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1. Introduction

ABST R A CT 

A circular food system is one in which food waste is processed to recover plant nutrients and returned to the soil 
to enable the production of more food, rather than being diverted to landfill or incineration. The approach may 
be used to reduce energy and water use in food production and contribute to the sustainability of the system. 
Anaerobic digestion and composting are common food waste treatment technologies used to stabilize waste and 
produce residual materials that can replenish the soil, thus contributing to a circular food system. This approach 
can only be deemed safe and feasible, however, if food waste is uncontaminated or any contaminants are 
destroyed during treatment. This review brings together information on several contaminant classes at different 
stages of the food supply chain, their possible sources, and their fates during composting and digestion. The main 
aim is to identify factors that could impede the transition towards a safe, reliable and efficient circular food 
system. We investigated heavy metals, halogenated organic compounds, foodbome pathogens and antibiotic 
resistance genes (ARGs) in the food system and their fates during digestion and composting. Production and 
processing stages were identified as major entry points for these classes of contaminants. Heavy metals and 
foodbome pathogens pose less risk in a circular system than halogenated organics or antibiotic resistance. Given 
the diversity of properties among halogenated organic compounds, there is conflicting evidence about their fate 
during treatment. There are relatively few studies on the fate of ARGs during treatment, and these have produced 
variable results, indicating a need for more research to clarify their fate in the final products. Repeated land 
application of contaminated food waste residuals can increase the risk of accumulation and jeopardize the safety 
of a circular food system. Thus, careful management of the system and research into the fate of the contaminants 
during treatment is needed. 

About a third of the food produced globally goes to waste each year 

(Gustavsson et al., 2011). This loss is fundamentally unsustainable due 

to the water, energy and material consumption required for the pro

duction, processing, storage and transport of food that is not produc

tively used (Pleissner, 2018). The food waste management hierarchy 

puts reuse as the preferred option if food is still qualitatively good 

enough for human consumption, meaning excess food should be diver

ted to people who need it, whenever feasible (Garcia-Garcia et al., 

2017). The U.S. Department of Agriculture estimated that 11.8 percent, 

or 15 million households, had problems providing enough food in 2017 

(U.S. EPA, 2020). When excess food at any stage of the food system can't 

be diverted to people in need, the next best option is to feed it to animals. 

Even with the best systems in place to develop an efficient food system, 

there will always be some fraction that is not fit for consumption. This 

material should be recycled and reused to minimize the environmental 

burden and allow for recovery of part of the resources initially used in its 

production, processing and transport (Pleissner, 2018), creating a more 

circular food system (Fig. 1). 

Food waste generated during production includes damaged or low

value products left in the field. Food is wasted during processing due 

to damage during transport, spoilage or contamination during storage, 

and losses during processing. The retail system generates food waste due 

to handling-related damage, lack of cold storage, and poor inventory 

control. Food waste generated at the consumer level is due to over

purchasing, poor storage, over-preparation, portioning, or cooking; 

and confusing labels (Girotto et al., 2015). In a linear system, the food 

waste at each stage would go to landfill or perhaps incineration. In a 

circular system (Fig. 1), food waste is recycled by treatment to stabilize 
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