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We are dependent on fertilizers:; prices have increased and are
expected to do so for another two vears

Uneven distribution of nutrient stocks

n 90% of phosphorus (P) reserves are concentrated in five countries, while over half of the
potassium (K) is found in three countries.

Social factors change the global outlook

The high concentration of minerals, coupled with the war conflicts, leading to an acute energy
and fertilizer crisis.

Supply shortages triggering price hikes and risking farmers

Sanctions and supply cuts in Russia and Belarus are leaving about 40% of the world's potassium
supply out of the market, leading to shortages and rising prices. Energy plays an important role.
Reduced natural gas restricts the fertilizer industry, leading to supply shortages, especially

of nitrogen.
% Higher prices leading to soil nutrient crisis
//’ According to the Commodity Price Outlook report, fertilizer prices were 70% higher in 2022 than in
2021, and the World Bank forecasts that high fertilizer prices could remain in place for up to two
more years, putting farmers at risk. v
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Additional challenges in P-fertilizers

Approximately half of the world’s agricultural lands are low in P

2N
4

We are mining

To Bow our crops, we have dug
up about 22 x 102 g P from
geological phosphate reserves
to produce fertilizers.

We have been doing that every
year for more than 50 years,
quadrupling the environmental
flow of P.

The P used in fertilizers is
obtained from rock phosphate,
which is a non-renewable
resource that should be
efficiently used

s

P reserves
are
voncentrated

phosphate rock we need
to produce fertilizers are
limited and concentrated
in less than 10 countries

N

There is no
replacement

Unlike nitrogen,
phosphorus cannot be
pulled from the air and,
unlike the carbon in our
energy system, there is
no known replacement

We are
wasting P

80 % of phosphorus mined in
2005 was used in fertilizer, but
only 17 % made it to the fork
(or chopstick). The largest loss
— around 46 %— was directly
from farms through soil
leaching and erosion.

30-40% of food produced is
spoiled or wasted, and this
wastes around 1 million t P/yr



Where does Cd come from?

Cd can be released into the Atmospheric
environment through Qdegoos't'ob Q)
natural activities (erosion, _(.D
' * E 3 D)
C;ﬁ;;aﬁinasci?gféya)nadnd * oo  Significant sources in industrialized
' areas
above all, through . S . Incineration of municipal wastes
phosphate fertilizers, which * Non-ferrous metal production, Fe and
can cause pollution. @@@ steel production _
Volcanic ¢ Combustion of fossil fuels contribute Cd
eruption

~

Forest Air pollution to the air
fires

Land application of

sewage sludge Mineral
fertilizers

Average concentrations of Cd in non-polluted soils are between
0.06 to 1.1 mg/g, with a minimum of 0.01 and a maximum of
2.7 mg/g (Kabata-Pendias and Pendias, 1992)



Quality issue: potential content of heavy metals

Cd persistence in the environment and its uptake and accumulation in the food chain make

Cd a public health concern.

 Cadmium (Cd) is a relatively rare metal in nature
and belongs to the group of "heavy metals"

* Cdis the third most dangerous pollutant to the
environment after mercury (Hg) and lead (Pb).

« It is biopersistent and, once absorbed by an
organism, can remain in it for many years.

* The United States Environmental Protection
Agency (US EPA, 2021) and the International
Agency for Research on Cancer (IARC2021)
classify Cd as a human carcinogen due to its
ability to accumulate in the body and cause
serious and permanent damage.

Table 18.7
SOURCES AND HEALTH EFFECTS OF SELECTED INORGANIC SoOIL POLLUTANTS
Organisms
principally
Chemical Major uses and sources of soil contamination harmed®  Human health effects
Arsenic Pesticides, plant desiccants, animal feed additives, H A FB Cumulative poison, cancer,
coal and petroleumn, mine tailings, detergents, and skin lesions
irrigation watec
Cadmium Electroplating, pigments, plastic stabilizers, batteries, H, A, F B, P Heart and kidney disease,
and phosphate fertilizers bone embrittlement
hromium Stainless steel, chrome-plated metals, pigments, H, A, F‘E Mutagenic; also essential
refactany bick manufactice_and leather tanning nuttient
Copper Mine tailings, fly ash, fertilizers, windblown FP Rare; mental problems,
copper-containing dust, and water pipes fatigue; essential nutrient
Lead Combustion of oll, gasoline, and coal; lead-acid H A F rain damage, convulsions
batteries; iron and steel production; solder in
water-pipes; paint pigments
Mercury Pesticides, catalysts for synthetic polymers, H A FB Nerve damage
metallurgy, and thermometers; from coal burning
Nickel Combustion of coal, gasoline, and oil; alloy EP Lung cancer
manufacture; electroplating; batteries; and mining
Selenium High Se geological formations and irrigation H A FB Defarmities; essential nutrient
wastewater in which Se is concentrated
Zinc Galvanized iron and steel, alloys, batteries, brass, FP Rare; essential nutrient

rubber manufacture, mining, and old tires

®H = humans, A = animals, F = fish, B = birds, P = plants.

—
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Why do fertilizers contain Cd?

Oxigin Cadmium content (mg pexr kg P205)
IGNEOUS (1) (2) (3)
Kola (Russia) < 13 0.3 6.25
Phalaborwa (South Africa) < 13 0.1 @.38
SEDIMENTARY
Florida (USA) 23 19.8 - 32.7 24
Joxdan < 30 12.01.28 18
Khouribga (Morocco) LI 17 - 63 55
Syria 52 13 - 46 22
Algeria &0 42 - 62.6
Egypt 74
Bu-Cra (Morocco) 1o 191 - 115 o7
Nahal Zin (Isiael) 160 Bl - 112 61
Youssoufia (Morocco) 121 164.7 120
Gafsa (Tunisia) 137 a4 173
Togo 162 164 - 179 147
Morth Carolima (USA) 166 125 120
Taiba (Senegal) 203 165 — 186.6 221
Nauxu 243
Sources: (1) Dovister (1996); (2) Botschek and Van Balken (1999); (3) Demandt {1999).

Compared with non-phosphate
containing rock, sedimentary
phosphate rock deposits are

about 69 times more enriched

with Cd.

Table: Cadmium contents of main commercial P rocks
according to different sources



The effects of
cadmium on
health and the
environment

The main effect of Cd on human
health is kidney disease, and
although other adverse effects
have been reported
(e.g. pulmonary, cardiovascular,
and musculoskeletal systems)

'y

Effects of Cadmium and other
heavy metals on human body

Cadmium @N
bioaccumulationin | L *

food ofanimal origin

Cadmium
absorption by

cropsand |
bioaccumulation '
in edible parts

,/ \ Phosphorus fertilizer aplication

| tosoils, bioaccumulation
of Cadmium in soils

Altered metabolism
and reproductive
hormone levels,
~ | reducedthyroid
Ve hormones, altered
growth requlator
signaling

)
N

Cadmium
bioaccumulation
in human

body Pulmonary

. emphysema, asthma,

{1 chemical pneumonia,

. lung cancer,
mesothelioma

Kidneys

\ Use of
| phosphorus

fertilizers Renal tubular

dysfunction, kidney
weight changes,
progressive
nephropathy, chronic
inflammation, kidney
cancer

Bones
and joint

Comn

Productlon of
phosphorus

/ \‘ | fertilizers

; "—*:\‘ Mining of phosphorus sore
) |andstewardsh|poflocai
| resources and communities

Impaired bones
development, slow
growth, changesin
metabolism of calcium
and bone formation,
osteomalasia, bone
cancer




Sources and methods for analyzing Cd content

Sampling, sample handling

Mineral :
SOURCE EI;/Inz:inure fertilizers anq sa_mple preparation play
S

nnnnnnnnnnnnnn

The accuracy of obtained result is strongly

related to chemist’s decision in choosing
FRACTION  the proper and most suitable analysis
method. So, the question is, what is the

most suitable method?

EXTRACTIO
N

wetvoos | he different methods for recovering

metals from fertilizers produce highly
CoNCENTRATIC ygriable results for a same sample, making Letonery e

DETERMINATIO comparisons difficult.



How can INFA and INSOP contribute to monitoring and

reducing the contamination and health problems
associated to certain sources of mineral P-fertilizers?
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First INSOP-INFA meeting on fertilizer quality

assessment

28th February 2023

209 participants
joined virtually to the
INSOP-INFA meeting
on fertilizer quality
assessment

51 % INSOP
49 % INFA

1%

NA

3 participants
2 Countries

16%

LAC

11 participants

5% 6 Countries
30 participants
1 4% 15 Countries
Eurasia
Europe
54 participants
o 18 Countries
5 10 participants 26 /0
5 /0 7 Countries
Asia .
2% 4 participants
34 participants N ENA 2 Countries
17 Countries
Africa Pacific
63 participants
(0]
30 /0 26 Countries
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The proposed areas of collaboration are

A joint collaboration with INFA will address
important gaps and, in 2023 will work together

towards achieving the following tasks:

e |dentifying the main fertilizer sources to W ——
: JJ\JSJH INER
\ # joint work on fertilizer

quality assessment
meeting

be analyzed
e |dentifying the most frequently used

methods

e Optimizing and harmonizing of standard
operating procedure (SOP) for the analytical
evaluation of heavy metal content in
phosphate fertilizers

e Raising awareness on the importance of o=
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d organic fertilizers and recycled nutrient



Second INSOP-INFA meetin

on fertili guality assessment

4 participant
’ 1 5% 3 Countries
Eurasia
20/ 5 participants
Y 1 Country E e
NA

32 participants
14 Countries

13 participants
5 Countries

\ 76 participants
26% 16 Countries

Asia

1%

1st June 2023 ‘
297 participants

joined virtually to the 16%
INSOP-INFA meeting

on cadmium SOP
harmonization

2%

5 participants
Countries

48 participants NENA

17 Countries
Pacific
25(y 74 participants
(0}

24 Countries

LAC

31 % INSOP
20 % INFA

49 % GLOSOLAN Africa
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69 laboratories from 49 countries completed the template for collating
information on the methods for Cd content analysis in soils and
fertilizers

E G u} E F [ H | J K L il i) [} P o] 5 S T
wAysTS
. . Sieve . Chemical Catalyst - type Cost of
Latin Americ Fertilizer name or . Sample preparation size for Sa'!‘p'e Equipment Manufactur Catalyst Is Valume ar_ld Fleat_:_lenl anmgf:a‘lan [Digestio - _ analysis | Heference materials | Qu
and the Country Fertilizer form d lusis weight | wused for Reagents Used f Is he | cOncentration | s weight| ding time Analysis time [min] s d
Caribbea type procedure analy la] analys ers tor addi——| oo of reagents [ la] [min) I?'_ use [
- - - - - [mn - - + | Reagen - - g - - - w |destill; - - dollar{ + -
Pacific Australia Compost and Sails Ary Farm Ory 105°C thenring 0.4|IEPMS Agua reqgia (FHCL; HNO3F) approved Mone WE 20ml Digestion | 120min alement wariety 150
MG oW ave
EmlIHCI[3d4-36 digestion, | Digestion (70 min),
Europe and Air drving for samples sieved ICPOES, 212 ml HMO3 (67- ICPOES: Measurement (abaut 3-6
Central Asiz Austria Soilz zolid through 2 mm sieve 2mm 0,5]ICFMS Agua regia (6 mIHCL: 2ml HNOS) W' Mo e B30 ICPMS min per sample] Prijfstelle 150
Digestion, Gowernment
EOH. olume and arganization
Merck.Fizher filter and Approx. 3US
or other thentaking |Digestion will be continued | dolar and LE
Imarganic and Organic equivalznt 10 mllper sampls the reading |until the clear digestion private 6 LS with
Asziz Eiangladesh Fertilizer soid Druing at 105°C € and Grinding | Zmm 2q ALS Mitric: Acid manufacturers |MNo [l and 65 HNO3 [l 30 minutes in A4S, farmed. dolar, CRM Ber
Latin America
and the Scharlau. Microw ave
Caribbean Eirzzil Sail only zalid (2 mm] drying at 40 C Zmm 0.5g ICP-0ES HMOE, H202, HEL Sigma 10ml digestion US$ 0 27112 Mantana sail (NIST) | Lak
far total
Mitroger;
Spectropho
tometer for
total
Digester bloc; Phosphoru It depends on
distillation =z and the
unit; Mized Bg Hramic parameters
Spectrophot [CwS04.5 Absorption bt an
ometer and Hz0)+ fFar Heawy average of 5
Sioilz, plants and Air drying far samples sieved Aromic 9dg and leaght USD0 per
Akrica Céite d'lvoire fertilizer Any farm through 2 mm sieve 2 mm 0.3g absorption Sulfuric Acid 35> [K2504) 113 mlH2504 353 elements sample “es ‘ez
- /'.
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Matrix type

Agreed to:

Fertilizers - Develop and harmonize the SOP on Cd
. Soils determination in mineral fertilizers and soils.

Inorganic
Mineral -
Organic

36% multi-nutrient fertilizers (NPK)

Mineral fertilizers:

triple superphosphate (TSP)
rock phosphate fertilizers.

Responses

A11% s
. Soils & fertilizers Che™ s
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COLLECTIVE ACTION TOWARDS

ZERO POLLUTION

Methods for extraction

Some form of digestion
Block digestion

Closed digestion

Digestion

Digestion on plate

Hot block extraction and AAS (or MP-AES
determination)

Hot block digestion

Microwave

Titration, digestion, and weighting

Other methods

Dry analysis (no reagents used)
Flux

Filtration

Drying, weighing

1<'Meeting of the International Network on Soil Pollution (INSOP) | 13-15 JUNE, 2023

Develop the SOP with two widely
used extraction methods: open
and microwave digestion.
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Equipment for Cd
determination

AAS .
. - Develop the SOP with two

comprehensive used
equipment: ICP and AAS.

81 . ICP

Responses

Analytical balance
. Other methods FAAS/GAAS

Graphite atomic absorbance spectroscopy
MPAES

44% Portable XRF

uv

Flame

EE



Methods
selected for
harmonization

Cd content

CHANNELLING
COLLECTIVE ACTION TOWARDS
ZERO POLLUTION

Data sheets developed
to simplify data
capture of method

SOP draft
development
and review
(internal and
external)

Publication

Data sheets

distributed to and
filled out by INFA-
222 INSOP-GLOSOLAN

mnembers

Harmonization into
centralized
database
e -
=== =
LLlLl ¢ ¢ ¢

and adoption

by labs

6
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Advantages for harmonization

* Provides a standardized and robust procedure to laboratories
* Procedure works to produce both accurate and precise results

* Ensures results are comparable between laboratories

* Improves fertilizer analysis at a global level
* Improves resultant decision making

* Capacity building for developing nations
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Harmonization
process

INSOP-INFA-GLOSOLAN
teamwork

5 experts agreed to
create a team to help
develop the SOP for
determining Cd levels in
fertilizers and soils




W Food and Agriculture
M Organization of the
United Nations

Thank you
for your
attention

COLLECTIVE ACTION TOWARDS

ZERO POLLUTION

-

GLOBAL SOIL

Vinisa.saynessantillan@fao.org



Permited limits in soils and fertilizers

Table 3. Limits for Cd in P fertilizers in several countries exoressed as Cd:P ratio. Cd:P+0: or concentration of Cd in the

_ Because fertilization increases the risk of Cd transfer to
the food chain, some governments have imposed limits

- restricting the Cd content of P fertilizers.

P20

However, it is variable or not defined in different countries

Regardless limits in the different regions it is necessary
to quantify and monitor the heavy metal content

with standardized methods

Austria 75 mg Cd'kg P-Os 275
Belgium 90 mg Cd’kg P05 206
Denmark 110
Netherlands 40
Finland 21.5 mg Cd/kg P»0s 49
Sweden 43 mg Cd'kg P,Os 100

120
90
48.0
17.5
21:5
437

54
40.5
Zl.6
8
9.7
19.7

Cd classification as a human carcinogen goes back to the 1990s.
The European Union adopted Regulation (EU) 2019/1009, limiting Cd

content in phosphate fertilizers at 60 mg/kg.

Roberts,
2014
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