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The substitution of hazardous substances with safer alternatives is being driven by policy pressures and business demands. As a result, scientific techniques for chemical alternatives assessment (CAA) have been established and communities of practice are emerging. Interest in safer chemical substitution is widely shared throughout a range of stakeholder groups across science, industry, public policy, and advocacy. Yet there is an unmet need for intentionally designed public information infrastructure to support the highly knowledge-intensive nature of CAA. We report here on the process of developing the Chemical Hazard Data Commons, an experimental project intended to support a diverse community of practitioners by providing publicly accessible chemical hazard data and tools for understanding it. In an arena where market forces and regulatory regimes have largely failed to generate the necessary knowledge, this project represents a novel application of a commons-based approach emphasizing building shared intellectual and technical capacity for CAA. The Data Commons—now a part of the related Pharos Project—includes an online portal providing simultaneous access to many different sources of information and enabling effective interactions with it. Foremost among these interactions are search and retrieval of hazard information about chemical substances, uniform display of the most relevant information, and the ability to automatically screen substances against consistent and transparent hazard-based criteria. We describe the motivation for the project and report on the principles and key considerations that guided its design as a participatory information infrastructure. We present our approach to organizing chemical information; the process of community engagement and planning; and how we constructed the system to provide functional tools. We discuss the outcomes of the project and highlight important challenges—such as fostering active participation and planning for long-term governance. With this article, we hope to inform future efforts for the collaborative development of knowledge resources for chemical alternatives assessment.
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Introduction

The persistent problem of toxic substances in our industrially transformed environment cannot be solved using the same approach that produced it. Material and product design often fails to consider human and environmental health; manufacturers typically aim to comply with regulatory requirements or—at most—to avoid limited “red lists” of the most harmful substances. These approaches fail to respond to early indicators of harm, and do nothing to guide the development of safer alternatives. Risk assessment and management strategies, when invoked, favor minimizing risk by managing exposure to toxics rather than through the design of inherently safer material technologies.

Faced with these dilemmas, decision-makers are increasingly seeking a different path. New strategies for protecting public health and the environment are gravitating toward the paradigm of alternatives assessment (O’Brien 2000; Ashford 2005)—a problem-solving approach that encourages minimizing harm by comparing several possible options and incorporating a wide range of knowledge, seeking to facilitate decision-making despite uncertainty. The goal of using alternatives assessment is to enable the informed substitution of hazardous chemicals and materials with safer alternatives (Toxics Use Reduction Institute 2006; Zimmerman and Anastas 2015). This goal has been integrated into a wide range of efforts in policy, design, engineering, and business. Chemical alternatives assessment (CAA) refers to techniques for comparing characteristics of substances to select the safest option, and to identify data gaps and further research needs (Lavoie et al. 2010; Harrison and Hester 2013; National Research Council (US) 2014). Chemical hazard assessment (CHA) refers to techniques for systematically evaluating the types and severity of harm a substance might cause, as well as evaluating the strength of evidence and the sources of uncertainty in the data (Heine and Franjevic 2013). These two sets of techniques are related, with CHA informing and being a necessary tool for CAA (Geiser 2015, 257).

Scaling up CAA requires developing information resources and tools to address key knowledge challenges. A growing range of professionals—such as designers, engineers, and architects—find themselves facing demands to make informed decisions about chemicals (Scruggs 2013; Logan 2016). This could bring great diversity of thought to one of the major sustainability challenges that we face as a society. At the same time, decision-makers face practical challenges in obtaining, evaluating, and operationalizing information about chemicals and their health impacts. Data about chemical substances—their hazard traits, technical uses in products, and sources of human exposure—are often insufficient due to a lack of scientific research and public disclosure (Wilson and Schwarzman 2009). Existing data may come from numerous disparate sources with varying standards of organization and interpretation. Many decision-makers engaged with chemical substitution problems aren’t experts in chemistry and toxicology, or they don’t have the organizational capacity to access and use detailed information about chemicals. Using CAA therefore tends to be technically demanding, resource-intensive, and costly.

Much duplicative work has been done in the parallel efforts of firms, government agencies, and non-governmental organizations to satisfy the interrelated knowledge needs of many stakeholders. There are dozens of different guidelines, ecolabels, chemical “red lists,” and databases, but they lack consistency and mutual compatibility. The high cost and proprietary nature of professional chemical hazard assessment services create barriers to accessing and distributing much of the most actionable and valuable knowledge. As a result, decision-makers may find that there are several tools to address the same problem, but few ways to share information, access a pool of existing knowledge, or reconcile inconsistencies and contradictions between different resources.

Taken together, this array of challenges and systemic inefficiencies motivated us to work on improving publicly accessible information infrastructure1 for chemical alternatives assessment. We report here on the development of the Chemical Hazard Data Commons, a project intended to support a diverse community of practitioners by providing publicly accessible chemical hazard data and tools for understanding it. This project represents a novel application of a collaborative, commons-based approach, and the first effort to create an open, participatory information infrastructure for CAA. In an arena where decades of adversarial policymaking and activism around toxic chemicals have produced intensely contested scientific knowledge, the Data Commons approach emphasizes the value of shared information resources and collective capacity-building. The project aimed to elicit knowledge, expertise, and collaborative peer-review from its participants. The project, led by US-based NGO Healthy Building Network (HBN), began in 2013 and concluded in 2019 with the integration of the Data Commons’ newly developed tools and resources into HBN’s ongoing Pharos Project (Healthy Building Network 2019d). Pharos, which is accessible online with free user registration, now serves the intended purpose of the commons: a publicly accessible resource for the chemical alternatives assessment community (Healthy Building Network 2020b).

We do not claim that the work reported here is, or will be, the single or best realization of its goals. Rather, we hope to contribute to a larger ongoing enterprise—the collaborative development of knowledge resources to support CAA.

Overview of the Data Commons project

The Chemical Hazard Data Commons project aimed to freely and openly provide robust, collaboratively-curated information resources for CAA. We intended to do this by compiling, organizing, and linking together existing publicly available information using open standards; developing online tools for making use of this wide array of information; and coordinating community efforts to increase the knowledge base available to participants and to the public. In essence, the commons has two key elements: networked knowledge resources and a community, bound by common principles, that collaborates to support the development, improvement, and assessment of these resources.

A central component of the commons is a web-accessible library of hundreds of thousands of chemicals with known hazards categorized in terms of 22 specific human and ecological health endpoints (see Table 1). Hazard information is drawn from over 40 authoritative sources representing rigorous assessments of scientific evidence, and from other publicly available sources such as professional hazard assessment reports, health studies, and community-vetted datasets. Information about the functional uses2 of substances is drawn from government and industry sources, along with other relevant information—including physicochemical properties, industrial releases, and “preferred” lists of safer substances. Tables 2, 3 and 4 include representative examples of data sources (for a full list, see the Pharos system documentation: Healthy Building Network 2019c). The system is searchable by chemical names, synonyms and identifiers3 as well as by keywords indicating product categories and functional use. All data from external resources are integrated or linked in a transparent way, such that users can easily access the sources of cited information.



Table 1

Taxonomy of hazard endpoints used in the Chemical Hazard Data Commons11.
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Besides serving as an up-to-date reference source and knowledge repository, the Data Commons was designed as a practical tool to support CAA. The online system provides rich hazard profiles for chemical substances and classes, and it enables side-by-side comparisons between substances on the basis of hazard. It also provides a screening tool to identify known high-hazard substances based on aggregated information sources. The technical basis for organizing, evaluating, and presenting hazard information is derived from the GreenScreen for Safer Chemicals, an open-source method for chemical hazard assessment developed by Clean Production Action and widely recognized throughout the CAA practitioner community (Heine and Franjevic 2013; Clean Production Action 2020a). GreenScreen’s rich underlying technical framework ensures that chemical hazard profiles can be evaluated systematically and compared on an endpoint-by-endpoint basis, making it a valuable standard for CAA. Incorporating elements of the GreenScreen framework into the Data Commons allows the system itself to perform some of the knowledge management and computation work that is involved in applying the GreenScreen method.

Finally, the Data Commons was designed as a place for community interaction around CHA and CAA topics. Discussion forums enable a lively exchange of ideas and expertise, with users posting questions and answers on a variety of technical, policy, and other issues. Discussion posts can be linked to specific chemical substance records, allowing users to “annotate” the information presented in the commons. Collaborative projects intended for community participation also have their own forums. These current forms of community interactivity are a first step toward building a living, community-managed knowledge hub.

Background and rationale

The Data Commons was driven by the needs of a community of people who practice CHA and CAA. The knowledge users and producers that we refer to as practitioners include a range of people with research, design, and decision-making roles in policy, business, and advocacy contexts. They have a variety of professional roles, such as: advocates analyzing chemical production and use; government scientists researching substances or products for regulatory or administrative decision-making; consultants and chemical “profilers” doing background work to support detailed chemical or product sustainability assessments; company staff who manage chemical use in manufacturing and supply chains; and designers researching the material hazards of products and materials.

In consultation with this practitioner community we identified a number of key problems, outlined here, which motivated our efforts to build the Data Commons (Lent et al. 2014).

Knowledge challenges

Historically, many kinds of knowledge that are now recognized as crucial for CHA and CAA have been under-produced, contested, and carefully guarded by industry and governments. This includes scientific data about chemical properties, hazards, human exposures, environmental emissions, and the specific ways that chemicals are used in industry and consumer products. This is partly a result of the public policy and intellectual property regimes operating throughout the 20th century. For a long time, industrial chemical manufacturers had neither requirements nor incentives to test chemicals for toxicity, and they have claimed much of what is known as trade secrets—cutting off the flow of information to the public domain and even to downstream businesses (Wilson and Schwarzman 2009; Scruggs et al. 2014). Scientists have found significant gaps in knowledge about chemical hazards and human exposures (Judson et al. 2009; Egeghy et al. 2012), and intellectual property rights continue to obscure much of the regulatory data collected by public agencies (Gilbert 2016; Schwarz and Denison 2018). Toxicity data may exist for many chemicals but are mainly circulated among industry, private labs, and government agencies. Similarly, information about how chemicals are used—in what products and for what functions—is largely kept confidential or collected only in proprietary databases.

There are many publicly available sources of information about chemicals, but also many barriers to their use. One of the project goals was to make these public sources more useful to decision-makers. Individually, each of these sources generally covers only a small proportion of the chemicals in commerce, and each source typically provides only a very limited kind of knowledge (for example: identifying substances associated with one type of health hazard, out of many). Techniques for CAA require practitioners to retrieve and organize many diverse sources and heterogeneous forms of scientific and technical data. Publicly available data sources—such as government lists, databases, and scientific literature—are numerous and appear in an array of digital formats without any consistency. These separate “data silos” are not easily accessible and searchable as a whole. Gathering, transforming, and integrating such information into comprehensive and searchable datasets is tedious and resource-intensive. The underlying data are constantly being updated, making the task a never-ending maintenance process.

A related problem is the lack of standardization and compatibility between information systems, tools, and other resources for chemical alternatives assessment. For example, there are many ways to define and categorize hazards; many ways to describe the functions of chemicals within products or formulations; and different ways to integrate diverse types of data into evaluative frameworks (Harrison and Hester 2013; Jacobs et al. 2016). For non-experts, this makes it difficult to select, interpret, and compare information. In general, inconsistencies between systems make them less interoperable and less cohesive as a toolbox of knowledge resources for CAA (a problem that has led to efforts for “harmonization,” for example in the building industry: L. Heine et al. 2013; Bobenhausen 2016). Similarly, there has been a tendency for database- and tool-building efforts to proliferate rather than converge. For example, multiple organizations have more or less duplicated each other’s work in compiling and organizing public chemical hazard information, or producing lists of chemicals of concern—including government agencies, NGOs, product design companies, and firms offering the resulting information resources as for-profit services (Stone and Delistraty 2010; Scruggs 2013).

Examining all these issues in a discussion paper written at the outset of the Data Commons project, we concluded that there was a need for “more efficient, affordable, effective, and consistent” tools for chemical hazard assessment (Lent et al. 2014). The knowledge challenges we have highlighted make CHA and CAA costly and resource-intensive, setting up barriers to safer chemical substitution. If information infrastructure could more thoughtfully and effectively meet the needs of the practitioner community, then these costs and barriers could be reduced.

Chemical hazard data as a commons

We framed our work as building a commons, focusing on how the community of chemical alternatives assessment practitioners can build more effective ways to use, manage, and share knowledge. A commons is a collectively-owned resource, managed or produced by the community of people who also benefit from its use (Hess and Ostrom 2007; Bollier 2014). In a science/policy arena that doesn’t typically encourage collaboration, the commons invites us to pursue collective solutions. While no single resource can satisfy all stakeholders’ knowledge needs, what if many independent resources could interoperate smoothly? What if disparate information sources were linked, eliminating the redundant work of compiling them? What if many sources of data could be understood together under a common framework, enabling more consistent and comprehensive approaches to hazard assessment and alternatives assessment? What if people from a range of historically separate stakeholder groups (such as product designers and NGOs) could collaboratively develop the intellectual and technical capacity to advance CAA?

A commons approach could reinforce the collaborative ethos of the practitioner community. Already, many people and organizations contribute to making knowledge and tools available to support better decision-making about chemicals—and, likewise, many people and organizations benefit from this knowledge. A commons, by design, can harness the collective expertise and effort of many individuals and organizations. In imagining the Data Commons as a participatory and community-driven project, we took inspiration from open-source software commons (Schweik and English 2012) and from numerous contemporary ideas that highlight the generative results of participatory knowledge communities: peer production (Benkler 2006), user-centered innovation (von Hippel 2006), and networked science (Nielsen 2012).

The commons framing also reinforces a widely-held principle central to effective chemicals policy and product stewardship: that information about the toxicity and environmental hazards of chemical substances should be publicly available in reliable and accessible forms (e.g. Guth, Denison, and Sass 2007; Geiser 2014; Lent and Stamm 2019). Put another way, everyone who uses or makes decisions about chemical substances has the right to know if there may be health risks, and how to reduce those risks. This principle is enshrined in, for example, the Dubai Declaration on International Chemicals Management (United Nations Environment Programme 2006, 9); California’s Proposition 65, which was passed by 2/3 of the state’s voters in 1986 (OEHHA 2015); and the U.S. Emergency Planning and Community Right-to-Know Act, which created one of the most effective information-based regulatory regimes for pollution prevention (United States Congress 1986; Fung and O’Rourke 2000). There is real and strong demand from a diverse array of stakeholders for relevant and credible scientific knowledge that can inform safer chemical substitution (Scruggs and Ortolano 2011). Finally, chemical hazard information is basic scientific knowledge and arguably should be considered a public good (Stiglitz 1999)—in one way or another, it is part of a global common pool of knowledge that should be available for new science and innovation to build upon.4

Project history

The concept of a chemical hazard data commons emerged from the work of participants in a 2012 conference called Building a Chemical Commons, organized by BlueGreen Alliance, Clean Production Action, and the Lowell Center for Sustainable Production.5 These participants included government agency staff, academics, environmental consultants, labor union representatives, consumer product manufacturers, philanthropic funders, and environmental NGOs. One outcome of this conference was the Commons Principles for Alternatives Assessment (BizNGO 2013), a consensus statement of the role of CAA in safer substitution. Subsequently, a Data Commons working group formed to pursue one of three streams of work originating from the conference—the others focusing on developing CAA methods and organizing the community of practice. Healthy Building Network (HBN) secured funding from the Forsythia Foundation to carry out an initial scoping project to explore what it would take to develop a chemical data commons. Begun in 2013, this project resulted in a set of discussion papers (Lent et al. 2014; Lent 2014b, 2014a; Blake 2014; Kokai, Lent, and Dedeo 2014). HBN has since led the development of the Data Commons, supported by the funding sources listed at the end of this article.

Initial development of the Data Commons’ web and data infrastructure by HBN began after collecting feedback on the discussion papers (Healthy Building Network 2014b, 2014a). In 2016–2017, HBN invited 175 participants to join a pilot project in which they could use an early development version of the Data Commons and give feedback through a community survey (Healthy Building Network 2016). The systems and data were then developed continuously, with ongoing use and testing by this initial group. In 2017, the commons was opened to the public; development has continued since then. Approximately 1500 users registered before the Data Commons was merged into the Pharos Project, which itself has several thousand users.

Design of the Data Commons

We aimed to overcome pervasive “information silos,” enable simultaneous access to many different sources of information, and facilitate more effective user interactions with those combined sources. Foremost among these interactions are: search and retrieval of relevant chemical hazard information; clear and succinct display of the information most relevant to hazard assessment; and the ability to automatically screen a substance—or many substances simultaneously—against consistent and transparent hazard-based criteria. Furthermore, the system would have to be broadly accessible to a wide range of users, participatory, and able to sustain a community.

Hazard as an organizing principle

Organizing principles dictate how resources—such as data and visualized information—are intentionally arranged to enable particular kinds of interactions (Glushko 2013). For example, chemical identity is an organizing principle of chemical information systems, meaning that those systems may enable retrieving, categorizing, and comparing information by substance.6 Chemical hazard is an organizing principle of the Data Commons information system. This is fundamental to how it can support CAA, and sets it apart from other public information systems in the domains of chemistry, sustainability, and environmental health sciences.

Hazard—the potential for a chemical substance to harm human or environmental health—encompasses multiple “endpoints” (outcomes) for a variety of species and systems. Accordingly, information system design should reflect this complexity (Lavoie et al. 2010; Whittaker and Heine 2013; Jacobs et al. 2016). At the same time, the system should make indicators of hazard understandable for users with a range of expertise in CHA. For example, users should be able to distinguish between chemicals of high, moderate, and low concern; they should be able to tell why substances may be of concern (i.e. for what hazard properties and endpoints) and based on what specific evidence. Furthermore, users should be aware of uncertainties and gaps in the evidence of hazard. In other words, the system should provide varying levels of data interpretation, using consistent and transparent methods.

Realizing this design calls for a number of elements: a taxonomy of hazard endpoints, systematic ways to evaluate and represent the severity of hazard and the strength of scientific evidence across endpoints, and ways of classifying the overall level of hazard for a substance. Several existing chemical assessment frameworks provide these elements: the GreenScreen for Safer Chemicals (Clean Production Action 2020a), the Globally Harmonized System (United Nations 2019), the US EPA Safer Choice Criteria (US Environmental Protection Agency 2012), and the Cradle to Cradle Certified Material Health Assessment Methodology (Cradle to Cradle Products Innovation Institute 2019). These frameworks are comparable and interrelated, but we chose to adopt the GreenScreen as an underlying organizing system for hazard data.7 The taxonomy of hazard endpoints is shown in Table 1. GreenScreen was selected for its “open-source” and peer-reviewed technical methodology; evaluative system that provides substance-level and endpoint-level indicators of hazard; and widespread adoption across government, industry, research, and advocacy communities—especially in our practitioner community. Furthermore, GreenScreen includes a widely used protocol called the GreenScreen List Translator (GSLT), for identifying high-hazard substances based on information from authoritative lists, such as those included in the Data Commons (Table 2).



Table 2

Representative chemical hazard and restricted substances information sources included in the Chemical Hazard Data Commons.
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The GreenScreen framework became the information infrastructure that shaped the Data Commons’ selection, organization, interpretation, and visual display of hazard data. Each substance profile presents an interactive hazard summary table (Figure 1) that shows an overall substance-level hazard score, as well as the endpoint-specific indicators that underlie that substance-level score. The endpoint-specific indicators use consistent visual conventions to communicate characterizations of hazard levels, data availability (or data gaps), and strength of evidence. If a full GreenScreen assessment is publicly available for the substance, then its results are shown, including the GreenScreen Benchmark score (a roll-up of the full assessment). If there is no public full assessment, then the table shows endpoint-specific hazard levels determined from authoritative public data sources using the GSLT protocol, as well as the overall GSLT score for the substance. Extending this paradigm to enable more useful interactions for CAA practitioners, the Data Commons also provides a hazard comparison tool. Users can create, share, import, and export customized sets of substances for automated screening and side-by-side comparison—the hazard profiles are displayed together in a matrix that enables comparative analysis of safer alternatives and data gaps (Figure 2).

[image: image]

Figure 1
Hazard summary table displayed in the Pharos substance profile for methanol.
 Each chemical profile shows the overall substance-level hazard score (GreenScreen Benchmark or GSLT score) as well as endpoint-specific indicators that underlie the hazard assessment. The table includes hazard information based on full a GreenScreen assessment, if available, as well as hazard indicators derived from authoritative public data sources. The display uses consistent visual conventions to communicate characterizations of hazard levels, data availability (or data gaps), and strength of evidence. It also includes links to scientific literature searches about the substance in PubMed, showing the number of hits for each endpoint. These information elements are dynamically generated and therefore always up-to-date in relation to the resources they reference.
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Figure 2
A hazard comparison table displayed in Pharos.
 The hazard comparison tool supports CAA practitioners by enabling them to create, share, import, and export customized sets of substances for automated screening. The hazard profiles of each substance are displayed together in a matrix that enables comparative analysis of safer alternatives and data gaps.

DOI: https://doi.org/10.1525/elementa.422.f2



Incorporating functional use

Knowing the specific technical role or purpose a substance serves in a material, product, or manufacturing process is essential for identifying feasible technological alternatives (Tickner et al. 2015). We aspired to provide well-organized functional use information alongside hazard information in the Data Commons. However, the CAA practitioner community lacks a standard for describing or categorizing the functional uses of chemicals. Instead, we found that there are many diverse and incommensurate systems for categorizing functional uses, including industry-specific vocabularies and regulatory classification systems (Blake 2013, 2014).

In the Data Commons, we understand functional use as determined by varying sets of chemical properties in a wide range of technological contexts, for which no single overarching classification system is necessarily appropriate. For example, researchers at the US EPA integrated many sources of data on chemical ingredients in consumer products to produce CPDat, a database that links thousands of chemicals to a harmonized set of functional use categories (Dionisio et al. 2018). While CPDat provides an excellent source of information (and is used in the Data Commons), it still emphasizes certain consumer product sectors and therefore certain types of functions—is not a “universal” classification system for functional use. For functional use descriptors, we therefore adopted a tagging-based system that is able to include terms from many data sources (see Table 3) even if they are based on conceptually disparate systems. This is in contrast to how hazard is understood, where the use of a single classification system enables consistent comparisons.



Table 3

Representative sources of functional use information included in the Chemical Hazard Data Commons.
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Compiling and linking data

Rather than serving as a container of information, the Data Commons was designed as a portal that makes accessible information from many sources. Using the paradigm of linked data (Heath and Bizer 2011), the system consumes and integrates data from several high-quality open chemical data sources and provides links for users to navigate directly to specific records in the source systems. This allows the system to tap into a rich, distributed landscape of chemical information without reproducing the work or taking on the costs of providing and maintaining all of that information directly. Examples of linked data sources are included in Table 4. For example, physical property data and molecular structure graphics displayed in the Data Commons are drawn from PubChem. Hazard summary tables include linked scientific literature searches for each specific substance-endpoint combination via PubMed, showing the number of hits and enabling users to instantly delve into the search results (see Figure 1). Because these elements are dynamically generated, they are always up-to-date in relation to the resources they reference.



Table 4

Representative linked data sources included in the Chemical Hazard Data Commons.
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Yet, much of the publicly available information relevant for CAA cannot easily be collected from open data sources. A central part of the Data Commons was borrowed from (and is still part of) HBN’s Pharos project: the Chemical and Material Library (CML), which compiles and cross-references hazard associations from authoritative public-domain sources such as those in Table 2 (for full documentation, see Healthy Building Network 2019c). This compilation takes substantial effort: HBN curates and regularly updates the library from government and scientific sources that encompass a great variety of original publication formats.

Leveraging open standards and frameworks

Open standards and frameworks play important roles in CAA: promoting consistency in how science is used to inform decisions, and ensuring mutual compatibility of work products and practices in the field. The Data Commons was designed to both leverage and reinforce open standards to support CAA. Two notable examples are the GreenScreen for Safer Chemicals (discussed above) and the Health Product Declaration (HPD). HPD is an open standard for disclosure and communication of the material content and associated hazards of building materials (HPD Collaborative 2020), which has been instrumental in extending material hazard considerations into sustainable design in the building sector. As detailed above, the Data Commons employs GreenScreen to organize information; but it also helps to operationalize the GreenScreen method by automatically computing the GSLT score for any chemical. This is possible because the system integrates all of the data sources that the GSLT protocol requires for hazard evaluation. Similarly, the Data Commons was designed to support the use of HPD by integrating all “priority hazard lists” referenced in the hazard screening component of the standard, thus giving manufacturers and designers the ability to instantly evaluate chemical and product hazards as specified by the standard.

In collaboration with Clean Production Action, the Data Commons has also contributed to new standards intended to make list-based hazard screening more consistent, including standards for updating screening list databases and for interpreting the hazard properties of groups and classes of chemicals.8

Community engagement and knowledge sharing

When we first articulated the idea of the Chemical Hazard Data Commons, we understood it as “both a tool-building project and a community-building project” (Lent et al. 2014). A global community of experts and practitioners was already engaged in collective work to make chemical information actionable for CAA. For example, organizations in North America and Europe—such as ChemSec and the Business-NGO Working Group for Safer Chemicals and Sustainable Materials—were already working to advance CAA across government, business, and advocacy sectors. The role we envisioned for the Data Commons was to link this community together with shared and interactive resources that filled key knowledge needs.

In an effort to build the commons, we engaged an initial core group of people who expressed high interest in the project goals, sought to create opportunities for knowledge sharing and collaboration, and set up a basic framework for fostering and governing community interactions. We reached out to professionals located primarily in the US and Europe, and representing approximately 40 organizations in the following sectors: (1) government agencies involved with chemical assessment, regulation, or public chemical information services; (2) NGOs and labor unions active on environmental health issues; (3) academic institutions; (4) firms and independent consultants in the chemical hazard assessment consulting sector; and (5) companies in the manufacturing and retail sectors. Throughout the development of the Data Commons, over 50 community members had direct input into the design and priorities of the commons at the scoping stage via discussions, interviews, and written comments on the discussion papers (Healthy Building Network 2014b, 2014a). Over 100 community members helped to shape the early development of the web system through their responses to a detailed online survey, pilot testing, and participation in the development of the infrastructure (Healthy Building Network 2016). The resulting system design reflected our thinking and the feedback we received from participants.

We included online discussion forums, intending for these to facilitate knowledge sharing among the commons participants who have diverse professional backgrounds; they include chemists, toxicologists, and environmental health scientists, but also engineers, public health practitioners, civil servants, architects, and industrial designers. Given this heterogeneity, simply inviting open discussion among participants seemed like a good starting point. Discussion threads are organized into broad categories of topics and tagged with detailed topic descriptors, and they can be linked to specific substance data records.

Actively facilitating and coordinating collaborative efforts among participants was a more ambitious design goal. Such efforts could include working together on new knowledge resources or collectively evaluating scientific evidence about chemical hazards. Designing systems to foster direct collaboration between participants remains a priority for future development of the commons. Still, we did include some elements (currently included in Pharos) that were intended to provide opportunities for collaborative work. For example:

• Substance comparison sets can be shared—publicly or among limited groups—for collaborative curation, discussion, or CAA work.

• Discussion forums include special sections dedicated to ongoing collaborative projects.

• Participants can signal their demands for full GreenScreen assessments of particular chemicals by clicking a “Request Assessment” button, which allows the system to aggregate community interest in developing new knowledge.

Governance

According to David Bollier (2014), “a commons is a resource + a community + a set of social protocols.” Social protocols are what govern the processes of sharing and management through which the commons can provide ongoing benefits to the community (Frischmann, Madison, and Strandburg 2014). We made several key decisions about these social protocols, or the governance of the commons.

In the Data Commons, governance relates to what participants bring in. To the extent that anyone can actively contribute knowledge, ideas, and discourse, they have an influence on what others can take away from the commons. We identified two potential problems9 to which the Data Commons could be vulnerable: false contributions of knowledge, such as misleading claims or inaccurate data; and discourse that seeks to undermine the goals, methods, or practices of CAA. Both of these problems have precedents in the often contentious public discourse around chemical safety and risk.

Whereas CAA seeks to reduce harm by substituting toxic substances with safer alternatives, the dominant industry and government discourse in chemicals policy is based on the idea of acceptable risk—a notion that emerged as a compromise between industry interests and public health protection in the conflicted history of environmental policy-making (Boyd 2012). As exemplified by contemporary controversies about substances like bisphenol A and glyphosate, representatives of the chemical industry have historically used scientific discourse to advocate for the use of data, technical criteria, and assumptions that make health risks seem more acceptable (Vogel 2009; Montenegro de Wit and Iles 2015). The science and methods of CAA appear to be under scrutiny from advocates of risk-based approaches (Palmer 2016). For example, after the publication of the Commons Principles for Alternatives Assessment (BizNGO 2013), a coalition of industry advocates created their own competing set of completely different principles a year later (American Chemistry Council 2014). It was reasonable to anticipate that the participatory features of the Data Commons could also be used to undermine the goals of safer chemical substitution.

To address these potential problems, we instituted the following basic governance mechanisms, which set boundaries on what kinds of knowledge and discourse can be contributed to the commons and expectations about how people should conduct themselves as participants.

• A Code of Conduct (COC), which all participants must agree to (Healthy Building Network 2019a). The COC provides guidelines for how community members should participate, and a standard to which community members can hold each other (see below). It also defines sanctions that can be brought against participants who violate the code, as well as an appeals process.

• Terms of Service (TOS), which contain official rules and the consequences of breaking them in precise legal language (Healthy Building Network 2019b). These rules may be invoked in cases of clear and severe breach of the community guidelines set out in the COC.

• Technical systems and requirements to support the social protocols set out in the COC and TOS. Site registration is required before contributing content, enabling the commons administrators to identify and address any offenses. Users with administrative privileges also have control over contributed content.

The norms and guidelines expressed in the COC represent what we viewed as reasonable basic principles that our community would readily accept and abide by—such as being considerate, respectful, constructive, and avoiding advertising or political campaigning. The COC generally posits that the Data Commons should be used for reasoned discussion of science pertaining to CAA, and codifies those concepts via a mission statement and conflict of interest (COI) guidelines. The mission statement links the goals of the Data Commons to the concepts of hazard assessment and alternatives assessment, and Data Commons participants are asked to recognize and support it:

The mission of the Chemical Hazard Data Commons is to advance science, policy, and business efforts to identify hazardous substances through chemical hazard assessment and find safer substitutes through alternatives assessment. We aim to do this by developing community-accessible tools and information resources. Your engagement in this project should be grounded in your support of these goals. (Healthy Building Network 2019a)

Establishing a shared understanding of the meaning and value of these concepts addresses the contested nature of the field of alternatives assessment as a science/policy field. While the Data Commons community thrives on open, constructive criticism of methods and science, we wanted it to be clear that actively undermining these goals is an unwelcome form of participation.

The COC also asks participants to be transparent about potential COI. A COI may arise when someone contributes to the Data Commons on a topic that has bearing on their own financial interests or those of their affiliates. We did not seek to discourage participants with COI from contributing, because there are potential COI situations where participation would still be highly valuable—for example, users who work with companies seeking to commercialize safer substances and products. Rather, we ask for awareness and transparency of COI so that the community can understand the full context of all the information in the commons.

Discussion

The design considerations and development process reported here represent our efforts to plan, initialize, and formally constitute a knowledge commons for chemical hazard assessment. Although this is still a partially realized and evolving project, it has already produced a valuable public resource at the same time as it has surfaced some important challenges and limitations.

Outcomes

Feedback from a wide range of Data Commons participants indicates that the project has yielded a valuable and novel public resource. By enabling easy access and reference to the most commonly needed information and tools, the Data Commons benefited practitioners across the field of chemical alternatives assessment. It was the first open-access system to link information about chemical substances with hazard properties in a consistent way—thus facilitating direct comparisons between substances on the basis of hazard—and also to link substances to functional use classifications. The development of the Data Commons provided two particularly useful functions for chemical assessors: automated chemical screening using the GreenScreen List Translator protocol, and hazard-based comparisons. Having free access to these resources has been particularly helpful for public-sector and civil society organizations, small enterprises (such as environmental consultants), and educational institutions, because they may not have access to equivalent paid services. Several academic and NGO research projects have reported using the Data Commons as a resource. It has also helped green chemistry education: for several years, students at the University of California, Berkeley have used the Data Commons (and Pharos) to learn and carry out CAA in real applied projects (Schwarzman and Buckley 2019).

Moreover, participants can join or interact with a community of practice, and keep themselves updated on developments in the community or broader field. The Data Commons has hosted a variety of discussions and debates in an open forum—now continued in Pharos. Some of our participants have noted that the Data Commons consolidated, and in some cases replaced, previous informal person-to-person channels for knowledge sharing. One of the collaborative efforts initiated in the Data Commons—the systematic identification of substances belonging to known hazardous chemical classes, mentioned above—became a significant and thoroughly-debated ongoing project involving multiple organizations (Healthy Building Network 2020a). To date, HBN staff have collaborated with various organizations to integrate findings from their projects into the commons, making participants among the first to benefit from the work. This has resulted in new information resources being incorporated into the system, such as data about chemicals found in plastic packaging materials (in collaboration with Food Packaging Forum: Groh et al. 2018) and hard-to-find regulatory agency documents obtained via FOIA requests (in collaboration with the Natural Resources Defense Council).

Challenges

The experimental participatory project begun by the Data Commons leaves many opportunities for advancement, and its development faced a number of challenges—particularly in the areas of fostering participation and collaboration, and planning for long-term governance and viability.

Participation and collaboration

Ideally, the Data Commons could productively harness some of the community’s attention, directing a little effort from many participants toward collective tasks. The commons is designed to do this by enabling multi-directional interactions like commenting on resources, asking and answering questions, or contributing to open projects. However, as a new entrant into the field of tools and collaborative practices for chemical alternatives assessment, the commons faced a paradox in which potential participants would be more likely to engage if there were already more engaged participants. Even after several years, most participants seemed to prefer using the Data Commons as a tool rather than to interact with others in an active exchange. Providing tools was indeed one of the goals of the commons, but it does not reflect the full participatory ambition of the project.

Another part of the aspirational vision of the Data Commons was to aggregate community expertise to accelerate progress on shared goals—such as improved CAA tools, methods, and data. We imagined, for example: collaboratively-authored summaries of scientific studies on substances of interest, or community peer-reviewed methods for filling data gaps in chemical assessments. The CAA community already engages in a number of collaborative efforts, such as tackling shared methodological problems.10 We hoped to extend collaborative practices into the realm of data. There are many excellent precedents for collective work in knowledge commons, such as open-source software (Schweik and English 2012), Wikipedia (Benkler 2006), and new scientific research practices that Nielsen (2012) refers to as “networked science.” For these networked efforts to be successful, there must be self-sustaining participatory systems that efficiently direct the attention and expertise of participants where it is most needed and best matched to their individual interests and skills. For example, very large projects can be coordinated through modular organization, or incrementally accomplished through many accumulated “microcontributions”—also known as crowdsourcing (Nielsen 2012).

Initializing active collaborations in the Data Commons has been challenging, and crowdsourcing of data resources has generally not occurred. For example, an earlier version of the Data Commons included a shared library of scientific citations and public domain documents to which users could contribute—but few did, and it was eventually discontinued. Two main factors may explain these challenges. First, the commons has not yet evolved sufficiently effective mechanisms to harness the attention and efforts of the community. We could have actively guided and facilitated engagement, which would have come with significant organizational and resource demands on HBN. Instead, we relied to a large extent on the online platform itself to foster participation. But discussion forums enable only a limited form of interaction, whereas coordinating the collaborative review of a dataset (for example) may require dedicated staff time and far more specialized software tools. In other words, the design and implementation of the participatory infrastructure is still incomplete. Second, there may not be sufficient incentives or appropriate opportunities for participants to get more involved. For example, prospective participants may feel that a project’s possible outcomes are not worth their time, that it could get done anyway without their input, or that they can’t participate because the project is too technically demanding. Ideal collaborative projects would be those that present a compelling shared benefit and that are easy for many participants to contribute to. Identifying such projects should be a priority for future development of the commons.

Creating a hazard assessment commons

One hope was that the Data Commons could aggregate community resources by producing and distributing a significant number of new GreenScreen hazard assessments. A GreenScreen assessment is a highly valuable work product requiring considerable toxicological knowledge and effort. The vast majority of GreenScreen assessments is produced by a handful of companies with vetted expertise and capacity (Clean Production Action 2020b). Many of these chemical profilers are part of the Data Commons user community, and there was a considerable level of interest in leveraging the commons to “scale” CHA practice.

Nevertheless, facilitating the commons-based production of chemical hazard assessments remains a significant challenge. First, CHA is highly demanding work regardless of the resources provided by the Data Commons. It requires dedicated professional effort and associated expenses. Second, to recover the high costs of CHA, profilers restrict the redistribution of their work using copyright. These intellectual property arrangements are in tension with the commons-based intention to pool assessments for collective re-use—and more generally with the open access goals of the Data Commons project. Some profiler organizations, ToxServices and NSF International, have collaborated to release a limited number of assessments into the public domain, but they cannot be expected to make all of their work freely available.

One approach for creating a common pool of chemical assessments is to abandon open access and switch to a more limited form of sharing that is supported by subscription fees. A newly emerging project, ChemFORWARD (ChemFORWARD 2020), is pursuing this strategy. Another approach is to generate an open-access pool of assessments by funding profilers to work on a set of substances regarded by the community as high priority for assessment. This approach has not been realized, but still holds promise given the high financial stakes of new chemicals regulations (e.g. California Department of Toxic Substances Control 2020) that may require industry to switch to safer alternatives for certain substances in major product categories.

Long-term governance

Another challenge to be faced by the Data Commons is its governance and maintenance in the long term. Part of the rationale for creating a Data Commons was that no single organization could support all of the information needs of the community. Yet, due to the particular circumstances of organizational capacity and philanthropic funding streams, there is currently a single organization (namely the Healthy Building Network) endeavoring to manage and sustain the commons. One consequence of this is that the project has been conceived and executed largely in a US-centric context, privileging Anglophone resources and audiences despite the global nature of the broader community.

At a minimum, sustaining the Data Commons involves development and maintenance of essential infrastructure (software, servers, databases, etc.), financially supporting a free public-access resource, and providing a basic level of coordination for the affairs of the community (e.g., assigning administrative privileges and duties to volunteers). These responsibilities could in principle be shared among a group of organizations and individuals, but there are currently no arrangements for allocating or distributing them in the long term. Likewise, the challenge of long-term financial support may require shifting from philanthropic funding models to community contributions or other models.

Conclusions

We developed the Chemical Hazard Data Commons to fill a need for public information infrastructure to support chemical alternative assessment practice. More fundamentally, we developed the Data Commons as an experiment in collective capacity-building for safer chemical substitution—as an alternative to continued reliance on regulatory and market drivers to furnish this information infrastructure.

The design of the Data Commons considers how chemical hazard information should be organized so that it can be retrieved and used in meaningful ways, particularly through the lens of frameworks and standards prevalent in the practitioner community. These design considerations contributed to the development of new tools and functions based on aggregated and linked data. The commons was also designed to enable interactions among community members, with the aspirational goal of facilitating rich multi-directional flows of knowledge among a diverse set of producers and users of chemical hazard information.

This development process represents a novel application of a collaborative, commons-based approach, and the first effort to create an open, participatory information infrastructure for CAA. In an arena where decades of adversarial policymaking and activism around toxic chemicals have led to intense contestation of scientific knowledge, the Data Commons approach emphasizes the value of shared information resources and collective capacity-building.

The development of the Data Commons, now merged into the ongoing Pharos Project, has yielded an open-access resource available online at https://pharosproject.net/. The commons exists for members of a global community interested in CAA, and serves as a tool and a space for exchanging knowledge and expertise. We welcome participation in the commons itself, as well as constructive criticism of our efforts to design and formally constitute the commons. While this project is unlikely to singlehandedly solve most of the problems that motivated it, we hope that it will not be the last of its kind. We present our work, and the challenges we encountered, so that our experience may benefit future efforts.

Notes

1 Infrastructure refers to information technologies that provide services, such as web-based software and databases. It also refers to information systems themselves, and the technical, conceptual, and social agreements that they embody, which serve to enable and coordinate work across many people at once (Bowker and Star 1999).

2 “Functional use” refers to functions which a substance may perform in a product or formulation, such as oxidant or plasticizer (Tickner et al. 2015).

3 Including CAS Registry Number, IUPAC InChI and InChIKey, SMILES, and PubChem CID.

4 Indeed, as a result of the work of many research organizations, there is already a much broader information commons of web-enabled chemical data resources, mostly centered on biosciences and computational chemistry fields (for a holistic view, see Murray-Rust et al. 2011).

5 The conference was organized by Charlotte Brody (BlueGreen Alliance), Mark Rossi (Clean Production Action), and Joel Tickner (University of Massachusetts, Lowell Center for Sustainable Production).

6 This seemingly self-evident principle conceals a complex and historically contingent answer to the question of what makes “one” substance unique (Hepler-Smith 2019). The Data Commons identifies chemical substances using Chemical Abstracts Service Registry Numbers (CASRN), PubChem Compound identifiers (CID) (Kim et al. 2016), SMILES molecular representations (Weininger 1988), and IUPAC International Chemical Identifiers (InChI) (Heller et al. 2013).

7 In principle, the commons could have been designed to use multiple hazard classification and evaluation frameworks in tandem. Using the same set of hazard data, the system could translate between frameworks to accommodate user preferences. The Pharos Project currently takes this approach, allowing users to choose between multiple “views” of hazard information.

8 For example, the GreenScreen List Translator automator update policy (Clean Production Action 2017) and the GreenScreen chemical groups policy (Clean Production Action 2018; Healthy Building Network 2020a).

9 Beyond these specific problems, any system on the internet is vulnerable to more general problems like spam (unwanted content) and intellectual property liabilities (e.g. a user posts the entire text of a copyrighted article in a comment).

10 For example, through formally organized working groups consisting mostly of volunteer participants.

11 This categorization of endpoints is based on the GreenScreen for Safer Chemicals (Clean Production Action 2020a).
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