
1  

Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive 
publisher-authenticated version is available on the publisher Web site.  

 
Environmental Science and Pollution Research 
July 2019, Volume 26, Issue 21, Pages 22097-22100  
https://doi.org/10.1007/s11356-019-04626-z 
https://archimer.ifremer.fr/doc/00499/61048/ 

Archimer 
https://archimer.ifremer.fr 

Recycling, reuse, and circular economy: a challenge for 
ecotoxicological research 

Slaveykova Vera I. 1, * , Couture Patrice 2, Duquesne Sabine 3, D’hugues Patrick 4, Sánchez Wilfried 5, 6 

 
1 Environmental Biogeochemistry and Ecotoxicology, Department F.-A. Forel for Environmental and 
Aquatic Sciences, School of Earth and Environmental Sciences, Faculty of SciencesUniversity of 
GenevaGeneva 4, Switzerland  
2 Institut National de la Recherche Scientifique − Centre Eau Terre Environnement (INRS-ETE)Québec, 
Canada  
3 German Environment Agency (UBA)Dessau-Roßlau, Germany  
4 Bureau de recherches géologiques et minières (BRGM), Orléans CEDEX 2, France  
5 Fondation Rovaltain Alixan, France  
6 Ifremer, Scientific directorat Sète, France 

* Corresponding author : Vera I. Slaveykova, email address : Vera.Slaveykova@unige.ch  
 

 
 

 

 

 

https://doi.org/10.1007/s11356-019-04626-z
https://archimer.ifremer.fr/doc/00499/61048/
http://archimer.ifremer.fr/
mailto:Vera.Slaveykova@unige.ch


1 

 

Recycling, reuse and circular economy: a challenge for ecotoxicological 

research 

  

Vera I. Slaveykova1,§,*, Patrice Couture2,§, Sabine Duquesne3, Patrick D’Hugues4, Wilfried 

Sánchez5,6 

 
1Environmental Biogeochemistry and Ecotoxicology, Department F.-A. Forel for Environmental 

and Aquatic Sciences, School of Earth and Environmental Sciences, Faculty of Sciences, 

University of Geneva, 66, Bvd. Carl-Vogt, CH-1211 Geneva 4, Switzerland, 

Vera.Slaveykova@unige.ch 

2Institut National de la Recherche Scientifique − Centre Eau Terre Environnement (INRS-ETE), 

490 de la Couronne, Québec, Canada, Patrice.Couture@ete.inrs.ca 
3 German Environment Agency (UBA), Wörlitzer Platz 1, D-06844 Dessau-Roßlau, Germany, 

Sabine.Duquesne@uba.de 
4 Bureau de recherches géologiques et minières (BRGM), D3E/DMP Avenue Claude Guillemin, 

45060 Orléans CEDEX 2 – France, p.dhugues@brgm.fr 
5 Fondation Rovaltain, Alixan, France 
6Ifremer, Scientific directorat, Avenue Jean-Monnet, F-34200, Sète, France, 

Wilfried.Sanchez@ifremer.fr 

 

*Corresponding author: vera.slaveykova@unige.ch 
§Authors contributed equally to this work 

 

The continuously growing global population, a scarcity of fossil fuels, diminishing supplies of raw 

materials and metals, climate change, biodiversity decline, poor water quality and social concerns 

will require changes in production, consumption and mobility in modern society. To address this 

challenge, the concept of a circular economy (CE), including recycling and reuse, appears to be a 

promising path forward. Circular economy is an emerging concept aiming to move away from the 

traditional “take-make-dispose” approach and to decouple economic growth from natural resource 

consumption, allowing a societal evolution towards a sustainable future (Geissdoerfer et al., 2017; 

WBCSD, 2018).   
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However, despite important promises and expectations, questions about the environmental 

implications of the CE and its comparison with the linear economy (LE) have not yet been 

explicitly addressed (Fig. 1). The literature consulted indicates that to be realistic, the CE aims to 

reduce, rather than eliminate, environmental impacts. In a perfectly CE, no new resource would 

be exploited to produce goods. All raw materials would come from recycled goods. To date, there 

is no example of a single product that is truly 100% recyclable. Thus, CE is an idealistic view, 

since it would imply that (i) 100% of product components can be recycled; (ii) the recycling 

process returns the original compounds to their full quality and properties; and (iii) global 

consumption does not increase.  

 

 

 
Figure 1.  Summary of the ecotoxicological implications of the circular economy (CE) versus the 
linear economy (LE) and the potential risks. The figure presents the comparative advantages and 
disadvantages of each, as well as the potential ecotoxicological risks with respect to the desirable 
achievement of sustainability in the cycling of trace metals and other natural resources, from 
processing, use by industry and consumers, to disposal. Increased sustainability achieves 
minimization of environmental impacts.  
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At present “the large majority of recycling actually constitutes ‘downcycling’ because the 

recycling process reduces the quality of the materials, making them suitable for use only in lower 

value applications. Some materials still end up eventually in landfills or incinerators. Their lifespan 

has been prolonged, but their status as resources has not been maintained” (Braungart et al., 2007). 

Current technologies allow the use of recycled materials to produce other materials of lower value 

or with no recycling potential.  Furthermore, the presence of toxic substances in different materials 

will “make recycling more difficult and present new, unexpected exposure situations, for example, 

if contaminated recycled materials get used in products not originally foreseen” (DG-EC, 2017; 

Bodar et al., 2018). Examples of such problematic substances include dioxin-like chemicals in toys 

(Petrlik et al., 2018), flame-retardants found in thermos cups and plastic tableware produced from 

recycled plastics (Gu et al., 2017, Pivnenko et al., 2017), and xenobiotic residues in paper food 

packing materials produced from recycled pulp (Vapenka et al., 2016). Other well-known 

examples include polychlorobiphenyls (PCBs, Rodenburg et al. 2015), lead, cadmium (Whitt et 

al. 2013) and some fluorinated substances (Herzke et al., 2012), which are contained in various 

materials destined for recycling/reuse. These could subsequently be incorporated into new 

products, and thus continue to circulate in the CE material streams. Despite their “dilution” in 

materials that do not contain toxic substances, such substances can continue to cause problems 

through service life exposure, end-of-waste status, management and recycling once the products 

become waste (DG-EC, 2017). For example, a modelling study reported that the decontamination 

of a recycled waste stream might take centuries, even after the input of those substances into 

manufactured articles has ended (Pivnenko et al., 2016).   

 

The need to consider the risk management of toxic substances from a CE perspective and to adapt 

it to address explicitly the reuse and re-entrance of hazardous substances into material streams has 

only recently been highlighted (Bodar et al., 2018). To date insufficient attention has been paid to 

hazardous substances present in materials for recycling and to end-of-waste. For example, metals 

are relatively easily recycled; depending on their form, they may be recycled with no loss of quality 

or properties. However, once incorporated into alloys, metals become much less recyclable. Izatt 

et al. (2014) comprehensively reviewed challenges in achieving metal sustainability in high-tech 

society, including environmental aspects of metal use, contamination of soil, air and water, human 

and environmental health. Despite the significant ongoing efforts carried out in the pursuit of 
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solutions to environmental and health hazards from the products and mining wastes, there are still 

knowledge and technological gaps limiting the sustainability of metal production from mining and 

recycling industries (UNEP, 2013). The environmental sustainability of metal recycling and reuse 

and their circular economy remains to be demonstrated. 

 

Furthermore, recycling itself can generate diverse impacts from energy consumption to gas 

emission and use of chemicals. For example, in the case of metal recovery, alternative methods 

(pyrometallurgy vs. hydrometallurgy) yield different environmental impacts, which need to be 

thoroughly evaluated and benchmarked (BRGM, 2017). In the particular case of mining activities 

and mining waste management, ecotoxicity assessment could play a key role in the development 

of tools (based on Life Cycle Analysis (LCA) approaches) that allow the selection of best 

management practices (BRGM, 2017).  Other products such as paper, derivatives (e.g. cardboard) 

and laminates are even more complex to investigate from an ecotoxicological perspective. The 

source of new fibres influences the relative ecological advantages of paper recycling. For instance, 

harvesting wood from natural forests for paper production yields environmental impacts from 

fossil fuel combustion by relevant machinery that are presumably larger than those from harvesting 

cultivated trees and plantations of fibrous plants, which also serve as a carbon sink. In the textile 

industry, the production of synthetic fibres requires a range of manufacturing stages during which 

the environment is put under strain by effluent discharges, energy requirements and emissions of 

volatile organic compounds. The above examples illustrate the tight relationship between 

environmental safety and sustainability in the context of CE.  

 

Clearly, the evolution from a linear to a circular economy will result in changes in the quantities 

of contaminants released into the environment, as well as in the appearance of possible new risks 

associated with the high complexity of recycled modern goods. This reasoning is built into LCA, 

which includes an evaluation of environmental impacts, but also takes into account many other 

factors. An integration of the criticality of raw materials into Life Cycle Sustainability 

Assessments was proposed as a multi-dimensional approach going beyond the environmental LCA 

approach (Drielsma et al., 2016). LCA of metal-containing products attempts to include metal 

speciation and ecotoxicity (Tromson et al., 2017; Dong et al., 2014; Haye et al., 2007; Huijbregts 

et al., 2000). However, the existing methodologies of the life cycle impact assessment possess 
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some limitations of toxicity characterization (Gust et al., 2016). Thus, the incorporation in the 

Adverse Outcome Pathways concept into the toxicity characterization within the LCA was 

suggested as a possible way to overcome the existing limitations. A novel scheme describing how 

to decide whether an additional risk assessment is necessary with regard to the re-use of materials 

containing hazardous substances has been proposed (Bodar et al., 2018), including assessment of 

substances of high concern in both waste and product phases.  

 

Despite the above-mentioned recent scientific developments, some questions remain regarding the 

potential environmental and human health benefits and risks of the CE and how these differ from 

the LE. Two key research questions challenging modern ecotoxicology in the context of the CE 

need to be urgently addressed: (i) How efficient are CE approaches in the reduction of pollutant 

emissions into the atmosphere and their release into terrestrial and aquatic habitats? and (ii) How 

will the expected reduction of pollutant emissions and releases translate into improved 

environmental quality and human well-being?  

 

The implementation of CE requires public support, which in turn requires rigorous scientific 

studies to investigate its environmental and economic benefits. This involves mobilizing social 

scientists to study the perception of risks and benefits associated with the CE by stakeholders, 

including consumers. Environmental science and pollution research should prioritize 

investigations at the interface of CE and ecotoxicology, addressing the implications of the CE for 

the environment via an interdisciplinary, issue-driven approach involving science, policy and 

industry. Similarly, governments and agencies involved in CE implementation should include 

consideration of ecotoxicology to instruct stakeholders about its advantages for environmental 

protection. Improving communication and collaboration among environmental scientists, industry 

and policymakers to adopt measures allowing the assessment of the efficiency of CE in reducing 

environmental impacts is the key to moving towards the adoption of appropriate environmental 

regulations for the development of a sustainable CE.  
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