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INTRODUCTION
The concept of the lab-on-a-chip, at the core of many point-of-care or point-of use environmental or human diagnostic products, is intricately linked to the idea of single-use. The need for decentralisation, convenient diagnostic solutions has led to the design and production of centimeter scale, disposable devices, used once, then discarded.
This approach has increased the amount of generated waste beyond laboratories and into the communities where adequate disposal maybe is inadequate. Have we unwittingly created a “technological trap” resulting in unintended, additional, and potentially avoidable, waste (Søgaard Jørgensen et al., 2024)? Thus, a legitimate question is “are we part of the solution or part of the problem?” How can we ensure that the social benefits of such solutions are not delivered at the expense of an environmental impact that might take years to be fully appreciated? How big of a problem does the lab-on-a-chip waste represent? Can a single-use approach be reversible, or can it be alleviated through materials or methods choices? Most of the environmental sustainability of a single-use device is locked at the design stage and material choice is one of the many contributing factors to the environmental impact of the device. Can we identify applications where single use can be avoided, or can the impact of single use devices be minimized through material and design choices?
Importantly, a transition to alternative materials and reagents is not just an engineering problem. Beyond the functional aspects, there are significant economic and regulatory implications to consider. We are calling for engineers, economists, healthcare professionals, manufacturers, regulators and policymakers to join forces and work together to answer this Grand Challenge: how do we reduce the amount of waste created by the lab-on-a-chip and point-of-care devices industry?
ENVIRONMENTAL IMPACT OF THE LAB-ON-A-CHIP AND POINT-OF-CARE INDUSTRY
The environmental impact of lab-on-a-chip devices in the point-of-care or point-of-need industry is arguably difficult to assert, as no studies have been conducted to quantify this yet.
At the inception of the lab-on-chip field, a microfluidic approach was touted as the possibility to reduce reagents and solvent consumption. However, how much of this, still hold true? To yield meaningful results microfluidic devices often need similar amounts of sample and reagents than would be used in a bench assay. That is certainly the case when comparing to the use of liquid handling robots capable of handling microvolumes, with arguably less paraphernalia than most microfluidic-based devices.
The majority of point-of-need and point-of-care industry uses petroleum-based plastics (Campbell et al., 2021; Ongaro et al., 2022; Core, 2023). We also know that the industry is in full expansion to the need for decentralized healthcare. According to various reports, the microfluidic market sits at an estimated $11 billion and is projected to grow at an average rate of 10% CAGR. Meanwhile the point-of-care market is worth $32 billion with a CAGR of 11.5%. Whilst the exact production volumes have not been reported, it is clear the production equates waste at the end of the life cycle. An open question is how much of the industry produce single-use versus re-useable products. Similarly, the distribution of different end-of-life processes (incineration, landfill or recycling) for point-of-care and point-of-use devices are unknown, however, the toxic effect of plastic incineration or landfill on environmental, human and animal health is well documented (Odhiambo et al., 2021; Street et al., 2022; Bidashimwa et al., 2023). Preventing the use of petrochemical plastics has the potential of significant carbon savings in the industry, but also reduces toxic effects on human, animal and environmental health. Plastic pollution from the diagnostic industry is also a social justice issue, which affects predominantly the Global South. Manufacturers (predominantly from western or global north) have shied away from responsible practice and distribute products with unclear disposal indications (Street et al., 2022).
Sustainability research and action
Over the last 5 years, awareness of environmental sustainability in the medical sector has risen, partly due to the pandemic, which highlighted the impact of medical waste as the broader public observed the widespread disposal of masks, other PPE, and diagnostic kits (Adyel et al., 2020; Glasziou et al., 2020).
There has been several attempts to raise awareness about end-of-use issues and waste specifically in the sector of lab-on-a-chip and point-of-care diagnostics (Ongaro et al., 2022; Core, 2023; Street et al., 2022). However as commented elsewhere, there is a reluctance particularly from the global health field, to acknowledge the issue of pollution (Bidashimwa et al., 2023).
Developing green processes means questioning our own laboratory practices. What is the carbon footprint of research activities in academic laboratories related to these activities and the amount of waste generated? Purchases and travel are the two main sources of CO2e emissions in laboratories, and the carbon footprint can reach 10 t CO2e per researcher in the fields of physics, biology or engineering. How can we reduce it? Several initiatives, such as mygreenlab. org, Labo 1.5 in France, or LEAF (Laboratory Efficiency Assessment Framework) in the United Kingdom are schemes proposing methods for assessing the carbon footprint and actions that lab users can take to save plastics, water, energy and other resources. What would it mean in practice for a microfluidic lab? What are the waste streams like for our sector of activity?
Several editors have also launched new journals or manuscripts collection focusing on sustainability: example, the American Chemical Society launched “Sustainable Chemistry and Engineering” in 2013, Nature created “Nature Sustainability” in 2018, and Taylor and Francis have created the “International Journal of Sustainable Engineering”, in 2024. In the meantime, the Royal Society of Chemistry (RSC) has launched a new cross-journals collection called “Sustainable Laboratories”.
These activities, while laudable, remain niche, and the same big questions are still there and more work is needed to understand the impact of the industry, and what can, and should be done in academia and industry.
Call for action
What research is needed to improve sustainability in the sector? Here we lay out here some key pointers for a high level road-map (Figure 1).
[image: Figure 1]FIGURE 1 | High-level roadmap for microfluidic, lab-on-chip, and point-of-care industry environmental sustainability
We need a better understanding of the life cycle of lab on a chip and point-of-care devices and opportunities for local and circular solutions
Research in this area focus mainly on the design, with little consideration for the end-of-life leaving the door open to unintended consequences. We need research reports post-use attitudes and quantifying wastage in various settings. Bringing “garbology” experts to understand why we do not put an emphasis on end-of-life, and how to change these attitudes, for example, by changing education curriculums, encouraging academics to consider the impact of technology at the design stage (Schofield et al., 2021).
Life Cycle Assessments (LCA) are standardised method to quantitatively assess environmental impacts. While they were an unreliable tool a decade ago, they now benefit from a larger pool of experts, reliable software, better comparison framework and a dedicated standard (ISO, 2006). LCAs could be deployed to understand which stage of the product has the most environmental impact, and guide further research.
We need research to understand the opportunity for circularity in the sector. Could we use recycled materials to make these devices? Could used devices be segregated, collected, dismantled and re-used or recycled?
LCA and other types of environmental analysis, can also help us identify the need for manufacturing methods that significantly lower energy input or wastage. The geographical location of the organisations involved in the manufacturing, use and end-of-life of devices, play a significant role in a product’s overall carbon footprint. Devices are often assembled, or sub-assembled in one geographical region, then sea or air freighted for final assembly in another region, shipped to their place of use, and sometimes shipped again to their “graveyard” destination. This additional travel can lead to a major increase in carbon footprint (Willoughby, 2022). It would be interesting to know the share of transport in typical microfluidic, lab-on-chip or point-of-care devices, to review local manufacturing solutions to date and barriers challenging more local manufacturing, cutting on unnecessary transport. There may also be an opportunity to investigate the use of local materials and the development of standardized processes that are able to produce equivalent devices using local natural resources or waste streams (Brito-Pereira et al., 2023).
We need new materials for lab-on-a-chip and point-of-care devices
The environmental challenges raised by the democratization of single-use LOCs require the scientific community to seek alternative solutions to hydrocarbon-based plastics. Replacing these materials with bio-sourced and biodegradable polymers as body material for the microdevices is a promising perspective. What specifications must these materials meet to produce eco-responsible LoCs? From a purely functional perspective, they must meet the specific requirements of LoCs, being (i) micro-patternable, with feature resolution enabling a wide range of applications (from a few µm to a few mm), (ii) impermeable for transporting aqueous solutions, (iii) bondable to obtain watertight systems, in certain cases (iv) transparent for microscopic observation, and (v) biocompatible when needed. In addition, the manufacturing processes associated with these materials must be ideally low in energy requirement.
The extraction, production, and processing methods must limit the use of techniques and products that are harmful to the environment. The transport associated with the entire production chain must be considered and encouraged to favor local resources. Finally, the pollution resulting from their degradation or combustion must be considered. Furthermore, sourcing biomaterials must not lead to new imbalances: resources must be sufficiently available not to be depleted. Another approach that has been little explored in the sector is the use of industrial by-products and waste streams currently produced by industry.
Different biopolymers have been trialed. Cellulose-based LoCs, using paper microfluidic principles, have already led to numerous tests, although few have been commercialised (Noviana et al., 2021). Cellulose-based devices are not suitable for all types of applications, particularly those involving cells, and unfortunately are too often packaged in plastic cases. Further upstream research has explored the use of other bio-based polymers such as poly (lactic acid) (PLA) (Ongaro et al., 2020), derived from renewable, plant-based sources such as corn starch or sugar cane; zein, obtained as a by-product from the production of ethanol from corn and transformed into resin (Hsiao et al., 2011); silk, produced from bombyx mori cocoons (Zhao et al., 2016); chitosan, a polysaccharide derived from chitin, that can be extracted from waste generated by the seafood industry (Zimmer et al., 2024); shellac, secreted by the Kerria Lacca insect, a species of cochineal (Lausecker et al., 2016); and wood (Andar et al., 2019).
These examples highlight the diverse possibilities for replacing standard petrochemical polymers in the manufacture of LoCs. While technological challenges remain—such as material reactivity with aqueous solutions and the complexity and environmental impact of their production processes—all present promising prospects. By tailoring their industrialization to local resource availability and specific applications, these alternatives could collectively contribute to the production of eco-responsible LoCs. The use of recycled materials is another solution, proposed for prototyping or production of lab on a chip of point-of-care. Whilst recycling does not eliminate dependence on non-renewable raw materials, it could be part of the solution, at least in the short term.
For example, lateral flow assay manufacturers have attempted efforts to curb plastic use, removing plastic cassettes or producing cassettes out of bio-based materials rather than petroleum derived materials (Gavi.org, 2024; Morris and Haworth, 2022).
We need safe, non-toxic reagents and chemistry
Material consideration should not be limited to housings, they should be extended to reagents (Agrawal et al., 2021), which brings direct chemical exposure with potential significant impacts on the environmental, human and animal health. Sleeman et al. (2018) calculated that more than 30 million HIV VL tests were estimated to be performed globally, generating approximately 924,000 L of effluent chemical waste and 2.1 million kg annually (Sleeman et al., 2018). The World Health Organisation and the African Society for Laboratory Medicine, have highlighted the problem surrounding the waste management, in particular in resource-limited settings and poor infrastructure, which unfairly exacerbate the problems, resulting in poor compliance to biosafety and biosecurity requirements (Odhiambo et al., 2021). This is further compounded by the lack of availability or generalized policy and guidelines that not specifically address the pollutants, and do not address the selection of waste disposal options. As point-of-care kits are rapidly commodified there is less information about the content of the test kits and specific waste instructions following test completion. In terms of the production of wet chemistry for use in point-of-care diagnostic devices, it is worth pointing out that the synthesis of affinity ligands such as aptamers, oligonucleotides and peptides also large amounts of environmentally challenging solvent, which also need to be addressed (Kopach and Andrews, 2022; Andrews et al., 2021).
For example, the dangers of guanidine thiocyanate (GTC), has been highlighted by yet many nucleic acid extraction kits and lab on chip devices still use this reagent. The diagnostic industry is coming up, albeit slowly, with solutions: Cepheid is trying to address amount of GTC in their cartridges, while Global Access Diagnostics uses HCL instead. Companies and laboratories have already spent time and money modifying existing protocols to use less toxic solvents and more environmentally friendly tools and techniques, researchers should be mindful of adopting those where possible. We need to list and prioritise toxic reagents to target research in reducing them, replacing them with efficient but safer alternatives. Peer-review has a role to play, in suggesting alternatives to toxic reagents and solvents and calling out environmentally damaging practices.
We need better understanding of regulatory and procurement frameworks and economics associated with sustainable solutions
The use of new materials or new methods in the sector of microfluidic, lab-on-chip and point-of-care devices brings the question of regulations for these new or transformed products, in particular in the medical industry, but not solely. What materials are allowed to be used in regulated environments? What documentation and processes are involved in a material change, and how much a typical material change cost?
Procurement rules for diagnostic devices are likely to be changed in coming years, with greater emphasis on product carbon footprint. Policymakers worldwide are increasingly mandating greater sustainability for single-use products, as exemplified by public procurement programs like the United States’ BioPreferred Programme, Asian Development Bank, and the EU’s Green Public Procurement (GPP) framework. In the US, the Environmental Protection Agency (EPA) now mandates that federally-affiliated healthcare facilities prioritize sustainable products. In this context, designing point-of-care testing (POCT) technologies for safe and sustainable disposal is both an ethical imperative for the industry and a chance for scientific innovation. We need more research on the impact of regulatory or procurement frameworks on the type of materials that can be used in microfluidic, lab-on-chip and point-of-care device sector.
Economics will have the final say. A key challenge for bio-derived and recycled materials is their typically smaller production scale compared to petrochemical counterparts, which benefit from economies of scale. Economists need to pinpoint the production scale at which alternative materials or processes become economically viable. Without a major policy shift—such as imposing a pollution tax that holds manufacturers accountable for their carbon footprint—new materials, methods, and processes must compete economically with the status quo.
CONCLUSION
The expansion of the microfluidic and point-of-need sector drives production, which in turn, creates the accumulation of a new kind of waste, that exacerbates existing waste streams. This technological trap shows that more emphasis on end-of-life should be put at the design stage.
We are calling for more interdisciplinary investigative research in the waste created by this industry, research in materials, methods and systems to reduce the environmental impact of products, research in regulatory and procurement frameworks and economics associated with the creation of sustainable solutions. This requires a transdisciplinary approach together with a clear roadmap.
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