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Introduction
This paper will explore the challenges posed by the deposition of acid tars in the urban environment. It will consider the broad legislative framework before examining the techno-scientific and human issues that arise in the process of remediating land contaminated by this by-product. 

Part IIA of the Environmental Protection Act 1990 provides a legislative framework for the identification and remediation of contaminated land in England, Wales and Scotland. It imposes a duty on local authorities to inspect their areas to identify contaminated land. Statutorily defined contaminated land is only that which meets the source/pathway/receptor definition contained within the act. There is a certain sub section of contaminated sites which will be further designated as special sites for which the Environment Agency will be the regulator. These include certain water pollution, industrial and defence cases and the description of these is set out in the regulations. Acid tar lagoons are one such industrial activity that fall within the definition of special sites (regulation 2(1)(b) Contaminated Land (England) Regulations 2000).

Once a site is designated as statutory contaminated land (and then a special site) there is a requirement to inform the local community living adjacent to such sites or those who frequent the site.  It is important that the regulator involves the local community in the decision making process as they are subject to the consequences of the decisions.  Once designated the regulator will then ensure that the site is remediated thereby removing all identified risks so that the site is suitable for (re)use.
Acid Tar and risks from acid tar lagoons
The remediation of acid tar lagoons raises significant techno-scientific challenges.  The origin and nature of acid tars has been described previously (e.g. Smith et al. 2004, Talbot et al. 2004). In brief, acid tar is a waste residue of petrochemical processes which are now mostly abandoned. Acid tars are a complex mixture of hydrocarbon, sulphuric acid, and water typically mixed with a range of co-disposed materials. They are acidic (pH often <2) and viscous with black color and oily smell, and of greater density than water (~1050-1400 kg/m3). The major contaminants within acid tar are PAHs, phenols, benzene, toluene, xylene (BTEX), acid, heavy metals and sulphate. Historically, a common disposal route has been to dump the tars in worked out quarries, clay or gravel pits, capped or opened. At first sight acid tars can appear relatively solid, but they are able to slowly flow significant distances (>20m) through fissures or on the surface. At exposed surfaces, the tar weathers into different forms, depending on temperature, moisture and other conditions. As geological, topographical, and environmental conditions differ from site to site, each site may present a specific environmental impact problem.


[image: image1.emf]Tar at/near surface (5)

Tar migration to near

stream

Stream (4)

Main tar pit 

(capped)

Tar migration to 

Groundwater (3)?

Topographic

surface

Groundwater flow

VOCs(1)? Dust (2)? 

Nearby houses

&

gardens

Co-disposed

materials


Fig.1. Study site acid tar body (label numbers refer to Table 1).
One of the study sites under investigation by the SUBR:IM project is a capped site located in North West England. Site investigation data has been collated to produce a 3D model of the tar body. A 2-D projection of this model is presented in Fig 1, and illustrates a range of environmental interactions of concern. It should be noted that in general the capping appears to be acting as a reasonably viable separating layer between the tar and the surface, however it has also pressurized the tar and caused it to migrate to the surface at least one location and then slowly flow down-gradient in thin layers. The main risks, based on current levels of knowledge, are summarized in Table 1. However more data is needed concerning the properties and environmental behaviour of acid tars. 

From the point of view of a local resident or site user, while the acid tar lagoon itself is not visible, the surface tar migrations can be seen but is fenced off and may look like weathered areas of an old tarmacadam surface. Odour is present but not usually to a significant degree. Contaminated dust blow-off or presence of weathered tar in adjacent parts of the site (due to construction/demolition works) is likely but will not generally be perceived. Data on ground and surface water contamination is as yet inconclusive.
Table 1. Principal risks associated with acid tar lagoons

	Label
	Environmental risks
	Examples of contaminants involved (anticipated)
	Receptor

	1
	Volatiles from liquid tar (significantly exacerbated if tar is disturbed)
	Benzene, sulphur dioxide
	Site users, residents of adjacent properties

	2
	Dust blowoff from exposed and weathered tar surfaces
	PAHs, lead
	Site users, residents of adjacent properties

	3
	Subsurface contaminant leaching from tar into groundwater
	Sulphuric acid, heavy metals, phenol
	Groundwater, major/minor aquifer

	4
	Leaching from tar into surface water (e.g. water ponding over tar body, or migration of tar into a stream)
	Sulphuric acid, heavy metals, phenol
	Nearby water course

	5
	Direct contact with tar migrating out of contained (e.g. fenced or capped) site.
	Acid burns, ingestion of PAHs, lead, 
	Site users, residents of adjacent properties


Assessing risk to human health

The standard methodological approach to a human health risk assessment from contaminated land follows four sequential stages: 

a) Development of the Conceptual Model which discusses the sources of contamination (contaminants of potential concern) within the site, the location of the contaminants within the site, the pathways and the receptors.

b) Hazard identification, which provides an overview of hazards associated with contaminants identified in, or on, the site. 

c) Risk estimation, as a site specific and activity specific numerical risk assessment.  A conceptual exposure model provides time-weighted values for key parameters such as bodyweight, skin surface area exposed, specific activities including leisure activities, indoor and outdoor exposure levels, a full range of exposures associated with inhalation, ingestion and dermal contact.  Both chronic and acute exposure will be considered.

d) Risk evaluation considers significant pollutant linkages, uncertainty in the source data and exposure and provides conclusions and recommendations. 

In the case of acid tar lagoons, tar could migrate to adjacent areas outside of the site under consideration.  Thus, humans could be exposed to soils, a hazard such as fire, or the aerial transport of contaminants from these adjacent areas.  Any meaningful human health risk assessment needs to give due regard to the entire population affected by the tar.  

Integrating these techno-scientific challenges with the aspirations and concerns of local stakeholders requires close collaboration between physical and social scientists.
Risk assessed versus risk perceived
Public perceptions of risk in the case of acid tar lagoons may be divergent from expected reactions and/or the professional assessment of risk.   How the risks from contamination are perceived by the public is obviously of interest to those charged with managing contaminated brownfield sites. Not only are members of the general public stakeholders in the future development of a site, they bear most risk from contamination and their cooperation may be required in the remediation of the site and the mitigation of any risks from it.

A large body of research has shown that the public’s perceptions of risk can often be at odds with professional assessments of risk. Additionally, even if the public assessment of risk, per se, matches an expert assessment of risk, the public reaction to that risk can be disproportionate with respect to their response to other comparable risks. Hence it is reasonable to conclude that we cannot predict the public’s response to the risks of contamination by acid-tar without investigation of the specifics of a particular site and the publics’ involvement with it. Indeed acid-tar presents factors which may cause the public to either over-estimate or to under-estimate the risks from contamination.

Will the risks from acid-tar lagoons be over-estimated by those living near-by? Bennett (1997) emphasises eleven 'fright factors' which make a risk more worrying and less acceptable to the public. These are if the risks are perceived:

1. to be involuntary (e.g. exposure to pollution) rather than voluntary (e.g. dangerous sports or smoking)

2. as inequitably distributed (some benefit while others suffer the consequences)

3. as inescapable by taking personal precautions.

4. to arise from an unfamiliar or novel source

5. to result from man-made, rather than natural sources

6. to cause hidden and irreversible damage, e.g. through onset of illness many years after exposure

7. to pose some particular danger to small children or pregnant women or more generally to future generations

8. to threaten a form of death (or illness/injury) arousing particular dread

9. to damage identifiable rather than anonymous victims

10. to be poorly understood by science

11. as subject to contradictory statements from responsible sources (or, even worse, from the same source).

Worryingly for those tasked with managing risk communication strategies, all eleven of these factors are potentially present in the case of acid-tar contaminated brownfield sites. 

However other factors may lead members of the public to make an underestimation of the risks from acid-tar. Expert assessments of risk can be disregarded in situations where people feel able to make their own assessment of risk (for example that of using mobile phones while driving J. Richard Eiser & White, 2003). Although the public will by-and-large be unfamiliar with the chemical composition of acid-tars and the risks associated with them (see Table 1), those who live in proximity to sites contaminated by acid-tar may feel ‘familiar’ which it (cf. fright factor 4 in Bennett’s list). Additionally experience of risks with low probability and/or delayed effect– such as health effects caused by contamination- tends to produce an underestimation of the risk posed (Eiser, 2004; Hertwig, Barron, Weber & Erev, 2004). In this context acid tar can be seen, walked near, etc without any noticeable ill-effects. This experience could lead people to feel a need to disregard expert warnings of dangers from acid-tar.

On a more positive note, nearly all of the ‘fright factors’ which may prompt a disproportionate reaction from the public can be moderated by the way risk from acid-tar is communicated. Similarly, if familiarity has bred contempt for the risks of acid-tar, education about its properties could alter the mental model people hold of the risks associated with it. This volatility in the outcomes of any risk communication attempt, combined with the general uncertainty about which direction the public response to risk may diverge from professional assessment, highlights the importance of assessing public feelings for the appropriate management of acid-tar lagoons.

Remediation options
Remediation options for acid tar lagoons will seek to control the contamination linkages to acceptable levels, and will depend on which linkages are demonstrated to be currently unacceptable. Some UK sites appear to be relatively stable and ‘do nothing’ may be the preferable option. Other sites have more significant problems and intervention is required. Intervention may take the form for example of an engineered cap, full containment, stabilization/solidification, or removal and treatment for use as a fuel.  

Full cost benefit analysis (including durability) is required for each option, and is beyond the scope of this paper to examine in detail. Instead some of the issues that would affect the local residents are outlined:

· Disturbance of the lagoon by tar removal or mixing is likely to result in significant release of volatiles. Odour may be a significant problem and capture and filtering of the vapours may be required to prevent atmospheric pollution.

· Removal and treatment may require on-site treatment plant with concerns over emissions and a significant number of heavy truck journeys through residential streets.

· Stabilisation/solidification may require a significant number of heavy truck journeys through residential streets to import material and a significant volume increase in the final lagoon site.

· Simple fencing off would be lowest cost, but would reduce scope for site use by residents. Weathered surface upwellings would still need to be controlled if risk of dust blow off was significant, or they posed a risk to trespassers.

Risk communication
Developing an integrated approach to dealing with acid tar lagoons requires effective communication strategies.
i. Why communicate “possible” risk to the general public? 

The general public invariably has little understanding of the risks associated with contaminated land.  Familiarity with risk lowers the perception of danger and because the risk of contaminated land is perceived to have arisen involuntarily, people expect lower levels of risk than for other forms of pollution or danger with which they may be more familiar. 

Under Part IIA of the Environmental Protection Act 1990 the public have a legal right to all information on remediation notices. Individual rights of access to information under the Freedom of Information Act 2000 came into force across all public authorities in January 2005.  Furthermore, the UN Economic Commission for Europe (UNECE) Convention on Access to Information, Public Participation in Decision-Making and Access to Justice in Environmental Matters (The Århus Convention), which requires compliance by member states by February 2005, also includes the rights of citizens and environmental organisations to participate in environmental decision-making from an early stage. 

ii. How to communicate to the public? 

The public is concerned with perception and economics as much as with technical issues, they will invariably know more than the site owners, authorities and remediation agencies realise.  Thus, the debate needs to be informed, inclusive and transparent. Failure to do so may result in distrust and prove counter-productive to the overall remediation effort.  Whilst public trust in agencies is low, transparency and openness in communication is nevertheless an imperative and communicating risk to the wider public is much about getting people involved in the remediation process. The public must feel to be in control of the risk and issues such as property blight and lack of amenity can be at least as important to the public as health and safety.

Discussion
The production processes from which acid tar was a by-product ceased in the UK in the mid 1980’s but the legacy continues to pollute the environment and to pose a risk to human health.  Our appreciation of risk is now greater than it used to be and current environmental legislation would not permit the disposal of material such as acid tars in to open lagoons without prior treatment.  It is clear that, particularly in instances when disposal sites are near to human habitation, progress is required in establishing the best practical technical solution and environmental option which will also protect the health and the concerns of the general public.  Emissions released by hitherto popular ‘remediation’ methods such as mixing with quick lime or burning makes them no longer acceptable.  The SUBR:IM project aims to link science and social science disciplines to tackle brownfield problems and the remediation of acid tar lagoons in the urban environment requires the integration of several disciplines within the project: robust technical solutions, multi-level decision making processes, risk communication and quality in remediation management.  The challenge is to find sustainable remediation options acceptable to all stake-holders.
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