.
They are based on expressing the target % organic matter as weight per weight (w/w),
as per convention for soils. It is assumed that the soil material has a negligible organic
matter content (e.g. not top soil) and that the respective moisture content of the
biowaste and the soil material are similar. If the biowaste has a higher moisture
content, the volume of biowaste required in the final blend will be underestimated.
However, the margin of error is likely to be insignificant in comparison to the
potential errors capable of being made in the blending operation, which will be carried
out in the field by using large machines.
Bulk density conversion factors:
100 grams per litre (g/l) = 1 tonne per cubic metre (t m-3) = 1 gram per cubic
centimetre (g cm-3)
N.B. If analytical data is not available for bulk density, the following guideline figures
could be substituted: bulk density (g cm-3) clay (heavy) soils 1.5, loamy soils 1.3, light
(sandy) soils 1.1.
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Equation 1.


100 tonnes
 * target % OM
amount of biowaste (tonnes ) = 
 % OM in biowaste 

Equation 2.

amount of soil (tonnes) = 100 tonnes − amount of biowaste (tonnes)
Equation 3.
 amount of biowaste (tonnes ) from Eq.1 

volume of biowaste (m3 ) = 
3 
 bulk density of biowaste (tonnes per m ) 

Equation 4.
 amount of soil (tonnes ) from Eq. 2 

volume of soil (m3 ) = 
3 
 bulk density of soil (tonnes per m ) 

Equation 5.
 volume of biowaste ( from Eq.3) 

volume of biowaste to blend with 1 volume of soil = 
 volume of soil ( from Eq. 4) 
Worked Example

Target % OM = 6%
% OM in biowaste = 50%
Bulk density of biowaste = 0.5 t m-3
Bulk density of soil = 1.5 t m-3
Equation 1.
 100 tonnes 
 * 6 % =12 tonnes
amount of biowaste (tonnes ) = 
 50 % 

Equation 2.

amount of soil (tonnes) = 100 tonnes −12 tonnes = 88 tonnes
Equation 3.


12 tonnes
 = 24 m 3
volume of biowaste (m3 ) = 
3 
0
.
5
tonnes
per
m



Equation 4.


88 tonnes
 = 58.7 m3
volume of soil (m3 ) = 
3 
 1.5 tonnes per m 

Equation 5.
 24 m3 
 = 0.41
volume of biowaste to blend with 1 volume of soil = 
3 
 58.7 m 
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In the above example the target organic matter content of 6% on a weight by weight
basis (w/w) equates to approximately 15% organic matter on a volume by volume
basis (v/v).
The above calculations are for an operation that will produce a biowaste and soil
blend that can be used to replace topsoil. This blend can be spread to the required
depth without further manipulation. The spreading operation should ensure that
machinery does not track over areas already spread, causing inappropriate
compaction.
An alternative approach is to incorporate the biowaste directly into the soil. This is
only possible if there is sufficient depth of cultivable soil above the landfill cap, any
drainage layers and pipework associated with leachate or gas collection. The
following equations determine the weight of biowaste required to be incorporated into
soil within a given area and to a given depth in order to achieve a target % organic
matter content.
Equation A.
amount of soil to be amended (tonnes ) =
area (m 2 ) * incorporation depth (m) * bulk density of soil (tonnes per m3 )
Equation B.


100

% biowaste required = target % OM * 
 % OM in biowaste 

Equation C.
amount of biowaste required (tonnes ) =
% biowaste required * amount of soil to be amended (tonnes )
(100 − % biowaste required )

Equation D.

volume of biowaste required (m3 ) =

amount of biowaste required (tonnes)
bulk density of biowaste (tonnes per m3 )

Worked Example
Biowaste to be incorporated in an area of 100 m2 to a depth of 30 cm
Target % OM = 6%
% OM in biowaste = 50%
Bulk density of biowaste = 0.5 t m-3
Bulk density of soil = 1.5 t m-3
Equation A.
amount of soil to be amended (tonnes) = 100 m 2 * 0.3 m * 1.5 tonnes per m 3
= 45 tonnes of soil
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Equation B.
 100 
% biowaste required = 6 % * 
 =12%
 50% 
Equation C

amount of biowaste required (tonnes) =

12% * 45 tonnes
= 6.14 tonnes
(100 −12%)

Equation D.
volume of biowaste required (m3 ) =

6.14 tonnes
= 12.3 m3
0.5 tonnes per m3

In the above example, about 6 tonnes or 12 m3 of biowaste will be incorporated to a
depth of 30 cm over an area of 100 m2. The area to be treated could be adjusted
depending on the type of machinery being used and the reach of the excavator arm.
The area should be marked out by stakes in advance. This method will remove any
compaction in the soil surface and again care should be taken not to track over
completed areas. The degree of mixing will not be as high as that for pre-blending
described above but will be adequate.
Preparation and Application of Biowaste and Soil Blend
Part of the site will need to be designated for the blending operations and suitable
storage facilities will be required to protect stockpiles from heavy rain and wind.

The blending operation will require the initial storage of the biowaste and suitable soil
materials. Blending is usually achieved by using 3600 tracked excavators. One
excavator with a 1 m3 bucket lifts the appropriate quantities of biowaste and soil, and
forms a third pile. The second machine uses a forked attachment to repeatedly lift and
mix the materials until a blend of an even consistency is achieved. The bucket
machine can then transfer the blended material to a temporary storage area or ideally
into a dump truck for immediate spreading. Storage time of all the materials to be
used in the blending process should be minimised to prevent deterioration of the
constituents and to minimise any risk to the environment.
For the direct placement and incorporation method, the in-situ soils would ideally be
free of compaction prior to spreading the biowaste to the required depth. The biowaste
would then be loose tipped by dumper truck and incorporated by a tracked excavator
with 1 m3 toothed bucket, in a sequential operation that would avoid trafficking and
thus avoid compaction. Compaction of soils on land restoration sites is the most
common cause of failure to provide a surface tilth capable of supporting plant growth.
Further guidance on site restoration operations and application techniques is given in
Bending et al (1999)12 and MAFF (2000)13.

12

Bending, N.A.D. and Moffat, A.J. (1997). Tree Establishment on Landfill Sites. Research and
Updated Guidance. DETR. Forestry Commission, Edinburgh.

13

MAFF (2000). Good Practice Guide for Handling Soils (version 04/00). FRCA, Cambridge.
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Inventory of Former Closed Landfill Sites
Part of the research programme included a short consultation exercise with the 32
Scottish Local Authorities in order to establish potential utilisation for the use of the
mixed waste compost material. Local Authorities were asked to identify and quantify
those areas of land that were in the category of “closed former landfill sites that would
benefit from remediation or up-grading by the application of suitably specified
biowaste.” Local authorities’ duties under Part IIA of the Environmental Protection
Act 1990 had established some level of consistency, in that the environmental health
function had been given the delegated responsibility for research, survey and
reporting in terms of contaminated land. Work is ongoing in this area; however local
work plans have determined local priorities, with wide differences in current levels of
knowledge relating to former closed landfills. Accordingly, data has been categorised
on the basis of current knowledge levels. Specifically, where closed former landfill
sites have been identified, an estimate of the total number of hectares of land area has
been provided. For the purposes of this study, an estimate of the average hectarage per
identified site has been produced. Individual site locations and areas were not
provided in the majority of cases. SEPA also provided a database of identified landfill
sites in Scotland, although individual site areas were unavailable.

A total of 464 sites were been identified throughout Scotland, with a total estimated
area of 3116 hectares. This provides an average of some 6.72 hectares per site.
The above results should be treated with some caution. Not all sites are likely to be
suitable for restoration. Indeed many former landfill sites have been poorly reinstated. Consequently, any restoration works may disturb the ground, potentially lead
to groundwater contamination and would probably be best left undisturbed.
Furthermore there are likely to be ownership and access issues for many of the sites.
Nevertheless, there are likely to be some sites which would benefit from restoration.
Implementing the requirements of Part IIA, identifying contaminated sites will
provide better information on site suitability.
Although the study was restricted to former landfill sites, there are other types of land
which could benefit from land treatment using mixed waste compost:
•

Poor quality agricultural land

•

Restoration of open cast mineral workings;

•

Forestry

Available Land Capacities for Biowaste in Restoring old Landfills
It is possible to estimate how much biowaste material could be incorporated into the
sites identified in the survey in the previous section.

Based upon the target assumptions set out in Table 6.1 below, it is possible to
estimate the amount of biowaste which might be utilised in the restoration of the
former landfill sites.
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Table 6.1 Assumptions used for Available Land Capacity Calculations

Measure

Value

% Organic matter (Biowaste)

50%

Target % Organic Matter in Amended Soil

6- 10%

% OM in receiving Soil

0%

Area treated

3116 hectares

Depth of incorporation

0.3 - 0.5m

Bulk density - Biowaste

0.5 t /m3

Bulk density – receiving Soil

1.5 t/m3

Using the parameters in Table 6.1 and the equations in Section 6.3 it is estimated that
between 1.9Mt and 5.8Mt of biowaste material could be available for use in former
landfill restoration.
However, landfill restoration is only one strand of an integrated approach to helping
Scotland meet its BMW Diversion targets. The other strands could include:
•

Land treatment opportunities including forestry and open cast site restoration;

•

The use of mixed waste compost as RDF, as part of an energy from waste
programme.

In addition to the above, it should not be overlooked that the composting process itself
can remove significant quantities of BMW from the Municipal Waste stream - 20% to
30%, depending upon the scope and efficiency of the processes used - by microbial
conversion of the BMW to CO2 and H2O.
Considerable work is envisaged in the development of RDF processing and associated
energy recovery infrastructure. In relation to that, biowaste remediation can play an
important role in the short term, by providing a diversion route whilst the necessary
RDF/energy recovery infrastructures are progressed.
Environmental Protection
Specifications for the minimum standards for stabilised biowaste (given in section 2.3
above), refer to potentially toxic elements (PTEs/“heavy metals”), non-compostable
elements (NCEs/glass, plastic) and hygiene. Biowaste proposed for importation into a
landfill site for use in restoration would be required to pass these minimum standards.
This requirement would provide a primary level of environmental protection.
However, in practice the concentrations of some potentially toxic elements will be
elevated, with some at or near the minimum standard. This is an inherent
characteristic of stabilised biowaste, as metals such as zinc, copper, cadmium and lead
are present in a wide range of consumer products. Although the risk of harm to the
environment and humans may be low when such material is applied to closed landfill
sites, there is still concern about potential leachability and consequent pollution.
Leachability is discussed separately in the following section.

There is potential for sediments to enter watercourses when soils are disturbed or
moved during land restoration, especially in wet weather. Conversely, in dry weather
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dust could be a problem within the local environment. The provision of a water
bowser/tank and sprinklers can alleviate the problem. The risk of pollution will be
minimised by following the guidelines in section 2.8 for soil handling operations and
by implementing the practical guidance provided as per the following SEPA Pollution
Prevention Guidelines:
•

PPG1 General guide to the Prevention of Water Pollution;

•

PPG5 Works in, near or liable to affect Watercourses;

•

PPG6 Working at Construction and Demolition Sites;

•

PPG21 Pollution Incident Response Planning.

Adherence to the appropriate guidance will ensure that the risk of harm to the
environment from the proposed restoration operations will be minimised. The risk of
harm to humans is considered to be very low, as the main pathways would be by
ingestion of soil or plant material. In normal circumstances, this is extremely unlikely
to occur.
Leachability
There is much information on Potentially Toxic Elements (PTEs/ “heavy metals”), in
soils and also in the wider environment, due principally to concerns about the
spreading of sewage sludge and other organic wastes on farmland. The Sludge (Use in
Agriculture) Regulations 1989; (as amended 1990) and the Code of Practice for
Agricultural Use of Sewage Sludge (DOE 1989), provide both application rates and
soil pH adjusted loading rates These rates are based on established research into the
behaviour of PTEs in the soil and the threat they pose to the environment. A detailed
assessment of PTEs in soils is available, and includes for each element the solubility,
mobility, availability to plants and the extent to which they are adsorbed or otherwise
immobilised by soil, mineral and/or organic matter, (Alloway 1990)14. General
guidance is also provided in the Code of Good Agricultural Practice for the Protection
of Soil. Attention is increasingly being paid to the environmental effects of land
application of stabilised biowaste derived from Municipal Solid Waste (MSW) that
has undergone various types of Mechanical Biological Treatment (MBT). Outline
assessments are provided in the following paragraphs and are based principally on the
established research identified above, and include the Potentially Toxic Elements
(PTEs) which are cited in specifications, guidelines and regulations, etc.

Cadmium
Cadmium usually occurs at much less than 1 mg/kg in parent rocks but Carboniferous
black shale in Derbyshire has levels up to 24 mg/kg. In industry, cadmium is a byproduct of zinc smelting and is used for galvanising, electro-plating, in plastics,
enamels and glazes and in nickel-cadmium batteries. Soil contamination occurs from
aerial deposition from smelters, burning fossil fuels and from tyre wear. In
agricultural soils the main source is from phosphatic fertilisers. The median value in
indigenous soils is 0.37 mg/kg. Sewage sludge is another source and a median value
for cadmium content in British sludge is given as 17 - 23 mg/kg dry matter.
Cadmium is one of the more mobile elements and can be leached through soil profiles
and taken up by plants. Therefore it is considered to be more potentially harmful to
14

Alloway, B.J. ed. (1990). Heavy Metals in Soils. Blackie.
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humans However, it is adsorbed onto clay and other mineral surfaces and adsorption
rates increase with increasing pH value and organic matter content.
Chromium
Chromium occurs in igneous rocks. Soils in England and Wales have a chromium
content in the range 0.2 - 838 mg/kg, with a median value of 39.3 mg/kg. The range in
urban soils has been reported as 22 - 1297 mg/kg. Chromium is used in the production
of alloy steels and in plating/coatings, in refractory bricks, as a leather tanning agent
and paint pigment, a catalyst/oxidising agent, wood and textile preservative and also
as a coating on audio/video tapes. Additions to soil are mainly from sewage sludge
and fly-ash from coal fired power generation.
In unpolluted soils, the Cr III state is dominant and is relatively insoluble. Cr III
hydroxides and oxides are adsorbed onto clay particles and organic matter. With
decreasing pH, oxidation to the more soluble and mobile Cr VI increases, but this
reacts with organic matter and is reduced to Cr III, especially in the presence of iron
oxides and low soil oxygen levels (i.e. in poor soil drainage conditions). The
concentrations of chromium measured in plant available form, are extremely low in
most soils.
Copper
Copper occurs in various rock types, especially basalts and some shales. The average
range in soils is 20 - 30 mg/kg. Input of copper to agricultural soils are from diverse
sources and include the following; as a fertiliser for deficient soils, in Bordeaux
mixture and fungicides, in manures (e.g. pig slurry can contain up to 1990 mg/kg), in
sewage sludge and also in atmospheric deposition. Its principal use in the domestic
and industrial environment is in some alloys, wire products, electrical conductors and
other electrical components.
Copper content in soils above 50 mg/kg can be toxic to both plants and animals,
especially sheep and lambs. However, it is also an essential trace element for healthy
plant function. It can also inhibit soil enzymatic activity and nitrification by adversely
affecting soil micro-organisms. Copper is specifically adsorbed, i.e. fixed, in soils and
is one of the least mobile trace metals. As it is complexed by organic ligands in soils,
it has a low potential to leach, particularly in organic soils.
Lead
Lead occurs as a sulphide in rocks. Typical shales and mudstones have a content of
about 23 mg/kg. A survey of soils in England and Wales reported a range of 3 16,338 mg/kg, with a median of 40 mg/kg. Another study (Wolverhampton) showed
levels of lead in urban soil of 158 mg/kg. Lead has been used in the manufacture of
pipes, roofing materials/sealants and in many industrial applications. The principal
sources of lead in agricultural soils are from atmospheric deposition from smelting,
the application of sewage sludge and in the combustion of fossil fuels, including
petrol engine exhaust gases.
Lead is toxic to plants and animals and is considered as permanent in soils. However,
it has a low solubility and mobility, as it is adsorbed and complexed with various
mineral and organic soil components. It accumulates in the soil surface horizon and
only a very small proportion is taken up by plants. Its bioavailability is assessed as
low. Ingestion of soil and home grown vegetables is the main exposure pathway for
humans.
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Mercury
Mercury occurs in rocks and natural atmospheric deposition, but anthropogenic
activity is the major source of soil contamination and aerial emissions. Mining and
smelting of ores, burning fossil fuels, production of chlorine and caustic soda and
waste incineration are responsible for atmospheric deposition. Dental preparation,
batteries, various appliances and paints contain mercury. In agriculture it occurs in
small amounts in fertiliser, lime and manure and was historically used in fungicides
and seed treatments. It is bound strongly to soil organic matter and adsorbed onto
mineral surfaces. The majority is in the form of slightly mobile organic complexes.
Adsorption is positively correlated to the organic matter content and cation exchange
capacity of the soil.
Nickel
Nickel occurs in igneous rocks and the geometric mean in soils is 20 mg/kg (England
and Wales) to 27 mg/kg (Scotland).It is used in the manufacture of stainless steel,
electro-plating, nickel-cadmium batteries, as a chemical catalyst and in both electrical
components and petroleum products. In soil, the main sources of nickel have been in
the disposal of fly-ash (from coal fired power stations) and also in sewage sludge.
Significant amounts of nickel emanate from the burning of fossil fuels, especially oil
and diesel.
The mobility of nickel increases with decreasing pH and cation exchange capacity.
Clay and organic matter content are also important factors which determine the ability
of nickel to bind. The soil pH is regarded as the most important factor affecting
binding and mobility. When nickel is in an available form, it is readily and rapidly
taken up by plants and can be toxic to plants and animals.
Zinc
Zinc occurs in various rock types; the average content in the lithosphere is 80 mg/kg.
A common range in soils is 10 - 300 mg/kg, with an average level of 50 mg/kg. Its
principal use is in the manufacture of alloys and in plating/coatings, and it occurs in a
wide range of domestic and industrial products. In soil, Zinc is derived from the
burning of coal and fossil fuels, from smelting processes and from the application to
land of sewage sludge, composted materials and agrochemicals.
Zinc is adsorbed by clay and organic matter at a range of pH values. Availability is
inversely proportional to pH level, but complexes with organic matter tend to increase
solubility. Overall zinc and cadmium are considered as very mobile and bio-available
and may accumulate in crops and human diets. Zinc is also an essential trace element
for humans, animals and higher plants, as it is an important component of many
enzymes necessary for efficient metabolism (a daily intake of 15 mg for adults is
considered safe and adequate). Zinc is regarded as one of the most difficult elements
to manage in the general environment. It is also one of the most ubiquitous and
abundant elements in the human environment.
Leaching of PTEs from Soil Amended with Stabilised Biowaste
A review of research relating to the leaching of PTEs from soils amended with
stabilised MSW-derived biowaste is provided as Appendix E of this report. The
summary findings are as outlined below.
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•

At neutral and alkaline pH, most PTEs are in relatively insoluble forms and
little leaching is likely to occur.

•

Under field conditions, the mineral subsoil acts as a sink for metals, further
reducing leaching of PTEs.

•

Leaching of PTEs from stabilised biowaste and sewage sludge is most likely
to occur with heavy repeated applications over many years, in acidic sandy
soils with low organic matter content, and which receive high rainfall or
irrigation.

In relation to any proposal to use stabilised biowaste in the restoration of closed
landfill sites, the following points should be considered together with the assessments
for PTEs above:
•

In general terms, the concentration of PTEs in biowaste is low, except for
zinc, copper and lead. However the bioavailability of these metals is low
because Copper and lead are known to be strongly bound to organic ligands
and zinc by exchange sites in clay colloids

•

speciation studies indicate that the various organic fractions in biowaste
strongly reduce the bioavailability and leachability of most PTEs;

•

some organic matter/metal complexes are more soluble than the mineral
forms of the metals; this applies to zinc and nickel;

•

the application rate of biowaste is relatively low, up to 15% by volume and
there is only one application, compared to repeated heavy applications quoted
in some research – hence the risk from leaching is reduced;

•

the soil component of the blend is likely to be derived from subsoil horizons
and unaltered soil parent material that has a very low PTE content compared
to agricultural soils;

•

the biowaste will be intimately mixed with the mineral soil material. The clay
content of the soil has a high cation exchange capacity and will adsorb much
of the PTE content not already immobilised by organic matter;

•

soil materials with high sand or organic matter content will not be suitable for
blending with biowaste, as they do not have sufficient structural stability or
PTE’ adsorbing capacity;

•

at most landfill sites it is anticipated that the soil material underlying the
blended soil/biowaste will have a substantial clay content and thus a relatively
low hydraulic conductivity and this will further reduce the risk of PTEs
leaching into the wider environment.

Effect of PTEs on Soil Biomass
Several elements are known to inhibit microbial activity in soils with a consequent
degrading of soil function. The Rhizobia species (symbiotic nitrogen fixing bacteria in
the roots of legumes) are particularly metal sensitive. The order of metal toxicity has
been reported as Cu>Cd>Ni>Zn (Chaudri et al 1992)15. However, zinc is regarded as
the most difficult to manage and unlike other metals, zinc levels in wastes are still
15

Chaudri, A.M., McGrath, S.P., and Giller, K.E. (1992). Soil Biol.Biochem. 24, 625-632.
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relatively high. Research has also shown that zinc concentrations below the EU
guideline limit of 300 mg/kg are potentially toxic and effects were also noted in
Colembola species (springtails). On this basis, it was recommended that the guideline
limit for zinc in sewage sludge applied to land should be reduced to 250 mg/kg.
Recent research (Abaye et al, 2005)16 on the effects of metal contamination on the
soil microbial population was carried out at the Woburn Experiment site. Parts of the
site received metal contaminated sewage sludge from 1942 to 1961 and the soils
currently have maximum concentrations of Cu, Ni and Zn at around current EU
permitted limits and Cd at 2 - 3 times above the limit. Even after approximately 40
years since the original contaminating activity ceased, several negative effects have
been recorded in the structure and health of the microbial community. The research
concluded that “at the very least the current EU limits for heavy metals in agricultural
soils should not be relaxed”.
Although this research relates to sewage sludge treated soils, it indicates that PTE’s
can be persistent and may continue to exhibit negative effects many years after
application. There is little research regarding the effects of stabilised biowaste treated
soils, but some of the research community imply that there are net benefits to the soil
biomass.
Overall Assessment of Leachability.
With regard to the leachability of PTEs, current proposals to blend stabilised biowaste
with soil materials as part of the restoration of closed landfill sites, the risk of harm to
the environment is assessed as low and the risk to humans is assessed as very low.
Liability and Health and Safety Issues
A detailed legal assessment of liabilities resulting from the proposed restoration of
closed landfill sites using stabilised biowaste and soil materials is not relevant to this
section of the report. However, some practical considerations may be pertinent.
An overview has been taken relating to the potential liability of contractors carrying
out blending and restoration operations and whether liability for any pollution related
incident would also infer liability for the landfill site as a whole. The risk of pollution
resulting from blending and restoration operations is considered to be low, providing
guidelines and specifications are complied with. In procedural terms, in the event of
an incident occurring on-site, SEPA and the planning authority where relevant, should
be informed and immediate remedial action taken. The most likely incidents would
relate to the potential pollution of nearby watercourses by solids during heavy rain
and surface water run-off, or the accidental damage of the landfill cap or pipework
resulting in the potential discharge of leachate and possibly landfill gas emission. The
contractor is responsible for ground level restoration activities, normally included
within the terms of the restoration plan/method statement. Areas of risk are identified
and potential negative impacts traceable and are unlikely to be confused with
pollution incidents arising from other historic parts of the landfill site, which may
have resulted from poor design and/or management by the site owners/operators.

16

Abaye,D.A., Lawlor, K., Hirsch, P.R. and Brookes, P.C. (2005). Changes in the microbial
community of an arable soil caused by long-term metal contamination. E.J.Soil Sci. 56, 93-102.
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Restoration contractors should ensure that they are made aware of all potential
“danger” areas, such as cables, pipelines, wells, pumping equipment, etc. Site
owners/operators should disclose all relevant information to the contractors and
“danger” areas should be clearly protected by marked (high visibility) wayleaves. It is
anticipated that for some closed landfill sites the necessary information and the
owners/former operators will be difficult to trace. On some historically problematic
sites, proper records may not have been made. In these cases a preliminary site survey
would be required to assess conditions prior to restoration.
Site End-use
The proposed end-use of the site is an important consideration and where possible
should be addressed at both the licence application and restoration plan stages. It is
often not necessary or desirable to restore closed landfill sites to agricultural use, even
if the site is in an agricultural zone. Restoration to agricultural use, either arable
cropping or grassland for grazing animals would provide a higher risk of any
contaminants present in applied biowaste entering the food chain and/or damaging the
environment, although such a risk is considered to be low. Agricultural use of landfill
sites could also cause problems with potential damage to the landfill cap and with the
infrastructure associated with landfill gas and leachate extraction.
Many sites offer the potential to be restored to amenity/nature conservation
usage, e.g. with areas of native woodland, open grassland and wetland habitats.
Some sites in more remote areas could be restored to mimic the surrounding natural
vegetation, e.g. heather or grass dominated moorland. There is considerable literature
and guidance on the creation of habitats but a detailed review is outwith the scope of
this report. Of particular relevance to this report are documents concerning creation of
woodland habitats on landfill sites which also contain useful information on site
suitability, soil preparation, potential problems and aftercare (Dobson and Moffat,
199317; Bending and Moffat, 199718).
Quality Assurance
A level of Quality Assurance (QA) will be necessary to verify that the overall quality
is being achieved in producing the biowaste and in controlling its placement on site.
The QA programme is intended to audit, verify and evaluate the quality related factors
that affect the specification, production, inspection/analysis and use of the stabilised
biowaste. The objective of a Quality Control system is to provide stabilised biowaste
that meets both statutory standards and end user needs, by methods which are safe,
consistent, dependable and economic It is the responsibility of operators to ensure that
such QA systems are in place and are audited. They must also comply with planning
and licensing/permitting requirements.

The Scope of Quality Assurance
The extent to which quality control systems are developed will normally be dependent
upon the intended end-use(s) of the stabilised biowaste. In general terms, the higher
level end-uses such as a soil amendment for land application, are more likely to need
17

Dobson, M.C. and Moffat, A.J. (1993). The Potential for Woodland Establishment on Landfill Sites.
London: HMSO.
18
Bending, N.A.D. and Moffat, A.J. (1997). Tree Establishment on Landfill Sites. Research and
Updated Guidance. DETR. Forestry Commission, Edinburgh.
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such a system. Where a quality assurance programme is being considered, three
principal areas require to be taken into account.
•

Input Materials and Processes

•

Output Materials

•

End-Use Applications

Input Materials and Processes

Each of the undernoted areas is subject to a number of statutory controls, including
Duty of Care, Waste Carriers licensing, Animal By-Products regulation and Pollution
Prevention and Control permitting.
•

Waste arisings

•

Handling and Transportation

•

MBT treatment

Output Materials – The specification of material outputs has an overriding constraint
in terms of being “Fit for Purpose.” For example, the process being used to produce
biowastes for use on land requires compliance with the terms of the Animal ByProducts Regulations, including time/temperature criteria. These specifications will
include European and National standards, including the EU Biowaste Directive,
verified by agreed sampling protocols and analysis methodologies.
End-Use Applications – Land use options for the use of stabilised biowaste are
controlled by the local planning authorities and the Scottish Environment Protection
Agency. The requirements for Restoration and Working Plans and the level of detail
required for risk assessment purposes, for both waste management licensing and
registration for exemption, are outlined within this report (Section 3: Planning and
Regulatory Procedures).

BSI and ISO Standards
British Standards Institution (BSI) standards currently apply only to source-separated
“green” wastes. The Publicly Acceptable Standard (PAS 100) is a minimum
specification intended to guarantee an appropriate and safe product. The quality
criteria include limits on stones, weed content and physical and chemical content.
These criteria also include requirements relating to toxicity to animals or plants,
moisture and texture of the product and to a lack of odour. The traceability of
materials through the utility chain is considered an important factor. This serves to
illustrate a practical approach and standard achieved by the various stakeholders
within the composting industry. In due course of time, it may be possible to consider
MBT wastes arising from mixed or residual waste sources in a similar way, with final
standard(s) yet to be specified in the forthcoming EU Biowaste Directive.
The International Organisation for Standardisation (ISO) produces voluntary
standards and guideline reference documents, including the ISO 14000 series specific
to various aspects of environmental management. For example, BS EN ISO 14001 is
applicable to organisations, including waste processors, who wish to demonstrate
compliance with environmental regulations and standards in areas over which they
have control or influence. The standard is recognised and valid throughout Europe.
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Overview of Quality Assurance
Quality assurance can be a positive force in developing confidence in any “new”
product, potentially including stabilised biowaste. In turn, this can help to generate
market interest in alternative end-uses and a wider range of outlets. A wide range of
statutory and voluntary standards and controls already exist within the waste
management environment. These controls, together with the finalised standard(s) to
be specified in the forthcoming European Biowaste Directive, and the guidance on
sampling, testing and spreading within this report, should be capable of providing the
baseline upon which Quality Assurance programmes may be developed for stabilised
biowaste.
Further References
Bending, N.A.D., McRae, S.G. and Moffat, A.J. (1999). Soil Forming Materials:
Their Use in Land Reclamation. Forestry Commission. London: The Stationery
Office.

Moffat, A.J. and McNeill, J.D. (1994). Reclaiming Disturbed Land for Forestry.
Bulletin 110. London: HMSO.
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Conclusions
Conclusions
The National Waste Plan has identified an important role for the composting of mixed waste
to help Scotland achieve its BMW diversion from Landfill targets. The composting process
itself can only remove a proportion of the BMW from the feedstock. In order to maximise
diversion of BMW from landfill, additional beneficial uses and markets for a composted
“product” need to be found. Refuse Derived Fuel (RDF) is likely to play an important role in
this regard. However, this research study has considered the opportunities for using the
material in land treatment, particularly in relation to former/old landfill sites.

The work has followed a framework proposed by SEPA that, if mixed waste compost is able
to reach an indicative standard for PTEs, microbial quality and on impurities (non
compostable elements), then the material is likely to be suitable for use as a restoration
material on old landfill sites. However the downstream use of such material is a short term
solution which will be subject to a site specific waste permit and will require a formal
approach to risk assessment.
The study has followed this framework by considering:
•

Issues which relate to the ability of the process to achieve SEPA’s indicative standard
including screening technologies, sampling and analysis protocols and leachability;

•

Planning issues which require to be addressed in conjunction with the local planning
authority; and

•

Environmental regulatory issues, in terms of waste permitting.

The screening technology and processing aspects focus on the minimisation of noncompostable elements (NCE) or impurities within the output material, normally prior to
maturation. This exercise identified three principal categories of separation technique,
comprising air classification, and ballistic and centrifugal separation. Site visits to
manufacturers and MBT operators confirmed that these screening techniques can be specified
to accommodate variations in waste input characteristics and can be integrated with other
equipment to maximise separation of various waste fractions. Equipment suppliers indicate
support for performance contracts based on waste output quality. A wide range of identified
variables preclude the provision of definitive budget costs. However, outline unit costs have
been estimated. A comprehensive database of equipment suppliers and associated operational
locations is included.
The planning and regulatory procedure aspects focus on the potential to apply suitably
specified stabilised biowaste on closed former landfill sites. Planning policies and
requirements relevant to the application of stabilised biowaste to land and the principal
application scenarios including processing timescales were examined. An appraisal was
carried out on Environmental Impact Assessment requirements and the need for Restoration
Plan amendment. A procedural roadmap with indicative timescales was developed from the
above appraisal.
The waste management licensing/permitting regime was examined, as it would apply in
the application to land of stabilised biowaste. This included examination of licensing and
exemption application procedures, including an appraisal of risk assessment requirements. A
procedural roadmap for waste management licensing including indicative timescales was also
developed and included. SEPA have indicated that the presumption should be that a waste
licence will be required for the application of mixed waste compost that meets the SEPA
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indicative standard. This is based on the view that the exempt activities only allow composted
waste, which consists on only biodegradable material to be used under the appropriate
exempt activities.
The design requirements for a final blended soil using stabilised biowaste are described in the
report. Two calculation methods are set out which seek to establish a target organic matter
content for the final amended soil. Method one considers the blending of biowaste with a soil
to produce the final material. Method two considers the requirements for directly
incorporating the biowaste directly into a receiving soil. Based on a national survey of former
closed landfill sites which highlighted potentially 3116 hectares of sites which fall into the
appropriate category, it is estimated that between 1.9 and 5.8Mt of biowaste could be utilised.
The organic contents to be aimed at in blending stabilised biowaste for remediation use
would normally lie in the range 6% to 10% with associated spreading depths between 0.3
meters and 0.5 meters. However, biowaste is limited by the available sites and is therefore not
a long term solution. It does have an important role while alternative land applications and
RDF energy recovery systems can be established.
On-going Work -Identified Potential for Further Research
The research to date has helped to provide an enhanced knowledge of mechanical biological
treatment (MBT) processes, including the scientific base, technology options and regulatory
constraints on the application to land of stabilised biowaste. However, it has become evident
that to maximise the significant potential of organics within the municipal waste stream,
a greater knowledge is required in specific areas and potential markets. The following
provides an outline of the areas within which focused research could be undertaken, initially
as desktop studies to help identify the potential of alternative approaches and technologies
applicable to organic wastes. Particular areas could be treated as priorities for more in-depth
research, including field trials or demonstration projects.

•

Screening Trials – It was not possible during this work to explore the ability of
advanced screening systems in removing impurities and the impact on PTEs. It is
proposed that work is undertaken on existing mixed waste composting systems to
determine the extent to which the biowaste can be screened to meet the SEPA
indicative standard

•

Utilisation of Stabilised Biowaste for Remediation of Contaminated, Vacant or
Derelict Land - On-going detailed surveys by local authorities and SEPA will
confirm the nature and extent of contaminated land throughout Scotland. The
potential for utilising stabilised biowaste for remediation of such land would benefit
from further research.

•

Utilisation of Stabilised Biowaste in Forestry - Preliminary research has identified a
need for organic and nutrient matter within national, regional and local forestry and
arboricultural schemes. These schemes can be linked to land recovery in areas
currently classified as vacant and/or derelict. An interest in principle has been
intimated from forestry authorities to explore the potential use of stabilised biowaste
sourced from the MSW stream and/or when mixed with sewage sludge.

•

Liability for Existing Waste Deposits where Stabilised Biowaste has been
Applied - It has been proposed to further investigate the potential for stabilised
biowaste to contribute to the remediation of contaminated, vacant and derelict land. In
addition to the technical, scientific and procedural research proposed, a detailed
assessment of issues relating to liability could be undertaken.
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•

Leachability of Biowaste - There is potential to conduct appropriately specified field
trials in the Scottish environment. This would aim to study the benefits and problems
associated with the use of stabilised biowaste derived from various sources.
Leachability of PTEs would be a key component of the research. An assessment of
the potential benefits and problems associated with such use of biowaste would also
be important. Such findings would help to inform all stakeholders about the potential
use of stabilised biowaste.

•

Utilisation of Stabilised biowaste as a Refuse Derived Fuel (RDF) - The waste
hierarchy offers an opportunity to recover the energy component of waste when
considered as part of an integrated waste management approach. Similar to natural
biomass, stabilised biowaste has an inherent although variable thermal value. This
characteristic facilitates consideration of stabilised biowaste as a potential feedstock
for combustion and energy recovery. The potential to use stabilised biowaste as RDF
would benefit from research in a number of areas, including the technological,
environmental and financial aspects
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Appendix A
Terms of Reference For The Framework Outlining the Application of
Stabilised Biowaste In Landfill Restoration
REMADE Scotland was invited by the Scottish Executive to submit a proposal to develop a
detailed specification to facilitate the productive use of stabilised biowaste. This treated
waste is derived from the municipal waste stream, utilising MBT technology. Suitably
specified stabilised biowaste may be suitable for the purpose of application to closed former
landfill sites or on sites currently licensed. A preliminary report was prepared19 and
submitted and was largely based on a Waste Advisory Note produced by SEPA.
Subsequently, an intensive programme of work was carried out, including essential
underpinning research that helped to establish building blocks that can be used by various
parties. These include organisations responsible for the remediation of designated sites and
include local planning authorities and SEPA as the statutory regulators of such activities.
It was important to recognise that much of the trend in Europe has been to move away from
the composting of mixed MSW, towards the composting of source segregated organic
material, with MBT treatment for mixed MSW being used as a pre-treatment for landfill
disposal. The composted material from a mixed MSW feedstock was the focus of this new
research. With no current significant incineration infrastructure in place, Scotland offers the
potential for MBT plants to treat MSW to a standard which could allow use on selected land
recovery applications, or as a pre-treatment prior to disposal. This programme of research
therefore provided a scientific, technological and procedural base upon which future national
policies and procedures can be developed.
A.1

Work Programme

Work Programme 1 - Composting process
The draft specification assumed that the composted material should first be able to achieve an
acceptable quality standard which allowed the material to be considered as suitable for
landfill restoration. This standard addressed those criteria identified as providing the
potential for significant risk to the environment:


Heavy metal concentrations;



Levels of non-compostable elements (NCE) (glass, metals, plastics);



Leachability; and



Stability.

These material characteristics are capable of being influenced by the nature and degree of
pre-sorting and post screening which takes place.
Existing studies across Europe indicated a broad trend towards the use of mechanical
biological treatment (MBT) technologies (in- vessel composting) for source separated organic
wastes. The study outcomes help to increase the waste industry’s knowledge base about
quality standards that can be achieved through effective screening and also of the regulatory
implications in applying the material to land.
The undernoted reviews were undertaken.

19

Draft Specification and Guidance for the Application of Stabilised biowaste in Landfill Restoration
(November 2003).
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1. Screening Methods Review – In order to achieve an acceptable quality standard,
sufficient quantities of NCEs are required to be removed from the treated waste. The
physical removal of NCEs is dependent upon the efficiency and effectiveness of the
screening and separation methods employed. The study investigated a wide range of
screening/separation methods used in MBT plants elsewhere in Europe.
2. Regulatory Controls – Linked to the Screening Methods Review, the study
examined the regulatory control mechanisms relevant to the application of stabilised
biowaste to closed former landfill sites. This included both statutory planning and
licensing/permitting procedures and included the production of procedural
“roadmaps.”
3. Stability – Stability of the biowaste was considered important, due to the potential to
increase the concentration of contaminants due to the loss of organic mass. Stability
is also important in understanding how the compost material will behave in the land
use application. Stability testing methods were reviewed and are subject to an ongoing sampling programme.
4. Sampling Protocols and Analytical Methods – MBT plants are subject to sampling
regimes for salmonella and other bacterial contaminants as part of Animal By-Product
(ABP) regulations. This is in addition to the sampling requirements relating to
chemical and physical (NCE) standards. A review was undertaken of existing
analytical methodologies
5. Leachability – Leachability of waste is a developing requirement for the licensing of
waste facilities (cf. PPC draft guidance for landfill permits). In order to comply with
the risk management criteria specified in regulatory guidance, the study undertook a
review of the potential leachability of stabilised biowaste. The study undertook
limited testing of existing composted material in the laboratory, with the potential for
longer-term field testing..
The initial standard for stabilised biowaste was based on a standard set out in SEPA WAN
Appendix 2, which is specified to a standard greater than that outlined in the current Second
Draft of the Biological Treatment of Biowaste (EC Working Document, Feb 2001). This
standard is framed in terms of heavy metals, Non Compostable Elements (NCE) (such as
glass/plastics/metals) and stability requirements. Any material which can meet the Quality
Standard should be deemed suitable for application, under a regulated regime for restoring
former and existing landfill sites. Recent guidance issued by SEPA in September 2004 in the
form of a Composting Position Statement further qualifies the regulatory approach.
Work Programme 2 – Analysis of Existing MBT Plants
A programme of sampling and analytical monitoring was undertaken at three locations, with
the cooperation of Aberdeenshire Council, Shanks Waste Services and Levenseat, West
Lothian. The screening of a range of samples was considered important to ascertain the levels
of quality improvement which can be achieved through potential changes to the specification
relating to screening.
Work Programme 3 – Licensing of Application to Landfills
Stabilised biowaste will continue to be considered as a waste by SEPA. As such, it is subject
to both planning and environmental regulatory controls. The study identified the planning and
licensing requirements relevant to the application of stabilised biowaste to land, and provided
“roadmaps” to facilitate understanding of the procedural process. The statutory duties of the
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regulatory authorities require them to act in the interests of development control and
environmental protection, which forms the basis for this element of the study.
Determine the potential for landfill restoration: The study reviewed both Local Authority
and SEPA records to determine the number and area of landfill sites that have the potential to
benefit from the application of stabilised biowaste in restoration work.
A.2
Outputs
Each work programme provided technical reports to help inform the Stabilised Waste
Working Group on developments. This has now been utilised in the production of an
overview report that has been used by the Working Group to advise and inform the Scottish
Executive on appropriate policy for the application of MBT composted material and for the
control of its subsequent use on closed former landfill sites.
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Appendix B
Sampling of Biowaste
B.1 Summary
• Batches of biowaste examined in the course of this study contained high levels of Pb,
Cu, and Zn which exceeded the concentrations recommended by SEPA.

•

A good estimate of the mean levels of PTEs in biowaste may be obtained by
extracting at least 25 point samples from locations distributed throughout the batch
and mixing the material to form one composite sample. Due to the high levels of
certain PTEs in the batches examined in the course of this study, it is not possible to
recommend a statistical method that would allow producers to reduce the number of
point samples required and still demonstrate that most of their product was of
sufficient quality for the majority of the time.

•

At present, every batch should be analysed for PTE levels. During the course of this
study, few mature batches were available for analysis and as a result the variation in
PTE levels was impossible to gauge. Of the batches examined, levels of Pb, Cu and
Zn exceeded the recommended levels.

•

As new screening technology is introduced, PTE levels should decline and
consequently less costly and time consuming sampling protocols may be
recommended. A database should be established to track changes to PTE levels and
feedstock screening, and when consistent improvements are noted in material from
individual producers, less onerous analysis and sampling protocols can be introduced.

B.2 Introduction
The analysis of biowaste for heavy metals i.e. potentially toxic elements (PTEs) and other
chemical and biological analysis, requires that the sampling protocol produces a sample of
material that is representative of the entire batch. This is usually achieved by extracting
numerous point samples from separate locations within a batch and mixing them thoroughly
to produce a single composite sample for analysis that is representative of the entire batch.
One of the aims of this study was to assist biowaste producers with their sampling regimes by
answering the following questions:

•

How many point samples are required to produce a composite sample that represents
the batch (within-batch sampling)?

•

How frequently should batches be sampled (between-batch sampling)? Analysis of
the final product is costly and producers will only want to sample as often as
necessary.

B.3 Within-batch sampling
The number of point samples required to ensure that the resulting composite is representative
of the whole batch depends on a number of factors, such as heterogeneity of the material and
the level of each contaminant compared with the regulatory targets. For example, if a
contaminant has a concentration well bellow the regulatory threshold and the batch is
relatively homogeneous, then few point samples will be required to produce a composite
sample that is representative of the entire batch and demonstrates that the level of the PTE of
interest is below the applicable regulatory threshold. For source separated green waste, the
number of point samples suggested varies between 7 point samples for a 2.5 tonne batch to
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40 point samples for an 80 tonne batch20 whereas Woods End Research Laboratory
recommends sampling from between 5 and 10 locations per pile21 and in order to ensure legal
compliance in the Netherlands, 9 point samples are recommended22. The BSI standard23 for
soil improvers and growing media recommends that the number of sampling points is
calculated using the following equation:
nsp = 0.5(V1/2) rounded up to the nearest whole number where
nsp = the number of sampling points (minimum of 12 and maximum of 30)
V = the nominal quantity of the sampled portion in cubic metres.
Biowaste is of course derived from a very different feedstock to source segregated green
waste compost; levels of contamination are likely to be higher and the product less
homogeneous. Therefore the approach adopted by the Caledonian Environment Centre
(CEC) in an attempt to identify the number of point samples required for a composite sample
that adequately describes the entire batch, follows the statistical rationale laid out by
TMECC24 and the U.S. Environmental Protection Agency25.
Approach: within-batch sampling
It is not possible to employ a statistical method that will confirm that PTE levels in 100% of a
producer’s biowaste, will be below the regulatory thresholds, 100% of the time. However
statistical methods can be used to check that most of the biowaste is below the threshold most
of the time, as shown in Figure 1.

Figure 1. Sampling frequency for PTE levels
Producers must ensure that the entire distribution almost lies below the regulatory threshold and that
the mean is well below the threshold.

20

Laraia, R. & Cortellini, L. Sampling protocols for ensuring legal compliance and standardisation: the case of
Italy. Biological treatment of Biodegradable waste. Brussels, 8-10 April 2002
21
Compost Waste Analysis Schedule. Woods End Research Laboratory October 2004
22
Hotsma, P.H. Sampling protocols for ensuring legal compliance: The case of the Netherlands.
23
BSI:12479 2000 Soil improvers and growing media: Sampling
24
TMECC (2002) Composting Council Research and Education Foundation: Sample Collection and Laboratory
Preparation 02.01 Field Sampling of Composted Materials. (joint publication with USDA)
http://www.compostingcouncil.org/ and http://www.tmecc.org/tmecc/
25
Estimates of sample sizes required for a generator to demonstrate that a waste qualifies for exemption under
HWIR. (1999) US EPA Office of Solid Waste EPA Contract No. 68 –W6-0068, WA 1-9, QTR 1
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From preliminary data, the assumption that PTE levels in random point samples followed a
normal distribution seemed reasonable, so a parametric approach was adopted. Twenty five
point samples were extracted from a batch of biowaste product and each sample analysed
separately for PTE levels, i.e. 25 separate estimates of each PTE concentration were obtained.
From these estimates, a mean and a variance were calculated and given the large number of
samples, it was assumed that the calculated mean and variance were close to the true mean
and variance for the batch in question.
Once an estimate of the mean and variance of each PTE has been obtained, the minimum
number of point samples required can be estimated using the following equation. Where a
suite of analysis is being carried out, a value of n must be obtained for each PTE and the
appropriate number of sampling points required will be the greatest of the n values.

t

n=

2
.20

s2

Equation 1

∆2

Where:
n = number of samples

t

2
.20

= tabulated ‘t’ value for two-tails confidence interval and a probability of 0.2026

s2 = sample variance
∆2 = the square of the regulatory limit for the analyte in question minus the sample
average.
TMECC recommended that no fewer than 15 point samples be taken for the final composite
and a confidence interval of 80% (Student’s “t”-test)27 be used to analyse the data. (A 90% or
95% confidence interval may be more appropriate).
To test that the appropriate number of point samples has been collected, the following
protocol is recommended:
1. Randomly collect at least n samples as calculated from Equation 1 above.
2. Remove a portion e.g. 500g of each point sample and mix to create a composite
sample. Analyse this composite sample for chemical and physical parameters, human
pathogens, AT4, carbon and nitrogen as well as PTEs. Analyse each of the n point
samples for PTEs, thus PTE concentrations will be determined in each of the point
samples and the composite sample.
3. Analyse the n point samples, plus the composite sample for each PTE of interest.
4. From the test results, calculate s2, x , the standard deviation s and the standard error
Sx.

s

x

=

s

Equation 2

n

26

In this analysis, where the probability is 0.20 and the two-tails confidence interval df is 24 (i.e. 25-1), the
tabulated t value is 1.318.
27
Student t test is used in this analysis to examine whether the concentrations of each PTE obtained from
Dunoon site are significantly different from the ones obtained from Levenseat. This can be concluded where the
calculated t value is greater than the critical tabulated t value (1.318), and vice versa.
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If x for a PTE is equal to, or greater than, the regulatory threshold, then the
component is present in the biowaste at an unacceptably high concentration.
Otherwise determine the confidence interval CI for each PTE of concern
CI = x + t0.20Sx

Equation 3

Where:

t

.20

= the tabulated value for Student’s “t” at 80% and the appropriate degrees of

freedom.

s

x

= standard error

If the upper limit of CI is less than the regulatory threshold for the analyte in question,
the chemical component is not considered to be present at an unacceptably high
concentration.
For biowaste, a total of seven PTEs are of interest (see Appendix 1) and during analysis, a
concentration value will be obtained for each PTE. In this case a value of n for each PTE
must be calculated and the highest n value should be used. Once a producer has calculated the
number of point samples (n) required for a representative composite, and tested the protocol
as described, a single composite sample made of n point samples should be analysed for
subsequent batches.
Results and Recommendations
The method described above for calculating and verifying the number of point samples to
remove from a batch in order to form a composite sample, requires that the mean
concentrations of the PTEs of interest are below the regulatory thresholds (see Figure 1).
However the mean levels of Pb, Cu and Zn in the initial 25 point samples taken from the
available batches (Dunoon and Levenseat, see Table B2 and Table A3 respectively) exceeded
the regulatory thresholds and therefore upper confidence limit of the mean for these PTEs
would always exceed the regulatory threshold regardless of the number of point samples (n)
taken.
Values of n could be calculated for other PTEs in the suite of analysis that were below their
regulatory thresholds but as stated above, a value of n for each PTE must be calculated and
the highest n value used for future analysis. It was not possible to calculate n values for PTEs
(Pb, Zn and Cu) that exceeded the regulatory thresholds and so at best we can conclude that a
composite sample made from at least 25 point samples will give producers a good estimate of
the mean levels of PTEs in their biowaste product. However, until biowaste batches with the
mean PTE levels below the regulatory limits are available, for example, through the
implementation of more thorough feedstock screening, it is not possible to employ the
statistical method that will reduce the number of point samples in the composite and
demonstrate that most of the biowaste is below the PTE threshold most of the time.
If the long-pile method of biowaste production is used, the extraction of at least 25 point
samples may be a considerable effort especially if the pile has become compacted. TMECC
recommended that samples are extracted from points distributed along the length and depth
of the pile. An auger may help extract material from deep within the pile. Sampling loose
materials on the surface should be avoided.
If the biowaste is produced using a bunker system, a minimum of 25 point samples should be
removed as the biowaste is transferred from the final bunker. The transfer of materials from
bunker to bunker during this process should ensure that the materials are well mixed.
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B.4 Between-Batch sampling
The high cost of sampling and analysis means that producers are reluctant to test their
products more often than necessary. One outcome of this study is to make recommendation to
producers about how frequently material should be tested for PTE levels. However, within
the time-scale of this study, insufficient mature batches were available to monitor the
variation in PTE levels and those batches that were available had high levels of Pb, Cu and
Zn.

Approach: between-batch sampling
Analysis of the variation between batches of biowaste would follow a similar rationale to the
analysis of variation within a single batch. In the case of between-batch variation, composite
samples from a large number of batches (>15) would be analysed for PTE levels. The mean
and variance of PTE levels calculated from all batches would provide an estimate of the mean
throughout a period of time (e.g. 1 year) or per output in tonnes. From these statistics it
should be possible to employ equation 1 to calculate the minimum number of samples
required to ensure an accurate estimate of the PTE levels for that time interval (or output).
Results and Recommendations
Given the high PTE levels, it is recommended that producers sample every batch of biowaste
until their records show that the levels of all PTEs are consistently below the regulatory
threshold. Although this recommendation is onerous to producers in both time and cost, it is
envisaged that fewer analysis will be required in the future as new, improved feedstock
screening technology is introduced in order to remove impurities.
Table B1 Minimum reference characteristics for PTEs in biostabilised waste normalised to
30% organic matter
Parameter

Guideline

Cadmium (Cd)

3 mg kg-1

Chromium (Cr)

400 mg kg-1

Copper (Cu)

200 mg kg-1

Mercury (Hg)

1 mg kg-1

Nickel (Ni)

100 mg kg-1

Lead (Pb)

200 mg kg-1

Zinc (Zn)

1000 mg kg-1
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Table B2: PTE concentrations from 25 point samples taken from Dunoon. Data waste
normalised to 30% organic matter.
Point
sample

Cu

Zn

Pb

Cd

Hg

Ni

Cr

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

1

495.6

380.8

276.5

0.51

0.181

18.27

10.43

2

171.5

420

251.1

0.56

0.15

20.02

11.06

3

179

382.9

308.3

1.19

0.384

23.17

10.64

4

205

364

348.7

0.68

0.17

24.15

13.37

5

187.2

375.2

339.1

0.89

0.21

20.86

11.27

6

164.5

326.9

301.7

0.58

0.151

19.6

10.99

7

198.3

343.7

263.1

0.67

0.15

21.63

13.65

8

385.3

412.3

329.1

0.71

0.171

42.35

13.02

9

231.6

339.5

434.9

0.56

0.251

21.42

12.11

10

176.7

354.9

271.6

0.68

0.187

20.65

11.62

11

237.3

370.3

268.2

0.54

0.035

20.02

19.81

12

161.7

326.2

274.5

0.68

0.035

21.84

10.22

13

207.5

373.1

277.3

0.65

0.035

21.84

12.53

14

197.3

378

283

0.58

0.051

21.77

12.04

15

176.4

378.7

318.6

0.63

0.035

21.77

11.48

16

172.3

310.8

248.6

0.58

0.035

22.61

11.13

17

157.9

357

272.4

0.55

0.035

21.84

10.64

18

184.5

378.7

258

0.53

0.115

23.73

13.72

19

152.6

315.7

242.3

0.49

0.035

20.3

10.22

20

164.5

1386.7

375.3

1.29

0.035

18.83

10.64

21

252.1

445.2

238.1

0.58

0.035

18.83

12.53

22

182.4

312.9

216.4

0.57

0.035

17.36

9.94

23

148.1

305.2

236

0.48

0.035

18.62

12.46

24

162.3

368.2

231.8

0.49

0.035

22.05

10.5

25

175.3

372.4

246.5

0.78

0.035

18.06

10.85

Mean

205.08

403.17

284.44

0.66

0.11

21.66

11.87

77.14

207.81

50.62

0.2

0.09

4.67

2.00

St Dev
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Table B3: PTE concentrations from 25 point samples taken from Levenseat. Data waste
normalised to 30% organic matter
Point
sample

Cu

Zn

Pb

Cd

Hg

Ni

Cr

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

mg kg-1

1

565

366

197

0.671

0.17

38.6

21.6

2

141

360

323

0.529

0.162

44.1

38.8

3

231

620

351

0.715

0.185

44.1

25.3

4

246

-

372

0.852

0.175

34.6

20.8

5

166

583

475

0.619

0.136

29.8

19.7

6

132

380

1030

0.58

0.117

32.7

17.9

7

998

1719

375

0.571

0.581

94.4

27.7

8

297

495

277

0.721

0.255

41.2

28.3

9

191

413

504

0.788

0.148

38.6

23.1

10

153

393

1091

0.649

0.125

45.2

21.6

11

286

464

482

0.826

0.347

34.5

21.2

12

268

512

341

0.617

0.207

55.2

38

13

208

428

232

0.6

0.124

29.4

38.8

14

669

424

291

0.493

0.21

41.4

30.2

15

164

1694

304

0.579

0.143

34.7

20.2

16

318

539

699

0.957

0.188

36.8

18

17

266

531

261

0.451

0.2

33

23.9

18

302

425

231

0.524

0.133

49.9

20.1

19

235

550

801

0.586

0.165

46.7

41.5

20

196

478

246

0.627

0.164

34.9

21.3

21

234

370

313

0.511

0.161

38.5

24.1

22

255

600

330

0.769

0.187

48.6

28.4

23

228

464

455

0.69

0.244

36.8

31.7

24

402

645

453

0.608

0.135

43.5

16.7

25

360

453

374

2.64

0.171

37

23.8

Mean

300.4

579.42

432.3

0.7

0.2

41.8

25.7

St Dev

191.1

356

235.5

0.4

0.1

12.7

7.2
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Appendix C
Biowaste Stability Study
C.1 Summary
• Biowaste was sampled at intervals throughout production from the recently
commissioned MSW composting facility at the Dalinlongart landfill, Dunoon. This
facility employs a Cambridge batch system (www.crservices.co.uk) with 8 bunkers or
clamps. For comparison, a sample of final product was taken from the processing
plant at Levenseat which employs the long-pile production method. Details of the
facilities are presented in Appendix F: Potentially Toxic Elements (PTEs) in Biowaste
– Case Study Results.

•

The aim of this section of work is to determine whether the biowaste product can be
considered stable. Methods for determining stability focused on microbial activity.
The criteria employed includes:
(a) an end-point or sustained minimum value in carbon dioxide output reached
and;
(b) oxygen consumption below recommended limits AT4.
Although marked biodegradation was apparent, the product could not be deemed
stable by either measure.

•

The high level of dry matter content achieved by half way through production at
Dunoon is not appropriate for sustaining a biological process such as biodegradation
and this may contribute to the lack of stability in the final product. At the same time
it is appreciated that a high dry matter content is required for technical reasons.

C.2 Introduction
The purpose of this section of work was to determine whether the final biowaste product
from municipal solid waste at the Dunoon site was stable in terms of microbial activity.
According to BSI PAS 100 Specification for Composted Materials28, there is no single agreed
method in use throughout Europe for testing and characterising compost stability and
maturity29. Similarly there is no single agreed method for determining the stability or degree
of biodegradation of biowaste30, 31, although the draft Biowaste directive32 gives limits for
biodegradability in terms of oxygen consumption i.e. a four day AT value (AT4) of 10000mg
O2/kg DM and a respiration index of 1000 mg O2/kg LOI.h.

28

BSI PAS 100 Specification for Composted Materials
Assessment of Options and Requirements for Stability and Maturity Testing of Composts: WRAP and ADAS
Consulting ltd 2002 ISBN 1-84405-057-2
30
Environment Agency 2004 : Assessing the diversion of biodegradable municipal waste from landfill by
mechanical biological treatment and other options. A consultation paper related to monitoring the utilisation of
landfill allowances
31
Environment Agency Estimating biodegradable municipal solid waste diversion from landfill: Monitoring
biodegradable municipal waste removal in a Mechanical Biological Treatment process R&D Technical Report
P1 - 513 (EP 0173)
29

32

EC. Working document biological treatment of biowaste 2nd Draft. EC, DG ENV.A2/LM/biowaste/2nd draft.
12 February 2001.
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The approach adopted for this study was to monitor carbon dioxide output throughout the
biodegradation process to see if an end-point could be identified, and then compare carbon
dioxide output of the final product with the more established AT4 value.
It is anticipated that subsequent use of the composted materials will require blending with
sub-soils or other soil based material as a restoration material, potentially suitable for use on
former landfill sites. Stability is important in that as biowaste stabilises there is an increased
concentration of contaminants such as potentially toxic elements (PTEs) due to the loss of
organics. A stable material ceases to be biodegradable in terms of the definition outlined in
the Landfill Directive and enables users to understand how the biowaste material will behave
in the land use application.
The composting process and stability testing
The composting process is the aerobic degradation of organic materials by a wide variety of
micro-organisms including bacteria, actinomycetes, yeasts and other fungi. Aerobic
degradation of organic materials consumes O2 and generates CO2, heat, adenosine
triphosphate (ATP)) and proteins for microbial growth. Since stability is often defined as the
point where this biological activity is complete, many stability tests have focused on O2
consumption, CO2 production and temperature changes. WRAP2 defined stability in terms of
biological activity and proposed that the aerobic respiration rate as determined by CO2
production should be adopted as the most suitable method for determining stability.
Temperature changes were deemed too difficult to monitor with the necessary degree of
accuracy and oxygen consumption was ruled out because it was clear that during the
composting process, O2 was required for both chemical oxidation processes and microbial
aerobic respiration. It should be noted, however that methods that measure oxygen
consumption such as the Dynamic Respiration Index (DRI) and static oxygen uptake rate
(SOUR) remain the most widely used methods for determining microbial activity in composts
and for estimating the degree of biodegradability in biowaste33.
It was assumed that all CO2 produced comes from microbial respiration. Since measuring
CO2 is a simple and cheap process that requires basic laboratory facilities, the approach
adopted for this study was to monitor carbon dioxide output throughout the biodegradation
process to see if an end-point could be identified, and then compare carbon dioxide output of
the final product with the more established AT4 value, to estimate oxygen consumption and
compare the values set out in the draft biowaste directive34.
Carbon dioxide output as a measure of biowaste stability
The method of choice proposed by WRAP for determining CO2 production is the alkali trap;
a simple, low cost but sensitive and precise technique. A suitable alkali trap method is
described in BSI ISO 14855:199935 Determination of the ultimate aerobic biodegradability of
plastic materials under controlled composting conditions – Method by analysis of evolved
carbon dioxide.

33

Environment Agency Estimating biodegradable municipal solid waste diversion from landfill: Monitoring
biodegradable municipal waste removal in a Mechanical Biological Treatment process R&D Technical Report
P1 - 513 (EP 0173).
34
EC. Working document biological treatment of biowaste 2nd Draft. EC, DG ENV.A2/LM/biowaste/2nd draft.
12 February 2001.
35
BSI ISO 14855:199935 Determination of the ultimate aerobic biodegradability of plastic materials under
controlled composting conditions – Method by analysis of evolved carbon dioxide
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The suitability of CO2 determination as a stability indicator depends on the assumption that
all CO2 generated during the process is from microbial respiration. The vast majority of the
scientific literature reviewed by WRAP2 in compiling their report, examined stability in
composts derived from green waste and source-segregated organic material, whereas the
feedstock used in this current project is non-segregated municipal solid waste. Given the
uncontrolled nature of this material, there remains the possibility that CO2 may be produced
from chemical reactions as well as biological respiration. For example, in addition to
biodegradable material, items such as car batteries and plasterboard have been noted. If such
items came into contact, the battery acid and gypsum and other carbonates in the plasterboard
would react to generate CO2. Therefore, in the context of this current project where the
feedstock is municipal solid waste, the assumption that all CO2 generated during composting
is derived from microbial aerobic respiration should be re-examined before adopting CO2
production as a means of process monitoring and stability determination.
C.3 Analytical Procedures
This study focuses on the recently commissioned MSW composting facility at the
Dalinlongart landfill, Dunoon. This facility employs a Cambridge batch system
(www.crservices.co.uk) with 8 bunkers or clamps. Details of the facility are presented in
Appendix F: Potentially Toxic Elements (PTEs) in Biowaste – Case Study Results.

In summary, MSW feedstock is introduced at clamp 1 and, as biodegradation proceeds, the
material is transferred from clamp to clamp and reaches the final clamp after about 10 weeks.
However due to technical difficulties experienced at the production site during this study, the
process required 151 days to complete. Samples of material were removed from the same
single batch each time it was moved to the next clamp so that a single batch of MSW was
sampled 8 times throughout the biodegradation process.
The rationale for constructing a time course was to see if a reaction end-point could be
identified for carbon dioxide production, i.e. did carbon dioxide output from the samples
decline to a minimum value and remain at or around that value. For comparison, a sample of
biowaste from the final clamp was sent to WRc laboratory for an AT4 analysis. Other
analysis carried out includes:
•

Dry Matter (DM)

•

Organic Matter (Loss on ignition (LOI))

•

C:N ratio

•

Organic and inorganic carbon

•

Salmonella spp, E Coli, Enterobateriaceae (final clamp only)

•

PTEs

Carbon dioxide analysis was carried out at the laboratories of the Caledonian Environment
Centre and all other analysis was carried out by either NRM laboratories or WRc. Analytical
procedures are listed in this Appendix.
C.4 Results

Time course for biological activity
The carbon dioxide output from the samples taken from a single batch of MSW as it proceeds
through 8 clamps of the Cambridge batch system at Dunoon is shown in figure 1. All 8
transfers required 151 days.
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Figure 1:
Time course of carbon dioxide output from samples of biowaste from
Dunoon site
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Clearly, carbon dioxide output declines as biodegradation proceeds. Initially the rate of
decline is rapid as readily digestible organic matters e.g. sugars, certain proteins are
metabolised by the bacteria, but after day 30 (clamp 4) the rate declines as these sources of
organic matter become exhausted, leaving less digestible materials such as lignins and
cellulose. It is however unclear from these data whether an end-point to microbial activity has
been reached.

Comparison of carbon dioxide output with AT4
The oxygen uptake of a sample of material from the final clamp was determined by WRc.
The value obtained, 24130 mg O/kg DM., exceeds the guideline set out in the Draft Biowaste
Directive36 which gives limits for biodegradability of a four day AT value (AT4) of 10000mg
O2/kg DM. This suggests that the biodegradation process has not reached an end-point37.
Microbial activity and dry matter content
Carbon dioxide output and hence microbial activity also shows a strong (negative) correlation
with the dry matter content of the material of the sample (figure 3) and a (positive)
relationship with the organic matter content of the sample (figure 2).

36

EC. Working document biological treatment of biowaste 2nd Draft. EC, DG ENV A2 / LM / biowaste / 2nd
draft. 12 February 2001.
37
Comments from Andrew Godley of WRc.: Biodegradability of the organic fraction in Dunoon 8 is quite low
and this indicates a significant reduction in biodegradability. The biodegradability result does not quite match
that of the stabilised greenwaste compost used as seed and control for the test result is above the guideline for
stabilised waste. Therefore the Dunoon 8 still retains some biodegradability and might not be considered fully
stabilised.
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Figure 2:
Carbon dioxide versus Organic Matter
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Figure 3:
Carbon dioxide output versus Dry matter content (Dunoon samples)
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Correlation coefficient (R2) and Student’s t values for carbon dioxide output are compared
with organic matter (figure 2) and dry matter (figure 3). Data from one batch at 8 time points
during production at Dunoon, i.e. a single batch sampled as it passed through each of 8
bunkers and analysed for carbon dioxide output, organic matter and dry matter content. Value
of t for a confidence interval of 99% (two tailed test) = 3.71 Calculated value of t > tabulated
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value hence correlation between carbon dioxide output and dry matter is significant. Value of
t for a confidence interval of 98% (two tailed test) = 3.14. For organic matter vs. carbon
dioxide, calculated value of t > tabulated value hence correlation between carbon dioxide
output and organic matter is significant at a confidence interval of 98%.
t=

| R | ( n − 2)
(1 − R 2 )

Before assuming that a decrease in microbial activity denotes an end-point to biodegradation
processes, it is important to bear in mind that a decline in available nutrients is only one of a
number of reasons why microbial activity may decrease; other explanations include38
•

High or low process temperatures

•

Low moisture

•

Lack of free air space

•

Low oxygen content

•

Inappropriate pH

•

Lack of inorganic nutrients

•

The presence of toxins

During this study, moisture content was monitored by analysing each sample’s dry matter
content (DM). Lack of sufficient moisture can affect the reaction kinetics for a number of
reasons. First of all, biological reactions, including those carried out by microbes require an
aqueous environment. Secondly, mass transport of water soluble nutrients to the microbes
will be greatly reduced in the absence of water. Oxygen consumption rates for various
composting processes have shown that where moisture is below 20%, there is very little
biological activity9. The dry matter content of the MSW material as it proceeds through the 8
clamp system at Dunoon is shown in figure 4.

38

Haug, R.T.(1993) The Practical Handbook of compost Engineering. Lewis Publishers ISBN 0873713737
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Figure 4:
Time course of % dry matter in samples taken from Dunoon site
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From day 53 (bunker 5 onwards) the dry matter content of the MSW approaches 80% i.e. the
moisture content is close to the limit of 20%, below which biological activity ceases. Figure 5
compares the decline in organic matter with dry matter content of the material as it proceeds
through clamps 1 to 8.
Figure 5:
Time course of % dry matter in samples taken from Dunoon site:
Comparison with organic matter content
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Until day 30 (clamp 4) there is only a modest decline in organic matter content of the MSW,
probably due to the fact that much of the microbial activity at this stage will be focused on
population growth. After day 30 there is a sharp decline in organic matter content, perhaps
indicating that microbe population growth has ceased and is in fact declining. After day 53
(clamp 5) there is no further decline in the organic matter content of biowaste. This suggests
very little microbial activity is taking place. Either the product is stable at this stage and the
residual organic matter is not suitable for biodegradation, or microbial activity has declined
for other reasons such as the concurrent rise to 80% dry matter i.e. low moisture content.
Can biodegradation be re-started?
The laboratory protocol for determining carbon dioxide output requires that the moisture
content of the sample is adjusted to between 40% and 60%. Therefore, the very dry samples
taken from clamp 5 onwards will be moistened in order to measure the carbon dioxide output.
Microbial activity of the sample during laboratory analysis may therefore be higher than in
the clamp. Carbon dioxide output is measured using the alkali trap method over the course of
4 days. In view of the data presented here, one future study that could be carried out would be
to remove samples from clamps 5-8 (80% dry matter) and to measure carbon dioxide output
at 12 or 24 hour intervals for 4 days after adjusting the moisture content to 40-60%. If the
carbon dioxide output increases over the 4 day period, this would suggest that microbial
activity and hence biodegradation is re-starting. Similarly measuring carbon dioxide output of
samples taken directly from the clamps without adjusting moisture content would give a
clearer indication of the levels of microbial activity in the clamps.
Maintaining higher moisture content in the final 4 clamps may ensure more thorough
biodegradation of the MSW feedstock, but keeping the material dry offers several advantages
with regard to handling and processing of the product. Clearly a solution will have to balance
both biological and technical requirements of the process.
Inorganic carbon measurements
The suitability of CO2 determination as a stability indicator depends on the assumption that
all CO2 generated during the process is from microbial respiration. This may be true for
composts derived from green waste and source-segregated organic material. However, the
feedstock used in this current project is non-segregated municipal solid waste and given the
uncontrolled nature of this material, there remains the possibility that CO2 may be produced
from chemical reactions as well as biological respiration. For example, in addition to
biodegradable material, items such as car batteries and plasterboard have been noted. If such
items come into contact, the battery acid and gypsum and other carbonates in the plasterboard
would react to generate CO2. Therefore, in the context of this current project where the
feedstock is municipal solid waste, an attempt was made to examine the assumption that all
CO2 generated during composting is derived from microbial aerobic respiration. This test
involved measuring the levels of carbonate in the feedstock and in the samples taken from
each of the clamps as biodegradation proceeded. The intention was to monitor changes in
carbonate throughout the process, but unfortunately the data obtained was unreliable and the
methods used will be reviewed in future studies.
C:N measurements
As expected, the ratio of total carbon: total nitrogen (C:N) declined throughout the time
course of biodegradation. Currently the data from clamp 8 is unavailable so it is not possible
to determine if a minimum value for the ratio has been achieved (see figure 6).Figure 6:
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Time course of C:N ratio of biowaste samples from Dunoon site
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Microbial analysis
A composite sample composed from 25 point sample from the final clamp was analysed for
the presence of Salmonella, E. coli and Enterobateriaceae in accordance with PAS 100 and
Animal By-products Order39. The data are shown in Table 1.
Table 1
Microbe

guidelines

Dunoon sample
Negative

Salmonella spp
E. Coli (cfu/g)

<1000

10

Enterobacteriacae (cfu/g)

none

12500000

N.B. The high dry matter content may reduce the efficiency of the sterilization process.
Sterilization under dry condition requires higher temperatures than under moist conditions
because enzyme denaturation is influenced by solvent (i.e. water) concentration. Resistance
of bacterial endospores to heat is probably caused by their dehydrated conditions. Cysts and
spores can resist temperatures of up to 100oC and dry sterilization requires temperatures of
up to 180oC. It is unlikely that such high temperatures would be achieved during the
composting process40.
Analysis of biowaste produced at Levenseat
For comparison, a composite sample from the biowaste production site at Levenseat (longpile method see Appendix F for details) was analysed. The data are shown in Table 2.

39
40

The Animal By-Products (Amendment) (England) Order 2002
Haug, R.T.(1993) The Practical Handbook of compost Engineering. Lewis Publishers ISBN 0873713737
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Table 2
Determinand

Value

Organic Matter (% w/w)

40.6

Dry Matter %

67.6

Total Nitrogen (% w/w)

1.87

Total Carbon (% w/w)

38.9

C:N Ratio

21:1

Organic Carbon (% w/w)

32.0

Inorganic Carbon (% w/w)

<=1.0

Salmonella spp

Negative

E. Coli (cfu/g)

10600

Enterobacteriacae (cfu/g)

37000

AT4 (oxygen consumption) (mg O/kg DM)

53000

Carbon dioxide output (mg CO2 / g VS/d)

23.62

Guideline

10000

Waste fraction

Wet weight (g)

% Total wet weight

Glass

465.2

21.2

Metal

51.1

2.3

Plastic

12.6

0.6

Other non-degradable*

132.8

6.1

Organics#

1534.4

69.8

Total

2196
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Appendix D
Screening Technologies Review
Summary
Objective
The objective of this section of the project was to identify equipment and machinery capable
of refining stabilised biowaste to a degree that non-compostable elements (NCE)
contamination was equal or below that specified in the proposed draft specification. In
particular we were interested in identifying equipment that could be added to existing MBT
plants with minimal disruption to existing processes.
Equipment Suppliers
A comprehensive review of numerous business directories, internet newsgroups, discussion
forums and individual companies revealed a small handful of companies as having equipment
suitable for removing NCE contamination from stabilised biowaste. To assess whether these
companies had suitable equipment for this task, they were provided with an input
specification (the characteristics41 of the material that needed to be ‘refined’) and an output
specification (the draft specification for stabilised biowaste for use in landfill restoration).

A list of those companies that replied, which is not exhaustive, with information about
suitable equipment is provided below.
•

Doppstadt (Germany)

•

Envipro (Denmark)

•

General Kinematics (UK)

•

IFE (Austria)

•

Nihot (Holland)

•

REDOX (Holland)

•

Stramproy Group (Holland)

•

Vecoplan (Germany)

•

TTP (Holland)

41

The material characteristic data was determined from the stabilised biowaste produced by Aberdeenshire
Council. The information included the duration of the composting process, screen size, particle size distribution
and composition, material density, average and range data for moisture and pH.
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Separation Principles and Equipment
As mentioned previously, there are three main separation techniques with potential for
removing NCE contamination from biostabilised waste. These are:

•

Air classification relies on differences in density, size and shape to separate mixed
materials placed in a strong flow of air.

•

Ballistic separation uses the difference in trajectory of materials with differing
elasticity, air resistance and inertia.

•

Centrifugal separation applies centrifugal forces to separate components of different
densities and sizes.

It is very common for manufacturers to combine two of the above techniques (particularly air
and ballistic classification) in one machine and to recommend the operation of several
machines in sequence (dealing with distinct particle size distributions). Table 1 provides an
overview of the type of equipment manufactured by different suppliers.
Although initial feedback from suppliers indicate that the above type of equipment is best
suited for the removal of NCE contamination, site visits indicated that rarely was this type of
equipment operated alone, and that often it was complemented by a whole range of screens,
splitting the material into distinct particle size ranges, (usually in 20mm fractions) to enhance
their separation performance. It is interesting to note that nowhere did we encounter a
situation where one type of classifier had simply been added to the end of an existing MBT
plant. A list of the facilities visited is provided, along with a brief overview of the separation
processes employed at those handling the waste stream of interest to the scope of this project.
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Table 1 Separation equipment and operation principles
(Note: This list is not exhaustive)
Manufacturer/
Component

Separation principle
Size

Doppstadt (Germany)
 Wind sifter
Envipro (Denmark)

√

√

√

 Vibrating/finger screen

√

 Flip-flop

√

√

Nihot (Holland)
 Drum sieve system

√

 Air sieve system

√

Stramproy Group (Holland)
 Windzifter
 Stijgzifter

√

√

IFE (Austria)
 Hard particle separator

REDOX (Holland)
 Wind sifters of varying
style

Ballistic

√

General Kinematics (UK)
 De-stoner
 Finger screen

Air

Main use / Notes

√

√

√

√

√

√

Operation
observed

Separation of light fraction

×

Compost cleaning and
sanitation system, incl. dryer
& grinder

×

 Mainly for separation of
heavies; wind sifter with
air table
 non-uniform fractions and
pre-screening

√

 less uniform fractions
including heavies
 non-uniform fractions and
pre-screening
 wet material

√

×

√
×

 less uniform fractions
including heavies
 uniform, light fraction such
as plastics

√

Uniform light fractions or less
uniform and heavies (in
combination with drum and
air tables )

√

 less uniform fractions
including heavies
 for smaller fractions and
small differences in
specific weight

×

√

×

T.T.P. (Holland) - Cyclone

√

√

R&D units only

×

Vecoplan (Germany)
 Dry Separator with air
table

√

√

Uniform fractions including
heavies

√
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Virtually all equipment suppliers were willing to discuss guarantee on the performance of
their separation systems. To discuss performance guarantees equipment suppliers need
information about the input material, anticipated throughput, as well as an indication of the
output specification.
Within this context, operators must be aware that changes and modifications to the process,
particularly upstream of the separation equipment, are likely to impact on overall
performance to the extent that the pre-agreed output specification may not be met.
Notwithstanding this, all the separation equipment outlined in this Appendix can be recalibrated with assistance from the suppliers to accommodate for modifications made
upstream of the separating/classification equipment.
Although much of this equipment could be considered to be turnkey, manufacturers were
reluctant to provide costing information, as model choice was likely to depend on a whole
range of site specific information which was not available (such as hourly throughput, floor
plan/building dimensions, feeding and discharge mechanism, etc.). Furthermore, it is likely
that the installation of the type of separation equipment discussed here would require
additional/specific feeding and discharging systems (e.g. conveyors, hoppers, frames) and
these would add to the overall commissioning costs of installing the additional separation
equipment. It is therefore not practical for suppliers to provide costing information for
individual machines when their proper operation requires a whole range of auxiliary features.
Nevertheless, some equipment suppliers suggested that some of the less sophisticated
machines could be priced at around £25,000, whilst the price for the more complete systems
could start above £100,000.
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Refinement Equipment
Equipment

Wind Sifter WS 720 Taifun

Operational
principle

Air separator with ballistic elements

Manufacturer’s
description

“The Taifun is used for removal of lightweight contamination in composting or
the preparation of rubbish and mixed construction waste. Mounted on a hook
lift frame, the WS 720 is suitable for both stationary and mobile applications.
The feeding hopper is designed as a vibrating conveyor, which separates the
material. A longitudinal blower lifts the lightweight material to be sifted on top
of the heavy components, where it is most accessible for the subsequent
separation process.
The machine can be adapted to suit different feed materials through
adjustment of the air flow. For materials which are particularly difficult to
separate, for instance due to high moisture content, separation can be
improved with the adjustable vibration rollers.”

Main
application

Separation of light, large surface area material from denser
particles.

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).
Air recirculation system and vibrating table to fluidise material.

Photo/Diagram

Supplier

Doppstadt (UK) Ltd
Unit 4, Murray Court
Hillhouse Industrial Estate
Hamilton, ML3 9SL
Tel.: 01698 307 172
Fax.: 01698 30713
E-Mail: enquiries@doppstadt.co.uk
Internet: www.doppstadt.com
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Equipment

Compost Cleaning System

Operational
principle

System including heater/dryer/sanitizer and integral separation
equipment.

Manufacturer’s “The Process: The compost is dried in a substantially costreducing way due to the patented heating process.
description
Hygienization: The compost is heated up to 70º C for one hour
to remove the harmful bacteria. The crushing process pulverizes
the glass into invisible particles. A plane sorting machine
vibrates the contamination away from the compost.”
Main
application

Refinement of source separated green waste.

Operator
comments

N/a.

CSC comments

Only available as full system.
Requires source separated input as it crushes material prior to
separation.

Photo/Diagram

Supplier

Tim envipro
Fabriksvej 13
DK-6980 Tim
Tel.: +45 96 747500
Fax: +45 96 747510
E-Mail:
Internet: www.timenvipro.dk
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Equipment

De-Stoner

Operational
principle

Air separator with ballistic elements

Manufacturer’s “Exclusive products like our De-Stoner/Classifier have the
ability to perform multiple processing functions during
description
conveying. This includes screening; classifying, sorting and
aligning. Vibratory feeders are also ideal for tight radius
turning while material is on the move.”
Main
application

Separation of light, large surface area material from denser
particles. Can be used for mixed fractions

Operator
comments

Bought this kit after good trial results.

CSC comments

Can be adjusted to variations in input material (within limits).

Now have to consider retrofit of a ferrous steel plate in order to
collect magnets that block the vibrating air bed.

Includes a vibrating air-bed that fluidises the material prior to
air sifting.
Photo/Diagram

Supplier

GENERAL KINEMATICS LTD
Dawley Brook Works
West Midlands DY67BB
ENGLAND
Tel.: +44-1384-273303
E-Mail: mail@generalkinematics.co.uk
Internet: www.generalkinematics.com
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Equipment

Hard particle separator

Operational
principle

Ballistic separator

Manufacturer’s “Separation of heavy, solid particles from flat, light particles.
Due to the kinetic energy heavy, solid particles tends to fall
description
down. Caused by the vibration flat, light particles are transported
upwards on the separation plates. The separation plates are
located in such a way that the feed material will be split
(separated) into two fractions like solid and light particles. By
setting the separation plates, dropping height and amplitude, the
Separator easily can be adjusted to various applications.”
Main
application

Separation of hard, heavy and dense particles from lighter, less
spherical and soft particles. Can be used for mixed fractions

Operator
comments

Robust equipment, low maintenance, reliable.

CSC comments

Tendency to separate a range of hard organics such as orange
peel from organic fraction. Can be adjusted to variations in
input material (within limits).

Photo/Diagram

Supplier

IFE Aufbereitungstechnik GmbH

Patertal 20
3340 Waidhofen/Ybbs
Austria
Tel.: +43 (0) 7442 515-0
Fax: +43 (0) 7442 51515
Internet: www.ife-bulk.com/eng/
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Equipment

Drum sieve system

Operational
principle

Air separator with ballistic elements

Manufacturer’s “Used to separate waste fraction of different sizes.”
description
Main
application

Separation of light, large surface area material from denser particles. Can be
used for mixed fractions

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).
No air recirculation system. Includes rotating drum for improved separation
of hard particles.

Photo/Diagram

Supplier

Nihot Air Technology
Generatorstraat 16
NL-1014 AT Amsterdam
Tel.: +31 2058 22030
Fax: +31 2058 22039
E-Mail: nihot@nihot.nl
Internet: www.nihot.nl/en/home.html
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Equipment

Air sif system

Operational
principle

Air separator

Manufacturer’s “Used to separate more homogenous fractions.”
description
Main
application

Separation of homogenous fractions such as green waste compost.

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).
Air recirculation system.
Will require clearly defined input material and/or pre-sorting.
Offer mobile unit.

Photo/Diagram

See previous page.

Supplier

Nihot Air Technology
Generatorstraat 16
NL-1014 AT Amsterdam
Tel.: +31 2058 22030
Fax: +31 2058 22039
E-Mail: nihot@nihot.nl
Internet: www.nihot.nl/en/home.html
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Equipment

Windshifter (various models)

Operational
principle

Air separator with ballistic elements.

Manufacturer’s “The Redox windshifter for compost is a windshifter designed to separate
composted material from stones and plastic. The compost flow to be
description

separated is brought onto a vibrating table, which spreads the out. Through
regulation of air stream it's possible to remove aggregates or high calorific
materials out of the compost. If the high calorific is to be removed, the
compost is the heavy material, which falls in front of the drum onto a
discharge conveyor. The high calorific materials are blown over the drum
onto a discharge conveyor or container. If aggregates are to be removed,
the compost is the light fraction. The aggregates fall in front of the drum
onto a discharge conveyor and the compost is blown across the drum. If a
compost flow contains both aggregates and plastics, it's possible to remove
the aggregates, by blowing the compost and plastics across the rotating
drum. By use of a second blower, the plastics can be removed.”

Main
application

Separation of light, large surface area material from denser particles. Can
be used for mixed fractions.

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).
Can include a vibrating air-bed that fluidises the material prior to air
sifting and rotating drum for improved separation of hard particles. Offer
mobile units.

Photo/Diagram

Supplier

Redox Recycling Technology BV
Stevinstraat 11-15
P.O. Box 218
7100 AE Winterswijk
The Netherlands

31 543-531030
31 543-519089

Tel.: +
Fax: +

E-Mail:

info@redox.nl

Internet: www.redox.nl
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Equipment

Windzifter and Stijgzifter

Operational
principle

Air separator (some with ballistic elements)

Manufacturer’s “The higher the degree to which the different fractions in waste materials
are separated, the more their respective value. For the dry separation of
description

specifically construction and demolition debris DUOS developed an
installation that applies wind force, the so-called Windzifter-unit® (WZU).
For certain specific applications the Stijgzifter-unit® (SZU) was added later.
Over the years these systems have been further optimized. They have
proved their value in the separation and sorting of compost, glass, wood,
metal scrap and MSW Bottom ash. Windzifter-unit® and Stijgzifter-unit®
do not work alone. Usually they are part of a plant including crushers,
screens and magnets.”

Main
application

Separation of light, large surface area material from denser particles. Can
include rotating drum for improved separation of hard particles.

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).

Photo/Diagram

Windzifter
Supplier

Stramproy Group
Industrieweg 20
P.O. Box 3107
NL-6039 ZG Stramproy
The Netherlands
Tel.: +31 495 56 15 32
Fax: +31 495 56 29 42
E-Mail: sg@stramproy.nl
Internet: www.stramproy.nl/html/index_en.html
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Equipment

Cyclone

Operational
principle

Air separator operating on cyclone principle

Manufacturer’s N/a
description
Main
application

Separation of light, large surface area material from denser particles. Can
be used for heterogeneous fractions.

Operator
comments

N/a.

CSC comments

Still in development phase. Only cyclone system identified.

Photo/Diagram

N/a

Supplier

T.T.P. (Holland)
Wiegert Panjer
Eserstraat 6
NL-7849 PH DeKiel
Tel.: +31 591 387480
Fax: +31 591 387426
E-Mail: w.panjer@planet.nl
Internet: N/a
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Equipment

Dry separator

Operational
principle

Ballistic separator with air elements.

Manufacturer’s “Air stream separation, and in the case of material fractions of different
density, connected to vibrating conveying technology. Additional
description
separation of fine particles and dust.”

Main
application

Separation of light, large surface area material from denser and harder
particles.

Operator
comments

N/a.

CSC comments

Can be adjusted to variations in input material (within limits).
Requires homogenous or pre-sorted fractions and dry material. This
company also manufactures windshifters.

Photo/Diagram

N/a.

Supplier

Vecoplan Maschinenfabrik GmbH & Co. KG
Vor der Bitz 10
D-56470 Bad Marienberg
Tel.: +49 2661/6267-0
Fax: +49 2661/6267-70
E-mail: vecoplan@vecoplan.de
Internet: www.vecoplan.de
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Facilities Visited
Four sites using the separation equipment to remove NCE contamination from composted
materials were visited in Austria, Germany and Holland.
It is worthwhile noting that in these countries it is common to collect botanical and kitchen
waste together, substantially reducing the organic content in residual waste, which is
processed in MBT plants to produce refuse derived fuels and recover inert material for
recycling.
The site in Austria was processing material that was very similar to the mixed MSW
composted in Scotland. At this site some of the material was blended with sewage sludge to
make different grades of compost.
Below is a list of the main equipment suppliers that organised the visits, plus brief details of
the site’s catchment area and input material.
•

IFE (Schladming Site, Austria): Handling mixed MSW from 22,000 households.

•

VECOPLAN (HERHOF Site, Germany ):36,000 tonnes per annum of green and kitchen
waste from 50,000 people.

•

NIHOT (Essent Site, Maastricht).

•

IFE & General Kinematics (Holland Collect Site, Northern Holland).

Flow diagrams for the sites visited are provided overleaf, indicating the relative location of
individual equipment in the overall process flows. Below is a key for the colours used in the
flow diagram.
Start of the process.
Specific manufacturers’ separation equipment.
End-product for recycling.
End-product for incineration/disposal.
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.IFE (Schladming Site, Austria)
Handling mixed MSW from 22,000 households.
Tipping Bay

Bag Splitter

Manual Sorting

Glass & Plastic Bottles

Homogenising Drum
60mm Screen

Over-band Magnet

>60mm

<60mm

Over-band Magnet

Ferrous Metals

IFE Hard Particle
Separator

HARD
MATERIAL

SOFT
MATERIAL

15% of input

85% of input

e.g. orange
peels, plastic
material,
glass and

e.g. kitchen
waste and
paper

Composting
for landfill
cover
6 weeks

Composting
for
landscaping
applications
6 weeks plus
8-10 week
maturation

Flip Flop Screen

Landfill
Cover

NCE (inc. stones)

Landscaping
Applications
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Disposal

VECOPLAN (HERHOF Site, Germany)
36,000 tonnes per annum of green and kitchen waste from 50,000 people.
Green Waste

Kitchen & Garden
Waste Tipping Bay

Reception Area

Biomass
Combustion
Plant

MBT or
Landfill

Organic
Material

Plastic

Hammer Mill
Shredder

5 HerHof
Composting Boxes
(7 days)

Windrow Composting
45
>30mm
30mm Trommel
Screen

60 mm
T

Wind-sifter

lS

Maturation

<30mm

20mm
T

>10 to <20mm

Agriculture Compost

lS

<10mm

Density Classifier

(FOC)

High Value Compost
(<0.1% NCE & stones)

90% domestic outlets (@€18/t)
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>20 to
<60 mm

NIHOT (Essent Site, Maastricht, Holland)

Reception Hall

Feeding Hopper

Shredder

Magnet

Ferrous Metals

Composting Halls

Medium Fraction
(e.g. composted
matter)

40mm Trommel

Density &
Air Classifier

Flip Flop Screen

Density & Air
Classifiers

Heavy Fraction
(e.g. stones & glass)

Light Fraction
(e.g. plastic films)

Heavy Fraction
(e.g. stones & glass)

>20 to < 40 mm

>10 to < 20 mm

Light Fraction
(e.g. plastic films)

<10 mm
Incineration

Medium Fraction
(e.g. composted matter)

Clean Aggregate
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IFE & General Kinematics (Holland Collect Site, NorthernHolland)
Reception Hall

Feeding Hopper

Jenz Shredder (to <15 mm)

Drum Load Leveller

Shredder

80mm Screen (IFE)

>80mm

Incineration

<80mm

Over-band Magnet

9mm Flip Flop Screen
(IFE)
<9mm

>9mm

Ferrous

Cyclone

Suction

Plastics

De-Stoner (GK)

Organics

Stones

Clean Stones

Hard-particle Separator
(IFE)

Small stones and glass

Flotation Tank

Organic Sludge

Alternative
Outlets

Composted End Product
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Appendix E
Research on the Leachability of Biostabilised Waste derived from MSW
Synopsis
Based on composts produced in the US, MSW composts would likely contain higher levels of
most trace elements (not Cr or Ni) than do Scottish background soils, but lower levels than
municipal sewage sludge and sludge composts. The lowest levels of heavy metals have
consistently been found in composts that have been produced from source separated
feedstock. Once contaminants are mixed with compostable waste they are increasingly
difficult to recover. The centralised separation of contaminants from MSW composts can
achieve moderate reductions in metal levels, and some evidence suggests this separation is
most effective at early stages of processing.
When considering heavy metal related issues, MSW composts have been considered similar
to sewage sludge in some respects. Therefore, much of what has been learned about sewage
sludge may also apply to MSW compost. We know that the availability of heavy metal
cations in soils decrease strongly as pH increases from 4 to 6. Similarly, the availability of
these cations decreases with the increasing cation exchange capacity of soils. Organic matter
in soils can decrease the plant-availability of these cations. Since mature composts consist
primarily of organic matter, the application of composts to cropland can actually decrease the
uptake of these metals by plants even though the concentration in the soil may be increased.
The factors that control the availability of trace elements to plants also affect their availability
for leaching.
Decades of sludge research results, using plant tissue and soil analyses, have shown that crop
uptake or downward movement of heavy metals presented no hazard to consumers or the
environment. Various water-quality studies conducted at the same time showed that sludge
application did not significantly degrade surface water or ground water quality. Other
research suggests that metals in MSW compost are less mobile than those in sludge. Further,
the proper composting and curing of compostable wastes allows for humification to occur.
Humification can make a certain amount of the heavy metals less soluble, so as to limit their
effective danger. Therefore, by properly composting and maturing, a large amount of heavy
metals can be complexed by the humic substances and reach the soil in a less mobile
chemical form. Consequently, it is much more difficult for them to enter the processes of
adsorption and nutrition of plants or become mobile allowing for their leaching. Soil pH has
also been shown to have a strong influence on the level of extractable and plant-available
metals.
Several studies have been completed illustrating the typical lack of mobility of heavy metals
in MSW compost. In a 19-year study where compost was applied at different volumes over a
5-year period, heavy metal loads in the surface soil were shown to correlate with the amount
of compost applied. However, there was virtually no movement of metals below the 12-inch
(30.5 cm) depth, which was the physical tillage depth during compost application. While
heavy metals were increased in the surface soil by the compost, there was no evidence of
downward movement which could contaminate groundwater. Two Studies completed by
Breslin over a shorter period of time showed similar results. He found that after 16 and 52
months in one study, and 18 months in another, that heavy metals remain in the layer of soil
in which the compost was incorporated, and that no measurable impact on groundwater was
caused by them. The low water extractable fraction of these metals in MSW and MSWbiosolids compost was found to be a major factor limiting the transport of these metals to the
lower horizons. Groundwater sampling also showed that the concentration of Na, Cl, Ca,
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nitrate-N, Mg, K, and sulphate in groundwater flowing under compost amended soils were
not significantly different than their respective contents in groundwater flowing under the
control plots.
Conclusions drawn on a variety research illustrate that:
1. At neutral and alkaline pH, most trace elements will be in relatively insoluble forms,
thus little leaching will occur.
2. Under field conditions, the subsoil would act as a sink for metals, further decreasing
the amounts reaching groundwater.
3. Leaching of metals from MSW compost and sludge is most likely to occur with heavy
repeated applications over many years in regions with acidic sandy soils low in
organic matter that receive high rainfall or irrigation, and similar conditions would
apply to leaching from MSW compost.
For a better understanding of a possible transfer of heavy metals in compost into the food
chain, international research has shown that the “available” chemical form of heavy metals
should be considered more important than the total content. Perhaps the most important
perspective on the potential for persistent risks from utilisation of composts from MSW is
that no adverse effects from contaminants in MSW compost have been reported (other than
boron toxicity to plants).

Heavy Metal Impact and Movement from MSW Compost
D.A. May and P.M. Giordano, Landspreading Municipal Waste Compost. Biocycle
Magazine, March, 1989.

A crudely produced MSW/biosolids compost (Johnson City, TN) was applied and
incorporated over 5-years at a total application rate ranging from 40 to 1,000 tons/acre. The
compost possessed a 4.7% Calcium content, which had a pronounced effect on liming.
Thirteen years of successful corn crops were grown on this land while heavy metal evaluation
was underway. Primary and secondary nutrients in the soil increased significantly in the top
12-inches of soil, but downward movement varies based on the nutrient (Calcium levels
increased with increased levels of compost down to a 30-inch depth). ‘While heavy metal
loads in the surface soil were correlated with the amount of compost applied, there was
virtually no movement of metals below the 12-inch depth. As with phosphorous and organic
matter, it is likely that most of the movement into the 6-12-inch layer resulted from physical
mixing during tillage. The 19 years since compost application would seem to be ample time
for downward movement to the 12-18-inch layer to begin if it were going to happen. While
heavy metals were increased in the surface soil by this particular compost, there was no
evidence of downward movement which could routinely contaminate groundwater.’
Breslin, Vince, Retention of Metals in Agricultural Soils After Amending with MSW and
MSW-Biosolids Compost. Waste Reduction and Management Institute, State University
of New York at Stoney Brook. Water, Air, and Soil Pollution 109: 163-178, 1999.

‘The goal of this study was to measure the As, Cu, Fe, Pb, and Zn contents of soils amended
with MSW and MSW-biosolids compost and to determine the long-term transport of these
metals to the lower soil horizons. As a result, Pb, Cd, Cu and Zn were elevated in the upper 5
cm soil layer following compost application and the metal enrichment was proportional to the
amount of compost applied (21-62 Mg ha-1). In addition, Pb, As and Cu contents of the noncompost amended Calverton soils were enriched above the tillage depth (20-25 cm), most
likely from the long-term use of specific insecticides and fungicides. Results of the metal
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analyses of soil cores collected 16 and 52 months following compost application showed that
Cu, Zn, and Pb remained confined to the upper 5cm soil layer. The low water extractable
fraction of these metals in MSW and MSW-biosolids compost was a major factor limiting the
transport of these metals to the lower horizons. In contrast, Cd leaching from the upper 0-5
and 5-10 cm soil layers was continuous over the 52 month study period and was attributed
primarily to the presence of soluble Cd in phosphate fertilizer initially applied to the Caverton
farm soil.’
Breslin, Vince, Use of MSW Compost in Commercial Sod Production. Biocycle Magazine,
May 1995.

A comprehensive research and demonstration project was initiated in April, 1992 to examine
the use of MSW compost in sod (turf) production. The study included collecting data
concerning the environmental acceptability of MSW compost amended soils. The soil type
was a sandy loam, and the site was prepared by disc plowing and the addition of 1 ton/acre of
limestone and 1,000 lbs./acre of 10-30-15 fertilizer. Two products were tested, a MSW
compost was applied at 9, 18 and 27 tons/acre, and a MSW/biosolids compost was applied at
27 tons/acre, and a Kentucky bluegrass was established. Soil cores were collected
immediately after compost application and once again after 18 months to determine the fate
of the metals in compost amended soils. Trends pertaining to the application of both products
was similar, with increases in soil metal content measured for Pb, Zn, and Cd. ‘These
increases were confined to the surface 0 to 5 cm core sections. In contrast, As and Fe contents
of the soil surface were similar to the controls, and were not significantly affected by the
compost application rates. Below the upper 5 cm soil layer, the metal contents of the control
and compost amended soils were similar. Results also showed that the metals added to the
soil along with the compost remain confined to the 0 to 5 cm section of the soil following 18
months. The Fe, As, Cd, Cu, Zn, and Pb contents of the October, 1993 soil cores were similar
to the metals contents of each of the respective 0 to 5 cm soil core sections immediately
following compost application. In addition, there was no evidence of metal enrichment of the
5 to 10 cm soil sections of these same soil cores.’ Also, no measurable differences in the
heavy metal content of the turfgrass grown in the compost and control plots was found. ‘Soil
samples were collected from the replicated plots at two depths (0-5 cm and 20-25 cm) on four
occasions during 1992-1993 and analyzed for soil nutrients. Increased MSW compost content
of the surface soil resulted in increased soil pH, increased organic matter content, and
increased concentration of Ca, K, P, and nitrate N. ‘Groundwater samples were taken from
below the plots on eight occasions. Results of the groundwater testing showed that the
concentration of Na, Cl, Ca, nitrate-N, Mg, K, and sulfate in groundwater flowing under
compost amended soils were not significantly different than their respective contents in
groundwater flowing under the control plots. Results also showed that there was no
measurable impact to the groundwater from trace metals or volatile organics following MSW
compost application to the soil.’
Chaney, R.L. and Ryan, J. A., Heavy Metals and Toxic Pollutants in MSW-Composts:
Research on Phytoavailability, Bioavailability, Fate, Etc.

This paper is a review and interpretation of research which has been conducted to determine
the fate, transport, and potential effects of heavy metals and toxic organic compounds in
MSW composts and sewage sludge. In research on these questions, the chemical properties of
sludge and composts were found to be very important in binding the metals and toxic
organics. When properly cured modern MSW composts containing low levels of metals and
organics were land applied, there was no evidence of adverse effects to humans, livestock, or
wildlife except temporary boron phytoxicity. Adverse boron phytoxicity effects have only
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been found when highly contaminated sludge or MSW+sludge composts with highly metal
contaminated sludge were used at high cumulative application rates, at very strongly acidic
soil pH. The bioavailability of contaminants in MSW composts describes the accumulation in
animals or organics from ingested sludge or composts, or from food/feed materials grown on
sludge or compost amended soils. Perhaps the most important perspective on the potential for
persistent risks from utilisation of composts from separated MSW is the simple statement that
no adverse effects from contaminants in MSW compost have been reported other than boron
toxicity to plants. Only through persistent use of a compost which possesses a high boron
content would this be an issue (because boron is water soluble). In saying this, boron toxicity
is a temporary problem. Boron toxicity is significantly more severe when plants are Nitrogen
deficient. MSW compost contain higher levels of many trace elements than do US
background soils, but lower levels than do sewage sludge. Because metals in MSW compost
are conserved in the soil-compost mixture, application of MSW compost to cropland causes
an increase in the concentration of potentially phytotoxic heavy metals (Zn, Cu, Ni) in soils.
However, an improved understanding of the chemistry of sludge and composts appears to
explain the low potential for phytotoxiciy and phytoavailability of metals in low metal
concentration sludge and compost materials. Based on these understandings, researchers have
attempted to characterize the chemical aspects of sludge which made metals so much less
available to plants (phytotoxicity) than were metal-salts. It is now clear that phytotoxicity to
sensitive crop species has only resulted when high metal concentration sludge were used, or
extremely low pH was reached. In fact, even if soil organic matter is oxidized over time, if
soil pH does not fall, the ability of crops to accumulate soil metals is only decreased over
time. This indicates that the non-organic matter adsorption sites are adequate to protect
against metals added in sludge and composts. Part of the sludge applied specific metal
adsorption capacity is due to humic acids formed from sludge organic matter; interestingly,
metals stabilize soil humic acids against biodegradation.
Woodbury, P.B., Trace Elements in Municipal Solid Waste Composts: A Review of
Potential Detrimental Effects on Plants, Biota and Water Quality. Biomass and Bioenergy
Vol. 3, Nos 3-4, pp. 239-259, 1992.

Since MSW composts are similar to sewage sludge in some respects, much of what has been
learned about sewage sludge may also apply to MSW compost. The availability of heavy
metal cations including Cd, Pb, Ni and Cu in soils decreases strongly as pH increases from 4
to 6. Similarly, the availability of these cations decreases with increasing cation exchange
capacity of soils. Organic matter in soils can decrease the plant-availability of these cations.
Since mature composts consist primarily of organic matter, the application of composts to
cropland can actually decrease the uptake of these metals by plants even though the
concentration in the soil may be increased. The factors that control the availability of trace
elements to plants also affect their availability for leaching. Thus, at low pH, many trace
elements will be free in the soil solution rather than complexed within the soil matrix, hence
greater leaching is possible. At neutral and alkaline pH, most trace elements will be in
relatively insoluble forms, thus little leaching will occur. Additionally, under field conditions,
the subsoil would act as a sink for metals, further decreasing the amounts reaching
groundwater. Leaching of metals from sludge is most likely to occur with heavy repeated
applications of sludge over many years in regions with acidic sandy soils low in organic
matter that receive high rainfall or irrigation, and similar conditions would apply to leaching
from MSW compost. Groundwater is most likely to be affected if it is close to the surface, or
if karst formations or other conditions limit the opportunity for adsorption and complexation
of metals by soils components.
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Epstein, E., R.L. Chaney, T.J. Logan, and S. Crawford, Heavy Metals in Municipal Solid
Waste Compost. Presented at Environmental Science & Technology, May 8, 1991.

MSW compost will contain chemical contaminants as a result of plastic, metal objects,
pigments, solvents, paper, wood products, petroleum products, and other discarded materials.
Several soil properties such as pH, organic matter, iron and aluminum oxides, and
phosphorous, effect the movement through soils and potential uptake by plants. The level of
heavy metals in mixed MSW is considerably lower than levels in sewage sludge and sludge
compost that the U.S. EPA has determined to be safe for land application.
Chaney, R.L., Land Application of Composted Municipal Solid Waste: Public Health,
Safety, and Environmental Issues. USDA-Agricultural Research Service

MSW compost is similar to composts prepared from municipal sewage sludge, but MSW
compost usually contains lower concentrations of potentially toxic constituents such as
metals and toxic organics than do sewage sludge.
Epstein, E., R.L. Chaney, C. Henry, and T.J. Logan, Trace Elements in Municipal Solid
Waste Compost. Biomass and Bioenergy Vol. 3, Nos 3-4, pp. 227-238, 1992.

The levels of heavy metals in mixed MSW-compost were considerably lower than levels in
sewage sludge. Although concentrations of heavy metals in source-separated compost were
somewhat lower than in mixed, MSW compost, there is no evidence that either type poses a
risk to human health or the environment.

Related/General Heavy Metal Data
Canarutto, S., G. Petruzzelli, L. Lubrano, and G Vigna Guidi, How Composting Affects
Heavy Metal Content. Biocycle Magazine, June 1991.

International research has shown that ‘as far as heavy metals are concerned, the “available”
chemical form of heavy metals has been considered more important than the total content for
a better understanding of a possible transfer into the food chain’. This research evaluated if
and how much a properly conducted composting process can alter the chemical forms of
heavy metals. Two MSW composts were used in the trials, a DANO MSW compost (2-3
days in a bioreactor, then screened to remove various inerts, before maturation with
mechanical turning) and a MSW compost which is screened before going into a bioreactor.
Both products were matured for 60 days, but the second compost experienced anaerobic
conditions during maturation. Heavy metals were extracted from both products using three
different extraction methods (water, KNO3 and EDTA). ‘Concerning water soluble heavy
metals, the occurrence of soluble forms was remarkable for all heavy metals, except Cd.’
Differences were related to the origin of the compost, as well as sampling time. ‘The content
of heavy metals was higher in water extracts of the DANO compost, whereas, for both
composts, samples taken after 60 days generally showed a soluble amount of heavy metals
lower than the corresponding ones at 0 time.’ Differences between sampling times were more
evident in the case of the EDTA extraction method and significant decreases in heavy metal
content were found only in the DANO compost. The research suggested that ‘the
concentrations of heavy metals are generally lower in the samples taken at the end of the
composting period in the correctly prepared compost (DANO compost). This lower
concentration seems to indicate their passage towards less soluble forms, such as those linked
to the humified organic matter.’ However, the total extractability of heavy metals from the
two compost illustrates a different trend. It found that with the improperly matured compost,
the extractability of metals was not significantly different ‘between the beginning and end of
the composting period, whereas in the case of the DANO compost the corresponding values
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of total extractability show a clear decrease, particularly for Cd, Ni and Cr. These results lead
to the assumption that a correct procedure of humification during maturation of the compost
can make a certain amount of the heavy metals less soluble, so limiting their effective danger.
Therefore, if properly matured, a large amount of heavy metals can be ‘complexed by the
humic substances and reach the soil in a less mobile chemical form. Consequently, it is much
more difficult for them to enter the processes of adsorption and nutrition of plants.’
Richards, Tom and P.B. Woodbury, The Impact of Separation on Heavy Metal
Contaminants in Municipal Solid Waste Composts. Biomass and Bioenergy Vol. 3, Nos 3-4,
pp. 195-211, 1992.

Centralized separation can achieve moderate reductions in metal levels, and some evidence
suggests this separation is most effective at early stages of processing. Evidence from both
experimental and operating facilities provide similar results. The lowest levels of heavy
metals were consistently achieved by source separation of compostables. Once contaminants
are mixed with compostables they are increasingly difficult to recover. Size reduction,
abrasion, mixing and leaching disperse contaminants, and separation becomes less evident
with time or intensive processing. It is possible that source separation of a few contaminants
such as lead-acid batteries and TV picture tubes could make an important difference. While
reductions in heavy metals and other contaminants are possible in a centralized separation
facility, there is at present essentially no information on the effectiveness or efficacy of
specific separation processes, nor on the optimum way to combine unit processes in an
integrated separation system.
McBride, M.B., B.K. Richards, and T. Stenhuis, Bioavailability and Crop Uptake of
Heavy Metals in Soil Columns Amended with Sewage Sludge Products. Plant and Soil 0: 114, 2003.

Soil pH had strong influence on the level of extracable and plant-available metals
Richards, Brian K., J. H. Peverly, T.S. Steenhuis, and B.N. Liebowitz, Effect of
Processing Mode on Trace Elements in Dewatered Sludge Products. J. Environ. Quality
26:782-788 (1997).

The effects of pelletization/drying, composting, incineration, and N-Viro chemical
stabilization on composition and mobility of trace elements and P were compared. The mode
of processing has widely ranging effects on mobilities. Composting slightly increased Cd
mobility, but reduced that of Ni and P. Pelletization slightly increases the mobility of several
metals, while the N-Viro process significantly the mobilities of Cu, Mo, and Ni.
Richards, Brian K., J. H. Peverly, T.S. Steenhuis, and M.B. McBride, Effect of SludgeProcessing Mode, Soil Texture and Soil pH on Metal Mobility in Undisturbed Soil Columns
Under Accelerated Loading. Environmental Pollution 109 (2000) 327-346.

Soil columns were watered with synthetic acid rainwater, and percolates were analyzed for
trace elements, electrical conductivity and pH. Percolate metal concentrations varied with
sludge and soil treatments. Composted sludge and ash had the lowest overall metal
mobilities.
Brooks, Jonathon and C. Mastrodonato, An Analysis of Leachate From Composted
Sewage Sludge and Ditching Soil Proposed for Use by the Maine Department of
Transportation. Department of Biology, Colby College

The Maine Department of transportation (DOT) had proposed using a 2:1 (v/v) mixture of
ditching material and composted sewage sludge to stabilize roadside embankments. They
were interested in finding out if there are harmful levels of toxic elements in leachate from
88

different soil mixes. The metals found in the compost leached more readily than those in the
ditching material. Most toxin metals were not detectable in leachate collected from the
compost-drinking soil mixture.
Logan, Terry, Balancing Benefits and Risks in Biosolids. Biocycle, November 1997.

Three safety factors are mentioned as far as managing heavy metals from land use of
biosolids:
1. If more biosolids are treated to exceptional quality standards, they become more
valuable and marketable products and users are not likely to over apply products they
have paid for,
2. As trace element concentrations decrease, the longevity of a site to accumulate trace
elements increases if biosolids are applied at agronomic rates; and
3. There is strong evidence that bioavailability of trace elements decreases as their
concentrations in biosolids decrease. The chemical matrix of biosolids has a strong
enough affinity for trace elements that several studies have shown that addition of
biosolids to soil, even trace element contaminated soil, can reduce trace element
bioavailability even though the total concentration of the trace element in the soil
increases with biosolids application
Anderson, W. C., R.C. Loehr and B.P. Smith, Environmental Availability of Chlorinated
Organics, Explosives, and Metals in Soil, pp 188-201. American Academy of
Environmental Engineers, 1999.

Transformation of one chemical species into another can result from either chemical or
biological processes that include oxidation, reduction, hydrolysis, substitution, acid or base
reactions, or complexation. Such transformations can form chemical species that are more or
less harmful to human health or environmental systems. Transformation can also change the
solubility, volatility, and reactivity of chemicals. Currently, the ‘total’ metal concentrations in
soils in used to establish risk-based clean-up levels in spite of available data indicating that
not all forms of a metal are equally toxic. Soil-metal availability is related to the mineral and
sorbed form of a metal in the soil matrix.
Mays, D.A., and P.M. Giodano, Benefit of Land Application of Municipal Sewage Sludge.
National Fertilizer Development Center, Tennessee Valley Authority, July 1988.

10 years of studies in various locations evaluating applying sewage sludge at agronomic
rates. Research results showed that plant tissue and soil analyses illustrated that crop uptake
or downward movement of heavy metals presented no hazard to consumers or the
environment. Water-quality studies conducted at the same time showed that sludge
application did not significantly degrade surface water or ground water quality.
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Appendix F
Potentially Toxic Elements (PTEs) in Biowaste – Case Study Results
F.1 Summary
• Batches of biowaste examined in the course of this study contained high levels of Pb,
Cu, and Zn which exceeded the concentrations recommended by SEPA in their
indicative standard for mixed waste compost.

•

Throughout the biodegradation process, the mass of the MSW material reduced and
organic matter levels declined. PTEs were therefore expected to become more
concentrated. However, the heterogeneity of the material and the presence of highly
contaminated spots within the material made the relationship between organic matter
and PTE levels difficult to demonstrate.

•

A literature review and pilot laboratory study demonstrated that washing the biowaste
with the organic acid EDTA, could be used to remove and perhaps recover PTEs from
biowaste.

F.2 Introduction
The aim of the research was to monitor the concentrations of PTEs, as well as total C, N and
inorganic C throughout biowaste production from feedstock to final product. As the biowaste
stabilises and organic matter is reduced, PTEs will concentrate but to ensure that the levels of
the various elements reached a maximum, their concentrations were monitored throughout
the stabilisation time course. Due to the heterogeneous nature of the material being studied, a
sampling protocol described in Appendix B was implemented to ensure that the composite
sample analysed at each time point was representative of the entire batch.
F.3 Production Sites
This study focuses on the recently commissioned MSW composting facility at the
Dalinlongart landfill, Dunoon. This facility employs a Cambridge batch system
(www.crservices.co.uk) with 8 bunkers or clamps where mixed municipal waste is first
screened by passing the materials through a wet trommel and an over-band magnet, removing
a significant percentage of inorganic material. The screened material is collected in clamp 1
and at this stage is very moist. When clamp 1 is full the material is moved with a front end
loader to clamp 2 and the biodegradation process continues. Temperature measurements are
taken from locations throughout the material mass to monitor the composting process, and to
ensure that it complies with the Animal By-Product Regulations (ABPR). Once the material
has exceeded its target temperature for the specified time it is ready to be moved to the next
clamp. During this transfer, the material is mixed, broken up and aerated. As the material
passes to the end clamp over 10 -15 weeks the moisture content drops considerably, as does
the organic mater content. At this stage the material undergoes a second screening process to
remove the materials such as plastic and glass. The layout and processes in the plant comply
with the ABPR. Capacity is around 35,000 tonnes of MSW per annum, with 45% diversion of
input waste tonnage. This equates to around 7,000 - 10,000 tones of MSW compost (data
taken from the accompanying notes for a presentation by site engineer Keith Sinfeld).

The eight clamp layout of this processing plant allowed a single batch of MSW to be
followed and analysed throughout the composting process, thereby enabling a time course of
the process to be constructed. This process is expected to take approximately 10 weeks but
technical difficulties were encountered during this project and the overall duration of the
process was extended to five months.
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A comparative analysis was also carried out on a compost facility based at Levenseat in West
Lothian. Municipal Solid Waste is subjected to a dry screening process employing a bag
splitter, trammel, over-band magnet and eddy current, the biodegradable fraction removed is
then composted in a first stage bunker system , then moved to large windrows, around 3
metres high. The material is then re-screened to remove glass and plastic.
F.4 Sampling and Analysis
Protocols (BSI standards) for the analysis of the biowaste material are listed in Appendix 2.
Twenty five point samples were removed from a single batch of material as it passed through
each of the eight bunkers in the processing plant at Dunoon. The samples were generally
taken during or shortly after the batch was moved to ensure that it was well mixed. The
twenty five point samples were then mixed to form a large composite sample and a portion of
this composite sample was dispatched to NRM laboratories where it was analysed for
Cadmium (Cd), Chromium (Cr), Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb) and
Zinc (Zn). As recommended by the draft specification document, the concentrations of the
various PTEs were normalised to 30% organic matter. When the material reached the final
bunker, again 25 point samples were extracted for analysis but on this occasion the samples
were analysed separately so that the variation of PTE levels within the mass of the biowaste
i.e. heterogeneity of the biowaste, could be assessed. For comparison, 25 point samples were
removed from a finished batch of biowaste produced at Levenseat where the material is
produced and matured in long-piles after the first stage bunker system. The samples taken at
Levenseat had not been subject to the final 10mm screen. Twenty five point samples should
be sufficient to provided a good estimate of the mean and variance of PTE levels within the
batch and the data generated from this procedure was also used to investigate a suitable
sampling protocol for biowaste (see section 1: sampling protocol).

Aliquots of the composite sample were also examined for carbon dioxide output, total carbon,
total nitrogen, organic and inorganic carbon, organic matter (loss of ignition) and dry matter
content. The data from this analysis are discussed in section 3 on stability.
F.5 Results

Levels of PTEs and organic matter with process time
Throughout the biodegradation process, the mass of the MSW material reduced and organic
matter levels declined. PTEs are therefore expected to become more concentrated as
composting progresses. The aim of this part of the study was to demonstrate that PTE levels
had reached their maximum concentration at the end of the process. However the
heterogeneity of the material and the presence of highly contaminated spots made the
relationship between organic matter and PTE levels difficult to demonstrate.
As the time course progressed and feedstock was transferred in stages from bunker 1 to
bunker 8, the material was sampled as described earlier and analysed for PTE levels, dry
matter and organic matter (as a % of dry matter) along with other chemical properties listed
in Appendix 2.
Initially, loss of organic matter was low e.g. over the first 30 days, there was little decline.
This was probably due to the re-use of organic constituents in the biomass for bacterial
population growth as well as metabolism. Once bacterial growth reached the maximum
levels, temperature within the mass of material would be high and readily available nutrients
such as sugars, fatty acids and certain amino acids and proteins would be exhausted. As a
result, the population of bacteria and hence organic matter would start to decline as the
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remaining bacteria used less available organic sources such as lignin and cellulose for
metabolism.
During the time course (151 days), organic matter declined from 60% to approximately 38%
and, as the mass of organic matter and hence the mass of the biowaste declined during the
process, an increase in PTE concentration was expected. However, with the exception of
nickel, no clear relationship between organic matter loss and PTE concentration was
observed (see Table 2) and, despite efforts to take a large number of point samples (25) and
ensure thorough mixing, levels of certain PTEs fluctuated considerably throughout the time
course of production (see appendix 1 figures A1 – A7 and A8 – A14). This variation was
most likely the result of heterogeneity within the batch and spot contaminants being picked
up at certain sampling times. This heterogeneity is further illustrated in Table 1 below which
presents the mean and standard deviations of 25 point samples taken from the final bunker
(no 8) at Dunoon and from the Levenseat site. The standard deviation of the mean for many
of the PTEs examined is very high at both sites.
Table 1 Correlation coefficients (R2) and Student’s t values for PTE levels (mg/kg)
compared with organic matter concentration (as a % of dry matter)

R2

t

Cu

0.2377

1.117

Zn

0.0584

0.498

Pb

0.1314

0.777

Cd

0.3043

1.323

Hg

0.0288

0.344

Ni

0.5723

2.314

Cr

0.0002

0.028

Element

Data from one batch at 8 time points during production at Dunoon i.e. a single batch sampled as it passed
through each of 8 bunkers and analysed for PTE and organic matter content. Value of t for a confidence
interval of 90% (two tailed test) = 2.13. Calculated value of t< tabulated value hence no correlation
apparent between PTE levels and organic matter concentration (except Ni).

t=

| R | ( n − 2)
(1 − R 2 )

Levels of PTEs in the final product
By the end of the time course (151 days), organic matter content of the biowaste produced at
the Dunoon site was reduced to 37.6 %, the bulk of the biowaste was greatly reduced and, as
a result, the PTE levels were assumed to be at maximum concentration although as discussed
in the previous section, the heterogeneity of the material made demonstrating this relationship
difficult. Final PTE levels from Dunoon are shown in Table 2 below.
For comparison, material produced at Levenseat where biowaste is matured in long piles was
also sampled and analysed for PTE levels. Again 25 point samples were extracted and mixed
to form a composite sample and analysis was carried out by NRM laboratories. (In addition,
each of the 25 point samples were analysed for PTEs separately in an effort to establish a
sampling protocol. Data from this procedure are discussed in section 1: sampling protocol).
Table 2 Mean PTE levels for biostabilised waste normalised to 30% organic matter
from Dunoon (bunker system) and Levenseat (long pile)
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Element Dunoon Levenseat PAS
(mg/Kg) (mg/Kg)
guideline
(mg/Kg)

SEPA
guideline
(mg/Kg)

Cu

205.1

300.44

200

<200

Zn

403.17

1011.32

400

<1000

Pb

284.44

432.32

200

<200

Cd

0.66

0.72692

3

<3

Hg

0.11

0.19332

1

<1

Ni

21.66

41.768

100

<100

Cr

11.9

25.708

400

<400

Data shown are derived from 25 point samples. Comparison with SEPA and PAS guidelines

For the Dunoon site, levels of lead and copper exceed both the SEPA and PAS guidelines,
whereas zinc levels exceed the PAS guidelines only. Materials from Levenseat exceeded both
PAS and SEPA guidelines for copper and lead. However, there was a great deal of variation
between PTE levels in each of the 25 point samples, as illustrated by high standard deviations
(see Table 4), suggesting that the material was highly heterogeneous.
Table 4 Mean PTE levels for biostabilised waste normalised to 30% organic matter from Dunoon
(bunker system) and Levenseat (long pile)

Element Dunoon (mg/Kg)

s.d.

Levenseat (mg/Kg)

Mean PTE Levels

s.d.

Mean PTE Levels

Cu

205.1

77.15

300.44

191

Zn

403.17

207.81

579.42

356

Pb

284.44

50.62

432.32

236

Cd

0.66

0.2

0.73

0.42

Hg

0.11

0.09

0.19

0.1

Ni

21.66

4.67

41.77

12.7

Cr

11.9

2

25.71

7.16

Data represent the mean and standard deviation of 25 point samples. For PTE levls in individual point
samples, see Appendix to Section 1.

F.6 Pilot study to remove PTEs from biowaste
Despite screening and filtering of the feedstock, it is clear from the data presented in this
report that unacceptably high levels of lead, zinc and copper remain in the final biowaste
product. Sources of certain metals in biowaste produced in the Netherlands have been studied
and a major source of metal ions was found in discarded soil and aggregate42. Other possible
sources include discarded electrical and electronic goods, textiles, carpets, paints, dyes and
42

Veeken, A. and Hamelers, B. (2002) Sources of Cd, Cu, Pb and Zn in biowaste. The Science of the Total
Environment. 300: 87-98
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pigments. Mechanical screening will remove large metallic items but PTEs will remain in the
feedstock in the form of inorganic salts, as organometallic compounds or bound to organic
matter. Clearly PTEs in these forms will resist mechanical screening and other methods for
their removal must be devised.
One frequently used method of removing metal ions from contaminated soils43, 44, 45 which
may be worth considering for cleaning biowaste, is the use of the organic acid EDTA
(ethylene diamine tetraacetic acid). EDTA is a chelating agent, i.e. it binds to metal ions to
form a stable ring-like structure and enhances the solubility of poorly soluble metal ions or
metal ions adsorbed onto organic binding sites. Methods to recover the EDTA-metal
complexes such as by electrochemical processes and anion exchange resins46, 47, 48 have
produced promising results in contaminated soils and may be worth considering for the
cleaning and recovery of PTEs from biowaste.
A pilot study was carried out in the laboratories of the Caledonian Environment Centre
(CEC) to see if the levels of PTEs in the biowaste produced at Dunoon and Levenseat could
be reduced to acceptable levels by washing the material with water only or a solution of
EDTA. The results of this study are shown in figures 1, 2 and 3. Both water and EDTA were
capable of extracting PTEs from the biowaste samples but EDTA was more efficient and
generally reduced PTE concentrations in the biowaste to the levels below both PAS and
SEPA guidelines. On only one occasion i.e. Zinc in Dunoon sample 8, from EDTA treated
biowaste sample has failed to meet PAS guidelines (see figure 2).

43

Mulligan, C.N. et al (2001) Remediation technologies for metal-contaminated soils and groundwater: an
evaluation. Engineering Geology, 60: 193-207
44
Pitchel, J. and Anderson, M. (1997) Trace metal bioavailability in municipal solid waste and sewage sludge
composts. Bioresource Technology 60: 223-229
45
Kim, C. et al., (2003) Factors affecting EDTA extraction of lead from lead-contaminated soils. Chemosphere
51: 845-853
46
Tejowulan, R.S. and Hendershot, W.H. (1998) Removal of trace metals from contaminated soils using EDTA
incorporating resin trapping techniques. Environmental Pollution, 103: 135-142
47
Virkutyte, F. et al., (2002) Electrokinetic soil remediation –critical review. The Science of the Total
Environment 289: (97-121)
48
Wong, J.S.H. et al., (1997) EDTA-enhanced electroremediation of metal-contaminated soils. Journal of
Hazardous Materials 55: 61-79.

94

Figure 1:

Lead water and EDTA extraction: all data normalised to 30% Organic
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Figure 2:

Zinc extraction with water and EDTA: all data normalised to 30%
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Figure 3:

Copper Extraction with Water and EDTA all data normalised to 30%
OM
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Appendix 1: PTE study
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Figure A1: Dunoon- Cu concentration with Organic Matter
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Figure A2: Dunoon- Zn concentration with Organic Matter
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Figure A3: Dunoon - Pb concentration with Organic Matter
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Figure A4: Dunoon - Cd concentration with Organic Matter
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Figure A5: Dunoon - Hg concentration with Organic Matter
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Figure A6: Dunoon - Ni concentration with Organic Matter
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Figure A7: Dunoon - Cr concentration with Organic Matter
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Figure A8: Cu concentrations (Normalised to 30% organic matter)
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Figure A9: Zn concentrations (Normalised to 30% organic matter)
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Figure A10: Pb concentrations (Normalised to 30% organic matter)
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Figure A11: Cd concentrations (Normalised to 30% organic matter)
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Figure A12: Hg concentrations (Normalised to 30% organic matter)
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Figure A13: Ni concentrations (Normalised to 30% organic matter)
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Figure A14: Cr concentrations (Normalised to 30% organic matter)
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Appendix 2: Analytical Methods
The following analysis will be carried out by NRM laboratories, Coopers bridge, Braziers
Lane, Bracknell, Berkshire RG42 6NS. AT4 and C:N measurements will be carried out by
WRc plc, Frankland Road, Blagrove, Swindon, Wilts.SN5 8YF

Analyte

Standard

E Coli

BS ISO 11866-349

Salmonella spp

BS EN 6579:200250

Enterobacteriaceae

Required for ABPO51

Cadmium

BS EN 13650 (aqua regia extractable)52

Chromium

BS EN 13650 (aqua regia extractable)

Copper

BS EN 13650 (aqua regia extractable)

Mercury

ISO/DIS 16772 (aqua regia extractable)53

Nickel

BS EN 13650 (aqua regia extractable)

Lead

BS EN 13650 (aqua regia extractable)

Zinc

BS EN 13650 (aqua regia extractable)

Non-compostable elements e.g. plastic
glass, metal >2mm
Organic matter or ash content

BS EN 13039:200016

Dry matter, moisture content and bulk BS EN 13040:199915
density
pH

BS EN 1303754

Total nitrogen

BS EN 13654-1:200155

AT4

ASTM D5975-96

49

BS ISO 11866-3 Milk and milk products – Enumeration of presumptive Escherichia coli. Colony-count
technique at 44oC using membranes
50
BS EN ISO 6579:2002 Microbiology of food and animal feeding stuffs-Horizontal method for the detection
of Salmonella spp.
51
To be confirmed
52
BS EN 13650 Soil improvers and growing media – Extraction of aua regia soluble elements.
53
ISO/DIS 16772 Soil quality – determination of mercury in aqua regia soil extracts with cold-vapour atomic
absorption spectromety or cold-vapour atomic fluorescence spectrometry.
54
BS EN 13037:2000 Soil improvers and growing media- Determination of pH
55
BS EN 13654-1:2001 Soil improvers and growing media- Determination of nitrogen (Part 1: Modified
Kjeldahl method)
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Small changes in the way we perform everyday tasks can have huge impacts on Scotland’s
environment.
Walking short distances rather than using the car, or being careful not to overfill the
kettle are just two positive steps we can all take.
This butterfly represents the beauty and fragility of Scotland’s environment. The motif
will be utilised extensively by the Scottish Executive and its partners in their efforts to
persuade people they can do a little to change a lot.
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