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Food Security: a major societal challenge that depends on Soil Security
(Soil Functions) ' 4

Food Security

T he quantity., guality

and accessibility of food is
affected by having -
functioning soil available to
produce Tood (1 & 2) and
avoid contamination (2)

Energy
Security

The use of plants Tor energy

Water Security T 1

Soil acts for the provision of 1 >

clean water and its storage (2) 1) =) production (e.g. ethanol) is not

as well as filter MiMiMmMising thhe ' I Aalways symnergistic with fTood

contamination of water = production and sustainable

ways and maintaining its abini Soil 1) water resource use (1 & 2) but

to produce food and protect (2) - S1iM is essential
Security )

biodiversity (1 & 3).
Is anchored to these six global sociaetal

challenges through the seven soll
functions, which are;

(1) Hiomass production

(2) Storing. Tiltering & transforming of
nutrients, & water

(3) bilodiversity pool

(2) physical & cultural environment

{S) source of ravw materials
:_-;; acting as = camlogi pool . . Ecosystem
- arc (=L ca cuaa wura ~
Climate Change reritage - Service
Soil ia ide T  §
Abatement caEv et aerviees (1250
7)) thhat contributes 1o "Soil as

Natwural Capital whiich is also
fornmuilated by natural stocks
and eocosyslfernmn goods. This
approach enables a soif
(Tfinarncial) saccowunt 1o be

Carbon and nutrients are
seguestered in soll and in
Planmts that the soil supports,
reduoucing the release of
greenhouse gases (1, & 6).

T T 1
&) (1) )

The of M) r a = -
R B b Biodiversity D S SR Sty
major concern (S) Protection

Soil is the habitat for thhe
largest gene pool and
diversity of species (3).
which enables the recycling
of waste and prowvision of
Nnutrients affeclting food,
water security (1 & 2).

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




Food Security: a major societal challenge that depends on Soil Security
(Soil Functions) ' 4
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Food Security: a major societal challenge that depends on Soil Security O
(Soil Functions) ' 4
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The five dimensions of FOOD SECURITY [ 4

(1) food sufficiency (quantity)

(2) nutrient adequacy (quality)

(3) cultural acceptability

(5) certainty and stability

https://doi.org/10.1016/j.gfs.2013.05.002
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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 ensurmg food securlty and a sustainable future.”
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Soil contamination

r 4

(G rmmionsr v Soil contamination

United Nations

Increase in toxic compounds
affects human health and/or the

The three major pathways for
diffuse soil contamination are
atmospheric deposition,
agriculture and flood events.

security by decreasing crop yields
and rendering crops unsafe for
consumption.

In Europe
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Soil contamination can reduce food

(heavy metals, pesticides, etc. in soils

provision of soil ecosystem services.

f

AU

)

Y, “"‘

World
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2016

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

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



wro T °
E Europe and Eurasia f(’ e -ty ’
.f ‘~ ,‘ et
~ :— X
. %

America

Near East and
North Africa

SSA

sub-Saharan Africa

LAC .
Latin America Southwest
and the Caribbean Pacific 5
, P
@« ® ®
Soil contamination

Condition @ e Trend
SRocKs . _ o . Y
N N N Imp;é;/ing Dete;iérating Varfa;Ble St»azribrle

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



o
Is Soil Pollution a threat to Food Security? The case of “heavy metals” ' 4
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Potentially toxic
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Soil Pollution as a threat to Food Security

.- ~ GLOBAL
3 ASSESSMENT_ .
% EXTOPS0IL
PO_LLUTION

The case of “heavy metals” or “trace
elements” or “potentially toxic elements”

| Trace elements?

The term “trace elements” refers to a group of ubiquitous
clements that normally occur at very low levels in the
environment and which can be toxic to organisms. Trace
clements include |heagf metalsl(that 1s, those metals with
high atomic mass) such as lead (Pb), [cadmium (Cd)}
cobalt (Co), copper (Cu), mercury (Hg),
tin (Sn). nickel (Ni1) and zinc (Zn). Non-metals|that are

regarded as trace elements includ
(Sb) and selenium (Se).

antimony

https://doi.org/10.4060/cb4827en



Systematic categorization of major soil contaminants

I INORGANIC I I ORGANIC I

METAL/ I NON-METAL I I HALOGENATED I I NON-HALOGENATED I
METALLOID

cvanides chloroform DDT ethane benzene
ammonium PFC PCBs toluene
copper sulfur PBDEs ethyl-benzene
zinc xvilene
PAHS

arsenic

https://doi.org/10.4060/cb4894en



Potentially toxic element (PTE) sources in soil ecosystems

Eventually

deposit on
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Soil parent materials
(igneous &
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https://doi.org/10.1016/j.envint.2019.105046



Contaminants in soils: routes of entrance

Incorporation into soil
through tilling and
agricultural practices

-
td
rd

- o

Application of
sewvvage sludge

‘o
and compost -% soil _ . .
AN - , ingestion Erosion by - Sailimeanparation
»~ and leaching
i ) >~ through wi . anzs @d S
et S a0

Road runoff
_\‘(‘incl. tire debris)

Trophic _%«."\.
transfer <

- Y
Ingestion

. __

lateral tra W

vertical
transport

Erosion - ’ _ =
by wind ®-=_ : -

—-
-
o= -

-Atmospheric - _
Physical and deposition
chemical
degradation and v

fragmentation _ = d

—

Overbank
deposntlon
flooding

Transport to
rnarine‘realrn

{7
.
A 4
Burial by

successive
floods

INncorporation
into fluvial
“~.sediments

A

Percolation into
groundwvater

Incorporation
into soil
aggregates

Burial

https://doi.org/10.4060/cb4894en



Contaminants in soils: fate

There are nine major processes
thatdetermine the fate
of contaminants in soils

Free transport
and diffusion

Absorption/
biodegradation

Physical
occlusion

NelgsiilelaVi
desorption

Abiotic
degradation

lon exchange Volatilization

Redox
processes

Precipitation

https://doi.org/10.4060/cb4894en 20



@
Chemical behaviors of selected PTEs in soils [ 4

e 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(lll); monomethylarsonic acid, As(lll); and dimethylarsinic acid, As(l).
However, under natural environmental conditions, arsenic exists mainly in two species, arsenite (As (l11)), 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.

e 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 pg/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(lll) and Cr(VI). The insoluble Cr(OH); or Cr(lll) is
sorbed to soil colloids; Cr(H,0),°* in strongly acidic soils. Cr(VI) is typically associated with oxygen as CrO,?~ and Cr,0,%;
Others: Cr(lll) is less mobile and less toxic than Cr(VI) and is mainly found bound to OM.

https://doi.org/10.1016/j.envint.2019.105046
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Lead, manganese, mercury, tin, PBEDEs, PAHs, PCBs
Neurodevelopmentalimpairment, reduction of

° Brain intelligence quotient, behavioural disorder,
a I n e ec S o I Parkinson-type syndrome, headache

® I BTEX, lead, PFAS, PCBs

Lvmp ? Altered immune response, reduced response
nodes ﬁ%& to vaccines in children

Cadmium, PCBs, PBDEsS
Altered metabolism and reproductive hormone

® N
co nta m I n a nts — Levels, reduced thyroid hormmones, altered growvth

Heart and Benzene, lead, mercury, organochlorine
cardiovascular pesticides, PAHs, PFAS, PCBs, microplastics
Hypertension, haemolysis, anaemia, cardiovascular

O n h l I m a n systemn disease, elevated leucocyte count, leukaemia
Arsenic, asbestos, cadmium, chromium,

Lungs @ Q copper, mercury, radon
Pulmonary emphysema, asthma, chemical pneumonia,
Lung cancer, mesothelioma
Nitrogen and ionizing radiation
(] | ° ° | \ e Stomach cancer
I I C t I g t Phthalates, PCBs
Parncreas CD Altered insulin metabolism and adipogenesis, diabetes
O rga n S O r D'_I:‘lT._,‘cli\romium, copper, mercury, PAHs, PCBs, PFAS,
§ phthalates
Liver C?: Increased cholesterol levels, liver cancer, elevated hepatic
enzyme levels, necrosis
svstems arrecte T
= Renal tubular dysfunction, kidney vweight changes,
progressive nephropathy, chronic inflarmmation, kidnewy
| I cancer
a I l t e Intestines Nausea, vomiting, diarrhea, cancer of gastrointestinal
system, abdominal pain and cramping
°
contaminants Arsenic, tead
Eladder Cancerofurinary bladder, urinary changes
. tI l

Arsenic, copper, lead, mercury, tin, microplastics, POPs

Antimony, asbestos, lead, manganese, phthalates,
PBDEs, PCBs, PFAS

Testicular atrophy, early menopause, reduced testosterone
reproductive alterations, decreased libido, impotence,
sexual dysfunction, endometriosis, hormonal cancers
(breast, prostate, testes), infertility, ovarny cancer

Reproductive
system

Cadmium, lead, PCBs, radium and its decay products
Bones Impaired bones development, slovw growwth, changesin
and joint metabolism of calcium and bone formation, osteomalasia
bone cancer

organs affected by PTEs

Arsenic, chromium, PAHsS, PCBs

Hvperkeratosis, hvperpigmentation, hypopigmentation,
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https://doi.org/10.4060/cb4894en



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 20507

HIGH-LEVEL
EX P ERT
F O R U M

Rome 12-13 October 2009

NEWS FEATURE FOOD

Global agriculture towards 2050

THE CHALLENGE

Agriculture in the 21st century faces.
multiple challenges: it has to produce more
food and fibre 1o feed & growing population
with & smaller rural labour force, more
feadstocks for a potentially huge bicenargy
market, contribute to overall development in
the many agriculture-dependant developing
countres, adopt more efficient and
sustainable production methods and adapt

to climate change.

FOOD DEMAND AND PRODUCTION
World population is expected to grow by
over a third, or 2.3 bilion people, between
2009 and 2050. This is a much slower rate
of growth than the one seen in the past four
decades during which it grew by 3.3 billon
pecple, or more than 90 percent. Nearly all
of this growth is forecast to take place in
the developing countries. Among the latter
group, sub-Saharan Alrica’s population
would grow the fastest (+114 percent) and
East and Southeast Asia's the siowsst

(+13 psrcent). Urbanization is foreseen to

et Ua at an accelorating pace with urban
areas 10 account for 70 percent of world
population in 2050 (up from 49 percent

al present) and rural population, after
peaking sometime in the next decade,

actually declining.

At the same time, per capita Incormes in
2050 are projected to be a multiple of
today's levels, Thers is a consansus amondg

analysts that recent trends whereby the
economies of developing countries have
been growing significantly faster that the
developed ones is likely 1o continue in the
future. Relative inequality in per capita
incomes would be reduced considerably
by 2050, Howsver, absolute diffsrences
would remain pronounced and could even
increase further, given the current huge
gaps in absolute per capita incomes.
Moreover, inter-country and inter-regional
inequalities within the present-day
developing world would tend to become
more pronounced.

The projacted global aconomic growth
of about 2.9 percent annually would lead

ta a significant reduction or even near

Population growth

elimination of absolute “economic” poverty
in the developing countries (persons ving
on less than USS1.25/day in 2006 prices).
Neverthelass, even in 2050 the world will
still be far from solving the problem of
economic deprivation and malnutrition

of significant parts of the population: the
US$1.26/day poverty line is simply too
law. On less stingent eriteria, deprivation
and undemutrtion will remain widespraad,

though significantly less than today,

These trends mean that markst demand
for food would continue to grow. Demand
for cereals, for bath food and animal foed
uses is projected to reach some 3 bilion
tonnes by 2060, up from today's nearly
2.1 billion tonnes. The advent of biofuels

Other
Devslaping

Brazil — and other
Tropical Countries — are
crucial to SOLVE this
PROBLEM!!!

Nature, 446:554-556, 2010

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




Fuel

For that, we need another F, which is Fertilizer
(Plant nutrients...)




Brazil: Tropical country (weathered soils) " 4

wpo ... Good edaphic conditions overall
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Brazil: Tropical country (weathered soils) " 4

wpe ... Good edaphic conditions overall
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The 4R's of nutrient stewardship

soil health

circularity

nutrient .y
use z ~ae

efficiency
nutrition

livelihoods
food

productivity security

Source Rate

)

Time Place

*Right fertilizer source, at the
*Right rate, at the

*Right time, and in the

*Right place

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



Highly P Fixing Soils + Adequate P Fertilization = High Yields!

“k

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

30



Highly P Fixing Soils + Adequate P Fertilization = High Yields!

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

Cerrado siI with 0.4 mg P/dm3 (Mehlich 1)

and 60% clay |
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Cadmium in potato and soybeans: Do among cultivars and areas,
phosphate fertilization and soil remained mainly in peel.

1 le? » Cd content in soybean
management systems play a role: independent of the cropping
Ana Paula Branco Corguinha ® &, Veridiana Cardozo Goncalves “ X | SyStem .

Guilherme Amaral de Souza &=, Willian Eduardo Amaral de Lima &, Evanise Silva Penido “ & | > Cd in Studied CrOpS iS
Cesar Augusto Brasil Pereira Pinto b i | Eros Artur Bohac Francisco * X |

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

https://doi.org/10.1016/j.jfca.2012.05.001 A Get rights and content h
ealth.

Luiz Roberto Guimardes Guilherme @ & =

Show more v

+ Add to Mendeley o Share %9 Cite

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


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/codex-alimentarius

- 4
» | P e
Journal of Food Composition and Analysis £ y 4
Volume 37, February 2015, Pages 143-150 ' ‘i 8

Highlights

» We investigated arsenic,
SriginatResearen Artice , , cadmium and lead contents in
Assessing arsenic, cadmium, and lead major crops in Brazil (rice,
contents in major crops in Brazil for food wheat, corn, soybeans, and

safety purposes potatoes).
P Arsenic and cadmium

Ana Paula Branco Corguinha ® & | Guilherme Amaral de Souza “ X,

Veridiana Cardoso Goncalves &, Camila de Andrade Carvalho &, Content In Wheat Va rled

Willian Eduardo Amaral de Lima @&, Fdbio Aurélio Dias Martins P&, a mong accessionS.

Celso Hideto Yamanaka &, Eros Artur Bohac Francisco d 2

Luiz Roberto Guimardes Guilherme ¢ & = > Trace elements contents
for the studied crops do not
pose a risk to human health.

Show more v

+ Add to Mendeley < Share 99 Cite

https://doi.org/10.1016/j.jfca.2014.08.004 A Get rights and conte

https://doi.org/10.1016/j.jfca.2014.08.004



et
P ki) Environmental Research

e,

_“"‘ ' ‘ Volume 263, Part 2, 15 December 2024, 120171
- ELSEVIER

=
environmental

Arsenic, cadmium, and chromium

concentrations in contrasting phosphate
fertilizers and their bioaccumulation by

crops: Towards a green label?

Mariana Rocha de Carvalho &= | Thiago Adorno de Almeida b

Gustavo Avelar Zorgdrager Van Opbergen P&, Fdbio Henrique Alves Bispo ? X, Livia Botelho P &

, Alexandre Boari de Lima b & | Paulo Eduardo Ribeiro Marchiori &,

Luiz Roberto Guimardes Guilherme ©? & X

Show more v

+ Add to Mendeley < Share 99 Cite

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

Get rights and content

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.
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Global Food Security Index: °
Components of the Food Security Index ! 4

Affordability

Measures the ability of consumers to purchase food, their vulnerability to price shocks and the presence of programmes and
policies to support customers when shocks occur.

Availability

mMeasures the sufficiency of the national food supply, the risk of supply disruption, national capacity to disseminate food and
research efforts to expand agricultural ocutput.

Quality and

Measures the wvariety and

Brial quality of average diets, as well as th{ safety of food.

Natural Resources and Resilience

Assesses a country's exposure to the impacts of climate change; its susceptibility to natural resource risks; and how the
country is adapting to these risks.

foodsecurityindex.eiu.com/Home/Methodology 36




Global Food Security Index: Brazil (2022) " 4

Score
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Global Food Security Index: Brazil (2022) " 4
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Global Food Security Index: Brazil °
Score 2022 & Variation from 2012 to 2022 [ 4

anre JAN
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and access policy 47.5
commitments

Worst indicator: supply chain infrastructure (item 2.6)
Best indicators: nutritional standards and food safety (items 3.2 and 3.5)
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https://impact.economist.com/sustainability/project/food-security-index/explore-countries/brazil




Is Soil Pollution a threat to Food Security?

e

Soil pollution
affects the food
we eat, the water
we drink, the air
we breathe, our
health and the
health of all the
organisms in the
planet.

GLOBAL SYNPODSIUM
ON SOIL
POLLUTION

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



. Soils act as a filter and r
buffer for contaminants

2 but its potential to

. cope is finite. If soil
capacity is exceeded ]
contaminants can seep
into other parts of the

ST R environment, including

BRI R the food chain.
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GLOBAL SYNPOSIUM
ON SOIL
POLLUTION

https://www.fao.org/about/meetings/global-symposium-on-soil-pollution/en/ & https://www.fao.org/3/ca0362en/CA0362EN. pdf 41
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Soil pollution affects

food security by !
reducing crop yields
and quality.Without
healthy soils we
wouldn't be able to
produce our food and
achieve #ZeroHunger.
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https://www.fao.org/about/meetings/global-symposium-on-soil-pollution/en/ & https://www.fao.org/3/ca0362en/CA0362EN. pdf 42



Actions to he taken now:
promote sustainable

agricultural practices S
and ask governments to {jﬁr'd
develop policies to KAF ;)

prevent and control soil "“Luf
pollution.
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by! . TION

GLOBAL SYNPOSIUM
/ oN SOIL
. l ' ‘ // POLLUTION
I

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



“From the perspective of
achieving the SDGs, the
prevention of soil pollution and
the minimization and B
remediation of former pollution R b e
were identified as a priority due ERIEERIRCICIRIIE

promote sustainable

to the serious implications of agricultural practices
' and ask gov_er.nments to
this threat, not only for the develop policies to

prevent and control soil

health of our soils but especially LUl
for human health, water and air
% quality, food safety and the

conservation of ecosystems.”
1' ' ‘ ,. / ” l l;W, ” POLLUTION

https://www.fao.org/about/meetings/global-symposium-on-soil-pollution/en/ & https://www.fao.org/3/ca0362e
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