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Agrifood systems span the di�erent dynamic and 
interlinked stages of agricultural production, processing, 
distribution, up to the consumption of food, with each step 
comprising numerous processes, value chains, multiple 
stakeholders and their interactions. The UN 2030 Agenda 
for Sustainable Development flags the need for sustainable 
food production systems and resilient agricultural practices 
that provide healthy and a�ordable diets as well as tackle 
poverty, protect human rights and restore ecosystems. 
Food safety is a central part of such a system.

In order to cultivate agrifood systems that are resilient, 
sustainable and equitable in the face of economic, social, 
and environmental challenges, there are growing e�orts 
underway to transform agrifood systems to ensure that 
the rising global population has access to food that is 
nutritious, safe and a�ordable. 

To make this transformation happen, tools like 
foresight, which comprises forward-looking approaches, 
will be needed to identify and navigate the major global 
drivers, related trends and other issues that may emerge in 
the future, bringing varying impacts on agrifood systems. 
This will enable better preparedness and help to put into 
place appropriate strategies and policies to take advantage 
of future opportunities and to manage potential risks. 
Foresight also provides the means of looking at issues 
holistically, from a multisectoral point of view, which is 
inherent in a food systems way of thinking. 

This publication, which is intended for a broad audience, 
explores several cross-cutting issues as identified through 
the FAO food safety foresight programme. Climate change, 
which is a defining challenge of our times, also has 
repercussions on food safety that can a�ect our health and 
well-being. As the emphasis on sustainability increases, 
the concept of circular economy is gaining attention in 
various sectors, including food and agriculture. How 
the circular economy may bring benefits in addition to 
potential food safety risks is discussed using, as an example, 
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the recycling of plastics, another key issue of our time. 
Growing awareness of depletion of natural resources and 
adverse environmental impacts from food production 
is propelling the exploration of new sources of food and 
di�erent ways of producing food, for instance, edible 
insects, plant-based meat alternatives and cell-based food. 
Such new foods are receiving increased attention making it 
important to determine any potential food safety risks while 
acknowledging the benefits that they might bring. With 
urbanization growing rapidly, farming within urban spaces 
to reduce the distance that food travels between farm and 
table is gaining traction. The food safety considerations of 
intra-urban farming methods, such as vertical farming, are 
therefore discussed in this report. To ensure that food safety 
competent authorities continue to develop and enforce 
standards, guidelines and policies that keep food supply 
chains safe, it is important to recognize the need to keep 
pace with the latest scientific endeavours, from technological 
innovations to advances in the field of microbiome, both of 
which are also described in this publication. 

Finally, the ongoing drive to assure food security, 
reduce poverty and malnutrition, avoid food contamination 
issues and manage foodborne illness outbreaks, protect 
biodiversity, advocate for sustainably produced food, and 
address animal welfare concerns will continue to throw 
up challenges and calls for innovation which promises to 
shape the way in which we produce and consume food in 
the decades to come. In order to be prepared for both the 
opportunities and challenges, we need to be proactive in 
driving concrete action and truly forward-looking changes 
as agrifood systems transform to meet the Sustainable 
Development Goals �   

Jamie Morrison
Director
Food Systems and Food Safety Division
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Executive summary

At the 1996 World Food Summit, the Heads of State and 
Government rea�irmed the right of everyone to have 
access to safe and nutritious food, consistent with the 
right to adequate food and the fundamental right of 
everyone to be free from hunger (World Food Summit, 
1996). To achieve this commitment, agrifood systems 
will need to be transformed to sustainably deliver safe 
and nutritious food for all. The Food and Agriculture 
Organization of the United Nations� (FAO) Strategic 
Framework focuses on this transformation through 
achieving four pillars: better production, better nutrition, 
a better environment, and a better life (FAO, 2021). 
To �realize our shared vision for a better world� (UN 
Food Systems Summit, 2021) and to be better prepared 
to mitigate potential shocks and disruptions, we 
need to develop and maintain a deep understanding 
of the future opportunities, challenges and threats 
to our agrifood systems. The FAO food safety 
foresight programme is geared towards the proactive 
identification, evaluation and prioritization of emerging 
trends and drivers within and around agrifood systems 
that can have food safety implications (Figure 1). This 
will lead to improved and timely strategic planning 
to better manage potential risks and be ready to take 
advantage of new opportunities.

This publication explores a selection of the most 
relevant drivers and trends identified through the FAO 
food safety foresight programme. The methodology 
applied is described in the introductory chapter, while 
the remainder of the publication consists of a compilation 
of short briefs describing emerging areas. The briefs are 
not meant to be exhaustive reviews, but rather provide 
a concise overview of the topics of interest in terms of 
what they are, why they are important from a food safety 
perspective, and how to take stock of the issues moving 
forward. While for some of the drivers and trends the food 

safety implications are apparent, for others these may 
not be as obvious. An overview of the various drivers and 
trends discussed in the publication is given below. 

	 Climate change � increasing temperatures, changing 
precipitation patterns, greater frequency of extreme 
events, and others � is disrupting our production 
capabilities to produce enough nutritious food to feed 
the rising global population. In this report we outline 
some of the multi-faceted impacts of climate change 
on various food safety hazards (both biological and 
chemical). An increased preparedness to address the 
impact of climate change on food safety will not only 
benefit food security, but also will help foster resilience 
in agrifood systems. 

	 Today, consumer behaviours are shi�ing in response 
to a multitude of factors, such as climate change, 
a focus on improving health especially amid the 
ongoing pandemic, concerns about the impact of 
food production on environmental sustainability, 
rising incomes, amongst many others. These shi�s 
are driving changes in the food purchasing and 
consumption habits of consumers. Such changes can 
also be accompanied by potential food safety risks, 
which will need to be evaluated in order to protect 
the health of consumers. Some trends in changing 
consumer demands are discussed in this publication 
together with the food safety implications associated 
with them. 

	 New food sources and food production systems are 
increasingly being explored with the goal of achieving 
improved environmental sustainability and/or 
nutritional benefits. The word �new� here applies to 
recently discovered techniques and materials as well as 
to food that has been historically consumed in specific 
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3. Changing consumer preferences and food consumption patterns

onsumer preferences are 
constantly evolving in response 
to a multitude of di�erent factors. 
Today considerations such as 

lowering environmental impacts of food production, 
climate change, improving health especially amid the 
pandemic, awareness about food waste, concerns about 
animal welfare, rising incomes, urbanization, and others 
(Gri�en, 2020; Nunes, Ordanini and Giambastiani, 2021) 
are driving changes in consumer behaviour and their food 
preferences. 

There is also an increased emphasis for trustworthiness 
and authenticity from the food industry with consumers 
expecting greater transparency regarding the carbon 
footprint of their food products as well as a growing 
attention to responsible sourcing of food ingredients, 
simplifying food labelling and addressing concerns about 
the safety of food (Labelinsight, 2016; Macready et al., 
2020; Siegner, 2019; Shelke, 2020). Even though COVID-19 
is not a food safety issue, it has significantly heightened 
the sensitivity of consumers to the concepts of hygiene and 
food safety (Borsellino, Kaliji and Schimmenti, 2020; Locas 
et al., 2021), as many fundamental behaviours behind 
buying, preparing and consuming foods have changed 
(Clayton, Sims and Webster, 2021). Moreover, surveys 
report that the pandemic may have also influenced public 
trust towards the food sector (EIT Food, 2020; Edelman 
Trust Barometer, 2021). 

How are 
changing consumer preferences 
impacting the food sector?
Food purchasing habits and consumption patterns of 
consumers are changing across the world in response 
to their shi�ing preferences and lifestyles. While this 
brief is not meant to provide an exhaustive review of 
all the trends, some of the more pertinent ones, from 
a food safety perspective, are discussed. Increased 
concerns about healthier diet choices and environmental 
sustainability are driving a growing interest in plant-
based foods, a sector that is rapidly expanding to include 
plant-based alternatives for meat, dairy products, 
eggs and seafood (Chapter 4.3). Other alternative food 
sources are also gaining attention, such as seaweeds 
or macroalgae (Chapter 4.4), and edible insects 
(Chapter�4.1). Rapid urbanization together with demand 
for local and sustainable food production has also led 
to the development and expansion of urban agriculture 
(Chapter�5). 

Along with consumer demands for healthy living, 
increased expectation for personalization as well as 
the rapid integration of technological innovations are 
contributing to the growth of the customized nutrition 
sector. An area in the spotlight is nutrigenomics,4 with 
various companies attempting to leverage individual 
genomic data into developing tailor-made diet plans. 
Genetic information can help guide diet choices; for 
instance, people with LCT genetic mutation should avoid 

4	 Genetic information about individual�s health risk profiles is 
used to guide nutrition recommendations and vice versa.
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dairy as they have trouble digesting lactose. However, 
published research on personalized diets formulated 
solely based on genetic information, as made available 
through various direct-to-consumer programs, show 
that this approach may distract consumers from other 
considerations behind chronic health issues (obesity, 
cancer, diabetes), such as environmental risk factors and 
lifestyle (Camp and Trujillo, 2014; Dendup et al., 2018; 
Gardner et al., 2018; Lindsey, 2005; Magkos et al., 2020). 

Additionally, greater emphasis on healthier living and 
rising health care costs are contributing to the growth of 
functional foods or nutraceuticals sector (Hasler, 2002; 
Mohanty and Singhal, 2018; Uthpala et al., 2020). While 
there is ambiguity regarding the definition of functional 
foods, it is generally agreed that they encompass foods 
or food components that, consumers believe, may 
impart additional health benefits, such as assisting in 
preventing diseases, which goes beyond �basic� nutrition 
that maintains overall health (Berhaupt-Glickstein and 
Hallman, 2015; Clydesdale, 2004; Hasler, 2002; Marcum, 
2020). Examples of such foods include enriched or fortified 
foods, dietary supplements and even conventional foods 

with known bioactive compounds. While the perceived 
healthfulness and quality of such foods is driving market 
growth, the claims of the health benefits of functional foods 
can o�en be hard to substantiate due to insu�icient rigorous 
scientific evaluations (Aggett, 2012; Scrinis, 2008). This 
complicates the development of strong regulatory oversight 
for this food sector, which is necessary as functional foods 
are o�en designed to be consumed by people of all ages, 
sometimes over extended periods of time. 

What are the food safety implications 
to be considered? 

With dietary patterns shi�ing to those that are rich in 
plant-based foods, caution should be taken to prevent 
inadvertent introduction of allergens into diets, for 
instance, by replacing cow�s milk with almond milk. This 
can be particularly challenging for certain age groups, 
infants and children, who need to consume a variety 
of foods to achieve the intake of su�icient amounts of 
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nutrients required for optimum growth and development 
(Protudjer and Mikkelsen, 2020). 

Other common components of plant-based alternatives 
that can cause allergic reactions are legumes (soy, peanut, 
lupine, chickpea etc.), and cereals (wheat, rye, barley etc.). 
Individuals allergic to peas can also be sensitive to peanuts 
due to cross-reactivity among homologous proteins within 
the legume family, such as the vicilin homologues present 
in both pea and peanuts (Taylor et al., 2021; Wensing 
et�al., 2003). While peanuts are known allergens, products 
containing peas can be found marketed as hypoallergenic, 
with pea protein concentrates and pea protein isolates 
o�en added to various foods as a plant-based high-protein 
source.  This can be worrisome for those individuals who 
simultaneously su�er from significant peanut allergy and 
also from cross reactivity to pea allergens. The various 
potential food safety risks associated with plant-based 
alternatives are explored in detail in Chapter 4.3. 

The popularity of Goji berries (Lycium barbarum) as 
functional food (both raw and dried forms) is on the rise 
in North American and European countries, propelled by 
various potential health-promoting benefits. Goji berries 
have been historically consumed in Asia (Ma et al., 2019; 
Potterat, 2010; Ye and Jiang, 2020). Allergic reactions to Goji 
berries have been reported in literature, with lipid transfer 
protein (LTP), a panallergen, described as being responsible 
for cross reactivity as well as sensitization to Goji berries 
(CarnØs et al., 2013; Larramendi et al., 2012; Salcedo et al., 
2004; Uasuf et al., 2020). 

With legalization of Cannabis sativa increasing in 
some regions of the world, there is greater commercial 
availability of food made from C. sativa or hemp 
(Bakowska-Barczak, de Larminat and Kolodziejczyk, 2020). 
There is evidence of contamination by toxigenic fungi 
(Aspergillus sp. and Penicillium sp.), pathogenic bacteria 
(Salmonella sp., Escherichia coli), as well as chemical 
hazards (heavy metals and pesticides) in Cannabis 
raising concerns about the safety of products meant for 
consumption (Montoya et al., 2020). 

Turmeric is a widely used spice, that is also increasingly 
being consumed as a supplement as it can be associated 
with anti-oxidant, anti-inflammatory, and even hepato- 
and nephro-protective properties (Shome et al., 2016). 
However, highly bioavailable forms of curcumin, active 
compound in turmeric, have been linked to several cases 
of hepatotoxicity (Lombardi et al., 2020; Luber et al., 2019). 
Di�erent methods can be used to increase the absorption 
of curcumin, such as by addition of piperine (black pepper) 

or using a nanoparticle-based delivery system (Donelli, 
Antonelli and Firenzuolo, 219; Lombardi et al., 2020; Luber 
et al., 2019; Shome et al., 2016). In addition, adulterants 
added to turmeric can also result in exposure to heavy 
metals such as lead and chromium (Forsyth et al., 2019a; 
Forsyth et al., 2019b). 

Demand for vitamin C (or ascorbic acid) supplements 
have risen dramatically, recently as a reaction to the 
pandemic (Grebow, 2021). This is due to claims that do not 
currently hold merit, such as associating prolonged, high 
vitamin C doses to detoxification of the body, charging of 
the immune system, cold and flu prevention, among others 
(Cerullo et al., 2020). High intake of vitamin C, in excess of 
daily dietary reference values, has been associated with 
increased risk of developing kidney stones, mainly in men 
(Ferraro et al., 2016; Thomas et al., 2013).

More consumers are turning to purchasing their food 
through online portals that link them to restaurants, 
grocery stores or other retail establishments, with the 
pandemic cited as one of the major factors influencing 
this behaviour (Rodriques et al., 2021). The high volume 
of online orders not only adds pressure on the e-order 
fulfilment infrastructure but also requires renewed 
adherence to food safety best practices. There is a rising 
popularity of mail-order food and meal-kits where di�erent 
components of a dish � fresh produce, condiments, 
animal products, and cereals and grains � are packed in 
separate plastic packaging and shipped together in a box 
to the consumer who then prepares the meal according to 
instructions, which are also included in the box. A study 
that looked into the integrity of such home-delivered 
meal kits found a number of issues that raise food safety 
concerns, for instance insu�icient cold-packaging, 
packages le� outside for eight hours or more, crushed 
packages allowing cross-contamination issues between 
meat and ready-to-eat produce, among others. The authors 
also found insu�icient and o�en inaccurate food safety 
information displayed on purveyors� websites suggesting 
that consumers may have di�iculties having access to 
relevant food safety information (Hallman, Senger-Mersich 
and Godwin, 2015). The addition of third-party delivery-
services may further complicate such home-delivery 
systems as traditional shipping companies may not have an 
adequate cold-chain system in place, which can exacerbate 
food safety risks in case of missed or late deliveries. 
Prioritizing temperature considerations for storage, staging 
and delivery, using tamper-proof packaging, maintaining 
safe handling practices and taking steps to reduce 
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nsects have been part of the human diet, in di�erent 
regions of the world, for centuries (Meyer-Rochow, 
1975), as insect-eating habits are not only connected 
to nutrition, but also stem from various socio-cultural 

practices and religious beliefs (FAO, 2013). Edible insects 
are classified under �new food sources� in this publication. 
This is because while they have been consumed in 
specific regions globally, there is currently a rising interest 
in incorporating insect-based products into the wider 
consumer base, including the Western countries where 
insect consumption is not popular. 

Nutritionally, edible insects can be a good source 
of protein, dietary fibre, beneficial fatty acids, and 
micronutrients like iron, zinc, manganese and magnesium. 
However, the nutritional profiles of insects tend to be 
species dependent (Oibiokpa et al., 2018; Rumpold and 
Schlüter, 2013). Selling edible insects that are either farmed 
or collected from the wild can o�er economic opportunities 
to rural communities through livelihood diversification 
(Doberman, Swi� and Field, 2017; FAO, 2013; Imathiu, 
2020). While most edible insects are harvested from the 
wild (Jongema, 2017), large-scale insect farming, for both 
human food and animal feed, is on the rise due to the 
ease of cultivation of insects and growing concerns about 
the environmental impacts of livestock production. While 
life cycle assessments are available for limited few insect 
species, insect farming is generally associated with less 
land and water use, and lower levels of greenhouse gas 
emissions as opposed to conventional livestock farming, 
making it attractive from an environmental sustainability 
standpoint (Doberman, Swi� and Field, 2017; Miglietta et 
al., 2015; Oonincx and de Boer, 2012; Oonincx et al., 2010; 

4.1. Edible insects

I van Huis and Oonincx, 2017). Some of the insect species of 
commercial importance include black soldier flies, yellow 
mealworms, lesser mealworms, crickets, grasshoppers and 
house flies. 

What are 
the food safety implications  
to be considered? 

The benefits this developing sector may bring must be 
weighed against potential challenges, one of which is 
determining possible food safety aspects that may impact 
the health of consumers. As with other foods, edible insects 
can be associated with certain food safety hazards, and a 
thorough assessment of food safety hazards will help to 
establish appropriate standards for the sector. Some of 
the key food safety implications for the production and 
consumption of edible insects have been covered in detail 
in a recent FAO publication entitled Looking at edible 
insects from a food safety perspective. Challenges and 
opportunities for the sector (2021). 

In general, food safety risks associated with edible 
insects depend on the insect species, substrates (or feed) 
for insects used, how they are raised, harvested, processed, 
stored and transported (EFSA Scientific Committee, 2015; 
EFSA NDA Panel, 2021). Insects gathered from the wild 
and consumed raw may carry higher food safety risks 
than those that are raised and processed under controlled 
hygienic conditions (Garofalo et al., 2019; Grabowski and 
Klein, 2017; Stoops et al., 2016). The microbiota of insects 
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ellyfish are marine invertebrates that are 
abundant in both cold and warm ocean 
waters, along coastlines and in deeper waters. 
They belong to the phylum Cnidaria and are 

di�erent from the cephalopods (squids, octopuses, cuttlefish), 
but closely related to corals and sea anemones (Boero, 2013). 

Jellyfish aggregations are a natural feature of a 
healthy marine ecosystem (Gri�in et al., 2019; Hays, 
Doyle and Houghton, 2018) with periodic fluctuations in 
their occurrence and abundance (Condon et al., 2013). 
While there is lack of data to show if the global jellyfish 
population is rising (Condon et al., 2013; Mills, 2001; 
Sanz-Martín et al., 2016), there is a general agreement that 
over the last few decades certain regions have observed a 
significant increase in the number and duration of jellyfish 
blooms6 (Boero, 2013; Brotz et al., 2012; Dong, Liu and 
Keesing, 2010). Around the world some of these blooms 
have been appearing beyond their traditional habitats. 

Conditions brought by climate change � warming 
seas, ocean acidification � as well others such as 
increase in plankton numbers and oxygen depletion 
from eutrophication events can be conducive to these 
population increases and geographic expansions (Boero, 
2013; Mills, 2001; Purcell, Uye and Lo, 2007). Overfishing 
removes top predators (red tuna, swordfish, sea turtles) 
and competitors allowing certain jellyfish populations 
to thrive (Boero, 2013; Purcell, Uye and Lo, 2007). Other 
factors that can potentially be linked to jellyfish blooms 
include introduction of non-native species of jellyfish by 

6	 A jellyfish �bloom� results from a substantial population 
increase within a short time frame.

ships or ocean currents, and proliferation of man-made 
coastal structures (sea walls, oil rigs, docks, o�shore 
windfarms and so on) which act as shaded habitats for 
jellyfish polyps7 (Boero, 2013; Purcell, Uye and Lo, 2007; 
Vodopivec, Peliz and Malej, 2017). 

All over the world jellyfish blooms have been disastrous 
for the fishing and aquaculture industries by clogging nets 
and destroying fish farms (Bosch-Belmar et al., 2021; Dickie, 
2018; Siggins, 2013; Tucker, 2010). They have forced temporary 
closures of power plants in Sweden and Israel (Kiger, 2013; 
Rinat, 2019) and a desalination plant in Oman (Vaidya, 2003) 
by blocking pipes that bring in seawater. Jellyfish blooms 
have also impacted coastal economies and public health by 
swarming popular tourist destinations (Tucker, 2010). 

What is driving the recent interest  
in jelly�sh consumption?
Flourishing jellyfish blooms create a vicious cycle where 
the jellyfish prey on fish eggs and larvae as well as compete 
for the same food source as the fish stock that are already 
a�ected by overfishing (Boero, 2013). Attempts to capture 
and remove jellyfish blooms, together with moving towards 
diversifying sustainable fishing to feed a growing global 
population may necessitate creating commercial markets 
for jellyfish across various global regions (EC, 2019; Petter, 
2017; UN Nutrition; 2021; Youssef, Keller and Spence, 2019). 

While eating jellyfish may strike many as unconventional, 
jellyfish have in fact been consumed in some places of Asia 
as part of the traditional cuisine for generations and are 

7	 Sessile life stage of jellyfish.

4.2. Jelly�sh

J
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valued for their health benefits (Brotz, 2016). The edible 
species tend to be low in carbohydrates and lipids, high 
in protein (mainly represented by collagen) content and 
several minerals (De Domenico et al., 2019; Khong et al., 
2016; Leone et al., 2015). 

While some jellyfish species can be toxic to humans, 
there are others that are safe to consume (Brotz, 2016). 
Jellyfish fisheries can be found in a number of Asian 
countries such as Japan, Malaysia, Republic of Korea, and 
Thailand, with export industries also found in Australia, 
Argentina, Namibia, Bahrain, Nicaragua, Mexico and the 
United States of America, among others (Brotz, 2016; Brotz 
et al., 2017). Though the total marine capture of Rhopilema 
spp. and Stomolophus meleagris (cannonball jellyfish) was 
estimated at approximately 300 000 tons in 2018 (FAO, 
2020), there is no reliable data on comprehensive catch 
statistics for jellyfish. 

What are the food safety implications  
to be considered? 

Like other foods, jellyfish are also associated with some 
food safety hazards which must be taken into consideration 
to drive further development in this sector. 

Microbiological hazards
Fresh jellyfish tend to spoil readily at ambient temperatures 
and therefore they tend to be processed relatively 
quickly a�er capture. This reduces risks associated with 
microbiological contamination. According to studies, no 
foodborne pathogens have been found to be associated 
with jellyfish (Bonaccorsi et al., 2020; Raposo et al., 2018). 
However, research on the diversity of bacterial community 
associated with jellyfish show the presence of potentially 
pathogenic bacterial genera � Vibrio, Mycoplasma, 
Burkholderia and Acinetobacter, among others (Kramar et al., 
2019; Peng et al., 2021). This denotes that jellyfish can serve 
as vectors of pathogenic bacteria implicated in a�ecting 
human health as well as the health of marine animals (Basso 
et al., 2019). In addition, Bleve et al. (2019) reported low 
level of Staphylococci in jellyfish and attributed that to the 
microbial content found in the specific marine environment 
where the jellyfish were collected. 

Chemical hazards
Heavy metals: Bioaccumulation of pollutants from the marine 
environment is an issue of food safety concern in jellyfish. 
Epstein, Templeman and Kingsford (2016) studied the rate of 
uptake and retention of trace metals in Cassiopea maremetens 
and found that metal accumulation in jellyfish began within 
24�hours of exposure to treated water. High concentrations of 
copper were observed, reaching more than 18 percent above 
ambient concentrations (Epstein, Templeman and Kingsford, 
2016). Another study conducted by Muæoz-Vera, Castejón and 
García (2016) assessed the possibility of bioaccumulation of 
various trace and heavy metals (aluminium, titanium, 
chromium, manganese, iron, nickel, copper, zinc, arsenic, 
cadmium and lead) by Rhizostoma pulmo, in the 
Mediterranean coastal lagoon from southeast Spain. The 
bioconcentration of these elements in the jellyfish, in relation 
to seawater metal concentration, was high, especially arsenic 
(Muæoz-Vera, Castejón and García, 2016). This risk underscores 
the importance of carrying out constant monitoring of the 
water where jellyfish are captured or bred. 
Algal toxins: A solitary case of suspected ciguatera 
poisoning a�er ingestion of imported jellyfish has been 
reported in published literature (Zlotnick et al., 1995). 
Further investigations (Cuypers et al., 2006; Cuypers et 
al., 2007) will be needed to explore this potential risk. No 
other reports of intoxication, from marine toxins, upon 
consumption of edible jellyfish was found in literature. 
Allergenic potential: Research shows that people with history 
of allergic reactions to crustaceans, cephalopods and/or fish 
can safely eat jellyfish without any adverse reactions (Amaral 
et al., 2018; Raposo et al., 2018). Most allergic reactions to 
jellyfish consumption have been recorded in people who 
have been previously stung by the invertebrate (Imamura et 
al., 2013; Li et al., 2017). However, there are a few instances 
of anaphylaxis post jellyfish-ingestion recorded in individuals 
with no history of being stung by jellyfish (Okubo et al., 2015). 
The allergens in jellyfish that cause these allergic reactions 
upon consumption are yet to be identified. 
Other chemical hazards from the post-harvest stage:  
A traditional way of processing jellyfish employs a brining 
solution containing alum.8 This process dehydrates the 
jellyfish and decreases the pH, and can extend the shelf-life if 
the jellyfish is kept at a suitable temperature post processing 
(Hsieh, Leong and Rudloe, 2001; Lin et al., 2016). There are 
concerns regarding the amount of aluminium retained in 

8	 Alum refers to salts of aluminium, such as aluminium 
potassium sulphate.





34        

Thinking about the future of food safety – A foresight report

urrently, there is an uptick in 
adoption of plant-based diets, 
as correlated by the rising trends 
of vegetarianism, veganism and 

flexitarianism.9 A variety of reasons � health, environmental 
concerns, animal welfare issues and religious beliefs � are 
mentioned in connection with the adoption and practice 
of plant-based diets (Cramer et al., 2017; SabatØ and Soret, 
2014; Willett et al., 2019). 

A plant-based diet, generally, focuses on the primary 
consumption of foods derived from plants (fruits, 
vegetables, nuts, seeds, legumes and whole grains). But it 
can also include small amounts of foods of animal origin � 
dairy, eggs, meat and fish. Therefore, the term �plant-based 
diet� is quite broad in its connotation. 

The growing trend in adopting plant-based diets 
is propelling advancements (Box 4) in the plant-based 
alternatives industry (McClements and Grossmann, 2021). 
While consumers are reducing their consumption of 
animal-based products due to various reasons, many still 
desire the specific flavour, texture, mouthfeel and feeling 

9	 Flexitarians eat plant-based foods while reducing, but not 
eliminating, meat and other animal products. 

of satiety associated with various animal-derived products. 
This has led to the development of various plant-based 
alternatives that mimic the taste and consuming experience 
of animal-based products (McDermott, 2021). Plant-based 
dairy alternatives, referred to in this report as beverages,10 
and meat alternatives are quite popular and widespread 
in various regions globally, with plant-based alternatives 
for eggs and seafood trailing only somewhat behind in 
development and market penetration. The global retail 
sales for plant-based foods (primarily those of plant-based 
meat alternatives and beverages) are expected to reach 
USD 162 billion by 2030, up from USD 29.4 billion in 2020 
(Elkin, 2021).  

Among the various factors that are driving the growth 
of the plant-based alternatives sector, environmental and 
nutritional aspects are two of the major reasons behind the 
trend. Some of the opportunities and challenges associated 
with the two factors are discussed below. 
	 Environmental aspects: Livestock production is o�en 

critiqued for various negative environmental impacts 
� greenhouse gas emissions, landscape degradation, 
overuse of water supplies, eutrophication potential, 
among others (Eshel et al., 2014). The environmental 
impacts of plant-based alternatives are perceived as 
potentially less resource intensive (Eshel et al., 2019) 
than livestock production. A 2018 study by Poore and 
Nemecek suggested that producing a glass of dairy milk 
requires almost nine times more land and produces three 

10	 Several plant-based �dairy� options are available in this 
space, derived from oats, almonds, hazelnut, rice, hemp, pea 
plants, cashews, potatoes, coconuts and more. 

4.3. Plant-based alternatives

C
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times more greenhouse gases than growing any of the 
plants needed for dairy alternatives. Many popular plant-
based alternatives are derived from legumes, which 
in addition to being nutritious also enrich soil fertility 
through nitrogen fixation.

However, the comparison of environmental impacts 
between livestock and plant-based alternatives may not 
always be as straightforward as are o�en portrayed. For 
instance, life cycle analysis suggests that plant-based meat 
alternatives can have a lower environmental footprint 
when compared to feedlot-finished beef, but higher than 
beef raised in well-managed pastures (van Vliet, Kronberg 
and Provenza, 2020). 
	 Nutritional aspects: According to published literature, 

plant-based diets tend to be associated with higher 
dietary quality and reduced risk for chronic metabolic 
diseases that are commonly linked to consumption of 
animal-based foods (Key et al., 2014; Kim et al., 2019; 
Satija et al., 2016; Tuso et al., 2013). 

However, from a public health perspective there has 
been limited research on the nutritional aspects of plant-
based alternatives. van Vliet et al. (2021) suggests caution 
while categorizing plant-based alternatives as equivalent 
to the corresponding animal-based products. From a 
metabolomics study, they concluded that the animal-
based product (beef) and the plant-based alternative for 
meat are more likely to be complementary, rather than 
interchangeable, in terms of provided nutrients. 

Certain plant-based beverages do not make suitable 
substitutes for animal-derived dairy due to limited nutrient 
diversity (Drewnowski, 2021; Ranga and Raghavan, 2018; 
Rizzo et al., 2016). This incongruity must be taken into 
account for vulnerable populations, for instance, the 
emerging trend of plant-based formula and nutrition 
products for infants and toddlers. In addition, essential 
minerals like iron, zinc, magnesium and calcium may be 
less bioavailable in some of the plant‑based ingredients 
found in the alternatives (Antoine et al., 2021; Gibson, 
Heath and Szymlek-Gay, 2014). Food processing may also 
lead to the loss of certain nutrients and phytochemicals 
found in plant-based foods. These factors necessitate more 
research into the nutritional aspects of such food products.

Certain plant-based meat alternatives contain more salt 
than the meat products that they are formulated to replace 
(Curtain and Grafenauer, 2019; Sha and Xiong, 2020). 
High sodium content is considered to be nutritionally 
undesirable and may predispose individuals, over time, to 
greater risk for cardiovascular issues (WHO, 2020a).

Box 4.  
Exploring 
circular economy 
through 
food upcycling

 
 
 
An estimated 931 million tonnes of food, or 17 percent 
of total food available for consumption in 2019, was 
wasted at the retail, food service and household levels 
(UNEP, 2021). With a staggering 3 billion people unable to 
a�ord a healthy diet (FAO, IFAD, UNICEF, WFP and WHO, 
2020), it is important to tackle the issue of food waste. 
Some companies, especially within the plant-food sector, 
are trying to reduce food waste by �upcycling� low-
valued foods or food-processing by-products, that would 
otherwise not be used for human consumption, to new 
food products.  

Foods that are considered for upcycling tend to be 
those that are surplus, both at an institutional level 
or at a household consumption level, do not meet the 
standards of grocery stores in terms of appearance and 
are by-products formed during production of other 
foods, among others. Some of these food items are 
usually destined for either the compost pile or used 
as animal feed (Zaraska, 2021). Instead, depending on 
the type of food waste collected for upcycling, they 
can get converted into di�erent end-products � protein 
powders, vitamins, jams and jellies, bakery products and 
beverages (Holcomb and Bellmer, 2021; Kateman, 2021). 
Certain economically viable upcycled food products 
are already on the market � whey protein, from cheese 
production, is used in protein powders and health bars, 
and wheat middlings that are le� over from milling are 
added to breakfast cereals to bulk up fiber and other 
nutritional content, among others. 

Upcycling is an emerging area in the food industry. In 
order to develop appropriate guidelines and standards 
for this sector, it is important to understand the food 
safety implications that come with it�  
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eaweeds are macroscopic, 
photosynthetic plant-like organisms 
that fall under three broad groups 
based on their pigmentation: brown 

(Phaeophyta), red (Rhodophyta) and green (Chlorophyta) 
algae. While the majority of brown and red seaweeds are 
strictly marine, the green seaweeds are mainly found in 
freshwater environments (FAO, 2021). 

Seaweeds have long been important providers of 
socioeconomic benefits and contributors to food security 
(Box 5) around the world through diverse food and non-
food applications (FAO, 2021). Though traditionally used 
as food in various countries (for instance, China, Japan 
and the Republic of Korea), seaweeds in Western diets 
have been largely limited to artisanal practices and coastal 
communities, but has gained wider consumer interest in 
recent years, driven in part by the health-food industry 
(Cherry et al., 2019). 

4.4. Seaweeds

S Box 5.  
Livelihood 
diversi�cation  
of �shing 
communities

The fishing community all over the world has started 
to feel the e�ects of overfishing as well as the collapse 
of wild stocks of various commercial fish species like 
cod (Meng, Oremus and Gaines, 2016). In addition, 
climate change related issues � migration of fish species 
towards the poles (Pinsky et al., 2018), oyster cages being 
destroyed due to frequent hurricanes, ocean acidification 
destroying oyster seeds, lobsters moving away from 
coastal areas due to warming seas (Greenhalgh, 2016) 
and many others � are also a�ecting the livelihoods of 
the fishing community. These factors are driving more 
interest in diversifying livelihoods, including cultivation 
of seaweeds which does not require extensive resources 
to set up�  
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Why is seaweed utilization 
gaining interest?
Two key factors are driving the growing interest in seaweed 
utilization: heightened attention to sources of food that are 
nutritious as well as sustainable; and versatility in terms 
of applications of seaweeds in several industries, such as 
pharmaceuticals and cosmetics in addition to food and 
animal feed. Some of these benefits are described below.

Nutritional characteristics
	 Human food and potential health aspects: Nutritionally 

seaweeds consist of minerals (iron, calcium, iodine, 
potassium, selenium) and vitamins, particularly A, C 
and B-12. Seaweeds are also one of the only non-fish 
sources of natural omega-3 long-chain fatty acids. They 
also tend to be high in soluble dietary fibres, and some 
can be good sources of protein (FAO, 2018, Gupta and 
Abu-Ghannam, 2011; Wells et al., 2017). 

	 Certain bioactive components from various seaweed 
species have been suggested to confer properties � anti-
inflammatory, prebiotic, antioxidant, among others 
� that are beneficial to health (Joung et al., 2017; Yun 
et al., 2021). They have also been used as traditional 
medicines in Asia; for example, some have been used 
as vermifuge,13 and to treat iodine deficiency (Ganesan, 
Tiwari and Rajauria, 2019; Liu et al., 2012; Moo-Puc, 
Robledo and Freile-Pelegrin, 2008).

	 Animal Feed: Research has shown that the addition of 
seaweed like Asparagopsis taxiformis to diets of cattle 
can reduce enteric methane emissions drastically (close 
to 80 percent) (Kinley et al., 2020; Roque et al., 2019; 
Roque et al., 2021). Seaweeds can be a sustainable and 
suitable alternative ingredient in both livestock and 
aquaculture feeds considering their nutrient profiles, 
which show species-specific variability (Costa et al., 
2021; Kamunde, Sappal and Melegy, 2019; Makkar et al., 
2016; Morais et al., 2020; Wan et al., 2019). 

Sustainability characteristics
Various varieties of seaweeds not only grow fast, but 
their cultivation also does not require fertilizers, land 
degradation or deforestation. In addition, seaweeds 
provide a number of environmental benefits, some of 
which are described below.
	 Combat ocean acidification � Macroalgae are great 

carbon dioxide sinks (Duarte et al., 2017). It is estimated 

13	 An agent with anti-parasitic activity.

that globally seaweeds sequester approximately 200 
million tonnes of CO2 each year, and when they die, 
much of the trapped carbon gets transported deep 
into the ocean (Krause-Jensen and Duarte, 2016). This 
helps to bu�er against ocean acidification, which is a 
consequence of rising atmospheric CO2 levels. While 
this property presents an opportunity for climate 
change mitigation, the current scale of seaweed growth, 
both from farming and naturally occurring species, is 
insu�icient to support a global role in this endeavour 
(Duarte et al., 2017). 

	 Habitat for fish � The seaweeds can provide refuge for 
various fish species and help to maintain the diversity 
of marine life. Co-culturing (Box 6) seaweed and 
shellfish can capitalize on the potential of seaweeds to 
bu�er against acidification, thereby promoting shell 
calcification of farmed shellfish (FernÆndez, Leal and 
Henríque, 2019). 

	 Prevent eutrophication � In large quantities, nutrients, 
such as nitrogen and phosphorus, from stormwater 
runo�s and point-sources cause toxin-producing algal 
blooms, which have harmful e�ects on both humans 
and animals (Anderson, Gilbert and Burkholder, 
2002; Heisler et al., 2008). Seaweeds can lower the 
concentrations of nitrogen and phosphorus in aquatic 
systems (FAO, 2003) and therefore have potential for 
wastewater treatment. 

	 Reduction of pollutants in the area � Macroalgae can 
accumulate heavy metals from the environment and 
therefore, could act as bio-monitors to measure the 
extent of contamination along coastlines (Morrison, 
Baumann and Stengel, 2008). They can also be 
cultivated to reduce the levels of heavy metals and 
other pollutants, thereby improving the health of 
coastal ecosystems. The seaweeds grown for such 
purposes should not be used for human or animal 
consumption. 

Other noteworthy applications of seaweed include: 
	 Food additives and non-food applications (agar, 

carrageenan, and alginates):
�	 Thickening/emulsifying agents used in numerous 

industries including textile, food and beverage, 
chemical and pharmaceutical, healthcare, and 
paper. 

�	 Alternatives for single use plastics: seaweed extracts 
are being used to make biocompostable packaging 
for food as well as other articles of single use 
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What are the  
food safety implications  
to be considered?

Given that production of seaweeds is expected to increase 
globally (Duarte et al., 2017) to meet the rising demand 
as an alternative source of nutrients, this warrants close 
attention to the various food safety issues that may 
arise. Some of the key food safety hazards that should be 
considered are discussed below. 

Microbiological hazards 
Microbial contamination can occur during growth, 
cultivation, harvest, processing and handling, and storage 
of seaweed. While studies have highlighted that coastal 
seaweeds can act as reservoirs for Vibrio parahaemolyticus 
and Vibrio vulnificus populations, the bacterial species are 
relatively sensitive to heating and drying processes and 
therefore may not survive the food processing systems 
(Mahmud et al., 2006; 2007; 2008). However, because 
seaweed can be consumed raw, microbial risks from such 
marine foodborne pathogens remain pertinent. Potential 
risks arising from spore-forming pathogens (Clostridium 
spp. and Bacillus spp.) are yet to be fully explored. 

Outbreaks of foodborne diseases from seaweed can 
occur if aquaculture farms lack appropriate measures 
to maintain hygiene and sanitation, such as inadequate 
facilities for bathroom and handwashing for employees. 
Location of farms is also important, for instance, if farms 
are in the vicinity of wildlife refuge (Nichols et�al.,�2017). 
Norovirus outbreaks have been linked to seaweed 
consumption in several countries (EFSA, 2017; Kusumi et 
al., 2017; Park et al., 2015; Whitworth, 2019). 

Chemical hazards 
Heavy metals: Seaweeds can bioaccumulate high levels 
of heavy metals like arsenic, lead, cadmium and mercury 
from the aquatic environment (Almela et al., 2006; Chen 
et al., 2018; Karthick et al., 2012; Sartal et al., 2014). These 
heavy metals can come from both anthropogenic activities 
(mining, petrochemical processing, electronics waste, 
municipal waste) and natural causes (volcanic activities). 
Consumers may be exposed to heavy metals present in 
seaweed either through direct consumption or indirectly 
through the food chain, for instance, consuming fish that 
bioaccumulates the metals by feeding on seaweed. There 

are a couple of factors that contribute to the process of 
bioaccumulation: geographical location, especially one 
with close proximity to a contaminated area; time of 
harvest, as younger leaves may not contain as much heavy 
metals as the older leaves; and the intrinsic uptake capacity 
of the seaweed species concerned (Duncan et al., 2014; 
Larrea-Marin et al., 2010).

In seaweeds, arsenic can exist in inorganic forms (AsIII 
and Asv) and in its organic forms (monomethylarsonic acid, 
dimethylarsinic acid, arsenobetaine and arsenocholine) 
(Francesconi et al., 2004; Rose et al., 2007), with the former 
considered to be more toxic (McSheehy et al., 2003). While 
the typical concentration range of As in the oceans range 
between 1�3 �g l-1, the total As content (AsT) in seaweeds 
can be 1�000�50 000 times higher than the surrounding 
water. Members of Phaeophyta tend to accumulate 
more arsenic followed by Rhodophyta and Cholorophyta 
(Ma et al., 2018). There is some evidence to suggest 
that application of seaweed‑based fertilizer to soil may 
gradually increase the amount of organic and inorganic 
arsenic concentrations in the treated soil, triggering food 
safety concerns (Castlehouse et al., 2003). 

A range of concentrations has been reported for 
cadmium in seaweeds intended for human consumption, 
from below the detection limit (0.001 �g/mL) to 9.8 mg/
mL dw (Banach, Hoek-van den Hil and van der Fels-Klerx, 
2020). While cadmium has been found to occur at higher 
levels in red than in brown seaweeds, the case for mercury 
is the opposite (Chen et al., 2018; Banach, Hoek-van den 
Hil and van der Fels-Klerx, 2020). Accumulation of lead in 
brown and green seaweeds was reported by Squadrone et 
al. (2018) from a location with high anthropogenic activity. 
According to Almela et al. (2006), the reported lead levels in 
seaweed range from <0.05 mg/kg to 2.44 mg/kg dry weight. 
The human exposure to lead from seaweed consumption 
can be considered minimal (FSAI, 2020). 

Iodine content: Iodine is an essential mineral for 
mammals and is required for biosynthesis of thyroid 
hormones. While iodine content of seaweeds varies 
considerably by species, many seaweeds can have significant 
bioaccumulation capacity for iodine (Nitschke and Stengel, 
2015; Roleda et al., 2018). This can result in high mineral 
content, sometimes up to 100 times higher than terrestrial 
vegetables (Circuncisªo et al., 2018). They are therefore 
considered iodine-rich foods and depending on volumes 
consumed could cause excessive intake of the mineral, 
posing potential health risks (EC SCF, 2002). Post-processing 
methods can also influence iodine concentrations and 
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hile the world 
begins to understand 
the importance of 
transforming the 

current agrifood systems to be more sustainable and 
environmentally conscious, there is also an increasing 
consumer demand for animal-based food products 
worldwide (FAO, 2018). The intensification of animal 
production may contrast with sustainability objectives, 
resulting in trade-o�s in various environmental aspects, 
food security and animal welfare (FAO, 2020; Henchion et 
al., 2021; OECD and FAO, 2021). New technology presents 
a potential alternative: the production of land and aquatic 
animals without requiring large-scale farming  
and slaughtering.

In 1932, Winston Churchill stated: �We shall escape 
the absurdity of growing a whole chicken in order to eat 
the breast or wing, by growing these parts separately 
under a suitable medium� (Churchill, 1932). A�er decades 
of research and development, the technology has now 
matured, and his idea has become a reality. The production 
can be done via in vitro cultivation of animal cells and 
then processed into products whose composition can 
be equivalent to conventional animal products without 
needing the whole animal (Kadim et al., 2015; Post, 2014).

Since the initial studies in the early 2000s, cell‑based 
food production methodologies have been well 
characterized, meaning they are now ready to move from 
laboratories to production facilities. In 2013, the first beef 
burger produced through this technology was presented to 
the world (Jha, 2013). In December 2020, the first cell‑based 
chicken nuggets were approved by a competent authority 

in Singapore. As of November 2021, there are at least 76 
companies developing similar products around the world 
(Byrne, 2021). Many types of products and commodities 
such as various types of meat, poultry, fish, aquatic 
products, dairy and eggs are in the pipeline for future 
commercialization. 

Terminology and de�nitions
Various terms are currently in use (Box 9), as yet there 
is no internationally harmonized terminology to indicate 
this type of food product or the production process 
(Ong, Choudhury and Naing, 2020). For example, some 
people call meat analogues �cultured�, �cell-based� 
or �cultivated� meat. Product marketers may call it 
�animal‑free�, �clean� or �slaughter-free� meat. For 
the purpose of the present brief, and without setting a 
precedence, the term �cell‑based� is used. Some may 
identify the whole technology as �cellular agriculture� 
or �cell-culturing�. The lack of clear definitions for these 
terms creates the potential for confusion. National 
authorities will be most e�ective if the terminology they 
use is 1) transparently representative of the products; 
2) informative for food labelling, clearly communicating 
to consumers that the products produced through the 
new technology are di�erent from the conventional 
products with which they may already be familiar, but 
also contain the same potential allergens; and 3) neither 
disparaging nor generating consumer reactions (Hallman 
and Hallman, 2020).

4.5. Cell-based food
production

W















5.
Food safety 
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urban spaces
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Innovations in indoor farming techniques, where crops 
can be layered in tiers, are challenging the viewpoint 
of looking at arable land as one of the metrics for food 
security (Galeana-Pizaæa, Couturier and Monsivais-
Huertero, 2018; Park, 2021). Vertical farming and micro-
farming (Beyer, 2019), either with soil or soilless using 
the hydroponic, aeroponic or aquaponic systems, have 
become popular approaches in mainly indoor forms of 
urban agriculture.14,15,16,17 Such farms are pushing the limits 
of innovation, using technology to digitally monitor and 
tightly control environments (temperature, light intensity, 
humidity and nutrient conditions) that allow them to 
grow food all year-round, while avoiding challenges like 
erratic weather patterns and pests (Al-Kodmany; 2018; 
Despommier, 2011). These systems also tend to use less 
water compared to outdoor farms. For instance, water 
used in hydroponic farms can be captured and reused 
rather than being allowed to drain and run-o� into the 
environment. This is especially important in areas where 
water is already scarce and drought conditions are 
exacerbated by climate change (Al-Kodmany, 2018). 

Urban farms, when designed right, can contribute to 
improving food security issues in cities (Corbould, 2013). 
However, there are constraints on the quantity, and 
depending on the agricultural approach, on the diversity of 
food that can be grown within urban areas (Clancy, 2016; 
Costello et al., 2021). A study showed that by dedicating 
every potentially suitable vacant lot to farming, it would 
only satisfy the needs of 160 000 people (erstwhile 
population: 8.1 million) living in New York City, United 
States of America (Ackerman, Dahlgren and Xu, 2013). 

Unlike open farming, some indoor farming setups may 
need pollination to be carried out manually, which can be 
labour intensive and costly. In addition, encroachment of 
expanding cities into the surrounding productive farmlands 

14	 Unlike traditional farming which takes place horizontally, 
vertical farming produces food in vertically stacked layers. The 
setup is commonly integrated inside buildings like skyscrapers, or 
repurposed warehouses and shipping containers, with the latter 
having the potential to be moved around as needed.  
15	 In a hydroponic system, plants are grown in water and chemical 
fertilizers or nutrient solutions without the presence of soil.
16	 In an aeroponic system plants are grown with their 
roots exposed to a nutrient-laden mist environment. https://
modernfarmer.com/2018/07/how-does-aeroponics-work/
17	 In an aquaponic system fish are raised with the fish 
wastewater serving as the water and nutrient source for plants. 
This type of farming can be established in both indoor and outdoor 
environments.

or areas with wildlife will need to be factored in to weigh 
the environmental impacts of sustaining urban food 
production. 

Urban agriculture approaches like vertical farming can 
be energy-intensive, which not only has environmental 
ramifications but can also bring economic uncertainties 
(Love, Uhl and Genello, 2015; The Economist, 2010). Martin 
and Molin (2019) found that electricity demands, growing 
medium, transportation and packaging materials all have 
significant impacts on the environmental sustainability of 
a vertical hydroponic system. Based on their findings by 
replacing coir as the growing medium, using paper pots 
instead of plastic ones, choosing better energy sources 
such as LED lights powered by solar energy can lead 
to reductions in the environmental impacts of vertical 
hydroponic systems. While investing in renewable energy 
sources would help to lower the carbon footprint of such 
systems, there may be other trade-o�s to consider, for 
instance, the price of solar energy, and energy backups that 
may be reliant on fossil fuel, among others. In addition, 
extreme weather events, exacerbated by climate change, 
can cause power supply outages, which can be very 
detrimental to such agricultural systems. 

A community garden.
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contamination �hot-spots� such as heavily tra�icked roads 
(Antisari et al., 2015; Werkenthin, Kluge and Wessolek, 
2014). While it is di�icult to establish a definite quantitative 
relationship between heavy metal content in soil and in 
produce, it has been shown that plants can uptake and 
accumulate heavy metals like lead, cadmium, barium and 
arsenic from the soil (Augustsson et al., 2015; Izquierdo et 
al., 2015; McBride et al., 2014). For instance, rice is known 
to accumulate heavy metals like cadmium and arsenic, 
both in the plant as well as the grain, which increases 
risk of exposure to these chemical hazards (Muehe et al., 
2019; Suriyagoda, Dittert and Lambers, 2018; Zhao and 
Wang, 2020). A study by Brown, Chaney and Hettiarachchi 
(2016) found that lead tends to concentrate mainly in the 
roots implying that root vegetables like carrots, beets and 
potatoes may have a higher concentration of lead than 
produce that is above ground. 

Regardless of former use, soils used for urban farming 
may require testing and if necessary, remediation to lower 
the concentrations of contaminants to an acceptable level. 
However, testing for an array of contaminants is not always 
feasible for urban gardeners. In addition, remediating 
the soil can be a huge challenge as well. Therefore, some 
urban farmers tend to remove the old soil, add compost or 
other regulated soil amendments like biosolids to �dilute� 
out any heavy metals in the soil, or they sometimes apply 
phosphate-based fertilizers to reduce bioavailability 
(Wortman and Lovell, 2013). Sometimes an impermeable 
barrier is placed on the ground and new soil is added on 
top. In addition, erecting suitable barriers between urban 
farms and busy roadways are also advised as a means to 
keep produce safe from contamination issues. 

Other chemical hazards: The warmer microclimates 
usually found in urban areas (or urban heat island e�ect) 
can provide ideal habitats for certain pests (Meineke et 
al., 2013) prompting growers in open-air urban farms 
to use higher doses of pesticides to protect their farms. 
There is currently a lack of studies on the identification 
and quantification of pesticide residues found in fresh 
produce grown in urban farms. Overuse of pesticides in 
the urban environment (from urban farms and general use 
in residential areas � lawn, turf and home gardens) not 
only impacts human health through the food chain but 
also a�ects the biodiversity in the area and the aquatic 
ecosystem when the chemicals find their way into the 
surrounding waterbodies (Me�aul et al., 2020). Many 
municipalities around the world have regulations to control 
pesticide applications in urban areas with close proximity 

to residential locations. Additionally, indiscriminate use of 
fertilizer or compost application may pollute surface water 
or storm run-o� with excessive quantities of nitrogen and 
phosphorus, which can potentially exacerbate conditions 
leading toxic algal blooms in the waterbodies in or near 
the cities (Wielemaker et al., 2019). However, it must be 
pointed out that the potential for eutrophication and algal 
blooms is not unique to urban agriculture. Due to high 
anthropogenic activity, microplastics can be pervasive 
in urban environments, soil and atmosphere as well as 
waterbodies (Evangeliou et al., 2020; Qiu et al., 2020). 
However, the impact of this pollutant on urban farming and 
subsequently on human health is still unclear (Fakour et al., 
2021; Lim, 2021). 

Certain green leafy vegetables like lettuce can be a 
source of high levels of dietary inorganic nitrates and can 
pose possible health risks (EFSA, 2008; FAO and WHO, 2002; 
Quijano et al., 2017). Application of excessive nitrogen-
based fertilizers is one of the major ways nitrates can 
accumulate in produce (Fewtrell, 2004). However, Jokinen 
et al. (2022) found that soilless cultivation methods like 
hydroponic systems have a potential to serve as functional 
mechanisms to control nitrate content in green leafy 
vegetables through application of glycinebetaine to the 
roots of the plants. 
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