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ABSTRACT

Brownfield sites always raise concern for the health and safety of site workers involved in site
renovations and developments and, subsequently, for the residents or occupants of the sites. As a
minimum, a preliminary risk assessment is necessary to determine whether a brownfield site is
contaminated and, if so, ensuring any redevelopment is safe and suitable for its proposed use. Despite
growing interest in the progression of risk assessment tools, there are limited instruments available for
brownfield site assessors to consult when conducting investigations at the preliminary risk assessment
stage. This study presents a conceptual framework that ultimately aims to create a web-based decision
support system (DSS) for the preliminary risk assessment of brownfield sites. This is based on a
pollutant linkage model (Source—Pathway—Receptor). The proposed framework aids the identification
of health and safety hazards and, in doing so, it addresses the challenges facing those persons dealing
with the decision-making on brownfield site developments. Moreover, the framework enables them to
determine the most appropriate remediation strategy(ies) to halt pollutant linkages, promote safer
developments and minimise the risks to future occupants of brownfield sites and neighbouring lands.
Keywords: brownfield sites, contaminated sites, preliminary risk assessment, health and safety,
pollutant linkage.

1 INTRODUCTION

Constraints on the use of green spaces for development purposes has meant brownfield sites
have become increasingly popular for redevelopment in recent years, especially in places
where demand for residential and commercial property is high [1]. The UK government is
committed to prioritising the development of brownfield sites. The reuse of brownfield lands
has been a major policy objective in England since the late 1990s, aimed at reducing urban
sprawl and minimising greenfield development, as well as contributing to a more compact
form of urban development [2]. This supports SDG (sustainable development goal) 11
Indicators for Sustainable Cities and Communities, which requires the best information and
communication technologies [3].

In 2012, there were approximately 45,120 ha of publicly identified brownfield sites in
England, including all vacant and derelict land, which could be reused [4]. However, as
brownfield sites have had previous use(s) they may contain hazards, which can pose potential
risks to human health and the built environment [5], [6]. For instance, soil contaminated by
heavy metals are widely known to have a detrimental effect on human health [7], [8]. In
addition, from a developer’s viewpoint Charles et al. [9] recognises that buildings being
constructed on brownfield sites often lead to construction cost increases and construction
delays. Similarly, in some cases, issues may only occur many years after a building has been
completed, such as new housing developments where previous usage has left a relic of
physical, chemical and biological hazards [10], [11].

Prior to the redevelopment of any brownfield site it is important to conduct a preliminary
risk assessment. A specialist is commonly employed to provide an independent professional
report about the health and safety of a site, in terms of risk to human health and the built
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environment, by identifying actual or potential hazards of the site [12]. Addressing the
complex parameters involved in the risk assessment process comprehensively and
successfully requires expertise and knowledge from a number of disciplines, ranging from
geotechnical engineers to geochemical scientists [13].

This study presents a framework to develop a decision support system (DSS) for
preliminary brownfield site risk assessment. In doing so, the DSS will assist persons to better
understand the potential health and safety hazards associated with the development of
brownfield sites.

2 PRACTICE-BASED DESIRE FOR A DSS TOOL

Risk assessments can be expensive, resource intensive, and time consuming when examining
the large number of sites at the regional or national scales [14], [15]. Therefore, inexpensive
and easy to use tools designed to aid the assessment of potential brownfield site risks are
highly desirable. For this purpose, it is very important to have a DSS tool that indicates what
further information is needed or if a site needs to be kept under review. For instance, a
developer may decide to develop brownfield land on the basis of a preliminary risk
assessment alone without any further investigation and detailed quantitative risk assessment,
provided the developer is confident that any contamination present can be addressed using
appropriate measures, and the acquisition brings wider commercial benefits. Table 1 shows
the issues that can be addressed by developing a DSS tool for preliminary risk assessment of
brownfield sites.

3 METHODOLOGY TO DEVELOP THE DSS TOOL

An overview of the process for creating the DSS is detailed beneath (Fig. 1). This shows a
four-stage process, which includes both quantitative and qualitative methods. Mixed methods
are used to provide both breadth and depth in collecting, analysing and understanding the
data that will help to create the DSS tool. Stage 1 involves the creation of a conceptual
framework using existing literature to guide the development of the DSS tool. Stage 2 uses a
questionnaire to subject experts validate or sign-off the literature findings. Stage 3 the
development of the DSS tool. Finally, Stage 4, uses case studies and further validation
exercises to complete the approval of the DSS tool. This paper provides insights to Stage 1.
The other stages and the DSS tool will be reported in future works.

4 DEVELOPMENT OF THE CONCEPTUAL FRAMEWORK

Under Part 2A of the Environment Protection Act 1990, the risk assessment should identify
the potential sources, pathways and receptors and evaluate the risks. Each of these elements
can exist independently, but they create a risk only where they are linked together. This kind
of linked combination of contaminant—pathway—receptor is described as a pollutant linkage
(Fig. 2) [30]. These are the three fundamental components to any assessment and
management of land contamination risks in many European countries [33]. However, this
concept will enable brownfield site assessor to determine whether more detailed investigation
is required, or whether any proposed remediation is satisfactory [34].

A number of studies [30], [35], [36] established the necessary information to conduct a
preliminary risk assessment as follow:

Building and other structure
Current land use

Future site use

History of the site

Site geological
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WIT Transactions on Ecology and the Environment, Vol 241, © 2020 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)




Sustainable Development and Planning XI 259

6. Site hydrology

7. Topography

8. Underground services
Table 1:

of brownfield sites.

Proposed benefits of conducting a preliminary health and safety risk assessment

Benefits of preliminary health and safety risk assessment References

Identifying the hazards at the early stage will prevent time delay
1. - . L [14], [16]
for additional investigations.
2. | Prevent misunderstanding at later stage in the development. [17], [18]
3 Avoid delays in the development stage through unexpected or [19]
* | accidental contamination.
Help developers identify and respond to any key issues that could
4. . [16], [20]
affect planning.
Help developers identify and respond to any key issues that could
5. | affect permitting decisions when they are locating and designing | [21], [22]
developments.
Help developers to take adequate decisions related to the
6. L . [23]
acquisition of the site.
7 Help developers to take adequate decisions related to future use [24], [25]
of the land.
3 Help developers to take adequate decisions related to making [12]. [20]
" | contract for the site acquisition or development, etc. ’
9. Imprpve predictability of future issues related the development of 1201, [26]
the site.
Improve the communication between the developer, local
10. | authorities, consultancies and clients allowing for better decision | [14], [27]
making, which helps to improve quality and mitigate risk.
Fully coordinated design helps to reduce potential risk on site
11. . . L [27], [28]
reconnaissance and investigation.
D Determine the potential of hazard being present and whether [291-[31]
" | future site investigation in needed.
13, Determme whether gny'panlcular precaution is required during 5], [291. [32]
inspection or investigation.
14 Provide information and about the legal regulation risk and/or [14]
" | remedial measures.
Determining the activities processes of the site including the
15 delivery, storage and handling of raw materials, the disposal of [25]
" | wastes will help the collect a representative sample to identify
outliers based on the contaminant location.

WIT Transactions on Ecology and the Environment, Vol 241, © 2020 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)




260 Sustainable Development and Planning XI

Develop conceptual framework from

Stage 1 literature

l [ Phase 1-Quantitive ]

Validation by questionnaire to professionals o The DSS tool
Stage 2 progression is here

l

Development of Decision Support System
Stage 3 (DSS)

l [ Phase 2-Quantitative/Qualitative ]

Stage 4 Validation by case studies and validation by
questionnaire

Figure 1:  The four stages adopted in the development process of the Decision Support
System tool.

Receptors

Figure 2:  Pollutant linkage concept. (Source: Derived from DEFRA and Environment
Agency [30].)

Scientific databases have been created based on the above information needed to identify
the link between source of hazards in brownfield sites, pathways and receptors. The databases
are used to help in identifying, assessing and rating hazards, where a comprehensive
toxicological profile have been created to each contaminant interpret their effects on human
health and built environment.

5 CONCEPTUAL FRAMEWORK
The framework is a conceptual structure intended to support and guide researchers for the
building of a theory of a research study [37], and to allow researchers to intellectually
transition from a simple description phenomenon to generalizing about different aspects of
that phenomenon. In the context of this research, the developed framework (Fig. 3) is to
support and guide the researcher to create the DSS tool. Notwithstanding the proliferation of
literature examined, no studies to date have attempted to develop a framework that assist
people dealing with brownfield site to better understand risk associated with development of
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PRELIMINARY RISK ASSESSMENT

HAZARD
IDENTIFICATION

Receptors

®  Building and other
structures

* Site geology
®  Surrounding areas o Site Hydrology ¢ Futuresiteuse
® History of the site * Topography
® Underground
services

Does pollutant
linkages exist?

ASSESSMENT OUTPUT

Figure 3: Conceptual framework for preliminary risk assessment of brownfield sites.

this type of sites. Nevertheless, the increasingly widespread use of brownfield sites across
countries with rich industrial pasts, coupled with the complexity, highlights the need to first
develop a conceptual framework that helps to conduct a preliminary risk assessment.

6 THE DDS WORKFLOW
A workflow of the DDS is presented (Fig. 4), which consist of eight steps that are adopted to
conduct a preliminary risk assessment for brownfield sites. These steps established to identify
the potential sources, pathways and receptors (“pollutant/contaminant linkages”) and
evaluate the risks.

Source: The first four steps provide a good indication of potential sources and types of
hazards likely to be found on site. Three important indicators to assist to identify the source
of hazards in brownfield sites: history of the site, surrounding area and the existing of
obstructions (i.e. tanks) as result of previous use of the site. The source of hazards in
brownfield sites can be classified into three main types, firstly contaminated sites which have
left a legacy of contamination from operational activities. Secondly, ground movement
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St=pl Step2 Step3 Stapd
Selact Select Select Select

Chemical hazards Yes exist Yes exist Yes exist
Physical hazards Not exist Mot exist Not exist
Biological haards
Staps

ps Stapd Stap? Staph
Select Select Select slect

Residertial Stesp YesGroundwater Typesail

Commercial Flate No Groundwater

Figure 4: The workflow of the DSS tool.

induced by chemical reactions or issues related to uncontrolled of fill materials. Thirdly,
existing buildings in brownfield sites including industrial and commercial buildings arise
hazards related to the release of chemical hazards during demolition.

Pathway: Step 6, step 7 and step 8 allow the user to determine the pathways within the
preliminary risk assessment involves locating possible routes for migration of contaminants
within the site. Creating a knowledge-base for such a task involves capturing information
from a range of subject areas, with the aim of presenting the user with a list of possible
pathways. On consultation of the technical literature there were three major parameters that
were identified to affect the pathway of contaminants: site geology, site hydrology and the
topography of the site.

Receptor: Step 9 presents the receptors of hazards in brownfield sites. Receptors of
different ages exposed to the same level of contamination have a different reaction because
of differences in physiology and behaviour. Therefore, in reviewing the future land use, the
assessor seeks to identify the types of people using the site, and in particular the critical
receptors, who are the most people likely to be exposed or susceptible to the presence of soil
contamination.

7 FUTURE WORK
Stages 2, 3 and 4 (shown in Fig. 1) remain to be completed and, as such, they are not reported
here. Therefore, this section serves to describe insights into the future work. Stage 2 uses a
questionnaire to collect primary data in order to validate the conceptual framework with
experts who have experience dealing with brownfield sites. The participants will be asked to
complete an online survey using Qualtrics online tool.

Stage 3 involves the creation of the DSS tool. Collected data from literature and
questionnaire will be used to design the DSS. The DSS will be available as a web-based tool,
to make it more accessible for the different users and disseminated to end users. A number
of packages have been adopted because they are easy and simple to use and they are open
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source, then the user does not need to pay for licences. The packages are presented as
following:

e MySQL databases management: The database has been created to help in identifying
and assessing hazards posed to human health and buildings from brownfield sites. The
source of database should mainly base on information of highest standard. Two essential
sources are adopted in this research which are literature (secondary data) and the
knowledge of experts (primary data).

e Hypertext Mark-up Language 5 (HTMLS): adopted to structure the webpage by
organising information into separate parts such as title, heading, and paragraph.

e (Cascading Style Sheets (CSS) will be used to design user interface and functions of the
web-based tool.

Stage 4, validation of the DDS tool, facilitated by two approaches, the first validation will
be carried out by functional testing, which will involve testing tool inputs and outputs against
real-life case studies in order to check accuracy of data outputs. Secondly, the DDS is will be
uploaded to the internet, and it will be validated in terms of:

e its graphical user interface;

e the effect of the tool to the user in applying preliminary risk assessment for brownfield
sites;

e the level of information provided by the tool;

e how likely the user will use the tool again or recommends it.

8 CONCLUSION

Previous academic, professional and government literature has identified a range of obstacles
that need to be overcome before residential developments can be approved and built on
brownfield sites. Amongst the difficulties facing brownfield site assessors is the need to find
and understand health and safety information related to brownfield sites. This study has
enabled the creation of a stepwise process of risk assessment, which will culminate into an
IT tool available as web-based facility. Its design will support a diverse range of stakeholders,
in particular, developers and planning authorities who need a speedy, simple and effective
tool at their disposal.

A clear and comprehensive conceptual framework has been created to guide research in
this field and, ultimately, to shape the development of the DSS tool validated by experts. The
DSS requires site history, surrounding area, existing of obstructions, site geology, site
hydrology, site topography and future site use as inputs and produces health and safety issues
as outputs. The tool outputs are intended to be used as information to help assessors reflect
on the health and safety implications of their development. The validation process will be
carried out by functional testing, which will involve testing the tool with brownfield site
experts and case studies.
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