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Rationale

Critical concepts: 
Food Security vs Soil 
Security

Soil pollution is a growing 
threat to food safety



Food Security: a major societal challenge that depends on Soil Security 
(Soil Functions)

4https://doi.org/10.1016/j.geoderma.2013.08.013
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Food Security 
The quantity, quality 
and accessibility of food is 
affected by having a functioning 
soil available to produce food (1 
& 2) and avoid contamination (2)

https://doi.org/10.1016/j.geoderma.2013.08.013
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Food Security 
The quantity, quality 
and accessibility of food is 
affected by having a functioning 
soil available to produce food (1 
& 2) and avoid contamination (2)

Soil Security 
Is anchored to these six global societal 
challenges through the seven soil 
functions, which are:

(1) biomass production
(2) storing, filtering & transforming of 
nutrients, substances and water
(3) biodiversity pool
(4) physical & cultural environment
(5) source of raw materials
(6) acting as a carbon pool
(7) archive of geological & cultural 
heritage

https://doi.org/10.1016/j.geoderma.2013.08.013



7https://www.fao.org/3/ax374e/ax374e.pdf
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9https://doi.org/10.1016/j.gfs.2013.05.002

The five dimensions of FOOD SECURITY

(1) food sufficiency (quantity)

(2) nutrient adequacy (quality)

(3) cultural acceptability

(4) safety

(5) certainty and stability

How good we are?



10https://www.fao.org/global-soil-partnership/about/why-the-partnership/en/
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“Soils are under increasing pressure of intensification and competing uses 
for cropping, forestry, pasture and urbanization. The demands of a 

growing population for food, feed and fibre are estimated to result in a 
60 percent increase by 2050. These pressures combined with 

unsustainable land uses and management practices, as well as climate 
extremes, cause land degradation. Soil preservation and sustainable land 
management have therefore become essential for reversing the trend of 
soil degradation and ensuring food security and a sustainable future.”



Soil contamination

12https://openknowledge.fao.org/server/api/core/bitstreams/68f57bce-b094-4f53-9aee-a8ce24af8cb9/content

• The increase in toxic compounds
(heavy metals, pesticides, etc.) in 
soils affects human health and/or
the provision of soil ecosystem
services. 

• Soil contamination can reduce 
food security by decreasing
agricultural yields and rendering
crops unsafe for consumption.

• The three main pathways for
diffuse soil pollution are 
atmospheric deposition, 
agriculture, and flooding.



13https://openknowledge.fao.org/server/api/core/bitstreams/68f57bce-b094-4f53-9aee-a8ce24af8cb9/content



14https://openknowledge.fao.org/bitstreams/ef256f1a-6775-4ea2-8880-f310105feadc/download

Is Soil Pollution a threat to Food Security? The case of “heavy metals”



Potentially toxic 

elements (PTEs) in 

agroecosystems

Sources

Fate (availability, mobility)

Transfer into food web / 

humans
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Soil Pollution as a threat to Food Security

https://doi.org/10.4060/cb4827en

The case of “heavy metals” or “trace 
elements” or “potentially toxic elements”
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Systematic categorization of major soil contaminants

https://doi.org/10.4060/cb4894en
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Potentially toxic element (PTE) sources in soil ecosystems

https://doi.org/10.1016/j.envint.2019.105046
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Contaminants in soils: routes of entrance

https://doi.org/10.4060/cb4894en
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Contaminants in soils: fate

https://doi.org/10.4060/cb4894en
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Chemical behaviors of selected PTEs in soils

https://doi.org/10.1016/j.envint.2019.105046

• Arsenic (As): Oxidation states: +3, +5; Sorption: Mainly sorbed to Fe(oxy)hydroxides through inner-sphere bidentate 

and monodentate surface complexes; Speciation: In natural waters, soils, and sediments, the As species of interest are 
arsenate oxyanions, As(V); arsenite oxyanions, As(III); monomethylarsonic acid, As(III); and dimethylarsinic acid, As(I). 
However, under natural environmental conditions, arsenic exists mainly in two species, arsenite (As (III)), which is mainly 
present under anaerobic conditions and arsenate (As(V)), which is mainly present under aerobic conditions; Others: 
Shares chemical similarity with P; therefore, phosphates increase As mobility in soils.

• Cadmium (Cd): Sorption: Forms inner-sphere complexes on surfaces, bound to organic matter (OM) at pH < 6.5 and 

to Fe oxides at pH > 6.5. Forms complexes with inorganic ligands or dissolved OM.  Association with soil components: A 
great part of Cd is bound to humic acid. Cadmium carbonates might be found as a major Cd species in some soils, 
whereas a small amount of Cd sulfide might be found in other soils; Mobility and bioavailability: Cd is highly mobile and 
thus is readily available for plant uptake. It has a long biological half-life in the human body (15–20 yrs); Others: Forms 
precipitates in reduced soils containing S as CdS (solubility <0.1 μg/L).

• Chromium (Cr): Oxidation states: +3, +6; Geochemical fractions: Residual and crystalline Fe oxide fractions are the 

Cr dominant fractions in most soils; Speciation: Can exist in several oxidation states ranging from the metallic form, Cr(0), 
to Cr(VI). The most stable oxidation states of Cr in the environment are Cr(III) and Cr(VI). The insoluble Cr(OH)3 or Cr(III) is 
sorbed to soil colloids; Cr(H2O)3

6+ in strongly acidic soils. Cr(VI) is typically associated with oxygen as CrO4
2− and Cr2O7

2−; 
Others: Cr(III) is less mobile and less toxic than Cr(VI) and is mainly found bound to OM.



22https://doi.org/10.4060/cb4894en

Contaminants’ 
transfer into the 
terrestrial food web 
from the soil to 
pastures and crops, 
which are ingested by 
wildlife, livestock and 
humans, and from the 
soil to invertebrates, 
ingested by birds and 
poultry and
ultimately transferred 
to humans



23https://doi.org/10.4060/cb4894en

Main effects of
soil
contaminants
on human 
health, 
indicating the
organs or
systems affected
and the
contaminants
causing them

/

organs affected by PTEs



Brazil as a showcase

Ensuring food security in a 
tropical agroecosystem 
while promoting sustainable 
agricultural practices and 
judicious fertilizer 
management
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Our great challenge: how to feed - with QUALITY and SAFETY -
nearly 10 billion people in 2050?

www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf

Brazil – and other
Tropical Countries – are 

crucial to SOLVE this
PROBLEM!!!

Nature, 446:554-556, 2010



26

Brazil: The land of the 4Fs...

Food Feed Fiber Fuel

For that, we need another F, which is Fertilizer
(Plant nutrients…)
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Brazil: Tropical country (weathered soils)

Many soil fertility constraints, e.g., high 
phosphorus (P) adsorption capacity, but…

Nutrient
availability

… Good edaphic conditions overall

Edaphic
conditions
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Brazil: Tropical country (weathered soils)

Many soil fertility constraints, e.g., high 
phosphorus (P) adsorption capacity, but…

Nutrient
availability

… Good edaphic conditions overall

Edaphic
conditionsWith Adequate Nutrient Management

(4R's of nutrient stewardship) 
we contribute a lot to

Global Food Security



29https://sprpn.org/issue-brief/furthering-4r-nutrient-stewardship/

The 4R's of nutrient stewardship

•Right fertilizer source, at the
•Right rate, at the
•Right time, and in the
•Right place
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Highly P Fixing Soils + Adequate P Fertilization = High Yields!

Cerrado soil with 0.4 mg P/dm3 (Mehlich 1) 
and 60% clay

No P ...
... no plant!!!
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Highly P Fixing Soils + Adequate P Fertilization = High Yields!

Cerrado soil with 0.4 mg P/dm3 (Mehlich 1) 
and 60% clay

No P ...
... no plant!!!

One concern: could P fertilizers be a source of PTEs? 
(let’s see some examples...)



Highlights

► Cadmium (Cd) contents 
in potato and soybean in 
Brazil were studied. 

► Cd content in potato varied 
among cultivars and areas, 
remained mainly in peel.
► Cd content in soybean 
independent of the cropping 
system.
► Cd in studied crops is 
within Codex Alimentarius limits, 
and not a risk to human health.
► Cd in crops in soils with high rate 
of P fertilization not a risk to human 
health.

32https://doi.org/10.1016/j.jfca.2012.05.001

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/codex-alimentarius
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Highlights
►We investigated arsenic, 
cadmium and lead contents in 
major crops in Brazil (rice, 
wheat, corn, soybeans, and 
potatoes).
► Arsenic and cadmium 
content in wheat varied 
among accessions.
► Trace elements contents 
for the studied crops do not 
pose a risk to human health.

https://doi.org/10.1016/j.jfca.2014.08.004
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Highlights
► Phosphate fertilizers may 
represent sources of 
potentially toxic elements for 
agriculture.
► High-Cd P fertilizers 
increase Cd in xylem sap and 
its transfer from soil to plant 
tissues.
► Using low-Cd P fertilizers 
reduces Cd 
accumulation/transfer into 
the food chain.
► Potato crops have a high 
potential to accumulate Cd 
from P fertilizers.

https://doi.org/10.1016/j.envres.2024.120171



Final Remarks



36foodsecurityindex.eiu.com/Home/Methodology

Global Food Security Index: 
Components of the Food Security Index



37

Global Food Security Index: Brazil (2022) 

foodsecurityindex.eiu.com/Country
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Global Food Security Index: Brazil (2022) 

foodsecurityindex.eiu.com/Country
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Global Food Security Index: Brazil
Score 2022 & Variation from 2012 to 2022

https://impact.economist.com/sustainability/project/food-security-index/explore-countries/brazil

Worst indicator: supply chain infrastructure (item 2.6)
Best indicators: nutritional standards and food safety (items 3.2 and 3.5)



40https://www.fao.org/about/meetings/global-symposium-on-soil-pollution/en/ & https://www.fao.org/3/ca0362en/CA0362EN.pdf 

Is Soil Pollution a threat to Food Security?
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Is Soil Pollution a threat to Food Security?
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Is Soil Pollution a threat to Food Security?
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Is Soil Pollution a threat to Food Security?
“From the perspective of 
achieving the SDGs, the 
prevention of soil pollution and 
the minimization and 
remediation of former pollution 
were identified as a priority due 
to the serious implications of 
this threat, not only for the 
health of our soils but especially 
for human health, water and air 
quality, food safety and the 
conservation of ecosystems.”
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