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Introduction

Modern redevelopment of brownfield land must include an element of greenspace.  Urban landscape design has learnt the concrete ‘jungle’ lesson, and many government departments and agencies, and NGOs, are committed to the establishment of greenspace as an integral part of new developments.  Such organisations include ODPM, Forestry Commission, English Partnerships, CABE Space, Groundwork, English Nature as well as Regional Development Agencies and local authorities.  Notable greenspace initiatives in the SUBR:IM research areas include the NEWLANDS (New economic environments through woodlands) project in north-west England and the Green Grid proposal in Thames Gateway.  Greenspace is seen as essential for several reasons including landscape improvement and economic regeneration, provision of recreational and sport opportunity, connection with nature, and flood defence.  Other societal claims for urban greenspace include enhancement of urban biodiversity, atmospheric pollution mitigation, reduction of the urban heat island effect, carbon sequestration.

Whilst greenspace provision has become such a clear policy objective of brownfield development, there are conflicting views, and practices, over how to achieve sustainable greenspace in the context of land remediation.  Often, the remediation and vegetation establishment phases of land reclamation are considered separately, and opportunities for re-use or recycling of ‘soil-forming materials’ in which to establish vegetation are lost.  Contaminated sites are all too often cleaned up to generic levels (i.e. the standard of remediation is the same for different end-usage) and the formation of the final landscape occurs in isolation of the remedial process.  In addition, the value of different forms of vegetation to provide breaks in the source-pathway-receptor linkage is ignored or misunderstood to the extent that some vegetation types are prohibited from forming the after-use of the site.

Potential synergies also occur in the use of waste materials in the remediation and reclamation processes.  Organic wastes like sewage sludge and, more recently, composts, have been used in land reclamation to enhance fertility, but there are opportunities to develop materials partly derived from these wastes to control the environmental fate and availability of both organic and inorganic contaminants, as well as supporting vegetation established on the remediated site.  For example, naturally occurring minerals such as clays and zeolites, mixed or combined with organic materials, could interact with metals to form a matrix in which the bioavailability of the metals is significantly reduced.  

Within the SUBR:IM consortium, two Work Packages have been designed to deal directly with the issues raised above. ‘Integrated remediation and greening’ (Work Package F) has five objectives: 

· To review existing information on integrated remediation and greening systems, 

· To assess the sustainability of a sample of existing integrated remediation and greening systems and their design methods, 

· To develop environmental, economic and social sustainability criteria for urban greening, 

· To develop improved and new integrated remediation and greening solutions designed to meet the developed sustainability criteria,

· To provide technology transfer on achieving integrated sustainable urban greening.

‘Novel special-purpose composts for the sustainable remediation of Brownfield sites’ (Work Package K) has a similar set of objectives:

· To develop a novel sustainable remediation technique that will rely on the use of waste produced materials (composts) combined with naturally occurring minerals (clays, zeolites) to enhance the biodegradation and immobilisation capability of the compost. 

· To select from the SUBR:IM portfolio, appropriate sites for investigation, soil sample collection and detailed characterisation in order to identify the nature of contaminants for remediation. 

· To perform nursery-based trials to evaluate the effectiveness of the technology by monitoring the bio-availability of the contaminants of concerns to plants under specific experimental conditions 

· To perform field trials on a selected site subject to external support and funding. 

Table 1 summarises the component parts of a conceptual model for integrated remediation and urban greening, and identifies those that Work Packages F and K will consider during the SUBR:IM programme.

	Components of integrated remediation for greening
	Considered within current SUBRIM projects

	Stakeholder attitudes towards greening of brownfields
	

	Identification of barriers and incentives
	

	Re-use of remediated materials
	(

	Minimisation of site waste
	(

	Incorporation of waste materials
	(

	Development of novel materials
	(

	Development of new integrated technologies
	(

	Identification of causes of success and failure
	(

	Appraisal of socio-economic and environmental benefits and costs
	

	Develop sustainability indicators
	(


Research to support these objectives began in November 2003.  This paper reviews progress, presents some preliminary results and identifies research directions for the forthcoming year.

INTEGRATED REMEDIATION AND GREENING (WORK PACKAGE F)

Experimental research
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To date, the largest research element has been in the setting up and monitoring of a set of nursery experiments to test the ability of different types of vegetation to survive and grow on thermally (Thermal) and bioremediated (Bio Cardiff and BioCTRL) ‘soil’ materials, with and without organic compost materials, in comparison with uncontaminated (Sand) and unremediated contaminated (Contaminated) treatments.  Trees, grasses and grass/wildflower mixtures have been tested in this way.  Measurements have been made of growth and foliar chemistry, and samples of water leachate have been taken to study the extent to which the soil-plant system can prevent pollutant pathways for remaining contamination.  As examples, Figure 1 shows the average height of the main stem for alder (Alnus cordata) (1) and poplar (Populus trichocarpa) (2), Figure 2 shows grass biomass, and Figure 3 the percentage wildflower ground cover after one growing season.

Average tree height results for alder (Figure 1) indicated trees grown in no compost and in the 25% compost application rate were significantly shorter (p ≤ 0.05) than the 50% compost rates. For poplar, mean height was significantly lower in the contaminated soils than in the remediated treatments (p ≤ 0.05).  Height was increased by adding 25% compost  (p≤ 0.05) and further increased by adding 50% (p≤ 0.05).  There was a significant interaction between the compost treatment and the soil treatment (p<0.001): compost rate very significantly affected tree height in the contaminated soil, thermal treatment and BioCardiff treatment but had little effect on the control or the BioCTRL treatment. 
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The results for above-ground grass biomass (Figure 2) showed that for the sandy soil grass mix there was a significantly greater yield from the BioCardiff material than on other materials (p ≤ 0.05) and yield from the thermally remediated material was significantly lower than all other treatments (p≤ 0.05).  Compost addition had a significant effect on all treatments, but at the high rate produced no further significant increase in yield.  Yields were significantly greater using the clay soil grass mix (p = 0.004) and adding compost at the low rate produced a significantly higher above-ground biomass on thermally remediated soil.  The BioCardiff soil produced the greatest above-ground biomass with all compost treatments, but the control and BioCTRL soil showed no significant change. There was no additional benefit from adding compost at the high rate.

[image: image3.wmf]Figure 3.  Percent wildflower ground cover for a sandy soil mix (1) and 
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Wildflower cover on both soil mixes (Figure 3) was significantly lower on the contaminated soil compared to any of the other soil treatments (p≤ 0.05) and was significantly greater on the BioCTRL soil. (p ≤ 0.05).  Adding compost to the soils significantly improved growth for both mixes (p ≤ 0.001), and without it, there was no wildflower growth on the contaminated soil for either mix.  Only the thermally remediated material and the BioCardiff soil benefited from additional compost treatment to enhance wildflower cover with the clay soil wildflower mix. 

Review of remediation techniques

A questionnaire survey mailed to over 2000 recipients revealed important UK experience in using remediated soil materials for soft-end use, notably those from bioremediation, soil washing and soil vapour extraction.  For each major remediation process, evidence is being gathered to allow a better understanding of the effects on principal soil properties (physical, chemical, biological), and thus the limitation(s) of these materials to promote vegetation growth.  Using results and experience gained from the experimental work, together with expert opinion from practitioners and published research, a matrix of information has been assembled which attempts to ‘bridge the gap’ between the considerations of the remediation engineer concerned with reducing contaminant exposure and the plant ecologist or landscape architect who needs to establish vegetation on remediated materials.  Table 2 is an example of a small part of this WP F output, which is still under development.

Table 2. Effect of selected remediation technologies on some important soil properties.

	Technique
	pH
	AWC
	Nutrients
	Organic Matter

	Thermal desorption
	pH raised as base cations released from organic matter. This can lead to the binding up of any P that is left and non availability of micronutrients such as Fe, Mn, Zn and Cu 
	Available water capacity will be reduced due to the absence of OM and reduced pore size. 
	Most major nutrients either mineralised or destroyed, in particular N
	Loss of organic matter leading to poor soil structure, nutrient retention and reduced AWC 

	Bio-remediation
	pH may not necessarily be affected but the correct pH is vital for microbial activity. Below about pH 6 the microbial activity is curtailed so low pH substrates need to be amended to raise the pH.
	As microbial and faunal activity proceeds then OM will be created and soil fauna such as earthworms will increase. This should lead to improved available water capacity. 
	Bacterial activity, such as nitrogen fixation will improve N levels. However, bacteria degrading contaminants may require more nutrients than are available, especially N. Nutrient levels may have to be supplemented for bacterial activity to be optimised.
	Organic matter will increase over time through microbial activity and possible faunal activity, but will depend on the time the soil spends being bio remediated.

	Chemical extraction
	If acidic solvents used then pH may drop considerably. Below 5.5, nutrient availability is restricted and bacterial activity curtailed. Low pH will destroy clay mineral structure and organic matter. Cation leaching will increase.  At low pH, compounds are in a reduced state which can increase toxicity. 
	If soil structure is destroyed by strong REDOX acidic or organic reagents then AWC will be reduced through the collapse of pore space and size.
	If the soil becomes acidified by the reagents used then nutrient availability will be reduced. There will also be increased loss through leaching as nutrient cations such as P, K and Ca become displaced and solubilised by H+.
	Organic matter can be reduced as it is  destroyed by decreasing pH and by the use of organic solvents.


NOVEL SPECIAL-PURPOSE COMPOSTS (WORK PACKAGE K)

Work under this work package also concentrated on nursery research, using rye grass (Lolium perenne) and poplar (Populus trichocarpa) as vegetation indicators.  Heavy metal (mainly zinc and cadmium) contaminated soil and a low contaminated soil from Avonmouth were treated with different composts at 4 levels (0, 7, 14, 20% compost).  The tested composts were: compost produced from sewage sludge or green waste, both composts treated by addition of bentonite or zeolite at four levels (0, 7, 14, 20% of the weight of the compost). 

Contamination had a profound effect on both plant indicators.  However, the addition of compost did not show a uniform result.  Rye grass performed clearly and significantly better in soil treated with sludge compost while poplar had a significantly better performance in soil treated with green waste compost.  For low contaminant level soil no significant effect of compost addition was observable for poplar while rye grass obtained a better height in soil treated with sludge compost but a lower biomass in soil treated with green waste compost.  For both plants an increase in the compost addition to low contaminant level soil resulted in a lower biomass.  Disappointingly, little effect was observed for the addition of minerals to the composts.  Biomass and water consumption of rye grass growing in soil treated with sewage sludge compost significantly improved with zeolite addition, but there were no effects with bentonite. 

FUTURE PLANS

Work Package F

The nursery experiments will continue for at least one more growing season; current work on this research component will focus on assembling and analysing soil, soil water and plant tissue chemistry data.  The major part of 2005 will be spent in examining the interactions between remediation and greening at a field scale, concentrating research at six selected study sites in the SUBR:IM portfolio.  Research will examine the nature of the greening projects at these sites, and how they can be evaluated in terms of ‘sustainability criteria’.  The quality of the greening projects will also be assessed, and the environmental and social benefits scoped. 

Work will continue on a PhD entitled ‘Use of charcoal for the in situ remediation of contaminated land’ in association with the University of Surrey.

Work Package K
Further compost-mineral mixtures for the treatment of heavy metal contaminated soils will be tested using nursery trials and leaching tests, on a wider variety of polluted soils.  Magnetic Resonance Imaging (MRI) will be used to study metal uptake and compartmentalisation into plants using hydroponically grown plants.

DISCUSSION

Our results so far have shown that products of in situ remediation technologies can be transformed into ‘soils’ with suitable amendment with organic materials taken from the waste stream.  Taken together, the preliminary results of the two nursery experiments suggest that various forms of vegetation can be established on a range of contaminated substrates or remediated contaminated materials.  Amelioration with composts can be beneficial, but it is important to match type and amount to the substrate and vegetation type.  Addition of specific minerals (bentonite, zeolites) seems to have little direct effect on plant growth, but further work will elucidate how effective these components have been in adsorbing heavy metal contaminants, and reducing loss in leachate.  Considerable chemical analysis is planned during 2005, but the first year has been valuable in establishing that given appropriate amelioration, vegetation can be grown comparatively successfully on a range of remediated materials.
These results could present major implications and cost benefits to the remediation and landscape engineering industries in terms of minimising the amount of pre- or post-remediation material needing to go to landfill.  Furthermore our results may create an outlet to both local authorities and the waste industry for utilising waste materials within remediation and reclamation processes and so could contribute strongly to waste recycling targets.  The questionnaire survey identified that the majority of environmental consultants are most concerned with the cost of remediation, the required duration of the remediation, the operation window and residual liabilities.  We will attempt to consider what the industry’s attitudes to reusing materials are when taken against such strong opinion.

We feel we have made good progress but there are many questions yet to be answered.  We are yet to investigate what the main barriers and drivers to successful greenspace development on brownfield sites are.  Our 2005 field survey campaign will enable a technical appraisal of remediation and greening practices.  We also have plans to assess public usage of urban greenspace and compare these to development and management costs.  We are amongst the first to recognise the wider public benefits of greenspace establishment especially within urban areas in terms of environmental quality, urban biodiversity, noise and air pollution abatement, flood control, public health and levels of inward investment etc.  We are keen to attract further research funding to examine these when considered at the strategic planning level for schemes such as the Thames Gateway Green Grid.

A take home message which hasn’t come from statistical interpretation or good experimental design is that the remediation industry as a whole is exceptionally keen to collaborate.  We feel that above all of the other results this demonstrates the combined will of the industry to develop sustainable solutions through integration of technologies.
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				Trees		yes		25% v/v		50% v/v

				Grasses		yes		25mm depth surface application incorporated to 150 mm material depth		50mm depth surface application incorporated to 150 mm material depth

				Wildflower/grass mix		yes		10mm depth surface application incorporated to 150 mm material depth		25mm depth surface application incorporated to 150 mm material depth

																						lsd

																						Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2
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Figure 3.  Percent wildflower ground cover for a sandy soil mix (1) and a clay soil mix (2) after one growing season.  For further explanation of treatments, see text.  Bars = least significant difference.
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		Tree heights

						Soil Treatment

				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

		Alder		0% Compost		939		347		450		554		714				1115		385		682		1074		1168

				25% Compost		657		498		756		321		709				926		821		1096		1487		981

				50% Compost		664		884		818		874		799				861		1308		1538		1476		891

																						lsd

																						Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2
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																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

		Poplar		Compost 2		Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0%		1115		385		682		1074		1168

				25%		926		821		1096		1487		981

				50%		861		1308		1538		1476		891

		Internodal distance

		Alder		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0% Compost		26.26		13.49		19.6		21.87		27.22				28.25		21.43		17.83		28.09		29.05

				25% Compost		21.39		19.49		25.03		17.5		22.13				25.65		23.86		28.59		32.05		26.87

				50% Compost		24.31		27.53		27.96		29.8		23.01				28.06		32.58		32.99		32.91		26.73

		Poplar		Compost		Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0%		28.25		21.43		17.83		28.09		29.05

				25%		25.65		23.86		28.59		32.05		26.87

				50%		28.06		32.58		32.99		32.91		26.73

		alder		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0% Compost		32		21		19		23		24				38		16		36		36		38

				25% Compost		28		25		28		14		27				32		31		36		43		35

				50% Compost		24		29		25		27		29				29		38		44		45		34

		poplar		Compost		Sand		Contaminated		thermal		bio Cardiff		bio CTRL
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				50%		29		38		44		45		34
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				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				No compost		26.2		1.5		13.8		9.5		32.5				21.3		21.3		35		38.7		35

				25 mm Top dressing layer		31.2		22.5		42.5		55		30				30		51.3		61.2		70		38.8

				50 mm Top dressing layer		41.2		31.2		50		63.8		15.5				41.3		55		55		66.2		45

				dry wts (g / m2)

				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				No compost		27.2		0		0		68.7		86.5				15		18		67		166		22

				25 mm Top dressing layer		34.5		68.4		209.4		421.7		0				33		174		318		444		19
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Figure 1.  Tree heights after one growing season for alder (treatments 1) and poplar (treatments 2).  For further explanation of treatments, see text.  Bars = least significant difference.
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trees

		SEEsoil paper

		Tree heights

						Soil Treatment

				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

		Alder		0% Compost		939		347		450		554		714				1115		385		682		1074		1168

				25% Compost		657		498		756		321		709				926		821		1096		1487		981

				50% Compost		664		884		818		874		799				861		1308		1538		1476		891

																						lsd

																						Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

		Poplar		Compost 2		Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0%		1115		385		682		1074		1168

				25%		926		821		1096		1487		981

				50%		861		1308		1538		1476		891

		Internodal distance

		Alder		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0% Compost		26.26		13.49		19.6		21.87		27.22				28.25		21.43		17.83		28.09		29.05

				25% Compost		21.39		19.49		25.03		17.5		22.13				25.65		23.86		28.59		32.05		26.87

				50% Compost		24.31		27.53		27.96		29.8		23.01				28.06		32.58		32.99		32.91		26.73

		Poplar		Compost		Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0%		28.25		21.43		17.83		28.09		29.05

				25%		25.65		23.86		28.59		32.05		26.87

				50%		28.06		32.58		32.99		32.91		26.73

		alder		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				0% Compost		32		21		19		23		24				38		16		36		36		38

				25% Compost		28		25		28		14		27				32		31		36		43		35

				50% Compost		24		29		25		27		29				29		38		44		45		34

		poplar		Compost		Sand		Contaminated		thermal		bio Cardiff		bio CTRL

				0%		38		16		36		36		38

				25%		32		31		36		43		35

				50%		29		38		44		45		34
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wildflowers

		Sand 1		Sand 1		Sand 1		357.6		357.6		357.6

		Contaminated 1		Contaminated 1		Contaminated 1		357.6		357.6		357.6

		Thermal 1		Thermal 1		Thermal 1		357.6		357.6		357.6

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1		357.6		357.6		357.6

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1		357.6		357.6		357.6

								NaN		NaN		NaN

		Sand 2		Sand 2		Sand 2		303.8		303.8		303.8

		Contaminated 2		Contaminated 2		Contaminated 2		303.8		303.8		303.8

		Thermal 2		Thermal 2		Thermal 2		303.8		303.8		303.8

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2		303.8		303.8		303.8

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2		303.8		303.8		303.8
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		percentage cover /m2 in september

				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				No compost		26.2		1.5		13.8		9.5		32.5				21.3		21.3		35		38.7		35

				25 mm Top dressing layer		31.2		22.5		42.5		55		30				30		51.3		61.2		70		38.8

				50 mm Top dressing layer		41.2		31.2		50		63.8		15.5				41.3		55		55		66.2		45

				dry wts (g / m2)

				Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

				No compost		27.2		0		0		68.7		86.5				15		18		67		166		22

				25 mm Top dressing layer		34.5		68.4		209.4		421.7		0				33		174		318		444		19

				50 mm Top dressing layer		77		95.5		318.4		338.2		14				76		187		402		445		53
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		% cover wildflowers

		wildflowers

		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

		No compost		5.75		0		3.75		1.5		19.25				10.5		0		1		2		16.75

		10 mm Top dressing layer		12.5		2.75		7.75		10.75		17.5				6.75		11.25		7.25		8.75		21.25

		25 mm Top dressing layer		15		8.75		15.5		16.25		14.25				6.25		10		13.75		21.25		12.5

		Compost		Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

		No compost		20.5		5.2		10		17.5		22.5				18		5.2		16.8		14.5		17.5

		10 mm Top dressing layer		23.7		16.2		27.5		28.8		22.5				21.2		17.5		28		38.8		25

		25 mm Top dressing layer		27.5		36.2		37		43.8		25				33.8		26.2		42.5		43.8		35

		grasses
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						No compost		Low rate		High rate

				Trees		yes		25% v/v		50% v/v

				Grasses		yes		25mm depth surface application incorporated to 150 mm material depth		50mm depth surface application incorporated to 150 mm material depth

				Wildflower/grass mix		yes		10mm depth surface application incorporated to 150 mm material depth		25mm depth surface application incorporated to 150 mm material depth

																						lsd

																						Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

																						357.6		357.6		357.6		357.6		357.6				303.8		303.8		303.8		303.8		303.8

				Grasses

																				lsd

																				Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

																				91.24		91.24		91.24		91.24		91.24				144.6		144.6		144.6		144.6		144.6

				Wildflower/grasses

				Wildflowers																lsd

																				Sand 1		Contaminated 1		Thermal 1		Bio Cardiff 1		Bio CTRL 1				Sand 2		Contaminated 2		Thermal 2		Bio Cardiff 2		Bio CTRL 2

																				7.01		7.01		7.01		7.01		7.01				8.36		8.36		8.36		8.36		8.36

				grasses
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		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1

		Sand 2		Sand 2		Sand 2

		Contaminated 2		Contaminated 2		Contaminated 2

		Thermal 2		Thermal 2		Thermal 2

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2
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		Sand 1		Sand 1		Sand 1		91.24		91.24		91.24

		Contaminated 1		Contaminated 1		Contaminated 1		91.24		91.24		91.24

		Thermal 1		Thermal 1		Thermal 1		91.24		91.24		91.24

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1		91.24		91.24		91.24

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1		91.24		91.24		91.24

								NaN		NaN		NaN

		Sand 2		Sand 2		Sand 2		144.6		144.6		144.6

		Contaminated 2		Contaminated 2		Contaminated 2		144.6		144.6		144.6

		Thermal 2		Thermal 2		Thermal 2		144.6		144.6		144.6

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2		144.6		144.6		144.6

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2		144.6		144.6		144.6
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		Sand 1		Sand 1		Sand 1		7.01		7.01		7.01

		Contaminated 1		Contaminated 1		Contaminated 1		7.01		7.01		7.01

		Thermal 1		Thermal 1		Thermal 1		7.01		7.01		7.01

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1		7.01		7.01		7.01

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1		7.01		7.01		7.01

								NaN		NaN		NaN

		Sand 2		Sand 2		Sand 2		8.36		8.36		8.36

		Contaminated 2		Contaminated 2		Contaminated 2		8.36		8.36		8.36

		Thermal 2		Thermal 2		Thermal 2		8.36		8.36		8.36

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2		8.36		8.36		8.36

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2		8.36		8.36		8.36



No compost

10 mm Top dressing layer

25 mm Top dressing layer

Remediation treatment

Percentage cover

5.75

12.5

15

0

2.75

8.75

3.75

7.75

15.5

1.5

10.75

16.25

19.25

17.5

14.25

10.5

6.75

6.25

0

11.25

10

1

7.25

13.75

2

8.75

21.25

16.75

21.25

12.5



		Sand 1		Sand 1		Sand 1

		Contaminated 1		Contaminated 1		Contaminated 1

		Thermal 1		Thermal 1		Thermal 1

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1

		Sand 2		Sand 2		Sand 2

		Contaminated 2		Contaminated 2		Contaminated 2

		Thermal 2		Thermal 2		Thermal 2

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2



No compost

10 mm Top dressing layer

25 mm Top dressing layer

Remediation treatment

Percentage cover

20.5

23.7

27.5

5.2

16.2

36.2

10

27.5

37

17.5

28.8

43.8

22.5

22.5

25

18

21.2

33.8

5.2

17.5

26.2

16.8

28

42.5

14.5

38.8

43.8

17.5

25

35



		Sand 1		Sand 1		Sand 1

		Contaminated 1		Contaminated 1		Contaminated 1

		Thermal 1		Thermal 1		Thermal 1

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1

		Sand 2		Sand 2		Sand 2

		Contaminated 2		Contaminated 2		Contaminated 2

		Thermal 2		Thermal 2		Thermal 2

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2



0% Compost

25% Compost

50% Compost

Remediation treatment

Main stem heights (mm)

939

657

664

347

498

884

450

756

818

554

321

874

714

709

799

1115

926

861

385

821

1308

682

1096

1538

1074

1487

1476

1168

981

891



		Sand 1		Sand 1		Sand 1

		Contaminated 1		Contaminated 1		Contaminated 1

		Thermal 1		Thermal 1		Thermal 1

		Bio Cardiff 1		Bio Cardiff 1		Bio Cardiff 1

		Bio CTRL 1		Bio CTRL 1		Bio CTRL 1

		Sand 2		Sand 2		Sand 2

		Contaminated 2		Contaminated 2		Contaminated 2

		Thermal 2		Thermal 2		Thermal 2

		Bio Cardiff 2		Bio Cardiff 2		Bio Cardiff 2

		Bio CTRL 2		Bio CTRL 2		Bio CTRL 2



0% Compost

25% Compost

50% Compost

Remediation treatment

Main stem height (mm)

939

657

664

347

498

884

450

756

818

554

321

874

714

709

799

1115

926

861

385

821

1308

682

1096

1538

1074

1487

1476

1168

981

891




