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Abstract

:

Per- and polyfluorinated alkyl substance (PFAS) contamination has been found in the construction spoil of many major projects, and there is growing concern about the health and environmental implications of these “forever” chemicals. In a context where construction and tunneling have experienced substantial growth, Australia and other countries are still developing their PFAS management. This study used convergent interviews to surface the key common issues that are associated with the management of PFAS contamination in the construction industry. The construction industry appears stuck in their ways and extremely financially driven. Regulation is not working because of poor enforcement and policing from the Environmental Protection Agency (EPA). The EPA could look to employ individuals with more construction industry experience in order to become a strong regulator in the industry, as well as to streamlining decision-making processes, while maintaining quality. To speed up changes in the management of PFASs within the construction industry, large organizations could be targeted by the relevant sustainability rating scheme, and there could be further use of the alliance models to research, develop, and implement PFAS treatment methods.
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1. Introduction: Per- and Polyfluorinated Alkyl Substances


Per- and polyfluorinated alkyl substances (PFASs) are a chemical family that is hailed as a major breakthrough because of the pronounced ability of the compounds to repel water, dirt, and grease, as well as its ability to produce an extremely high level of temperature resistance by forming a film that surrounds other compounds [1]. However, once PFAS substances are in soils, they remain there forever and, hence, they are often called “forever chemicals” [2].



Countries around the world have been taking steps to manage PFASs, although they are still working towards an inventory of PFASs around the globe [3]. The Stockholm Convention on Persistent Organic Pollutants has established global monitoring plans, including United Nations Environmental Program (UNEP) programs, to monitor the PFASs in surface waters in developing countries (e.g., [4]).



The countries of the world are only beginning to monitor and manage PFASs. For example, the key forms of PFASs were listed on the Stockholm Convention after Australia ratified the initial agreement; Australia is yet to ratify the revised chemical listings. However, there is concern that Australia must be able to meet the associated management obligations [5].



The need for the development of PFAS management capabilities is critical because PFASs are the most persistent synthetic chemicals discovered to date, and they are not only persistent in the environment, but also in the human body [6]. Furthermore, as communities become more aware and more educated about PFAS-contaminated soils, there are increasing calls for action to be taken with regard to this detrimental contaminant during construction projects [7].



This paper will review how the construction industry is booming with the demand for infrastructure, which often results in large amounts of spoil that may be contaminated by PFASs, using Australia, and particularly Victoria, as an example. Australia, and particularly Victoria, are an interesting focus because, despite being in an advanced developed economy, the industry is not remediating PFAS spoil, and there is little in the way of regulations that require or detail the handling or remediation of PFASs. The paper will then review the potential roles of regulations and industry schemes that could directly impact PFAS management. The study will finally investigate the key issues that are associated with the management of PFAS contamination in the construction industry in Victoria, where millions of tons of contaminated spoil present a challenge to the sustainability of the industry.



1.1. PFASs within the Construction Industry


In the coming years, many countries will have dramatic increases in significant tunneling projects throughout major cities and population hubs. For example, in Australia, there are currently 18 major tunneling projects in the expression-of-interest or tender phases, including: the Snowy Hydro Project 2.0 in New South Wales, which will use underground tunneling to link dams and to generate power, creating 750,000 cubic meters of fill [8]; sections of the Forrestfield Airport Link in Western Australia, with 8.5 km of rail tunnels, which is expected to generate one and a half to two million tons of fill [9], and the North East Link in Victoria, with two six-kilometer twin tunnels [10]. In most of these projects, PFASs will be encountered when tunneling [11], which leads to an extraordinary amount of PFAS-contaminated construction waste to be disposed of.



One of these new major infrastructure projects, the West Gate Tunnel project in Melbourne, is currently under construction, and is estimated to excavate and expose 1.5 million cubic meters of dirt and rock through the use of multiple tunnel-boring machines [10]. Excessive PFAS contamination levels in the construction spoil were encountered during the early construction stages of the West Gate Tunnel Project, and this delayed the tunneling work until a solution for the contamination issue was developed [7].



The current practices in the management of PFAS-contaminated spoil on this project are perceived to be effectively nonexistent, with the contractors unable to move the contaminated soil to any dumping facilities because the PFASs lack an official classification by the EPA for the reuse of PFAS-contaminated construction spoil [7].



The only safety measure in place by the contractors for this PFAS-contaminated tunnel spoil is the lining of contaminated waste stockpiles with black tarpaulins, mainly to prevent the airborne spread of contamination [12]. The transfer of these waste products to landfill sites with PFAS contamination levels over 100 times the safety level for drinking water will only create further complications for future generations, who will have to remove these contaminants from the area, with their high levels of leachability likely to cause the surrounding areas to be potentially uninhabitable [12].



PFAS treatment options currently exist (e.g., see Appendix A for a brief review), albeit with some limitations, but they are not currently being used, or even trialed, in the construction and tunneling industries in Australia. The lack of action may be because the industry itself has no imperative to treat PFAS-contaminated waste, and the cost of such treatment is rarely, if ever, included in the contracts for infrastructure projects. That is, the construction industry appears to require appropriate regulation and/or industry mechanisms to prompt them to manage PFASs. Therefore, this paper will next overview the relevant PFAS regulations that impact construction in Australia, and particularly the state of Victoria, and it will then review the industry systems that may also be relevant to the management of PFAS contamination in construction.




1.2. PFAS Regulations: The Environmental Protection Authority in Victoria and Beyond


The principal government organization that is tasked with the coordination of contaminated waste management in the environment for the state of Victoria, in Australia, including the development of new regulations surrounding PFAS contamination, is the Environmental Protection Authority (Victoria). The Environmental Protection Authority (EPA) is an environmental regulator that acts as an independent statutory authority, whose role involves reducing the impacts of pollution and waste on the environment [13]. The EPA had been operating in accordance with the Environmental Protection Act 1970 (the Act); however, from 1 July 2021, the Environmental Protection Act 2018 (the Amendment Act) came into effect. This change in legislation is the first major review of the Environmental Protection Act since the EPA began operations in 1971 [14].



With the replacement of the Environmental Protection Act, the EPA have adjusted their organizational structure. The most significant of these changes is the move to allow the community to voice their concerns with regard to environmental issues [15]. Furthermore, the EPA introduced a clearer and stricter penalty structure for those responsible for the improper stockpiling and improper disposal of PFAS chemicals [16].



The Victorian Government also announced more funding to provide additional support for the management and policing of hazardous waste materials, including the introduction of a waste crime prevention inspector unit [14]. Although these EPA reforms are a step in the right direction, there is still no explicit mention of PFASs or other contamination from construction waste.



More broadly, there is no commonwealth (Australia-wide) legislation that has the sole purpose of determining the best overall practice for the control, handling, and disposal of PFAS-contaminated soil within the construction industry. Consequently, such regulations and recommendations are left in the hands of the EPA organizations in each state. In 2017, the heads of the EPAs across Australia and New Zealand, in collaboration with the Australian government, produced the PFAS National Environmental Management Plan (PFAS NEMP), a national framework based on the recommendations of the best methods to manage PFAS contamination and mitigate the risks to human health and the environment. The plan also provides a guide for the EPAs in each jurisdiction to create regulations of their own to assist in managing the issue [17]. The next key stakeholder is the construction industry itself.




1.3. Industry Schemes That Could Impact PFAS Management


The construction industry has been making some efforts at more sustainable construction within the relevant national regulations, including through the introduction of the Civil Engineering Environmental Quality Assessment and Award Scheme, which was developed in the United Kingdom in 2003 by The Institute of Civil Engineers [18]. A similar scheme was established in Australia in 2008, and, in 2012, its name was changed to, the Infrastructure Sustainability Council of Australia (ISCA). The aim of the scheme is to promote and endorse a high level of environmental, economic, and social benefits, in all aspects of civil engineering projects, through the use of a standardized rating system [18,19,20].



The ISCA provides education, training, and the nationally recognized infrastructure sustainability (IS) rating scheme. Any infrastructure project can partake in the IS rating scheme; however, if the capital value of the project is over AUD 20 million, then an IS rating scheme must be part of all of the design, construction, and maintenance contracts [21].



The rating scheme was designed to evaluate and certify contractors on the basis of a range of criteria, which are detailed in the Infrastructure Sustainability Rating Tool Technical Manual [21,22]. Generally, for a construction project that is required to achieve an IS rating, the contract will stipulate the criteria that must be met, and what rating each criterion must achieve in order to receive a financial reward [18]. Typically, the IS rating scheme evaluates and certifies a project’s performance against a range of set criteria, which include, but are not limited to, the use of sustainable resources, ecology, stakeholder and community involvement, community impact, and land use and climate change resilience, where each item is given a score, which are then combined into an overall IS rating for the project [23]. If the design and/or construction entities meet or exceed the project’s predetermined IS rating, then they are able to be rewarded with government grants to outlay against the costs that are involved in the implementation of a more sustainable project [18]. Unfortunately, however, this rating scheme does not currently provide any additional points towards a project’s overall sustainability rating if the civil construction contractor were to treat PFAS-contaminated soils in an environmentally friendly manner [24], although the system implies that PFAS-oriented criteria could be added to the process.



In summary, there is little PFAS-oriented regulation in Australia, and little motivation for the construction industry to spontaneously manage PFASs, which, together, has led to PFAS contamination often being poorly managed. Consequently, this study investigates the key issues that are associated with the management of PFAS contamination in the construction industry in Australia, and particularly in Victoria, where millions of tons of contaminated spoil present a challenge to the sustainability of the industry.





2. Materials and Methods


The procedure for conducting the interviews was a version of convergent interviewing. Convergent interviewing is a useful, inductive, and rigorous qualitative approach for studying under-researched areas and both practical and academic projects [25], as well as particularly complex areas that are often considered to be “wicked problems” [26].



When faced with complex or “wicked” problems, a powerful diagnostic tool that generates actionable results is convergent interviewing. Convergent interviewing is a method that takes a process-oriented action-enabling approach to change [27]. The use of a systematic process to source information from experts with a breadth of perspectives means that the results have a relevance and authenticity that are powerful for later intervention design [26]. The tool has been used to inform successful organizational changes for several decades (e.g., change programs in the Australia Post since the early 1970s; see [27]), as well as for informing changes in the public sector [28].



The focus of convergent interviews is on the issues that are raised in common within a round of interviews and on the issues that converge across rounds, and not specifically on any one point raised by any one interviewee. The method, and its considerations, are detailed in [27]. For a recent detailed outline of the processes involved in the method, see [29]. A further benefit of convergent interviewing is that the results can inform change planning by surfacing and organizing issues that are often represented from a systems perspective [26].



Each round consisted of two interviews. After each round of interviews, the content of that round’s interviews was analyzed for the issues in common. If the interviewees in a round each raised a particular issue or relationship and agreed about its role in the management of PFASs, the researchers generated a probe question to tease out the possible exceptions to that relationship. If a round’s interviewees each raised an issue, but disagreed about its nature, the researchers generated a probe question for the later rounds of the interviews that would explore the differences. Throughout the convergent interviewing process, if an issue was raised by only one interviewee, then that issue was not the basis of the probe questions. The later rounds of the interviewing process asked the core question and the probe questions. Consequently, an expanding list of key issues and their relationships was generated.



The interviewer concludes the interviews with a summation of the key issues and clarifies any points of uncertainty or ambiguity with the participant. Unlike standard interviews that continue until some form of “saturation”, convergent interviews have a built-in endpoint, whereby the process stops after there are two rounds with no new common issues, which is often reached quickly. To investigate how the management of PFASs is considered within the construction industry within Victoria, Australia, 12 interviews with experts were undertaken.



A defining characteristic of the convergent interviews (per [27]) is that the sequence of interviewees being interviewed was on the basis of their degree of expertise on the specific question of interest (the issues associated with the management of PFASs in construction in Victoria), as well as on the degree to which their knowledge was different to the other subject-matter-expert interviewees. That is, the interviewees were not selected to be representative, nor because of their role. The interviewees in the first few rounds had 25 years or more of experience, and included people from regulatory enforcement, as well as senior managers and experts in construction; however, they were selected because of their specific expertise on the management of PFASs.



The people with the most expertise on the topic were interviewed in the first round, but they were chosen to be as different as possible from each other, and the following interviewees were placed into rounds on the basis of a descending order of expertise, and on being different from their pairs and predecessors [27]. The first nine interviews were conducted online, and they followed a classic convergent interviewing approach, which was already converging on a set of common issues. The following last few interviews, on the relatively consistent issues arising from the convergence of the first nine interviews, were more akin to confirmatory meetings, at least, in part, because of their online nature, which was due to COVID-19 restrictions.



Convergent interviewing has many mechanisms built into its processes in order to enhance its rigor [25,27]. For example, the processes ensure that every interview starts with the same question, which enables every interviewee to contribute without being influenced by the interviewer or other interviewees, which thereby provides uncontaminated information. The process also has checks within a round, and across rounds, with regard to the reliability and validity of the issues raised. The convergent interviewing process actively pursues disconfirming evidence by, among other design characteristics, not only having interviewees who are as different as possible from each other within a round, but also by employing probe questions that seek to explain the disagreements in perspective with regard to the common issues [26].



A useful approach for understanding the often-complex results of convergent interviewing is systems thinking, particularly using influence diagrams [30]. That is, the key common issues that are raised by the convergent interviewing processes reflect the system being studied, and the results are usually summarized as a set of relationships in a systems model [28].




3. Results


The key common issues that were raised from the convergent interviews and their inter-relationships are summarized in the systems influence diagram in Figure 1. The following text will work through the key flows of the relationships represented in Figure 1. Starting at the top and middle, the results note the infrastructure construction boom and the need to address PFAS contamination, particularly that which is due to the reliance on tunneling. The results reflect the review above in that the current management of PFASs was seen as deficient, despite the acknowledged environmental, health, and community impacts. The results indicate that the experts were aware of the options that were available for treating PFASs (summarized in Appendix A), but they noted that the construction industry was slow to change, and that it was indeed seen to be archaic in many of its approaches.



In digging deeper into the key common issues holding up industry change, a key inflection arose in terms of the drivers, where there was a recognition of the financial focus of the industry, and where there were separate and largely nonfinancial drivers, such as regulation. That is, one of the significant barriers to change and the industry-wide implementation of PFAS remediation methods was the construction sector being an industry that is focused heavily on financial issues, and the consequent challenges to spontaneously implementing sustainable PFAS remediation methods because of both the costs and the mindset of large civil construction contractors.



Once the issues in the systems model begin to go in various directions, a few key points of leverage arise. First, in terms of regulation, is the need to sharpen up the efforts of the EPA, and second are two mechanisms that may act to raise awareness in the industry with regard to the need to address PFAS contamination through both operational means, such as the IS rating scheme, or strategic means, such as the use of alliance models.



These results indicate that, to produce change within the construction industry, drivers need to be developed that are not financially oriented in order to ensure that all of the organizations are on a level playing field and that all are equally competitive. Regulatory drivers could be an initial focus of the implementation of the change required; however, given that regulatory drivers are already present within the industry, the themes that arose were more about why this current regulation was failing to generate recommendations for progression. It was proposed that the regulatory approach was not working in the construction industry because of poor enforcement and policing from the environmental regulatory body, the EPA. Further analysis determined that the lack of policing and enforcement was due to junior members of the EPA, with little or no experience in the industry, being employed to enforce regulation on large organizations, as well as to the EPA having a complex hierarchy for decision making.



The results about the EPA’s inability to effectively police PFAS contamination is not only exacerbating problems within the environment, but also creating them. With the introduction of the new Environmental Act, there is still no regulation around the disposal and handling of PFASs being implemented by the EPA. Instead, the EPA aims to introduce a stricter penalty system for those responsible for the illegal stockpiling and disposal of PFAS chemicals. The more stringent penalty structure has seen the EPA putting more responsibility on the people of the community, rather than on themselves. That is, the results from the interviews show that the EPA’s oversight in auditing has not been strong enough.



The IS rating scheme is currently considered to be only suitable for large-scale projects, which are usually contracted to Tier-1 and -2 construction companies that have ample resources. Achieving the ISCA rating requires a lot of resources, which is difficult for smaller companies that may not have sophisticated enough systems in place to meet the requirements of the ISCA. For some small companies, the financial reward for meeting the requirements could be less than not putting the resources into achieving the rating, which suggests that the IS rating may need to be adjusted, or may need to have an alternative pathway, for smaller projects.



Furthermore, adding a PFAS requirement to the criteria could be productive in the development of best practices for contractors for treating PFASs. A possible accelerator for the effectiveness of the IS approach that may fast-track innovation would be to increase the financial incentive given to contractors, particularly to better fund the research and development of treatments that are suited to both the more extensive and smaller-scale projects.



The second mechanism for encouraging change suggests that, in order to catalyze innovation, more projects should be awarded under an alliance model, rather than construct-only or design-and-construct contracts, as has been common in the Victorian civil construction industry for many years. The alliance project delivery method aims to create equal risk and equal reward for all parties involved [31]. The collaboration between the government, the design contractor, and the construction contractor, help to develop joint expectations for the performance measures on the project, assists in moving away from the previous focus of profitability, and establishes a best outcome for all to focus on [31].




4. Discussion


The convergent interviewing processes surfaced issues that are associated with the management of PFAS contamination in the construction industry, and they suggest a set of recommendations for improvements. The construction industry appears to be stuck in their ways and extremely financially driven. Regulation was not working because of poor enforcement and policing from the Environmental Protection Agency (EPA), with junior members of the EPA being tasked with enforcing regulation, and a complex decision-making hierarchy. To speed up the changes in the management of PFASs within the construction industry, large organizations could be targeted by the relevant sustainability rating scheme, and there could be further use of alliance models to research and develop PFAS treatment methods.



The EPA could look to employ individuals with more construction industry experience in order to become a strong regulator in the industry and to improve their reputation among contractors. Furthermore, the results suggest that the EPA review their internal leadership hierarchy for decision making to determine if it can be streamlined in order to decrease the time for a decision to be made, while simultaneously not impacting the decision’s quality.



Two mechanisms that may be seen more positively by the industry, and that may act to raise awareness of the need to address PFAS contamination, are through operational tools, such as the IS rating scheme, or through strategic approaches, such as the use of alliance models. That is, to speed up the changes to the PFAS management within the construction industry, large-scale organizations could be targeted in the implementation of the ISCA rating scheme, and there could be more widespread use of alliance models to enhance the research and development of the treatment and reuse methods for PFAS contamination in construction spoil. The infrastructure sustainability rating tools provide the grounds for change within the construction industry, with these tools providing awareness of the sustainability issues within large-scale projects, that were then also resolved in other projects that did not include any sustainability ratings [32].



More strategically, alliance models change the focus from profitability, and more effort can be focused on innovation, such as new practices that could see improvements in the sustainability of projects. With all parties involved in the delivery of a project, the financial risk associated with changing practices is distributed, and this facilitates an environment where the construction contractors have the ability to innovate. Therefore, it will be more likely that contractors, through obligation and less financial risk, will be able to develop more sustainable construction practices, and will have the potential to modernize the industry to suit the current environmental demands. The use of both the ISCA and alliance models in the Victorian construction industry will help to cultivate a change of attitude among the contractors, and it will create a move away from doing things the “old way”, or for the least amount of money, towards looking for ways to innovate.



A number of factors may suggest limitations for the results. Initially, because of the current unprecedented times due to the COVID-19 virus, all of the interviews completed within this research were concluded over several different Internet video chat applications. Interviewing in this manner limited the investigators in many ways, one being that not all of the industry professionals had access to a stable Internet connection, which caused some difficulty, but a more important issue was that using video chat can limit the rapport that can be built during in-person interviews. A further complicating factor is that some interviews may not have been as powerful as they usually are because of a current court case between Transurban, the joint building venture of CPB Contractors and John Holland, and the Victorian Government, which may have led to some interviewees self-censoring their responses. The nature of convergent interviews, where the focus is on the common issues that arise across multiple interviewees, should have limited the impact of these rapport and self-censoring possibilities, but they are noted as possible limitations.



This study’s location in Australia, with a slight emphasis on Victoria, may also be a limitation of the results. However, while the content issues in the results may not always be immediately transferable to other contexts, they should provide stimuli for comparable contexts overseas. Alternatively, this project’s process could be useful in suggesting and demonstrating the use of convergent interviews, which could surface the relevant issues for a particular overseas context.




5. Conclusions


With the increasing concerns about PFASs in construction, this study surfaced the key issues impacting the management of PFAS contamination, particularly for infrastructure construction involving tunneling. With a historical lack of guidance from the EPA on the management of PFASs, and a continual increase in the volume of the contaminated soil being uncovered, it is the responsibility of the contractor to find a process to remediate or appropriately dispose of the contaminated spoil. There are established and arising technologies available for the treatment of PFASs in soils, with consideration to the volume of material, or to the degree of concentration (e.g., low volume of high concentration in acute contaminated sites, relative to high volumes of lower concentrations). At the moment, the absorption of PFASs is the main process for the removal of contamination, although electrochemical processing may end up being the most cost-effective solution in the future. Electrochemical processing can use a renewable source and it is not based on an active mineral, which may make it the most inexpensive and least disruptive approach to PFAS remediation.



The recommendations that have arisen from the results of this study are particularly useful for informing successful change because they are customized to the context. In terms of the content of the results, for Australian and Victoria, immediate steps forward for the management of PFASs include changing the enforcement and policing of regulation by the (Victorian) EPA. That is, the EPA could employ individuals with more experience in the construction industry to help establish themselves as a strong regulator, as well as review their internal processes. The use and adaptation of the IS rating system may also operationally focus the minds of industry participants, although the IS ratings were seen to be more applicable for larger organizations. To increase the rate at which change occurs, further financial incentives could be introduced on smaller-scale projects for the removal or remediation of PFASs. At the strategic level, the use of alliance models could be further developed on large-scale projects to enhance the research and development of treatment and reuse methods for the remediation of PFAS contamination in construction spoil.



With efforts being made by countries around the world to improve their infrastructure, including some moves towards mass transit systems and higher density living, the construction industry is facing more demands and challenges, one of which is the management of PFAS contamination. Further to the results above, the process of convergent interviewing is also recommended for other contexts that face complex situations. Inductive diagnostic methods, such as convergent interviewing, can inform the development of change programs for any given country and industry context. In Victoria, Australia, the combination of strengthened regulation enforcement, along with taking an alliance approach to projects that include IS ratings in their contracts, could dramatically improve the awareness and management of PFAS contamination in the construction industry, and could make the construction industry more sustainable.
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Appendix A. Treatment Methods


The current treatment technologies that have been proven for the remediation of PFASs are thermal desorption and immobilization [17]. Thermal desorption is a technology that vaporizes the PFASs in soils and wastes by using high temperatures, of up to 550 °C [33]. The thermal desorption process involves three typical stages: pretreatment by screening the soil (e.g., with magnets to removal ferrous metals); heating; and removal [34]. Depending on the moisture content, material may need to be stockpiled so that it can be dried before being treated, or longer heating times will be required to initially dry the material out.



Thermal desorption has been evaluated for the removal of PFASs from soils across various temperatures for varying time periods. The contaminated soil is heated in vessels between 200 and 600 °C, depending on the contaminants, which captures any volatilized PFASs [34]. Some laboratory results have suggested that substances with higher concentrations do not reduce significantly at temperatures of up to 300 °C, and that it was not until 350 °C that most samples reached a 99% reduction in PFASs [35]. In order to obtain all of the types of PFASs to the target levels below 1.0 μg/kg, the temperatures needed to be increased to 400 °C for 14 days [35].



Although thermal desorption does have the potential to remove the tested PFAS compounds from soils to safe levels, this treatment process is costly and time consuming, and the need to keep soils at 400 °C for 14 days may not be feasible with the very large quantities of contaminated soils that are being exposed by the tunneling industry. Indeed, with individual tunneling projects set to be excavating quantities of around 1700 cubic meters of potentially contaminated soils daily, it is unclear how this strategy could be scaled up to treat that quantity of waste.



The second main option for the treatment of PFAS-contaminated soils is immobilization. Immobilization is a stabilization treatment that adds sorbents to contaminated soils to contain the PFAS compounds that are present, thereby preventing leaching into the groundwater [36]. These additives include activated carbon, resin minerals, biomaterials, and molecularly imprinted polymers. Immobilization has been used worldwide as a cost-effective option. For example, it was used for the remediation of a fire station in Sweden that used RemBind to reduce the leachability of the PFASs within the construction spoil. Treatment using RemBind requires that it be combined with the contaminated soil at a ratio of up to 5% of the stabilization product, but it is often up to only 2%, with the soil moisture content adjusted if need be. The PFAS-contaminated soil was then approved by the Swedish EPA, which declared that all of the soil that was stabilized with RemBind could be relocated to the treatment plants [37]. Again, a limitation to this approach being used by the tunneling industry is the very high volumes of contaminated spoil being generated that would require huge quantities of products, such as RemBind, to stabilize.



A third recent technology that is being developed entails the electrochemical processing of PFAS contamination by altering the pH levels of the contaminated soils through electrodialysis in order to remove the solubility and solution charge of the soil [38]. Although only relatively recently developed, it is believed that electrochemical processing is likely to be the most cost-effective solution to immobilize PFAS contamination within soils and sediments. Furthermore, this process could use energy from a renewable source, and it does not entail putting another active chemical in the soil. Although this process was only recently applied to PFAS contamination, the general electrochemical process has been implemented in in situ trials for the remediation and immobilization of a number of other chemicals in both soils and groundwater [39,40,41]. However, given the newness of this approach, its viability at scale remains uncertain.
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Figure 1. An influence diagram summarizing the results from the convergent interviews. 
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