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FOREWORD

This is the final report on the project entitled “Cascade recycling of
residual products by composting”, abbreviated to the acronym
KASKAD.

The project was financed by the following organisations, all of whose
contributions are greatly appreciated:

Nordic Innovation Centre, Oslo, Norway

Econova AB, Norrköping

Näfveqvarns Bruk AB, Nävekvarn

Scania CV AB, Södertälje

Etelä-Suomen Multaravinne Oy, Forsa, Finland

Leinovalu Oy, Salo, Finland

Componenta Karkkila Oy, Karkkila, Finland

Metso Lokomo Steels Oy, Tampere, Finland

RGS-90 A/S, Copenhagen, Denmark

Dania A/S, Aars, Denmark

Midtfyns Jernstøberi A/S, Ringe, Denmark

Slagelse Local Authority, Slagelse, Denmark

Windcast Corp. AS, Kristiansand, Norway

The work was done in collaboration between the participating
companies and researchers from Swedish Foundry Association, the
Technical University in Helsinki, the Laboratory for Foundry
Technology and the Technological Institute in Denmark.

The project was previously reported on in five partial reports that are
accessible on Nordisk InnovationsCenter’s homepage
www.nordicinnovation.net

The present report summarises the various subprojects and their results.
It was compiled by Ingela Gustafsson and Peter Nayström, of Swedish
Foundry Association.

.
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SUMMARY

Although the Nordic countries’ foundries usually have internal
reclamation systems whereby 80-98% of sand is recovered and reused,
they nevertheless generate about 400,000 tonnes per annum of surplus
sand.  It becomes surplus because in the making of the so-called cores
that form cavities in castings it is in principle only possible to use fresh
(totally unused) sand.  This surplus sand usually contains only small
amounts of contaminants in the form of organic substances and, in
exceptional cases, metals.  The foundry industry uses a number of
different types of bonding agents that affect the composition of the
surplus sand.  The main distinction made is between sand that contains
bentonite (clay) and sand that is bonded with some other kind of
bonding agent.

The purpose of the project was to investigate the possibility of using
various kinds of foundry sands in composting and soil making.  Making
soil involves the use of significant amounts of fresh sand as
drainage/structure material.  The project showed that surplus sand from
foundries is well suited as a substitute for fresh sand in composting and
soil making.  This has opened up the possibility of foundries being able
to have a continuous outlet for their residual products, and
composters/soil makers to have access to quality-assured inexpensive
raw material.  The project has resulted in agreements between foundries
and soil makers in a couple of the participating countries.  Soil products
containing foundry sand have also been introduced on the market.

During the project, various composting processes were examined in the
Nordic countries.  Comprehensive analyses of both input material and
finished products were carried out to see whether residual organic
contaminants contained in the sand are broken down by composting,
which would make the use of foundry sand environmentally attractive.
Only commercially applied processes were used and evaluated.  No
modifications were done, since the foundry sand was supplied as a
substitute for ordinary sand raw material.

The experiments carried out were as follows:

• Composting trials with bark and fibre from the forestry industry
(Sweden)

• Composting trials with food industry and domestic waste
(Finland)

• Composting trials with wastewater treatment sludge and garden
and park waste (Denmark)

• Use of furane sand in growing mixtures (Norway)
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Results
The surplus sand has low contents of metallic contaminants.  As there
is no possibility of reducing metal contents by composting processes,
the quality determination of foundry sand for use in composting/soil
making needs to include a metals analysis.

Composting has a positive effect on organic contaminants.  There is a
large reduction, of the order of 50%, in the benzene content, but it has
not become clear whether the reduction is due to decomposition or
evaporation.  It was previously known that benzene content decreases
during foundry sand transfer operations.

The reduction in polyaromatic hydrocarbons (PAH) was between 10
and 70%.  Phenol was also significantly reduced in many of the
composts, which is in line with previous experience that composting
processes are able to break phenol down. The same did not apply,
however, in the case of surplus sand containing Cold Box core sand.
One theory is that the phenols in Cold Box core sand are bound in the
bonding agent film and are therefore difficult for micro-organisms to
reach.

Mixing dust with the surplus sand did not reduce compost quality.
Small amounts of dust added to the sand rather had a favourable effect
on compost temperature, resulting in greater reduction of organic
substances.

Investigation of the impact of composting time on the reduction of
organic substances showed that the greatest reduction in total
hydrocarbons took place during the end of the composting process.
The reduction in BTEX and phenol was greatest at the beginning of the
composting process.  The decomposition of PAH differed from one
compost to another.  Some had the greatest decomposition at the
beginning, others at the end.

Biological tests showed that the composts were hygienised and
contained no salmonella.  Germination was very good, root length
likewise.

The foundry sands average from 0.21 to 0.39 mm in particle size and
the dust from 0.12 to 0.14 mm, which means that in this context they
are fine-grain materials, so the foundry sand input may need to be
supplemented by adding coarser material.

The trials carried out showed that the foundry sands are well suited to
being used to replace 20 to 80% of the fresh sand currently used in soil
making.

Correct use of the materials results in a final product, soil, that certainly
meets the stated quality criteria.

The foundry sands that proved suitable for use in composting/soil
making and also meet national requirements are as follows:
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• bentonite-bonded sand

• resol ester bonded sand

• furane sand

The use of furane sand in growing mixtures results in greener, healthier
and denser grass than those containing ordinary sand.  Furane sand also
resulted in a much more developed root system and in grass free from
moss.

• Ecotoxicological tests showed no adverse effects from the
incorporation of furane sand in growing mixtures, as regards acute
or chronic toxicity.

Recommendations
The experiments showed that in some cases foundry sand can be used
directly without any problems at all in soil making.  Other cases require
some form of composting or other kind of treatment to reduce the
amount of organic substances so that foundry sand can replace the
currently used fresh sand.

The use of foundry sand in composting/soil making needs to be
preceded by a thorough chemical analysis.  The resulting values can
with advantage be compared with the analyses reported within the
scope of this project.

The intention is to investigate whether the foundry sand concern differs
to some extent from the sands examined and found suitable for
composting/soil making.

The analyses need to cover:

• Metals

• Volatile organic substances (VOC), e.g. benzene, toluene

• Polyaromatic hydrocarbons (PAH)

• Phenol + cresol

The basic investigation carried out indicates the parameters that need to
be followed up.  Suitable routines for continuous delivery analysis are
thereafter established in conjunction with the sand user.

For foundry sand to be attractive to a composter/soil maker also
requires a well-defined product from the chemical point of view and
that the sand be delivered free-flowing, i.e. not containing any large
lumps/aggregations.



SWEDISH FOUNDRY ASSOCIATION 4

The assessment of whether composting is suitable/necessary needs to
take into account the advantages and disadvantages of this and
alternative treatments.

The advantages of composting are:

• the sands are effectively mixed

• there is good oxygenation

• materials are stored before being used in the final soil product.

The disadvantages are:

• increased handling costs

• increased environmental pollution from the operation of machines

• greater difficulty in proportioning materials with high accuracy in
the final soil product.
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PROJECT PRESENTATION
In recent years there has been ever increasing interest in various
composting processes in the Nordic countries.  The main reason is to be
found in the general desire for a sustainable society with saving of
natural resources and various types of legislation such as the coming
prohibitions on the dumping of combustible material and organic
material.  Cascade recycling (use of residual products in other sectors)
makes it possible to achieve both environmental and economic
advantages that will increase the competitiveness of the sectors
concerned, which largely consist of SMEs (small and medium-sized
enterprise).

Cascade recycling is also an important factor in the general effort to
achieve a sustainable resource-sparing society.  A common feature of
the various composting processes is the use of sand/gravel for structure
improvement either in the actual composting or in soil making.  The
sand takes the form of fresh material from local deposits.  Replacing it
with foundry sand/dust affords both environmental and economic
advantages.  The project was preceded by preliminary experiments in
Sweden and in Finland using foundry sand instead of fresh sand
materials.

An obvious advantage of such use of foundry sand from an
environmental point of view is that it provides the foundries with
continuous access to a safe use.   Any organic residues such as phenol
and polyaromatic hydrocarbons (PAH) are likely to be broken down
effectively.  The experience gained from the experiments in Finland
and Sweden provided the basis for the KASKAD project.

The project concerns and may result in obvious advantages both to the
foundry industry, which in the Nordic countries generates about
400,000 tonnes of sand per annum, and to the composting/soil making
industry, which bears the relatively high cost of fresh sand.  The project
was conducted in close contact with authorities concerned

The purpose of the project was to investigate the possibility of using
various kinds of foundry sand in composting and soil making.  Various
composting materials were used in combination with commercially
applied composting processes.  No modifications were done, since the
foundry sand was supplied as a substitute for ordinary sand raw
material.

The project involved evaluation of various composting processes in the
different countries and the sharing of experience between the parties
involved.  Comprehensive analyses of both input material and finished
products were carried out.

The objective was to prove the possibility both for foundries and for
composters/soil makers of using foundry sand/dust as structure
material.  Foundries might thus have a continuous outlet for residual
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products, while composters/soil makers would have access to quality-
assured inexpensive raw material.

The following reports were generated within the scope of the project
(In Swedish, Danish and Norwegian language):

Partial report 1 "KASKAD - Cascade recycling of residual
products by composting – Partial report 1"
Swedish Foundry Association publication
031119

- Contains analyses of input materials for
the experiments in all the countries.

Partial report 2 KASKAD recycling of residual products.

Danish portion

Composting trials with surplus sand and
filter dust from foundries, sludge from
municipal wastewater treatment, garden and
park waste and screenings

Partial report 3 Cascade recycling of residual products by
composting – Partial report 3 – Composition
of the Swedish subproject - Use of foundry
sand in soil making.
Swedish Foundry Association publication
050607

Partial report 4 Making terrace soil from compost
containing surplus sand from foundries.
Finland. (Also available in Finnish
language)

Partial report 5  Use of furane sand from Kristiansand iron
foundry in growing mixtures. Norway.

Final report KASKAD - Cascade recycling of residual
product by composting – Final report
Swedish Foundry Association publication
050928

All these reports are available for downloading via Nordisk
InnovationsCenters’s homepage www.nordicinnovation.net.

The annexes to this report contain summaries of the various partial
reports, comprising a short description of the project, important results
and a brief review of the respective country’s trials.
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Annex 1 Composting trials with bark and fibre from the forestry
industry (Sweden)

Annex 2 Composting trials with food industry and domestic waste
(Finland)

Annex 3 Composting trials with wastewater treatment sludge and
garden and park waste (Denmark)

Annex 4     Use of furane sand in growing mixtures (Norway)
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Composting trials with bark and fibre from the forestry industry (Sweden)

Description of the project

The composting trials in Sweden were carried out jointly with the soil
making company Econova AB at its Braviken site outside Norrköping.
In very simplified terms, the raw material for making normal soils for
landscaping purposes may be described as local topsoil plus sand and
organic material.  The organic material may be traditional peat, manure,
bark or compost derived from various materials.

Econova’s process involves reclaimed topsoil from various
construction projects, fresh sand and reclaimed organic material from
the paper industry in the form of fibre fines and bark.  The purpose of
the trials was to try replacing the fresh sand by foundry sand.  The
sequence of operations and the monitoring system for the trials was the
same as used for Econova’s composting of other products.  The
intention was to use the fully composted materials that are added in
Econova’s soil production.

The foundry sands used were chosen to constitute a representative
selection of the various types generated at Sweden’s foundries that
were thought likely to be of interest for continued use if the project
turned out well.

Econova AB had previously been successfully using furane-bonded
foundry sand.  This type of sand was also included in the trials carried
out in Denmark, Finland and Norway.  As furane sand has been well
tested and proven in Econova’s production process, it is not included in
the present study.

Table 1 Input materials and configuration of trials carried out by Econova AB
Compost
material

Proportion of foundry sand in basic
mixture, vol%

Source

3% dust from furane sand preparation* Comprises fine-grain sand and
residues from bonding agent

10% foundry sand - Cold Box sand

20% foundry sand - Cold Box sand

Ground-down discarded cores
bonded with about 1.5% Cold
Box bonding agent

10% foundry sand – bentonite-bonded sand

20% foundry sand – bentonite-bonded sand

Surplus sand containing
bentonite clay and ground coal
dust

10% foundry sand - resol + ester-bonded
sand
20% foundry sand - resol + ester-bonded
sand

Alkaline surplus sand (without
bentonite)

Bark and fibre
fines from
forestry industry

Basic mixture
comprising 60%
fibre fines and
40% bark

Reference
10% Sörmlast 0-4 sand (virgin sand)

* Trials with 3% dust differ from what applies to the others.  When all the other trials
had been completed, 3% of dust from the furane sand facility was added to the
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reference trial.  The resulting compost was then left for a further four weeks without
any remixing.  After the four weeks, samples were taken for analysis.  The intention
of this special trial was to investigate any possible effects of the dust on the finished
material.  Experience from the Danish subproject showed that adding dust before
composting may cause dust raising problems when composts are turned and
oxygenated.

The composts, each comprising about 100 m3, were turned with
wheeled loaders at about six-week intervals.  On each occasion each
compost was monitored as regards odour, colour change, microlife etc.

All the materials used in the trial were analysed. Sample taking and
analyses were also done on newly set-up compost and finished
compost.  All the samples were analysed for metals, minerals and
organic substances, regarded as limiting factors.  The results were then
compared with Econova’s input material requirements, which are based
on the Swedish Environment Protection Agency`s, MKM GV (= least
sensitive ground with groundwater protection) and SP Swedish
National Testing and Research Institute`s  Certification Rules for soil
for landscaping SPCR 148 (finished products).  A comparison was also
done with local topsoil, since topsoil is a raw material in soils where
sand is tested as raw material.  In addition, metals, minerals and organic
substances were analysed, also nutritive substances and pH for
comparison with topsoil.

A more detailed description of the subproject appears in “Partial report
3 – Composition of the Swedish subproject - Use of foundry sand in
soil making”.

Results

Input materials

According to Econova’s quality criteria, heightened initial values for
certain organic substances were found in the input materials (see Table
2).  These values therefore constituted the basis for evaluation of the
composting trials.  The content of inorganic substances was
consistently very low, so they did not affect the use of the materials for
compost or soil making.  Despite this, metals analyses were also done
on the composted materials.
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Table 2 Monitoring parameters (organic) for the various sands
involved in the trials, i.e. parameters exceeding the limits
according to Econova’s quality criteria.

Input sand/dust Parameters
exceeding the limits
according to
“Econova’s quality
criteria”

“Econova’s
quality
criteria”

Dust from furane sand
preparation*

Benzene 6.7 mg/kg
Toluene 70 mg/kg

0.2 mg/kg
35 mg/kg

Foundry sand – Cold Box sand Phenol + Cresol
32 mg/kg

10 mg/kg

Foundry sand – bentonite-
bonded sand

Benzene 5 mg/kg
Phenol + Cresol
42 mg/kg

0.2 mg/kg
10 mg/kg

Foundry sand – resol + ester-
bonded sand

None exceeded

  * Trials involving dust were conducted in different ways for different trials.  See
section 3.1.

The metallic contaminants were in all cases below the stated limits
by a margin.

Initial compost

The metallic contaminant contents were below the quality criteria by
broad margins.

Table 3 shows the organic parameters that exceeded Econova’s quality
criteria for input materials.

Table 3 Organic parameters exceeding the limits according to
Econova’s product criteria for input materials in soil
making.

Compost trial Parameters
exceeding
“Econova’s quality
criteria”

“Econova’s quality
criteria”

Dust from furane sand
preparation 3%

Samples were only
taken from fully
composted raw
material

Foundry sand - Cold Box sand
10 %

Phenol + Cresol
19 mg/kg 10 mg/kg

Foundry sand - Cold Box sand
20 %

Phenol + Cresol
26 mg/kg 10 mg/kg

Foundry sand - bentonite-bonded
sand 10%

Benzene 0.36 mg/kg 0.2 mg /kg

Foundry sand - bentonite-bonded
sand 20%

Benzene 0.72 mg/kg 0.2 mg/kg

Foundry sand - resol + ester-
bonded sand 10%

None exceeded

Foundry sand - resol + ester-
bonded sand 20%

None exceeded
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Finished compost

Metals
The content of metallic contaminants in the input materials used was
consistently very low, resulting in the contents in the finished compost
also being very low.  As there is no possibility of reducing metal
contents by composting processes, the quality determination of foundry
sand for use in composting/soil making needs to include a metals
analysis.

Volatile organic substances
The trials had a positive effect on volatile organic contaminants, with a
particularly large reduction, of the order of 50%, in benzene contents,
but it is not clear whether the reduction was due to decomposition or
evaporation.

Benzene is volatile and the turning operations carried out to oxygenate
the composts may be a contributory cause of the reduced contents.  It
was previously known that benzene contents decrease during, for
example, foundry sand transfer operations.

Phenol and cresol

The combined contents of phenol and cresol were generally below
Econova’s quality criteria by a margin.  The exception was the trials
with Cold Box core sand, which exceeded the limit by 2-3 times, in
both newly set-up and finished composts.

In the trials conducted, there was no detectable decomposition of
phenol in the case of Cold Box sands.  This is remarkable and conflicts
with previous experience of the ability of composting processes to
break down phenol.  One theory is that the phenols in Cold Box core
sand was bonded in the bonding agent film (polyurethane) and
therefore difficult for micro-organisms to reach.  No more detailed
study in this respect was done during the project.  The relatively low
composting temperature may also be a contributory factor.

The phenol content in sands containing bentonite was originally higher
than in Cold Box sand (the levels also coincided with previous analyses
by the foundry concerned), but low contents were measured in both
newly set-up and finished composts.  This supports the idea that the
accessibility of phenol in sands varies.  In Cold Box sand it is in the
bonding agent film, whereas in the case of bentonite-bonded sand the
phenol mainly forms during the casting process.

Polyaromatic hydrocarbons (PAH)
The PAH content was already very low in newly set-up composts.  In
only two cases did they exceed 1 mg/kg:
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Table 4 PAH content in bentonite-bonded surplus sand before and
after composting.

Compost trial Newly set-up
compost

Finished
compost

Foundry sand – bentonite-bonded sand
10%

1.66 mg/kg 1.46 mg/kg

Foundry sand – bentonite-bonded sand
20%

2.65 mg/kg 1.76 mg/kg

The reduction in PAH was thus of the order of 10-30%, but the contents
were already so low initially that it is difficult to draw any far-reaching
conclusions about the general effects of composting on the
decomposition of PAH.

No carcinogenic PAH were detectable at all in the composts.

Biological tests

• No samples contained salmonella.

• Assessment based on Clostridia and Enterococcus analyses showed
that the composts were hygienised.

• The germination of cress seed was very good, over 87%, in all
samples.  Over 60% is regarded as a good result.

• The length of roots in all samples was more than 100% of the
laboratory’s reference standard, the sole exception being the
samples that contained Cold Box core sand, in which root lengths
were 50-75% of reference standard.

Practical applications

Foundry sand is uniform in size, which means that the existing sand
cannot be replaced more than a certain extent, but it is the case that the
main size in foundry sand is between 0.125 and 0.35 mm, which fits in
well with what is prescribed in the "Construction AMA" from "Svensk
Byggtjänst".  This is particularly significant if the topsoil has a high
clay content.  It is therefore necessary to compare the particle size
analysis (screening curves) of the topsoil, existing sand and foundry
sand in order to arrive at a screening curve that meets the requirements
of "Construction AMA."

Depending on the raw material source and in the light of the above
reasoning about the screening curve, 20-80 vol% of the fresh sand may
be replaced by foundry sand in soil making.

Conclusions

The surplus sand usually has very low contents of metallic
contaminants, generally lower than those in, for example, ordinary
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topsoil.  There are however certain organic contaminants that derive
from the thermal decomposition of bonding agents.

The organic contaminants that occur are mainly benzene, toluene,
phenol and PAH.  The trials carried out showed that, despite this,
foundry sands are well suited to substitute for about 20-80% of the
fresh sand currently used in soil making.

The most suitable sands for composting/soil making according to the
trials are bentonite-bonded and resol ester-bonded sands.  Their
contaminant contents are already low from the outset and can be further
reduced by suitable treatment/handling.

Dust from furane sand preparation and Cold Box sand are less suitable
for use in the composting process and in the way they were used in the
project.  The reason as regards dust is mainly the benzene content,
which is a limiting factor.  Attention also needs to be paid to the dust
raising characteristics of dust, which may cause problems during
handling.

Cold Box sand (crushed scrap cores) was not subject to any thermal
effects at the foundry.  The phenol content and the lack of
decomposition of it in the composting process are the main factors that
affect assessment.

Econova AB already had good experience of using furane-bonded
foundry sand in its soil making.  These results are also confirmed by
experiments in other Nordic countries.  Furane sand also is thus suitable
for use in composting/soil making.
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Composting trials with food industry and domestic waste (Finland)
Description of the project

The composting trials in Finland were carried out in conjunction with
the biowaste treatment company Etelä-Suomen Multaravinne Oy at
Forssa.  The company composts various kinds of biowastes in modern
closed processes.  The compost material passes automatically through
the facility in three weeks, followed by being placed on a compost field
for ripening.  The ripening period depends on the intended use.  During
ripening, natural sand is often added as structure improver.

The compostable biomaterial (called “compost” in the table below)
used in the trials comprised compostable domestic waste and food
industry waste with about 30% of peat as bonding agent.

Surplus sand from three different foundries were involved in the trials.
Test composts were mixed as per the table below in batches of about 20
m3.  The composts were turned twice during the test period by normal
procedures using wheeled loaders.  The temperature was measured six
times during the test period.

Table 1 Test compost mix proportions
Mix proportions Supplier of sand/dust

Bentonite-bonded sand/compost (50:50) Componenta, Högfors
Bentonite-bonded sand/compost (80:20) Componenta, Högfors
Bentonite-bonded sand + dust (20%)/
compost (50:50)

Componenta, Högfors

Ester-hardened phenol resin sand/compost
(50:50)

Leinovalu, Salo

Ester-hardened phenol resin sand/compost
(20:80)

Leinovalu, Salo

Ester-hardened phenol resin sand + dust (4%)
/compost (50:50)

Leinovalu, Salo

Ester-hardened phenol resin sand + dust (5%)
+ chromite sand (20%) /compost (50:50)

Metso-Lokomo Steels,
Tammerfors

Ester-hardened phenol resin sand + dust (5%)
+ chromite sand (20%) /compost (20:80)

Metso-Lokomo Steels,
Tammerfors

Ordinary sand/compost (50:50) Kontrolkompost, natural sand
Ordinary sand/compost (20:80) Kontrollkompost, natural sand

Results

Input materials

Heavy metals in all the raw materials were well below the Agriculture
and Forestry Ministry’s limit values.  Comparison between natural sand
and the foundry sand used showed that metals content in the natural
sand was higher than that from the foundries.

Unlike the surplus sands, however, the natural sand contains no organic
contaminants.  Previous Finnish research has mainly been concerned
with contents of the organic contaminants phenol and PAH
(polyaromatic hydrocarbons).  The analyses in the present research
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showed that the contents of these contaminants in the various types of
sand and dust were even lower than previously, with the exception of
the bentonite-bonded sand, the phenol content of which was somewhat
higher than previously.

The chrome content was low in the surplus sand that contained
chromite sand.  This means that the chrome oxide in chromite sand is
so stable that it is not extracted by the nitric acid used in the analysis.

Finished compost

The temperature test in the test composts indicated that the composting
started well, but the temperature fell in November and was freezing for
several winter months.  The rapid cooling was presumably due to the
test composts being tight to ground for want of aeration material (bark,
woodchips or the like).

The raw material analyses of the test composts showed that contents of
harmful contaminants in the foundries’ residual sand were very low.
Previous research (Orkas, 2001) had shown that the biological activity
in compost leads to contents of organic contaminants, e.g. the phenol
content, in the finished compost decreasing to a fraction of the initial
value.

Various biological analyses were done on four of the test composts.
The results showed that there was no salmonella and that the composts
were hygienised.  Germination was good, as also length of roots.

Conclusions

• Heavy metal contents in surplus sands are well below the
Agriculture and Forestry Ministry’s limit values.

• The content of harmful organic contaminants in the surplus sand is
very low.

• The biological analyses show good hygienisation in the test
composts.

• Incorporating dust in the surplus sand had no adverse effect on
analysis results.

• Temperature measurements showed that surplus sand composts
need bark, woodchips or equivalent support material to ensure
sufficient aeration.

The trials carried out indicate no obstacles to using surplus sand from
foundries in the composting of organic material from households and
the food industry.  On the basis of the test results, Etelä-Suomen
Multaravinne Oy has plans for a special product in the form of terrace
soil containing 25% surplus sand and dust from foundries.
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Composting trials with wastewater treatment sludge and garden and park
waste (Denmark)
Description of the project

The composting trials in Denmark were carried out jointly with
company RGS 90 AS at its Stigsnæs Industri Park site outside Slagelse

Composting is a widely used process for dealing with garden and park
waste in Denmark, in both private and municipal activities.  To achieve
optimum compost characteristics for the area of use, 40-60 wt% of sand
and/or friable soil is added to the compost. The project investigated the
possibility of using surplus sand and dust from foundry sand
reclamation and sludge from municipal wastewater treatment as
substitutes for or supplements to sand and/or friable soil.

Composting trials were done with the following materials:

• Sludge from municipal wastewater treatment (SL)

• Garden and park waste (HPA)

• Screenings (garden and park waste with particles larger than 12
mm) (BH)

• Chemically bonded surplus sand (furane) (FOS)

• Dust from furane sand reclamation (SFR)

• Bentonite-bonded surplus sand (BOS)

• Dust from preparation of bentonite sand (SBO)

New sand (quartz sand) was also used as reference (NS)

Table 1 Mix proportions in the ten different composts.

Quantity (tonnes)Compost
number SL HPA BH FOS SFR BOS SBO NS Total
1 - 15 - - - - - 5 20
2 1.5 5 3.5 - - - - 5 15
3 - 15 - 5 - - - - 20
4 - 15 - - - 5 - - 20
5 - 14.5 - 5 1 - - - 20.5
6 - 14 - - - 5 1 - 20
7 1.5 5 3.5 5 - - - - 15
8 1.5 5 3.5 - - 5 - - 15
9 1.5 4.2 3 5.3 1 - - - 15
10 1.5 4.2 3 - - 5.3 1 - 15

The composts were built up in triangular profiles of about 50 m3 each.
They were turned once a week, except the composts containing dust,
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which were not turned to avoid dust raising.  The temperature inside the
compost was measured at the time of the turning operations.

After 17 weeks, each compost was individually screened with a 12mm
mesh screen.  The material that passed through was laid out in new
composts with the same compost number as before, and the coarse
material (screenings, BH) that did not pass through the screen was
taken away for use on another occasion.  The amount of compost at the
time of screening ranged between 11.5 and 18 tonnes.

The trials went on until the temperature in the composts indicated that
the composting process had declined to a very low level.

Results

The results were assessed in relation to the Danish  “Guidelines on
handling polluted soil on Sjælland” and “Notice about using waste for
agricultural purposes (the Sludge Notice)” no. 623 of 30 June 2003.  In
addition, quality was assessed by RGS 90.

Input materials

The analyses of the input materials were compared with limit values for
clean soil classes 1 and 2 in Denmark.  Many of the materials were
above the limit values for various parameters as per Table 2 below.

Table 2 Parameters exceeding the limits for clean soil classes 1
and 2.

Parameters exceeding clean soil limit values, mg/kgInput material
Class 1                    Limit Class 2                    Limit

Furane-bonded
sand

Benzene 1.3
BTEX total 5
Phenol 1.5

0.1
0.6
0.1

Dust from furane-
bonded sand

Nickel 100
Benzene 19
BTEX total 74
Phenol 23
Naphthalene 5.5
PAH total 8.3

30
0.1
0.6
0.1
0.5
1.5

Nickel 100
Benzene 19
BTEX total 74
Phenol 23
Naphthalene 5.5

 40
1.5
10
5
1

Bentonite-bonded
sand

Benzene 0.5
BTEX total 1.04
Phenol 0.62

0.1
0.6
0.1

Dust from bentonite-
bonded sand

Benzene 0.19
Phenol 415
Naphthalene 10.5
Benzo(a)pyrene 0.7
PAH total 24.3

0.1
0.1
0.5
0.1
1.5

Phenol 415
Naphthalene 10.5
PAH total 24.3

5
5.5
15

Sludge from
wastewater
treatment

Cadmium 0.81
Phenol 22

0.5
0.1

Phenol 22 5



SWEDISH FOUNDRY ASSOCIATION 18 ANNEX 3

Parameters exceeding clean soil limit values, mg/kgInput material
Class 1                    Limit Class 2                    Limit

Garden and park
waste

Lead 43
Cadmium 0.5
Benzene 0.13
BTEX total 0.67
Phenol 0.35
Benzo(a)pyrene 0.3
PAH total 3.59

40
0.5
0.1
0.6
0.1
0.1
1.5

Screenings Arsenic 33
Lead 66
Cadmium 1.3
Zinc 540
Benzene 0.24
BTEX total 1.49
Phenol 0.2
Benzo(a)pyrene 0.4
PAH total 14.7

20
40
0.5
500
0.1
0.6
0.1
0.1
1.5

Cadmium 1.3
Zinc 540

1
500

It was mainly the organic substances that exceeded the limit values for
class 1, but also class 2.  In some cases the limit value for inorganic
parameters was also exceeded.

There was relatively great uncertainty in the analysis results,
particularly for screenings but also to some extent for garden and park
waste.  The reason is that sampling and the division of samples to
produce representative laboratory specimens were difficult in that the
material consisted partly of twigs and branches.

Initial compost

No analyses were done on the newly set-up composts.  Instead,
calculations were done on the basis of the content of input materials in
the various composts.

Finished compost

Samples were taken and analysed from the finished compost after 27
weeks of composting.  Most of the composts contained amounts of lead
and cadmium that exceeded the class 1 limit values.

The content of organic contaminants was significantly reduced by the
composting.  Total hydrocarbons were reduced between 22 and 53%.
Benzene and BTEX were significantly reduced but exceeded class 1 in
composts 3, 7, 9 and 10.

The phenol content was reduced but was still above class 1 limit values
in the majority of composts.  The largest phenol reduction was in
composts 6 and 10, which contained dust from bentonite sand
preparation.

Total PAH was reduced in all but one of the composts.  The reduction
was between 10 and 70% but was still not sufficient to bring the
content below class 1 limit value in the majority of composts.
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A biological analysis was also done on the finished compost.  All the
compost samples were free from salmonella and the enterococcus
content was well below the limit value, but only samples from five
composts met the stated requirements for germination and root length.
The other five that did not meet the requirements all contained sludge
from municipal wastewater treatment.  It may also be mentioned that
the temperature in these composts was between 11 and 17oC lower than
in the others.

Significance of composting time

Four out of the ten composts were subjected to analyses after 17 out of
the total 27 weeks to investigate the influence of composting time on
the reduction of organic substances.

The hydrocarbon reduction in the first 17 weeks was very modest but
significant in the final 10 weeks, in which the hydrocarbon content fell
by 29 to 52%.

The BTEX and phenol reduction was greatest in the first period.
Generally speaking, the reduction in both contaminants was significant
throughout the composting process.

PAH foundry sand varied between different composts, being greatest in
two composts in the first period and greatest in the other two in the
second period.

Garden and park waste and screenings from Aalborg

The garden and park waste and screenings used in the composting trials
came from Copenhagen.  As they had relatively high contents of
environmentally harmful substances, analyses were done on this
material at RGS 90’s composting establishment in Aalborg.

Analyses of HPA and BH samples taken at Aalborg showed organic
and inorganic contaminant contents considerably lower than in
corresponding material used in the project.  The low initial values also
resulted in these composts having significantly lower contents of
environmentally harmful substances.

HPA and BH contributed the largest contents of both organic and
inorganic contaminants in the trial composts.

Conclusions

The analyses show that all the input materials exceeded the class 1
clean soil limit values in at least one area (organic and/or inorganic)
and some also exceeded class 2.  In relation to the Sludge Notice the
only limit value exceeded was in benzo(a)pyrene in the case of garden
and park waste (HPA), screenings (BH) and sand from the preparation
of bentonite-bonded sand (SBO).  As previously mentioned, the HPA
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and BH analysis results are somewhat uncertain because of the input
material composition and difficulties in sampling and the division of
samples.

After the composting process there were few cases where the class 1
cadmium limit value was exceeded and only one in class 2.  On the
organic side there were some cases of exceeding class 1 limit values but
none in class 2.

The composting process was of great significance in reducing the
organic contaminants.  Previous research on the biological
decomposition of organic substances in bentonite-bonded surplus sand
had shown BTEX, PAH and phenols decreasing by about 70% during
six-month storage of the sand.  The content of these pollutants was
down by 40-60% after a four week storage period.

The analyses also show that the composts based on HPA or on furane-
bonded or bentonite-bonded surplus sand and on dust from these sand
preparations had the largest reduction in organic substances. This may
inter alia be due to the high average temperature of these composts
throughout the composting period.  It might indicate that incorporating
a limited amount of dust in surplus sand may have a favourable effect,
but the amount of dust needs to be limited because of its high content of
organic substances, particularly PAH, and the risk of dust raising
during handling.

The PAH content in HPA and BH may inter alia be due to discharges
from motor vehicles and precipitation of combustion products from
smoke stacks.

For bentonite-bonded and furane-bonded surplus sand to be usable in
conjunction with, for example, HPA, the sands need to go through a
treatment and screening process.  The screening is primarily to remove
metallic particles and the treatment process to grind down lumps and
core residues and to homogenise and moisten the sand, the latter to
prevent dust raising during handling.

The treated sand will contain only minimal metallic particles, have the
lowest possible content of organic contaminants and not impair the
working environment during handling of composts.

To prevent finished compost exceeding maximum contents, the
addition of surplus sand needs to be limited to about 50% of the sand
requirement.
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A compost product incorporating surplus sand and produced by the
abovementioned treatments and proportions may be assumed to meet at
least the requirements for class 2 clean earth and those of the Sludge
Notice.

The area of use for such a compost product may for example be in the
establishment of noise embankments, traffic roundabouts and as
compost to be incorporated when making lawns.  It may be mentioned
that reclaimed furane sand has in recent years been used in Norway
with good results for making lawns.
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Use of furane sand in growing mixtures (Norway)
Description of the project

The business concept of the company Norsk Jordforbedring AS is to
use compost made from sewage sludge, domestic waste sorted at source
and garden and park waste in various soil products.  Apart from
compost, the main component of the soil products is sand.

The company was interested in investigating furane sand as a
component for various sports mixtures involving very high sand quality
requirements.  In football pitches and golf greens it is very important to
have good, predictable and stable drainage characteristics in the growth
layer.  The particle composition of furane sand is well defined and falls
within a range that makes it well suited for producing green mixtures
for golf courses.

The furane sand that in this project came from Kristiansand iron
foundry is based on the bonding agent furfuryl alcohol which is
polymerised with a weak acid.  The bonding agent is as clean as
possible, without any addition of such compounds as phenol.  Results
from previous analyses of the sand had indicated low contents of metals
and phenol.

To investigate possible ecotoxicological effects of incorporating furane
sand in soil products, a trial green was made, incorporating 30 and 60%
respectively of furane sand in the normal sand.

Results

The grass on the trial green established itself best in the soil mixtures
that contained furane sand.  One explanation may quite simply be that
the dark colour results in heat storage and a consequent driving effect.

The quality of the furane sand part of the green remained very  high,
with green, dense and healthy grass and no incidence of fungal
diseases.  One explanation for the significantly greener grass in the
product based on furane sand is the presence of iron.  Another
interesting observation was the absence of moss in the green mixtures
that contained furane sand, unlike the control mixtures.  The reason for
this has not been established but one theory is that the content of iron
and sulphonic acid in the furane sand inhibits moss.

A further finding was that the root system in the product that contained
furane sand was far more developed than in the control product.

The toxicity of green mixtures containing furane sand was tested by a
range of tests that included acute toxicity in crayfish and lettuce, and
chronic toxicity testing with nitrification bacteria.  Two samples of
green mixtures containing furane sand were tested, viz. fresh material
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in which 60% of the normal sand was replaced by furane sand, and the
same product after about nine months in a trial green.

No adverse effects from the incorporation of furane sand was
observable in any of the tests applied.

Conclusions

Furane sand was used as sand in specially designed soil mixtures for
making golf greens.  The sand’s predictable quality with ideal particle
size distribution, dark colour and low content of heavy metals makes it
particularly suitable for this kind of use.

Ecotoxicological tests of the furane sand product showed no adverse
effects.

The following experience was gained from the trial green:

• The soil mixture containing furane sand stimulated germination
despite late sowing.  One possible theory is that the dark colour of
the product actually encourages germination.

• The grass grew distinctly better than in the control field.

• Root development was definitely better than in the control field.

• It appears that the field incorporating the furane sand, unlike the
control field, prevented moss growth. This may be due to poor
establishment of grass in the control field resulting in better
conditions for moss growth, but one attractive theory is that the
furane sand’s content of iron and sulphonic acid creates a chemical
barrier to the establishment of moss.

On the basis of the results, Norsk Jordforbedring is now marketing two
approved products that contain furane sand.
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PARTICIPANTS IN THE WHOLE PROJECT

Partner  no. Company Street address City + country FAO Telephone Fax E-mail
No. 1 Svenska Gjuteriföreningens

Service AB
Tullportsgatan 3
Box 2033

SE-550 02 Jönköping
Sweden

Mr. Peter Nayström +46 36 30 12 15 +46 36 16 68 66 pnmaterialgjuteriforeningen.s
e

No. 2 Technological  Institute,
Center for Material Testing

Gregersensvej
Box 141

DK-2630 Taastrup
Denmark

Mr. Jan Lemkow

No. 2 Technological  Institute,
Center for Material Testing

Gregersensvej
Box 141

DK-2630 Taastrup
Denmark

Mr. Rudolf Crepaz +45 72 20 30 73 +45 72 20 31 12 rudolf.crepazmaterialteknolog
isk.dk

No. 3 Helsinki Technical
University I, Laboratory for
Foundry Technology

Otakaari 4
P.O Box 4100

FI-02015 HUT Esbo
Finland

Mr. Juhani Orkas +35 89 45 13 515 + 35 89 45 13 937 juhani.orkasmaterialhut.fi

No. 4 Näfveqvarns Bruk AB SE-610 54
Näverkvarn,
Sweden

Mr. Magnus Randver +46 155 501 50 +46 155 508 97 magnus.randvermaterialnafve
qvarn.se

No. 5 Scania CV AB SE-151 87 Södertälje
Sweden

Mr. Kent Wargclou
        DMFK

+46 8 55 38 28 13 +46 8 5538 58 85 kent.wargcloumaterialscania.c
om

No. 6 Econova AB Sågbackens Ind. Omr.
Box 90

SE-616 21 Åby
Sweden

Mr. Dag Lindahl +46 11 36 81 31 +46 11 36 81 69 dag.lindahlmaterialeconova.se

No. 7 Etelä-Suomen
Multaravinne OY

Tuomipolku 1 FI-30420 Forsa
Finland

Mr. Mika Laine +358 34 22 033 +358 34 35 50 33 mika.lainematerialymparistop
alvelut.com

No. 8 Componenta Karkkila OY P.O.Box 40 FI-03601  Karkkila
Finland

Mr. Mika Valtonen +358 92 25 02 41 +358 92 25 86 14 mika.valtonenmaterialcompon
enta.com

No. 9 Leinovalu OY Leinonkatu 5 FI-24100  Salo
Finland

Mr. Kari Melava +358 27 75 00 +358 27 75 02 42 kari.melavamaterialleinovalu.f
i

No. 10 Metso Lokomo Steels OY Lokomonkatu 3
P.O.Box 306

FI-331 01 Tampere
Finland

Mr. Osmo Mikkola +358 20 48 41 46 +358 20 48 41 47 osmo.mikkolamaterialmetso.c
om

No. 11 RGS-90 A/S Selinevej 4 DK-2300 Mr. Jess Buch Petersen +45 32 48 90 90 +45 32 50 80 80 jpetersenmaterialrgs90.dk
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PARTICIPANTS IN THE WHOLE PROJECT

Partner  no. Company Street address City + country FAO Telephone Fax E-mail
Copenhagen S,
Denmark

Mr. Christian Peders +46 31 57 85 14 compostingedersmaterialrgs90
.dk

No. 12 Slagelse Local Authority Rådhuspladsen 11 DK-4200 Slagelse
Denmark

Mr. Jörgen Thomsen +45 58 55 33 94 +45 58 52 02 55 v65jthmaterialslagelsekommu
ne.dk

No. 13 Midtfyns Jernstöberi A/S Östre Ringvej 38-40 DK-5750 Ringe
Denmark

Mr. Lars E. Rohde +45 62 62 22 11 +45 62 62 22 50 midtfuenmaterialmail.dk

No. 14 Dania A/S Postboks 49 DK-9600 Aars
Denmark

Mr. Sten Vohlander +45 98 62 19 11 +45 98 62 27 56 s.vohlandermaterialdania-
as.dk

No. 15 Windcast Corp. AS

(Norsk Jordforbedring AS)

Gravarne 26 N-4665 Kristiansand
Norway

Mr. Per Rolf Roland +47 38 12 94 50 +47 38 12 94 60 per.rolf.rolandmaterialwindca
st.no

NICe Nordic Industry Fund Holbergs gate 1 NO-0166 Oslo
Norway

Mrs. Lise Våland Sund
Mr. Mads Peter
Schreiber

+47 23 35 45 40

+47 48 28 77 57

+47 23 35 45 45 lv.sundmaterialnordicinnovati
on.net
m.schreibermaterialnordicinn
ovation.net
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REFERENCE GROUP

Company Street address Town + country FAO

Svenska Gjuteriföreningens Service AB Tullportsgatan 3
Box 2033

SE-550 02
Jönköping
Sweden

Mr. Peter Nayström

Technological Institute Centre for
Material Testing

Gregersensvej
Box 141

DK-2630 Taastrup
Denmark

Mr. Jan Lemkow

Technological Institute Centre for
Material Testing

Gregersensvej
Box 141

DK-2630 Taastrup
Denmark

Mr. Rudolf Crepaz

Helsinki Technical University I,
Laboratory for Foundry Technology

Otakaari 4
P.O Box 4100

FI-02015 HUT Esbo
Finland

Mr. Juhani Orkas

Econova AB Sågbackens Ind. Omr.
Box 90

SE-616 21 Åby
Sweden

Mr. Dag Lindahl

Etelä-Suomen Multaravinne OY Häiviäntie 26 FI-30100 Forssa
Finland

Mr. Mika Laine

RGS-90 A/S Silinevej 4 DK-2300
Copenhagen S
Denmark

Mr. Jens Buch Petersen
Kristian Peders

Slagels Local Authority Rådhuspladsen 11 DK-4200 Slagelse
Denmark

Mr. Jörgen Thomsen

Environment Protection Board Blekholmsterrassen 36 SE-106 48
Stockholm, Sweden

Mr. Simon Lundeberg

Norsk Jordforbedring A/S Reddalsveien 219 N-4886 Grimstad
Norway

Mr. Erik Norgaard

Norges Renholdsverksforening Nedre Vollgt 3 N-0158 Oslo
Norway

Mr. Håkon Jerntoft

Norsas AS Grenseveien 88
Pb 6412 Etterstad

0605 OSLO
Norway

Mr. Tormod Briseid

Jordforsk Frederik A. Dahls vei
20,

N-1432 Ås
Norway

Mr. Roald Sörheim

Environment Directorate Strandgade 29 DK- 1401
Copenhagen K
Denmark

Dansk Industri H C Andersens
Boulevard 18

DK - 1787
Copenhagen
Denmark

Mrs. Charlotte Leniert-
Petersen

Dansk Industri H C Andersens
Boulevard 18

DK - 1787
Copenhagen
Denmark

Mr. Jesper Kielsgaard
Branch Secretary of the
Danish Foundry Sector
Association

Plant Nutrition and Soil fertility
Laboratory
The Royal Veterinary and Agricultural
University

Thorvaldsensvej 40 DK-1871
Frederiksberg C
Denmark

Mr. Jacob Møller

Nordisk innovationsCenter Holbergs gate 1 NO-0166 Oslo
Norway

Mrs. Lise Våland Sund
Mr. Mads Peter Schreiber
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