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

Uneven distribution of nutrient stocks
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.



To grow our crops, we have dug 
up about 22 × 1012 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

We are mining 
P

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

P reserves 
are 
concentrated Unlike nitrogen, 

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

There is no 
replacement

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

We are 
wasting P

Additional challenges in P-fertilizers
Approximately half of the world’s agricultural lands are low in P



Where does Cd come from?

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)

• Significant sources in industrialized 
areas

• Incineration of municipal wastes
• Non-ferrous metal production, Fe and 

steel production 
• Combustion of fossil fuels contribute Cd 

to the air

Atmospheric 
deposition 

Forest 
fires

Volcanic 
eruption
s

Soil erosion

Air pollution

Land application of 
sewage sludge 

Manure 
and 
compost

Mineral 
fertilizers

Cd can be released into the 
environment through 
natural activities (erosion, 
river transport, and 
volcanic activity) and, 
above all, through 
phosphate fertilizers, which 
can cause pollution.



Quality issue: potential content of heavy metals

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

• Cd is 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.

Cd persistence in the environment and its uptake and accumulation in the food chain make 
Cd a public health concern.



Why do fertilizers contain Cd?

Cadmium occurs naturally as a contaminant in all phosphate rock, 
but the concentrations vary considerably depending on the origin of 
the material. 

Igneous rock or apatite has low concentrations of Cd (often less 
than 1 mg per kg P2O5). Sedimentary rock, which accounts for 85-
90% of world production, contains Cd in concentrations ranging from 
20 to 200 mg per kg P2O5. 

During the manufacture of phosphate fertilizers, these 
impurities are incorporated with the phosphates in the final 
product.

Different types of phosphate rocks have different levels of Cd. Rocks 
with low Cd content will always generate products with low Cd content. Table: Cadmium contents of main commercial P rocks 

according to different sources

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

about 69 times more enriched 
with Cd.



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)



Sources and methods for analyzing Cd content

Manure 
and 
compost

SOURCE
S

EXTRACTIO
N 
METHODS

CONCENTRATIO
N 
DETERMINATIO
N

Mineral 
fertilizers

FRACTION
Total concentration Available fraction

Sampling, sample handling 
and sample preparation play 
a significant role

The fraction that can 
be absorbed by plants

Helpful indicator that 
shows if a sample has 
high or low 
concentrations

Acid digestion in an open system 
where metals are extracted under 
heating (hot plate) in the presence of 
concentrated HCl. 

Microwave-assisted digestion using  
hydrochloric and nitric acids 

Inductively coupled plasma- 
mass spectrometry (ICP-MS)

Atomic absorption 
spectrometry (AAS)

Inductively coupled plasma- 
optical emission spectrometry 
(ICP-OES)

X-ray 
fluorescence 
spectrometry 

(XRF)

The accuracy of obtained result is strongly 
related to chemist’s decision in choosing 
the proper and most suitable analysis 
method. So, the question is, what is the 
most suitable method?

The different methods for recovering 
metals from fertilizers produce highly 
variable results for a same sample, making 
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?



Africa

30%

Asia

26%

Eurasia

5%

Europe

14%

LAC

16%
NENA

5%
NA
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Pacific
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28th February 2023

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

  3 participants
   2 Countries

  34 participants
  17 Countries

  30 participants
  15 Countries

  10 participants
  7 Countries

  63 participants
  26 Countries

  11 participants
  6 Countries

  54 participants
 18 Countries

  4 participants
2 Countries

51 % INSOP
49 % INFA

First INSOP-INFA meeting on fertilizer quality 
assessment



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:

 Identifying the main fertilizer sources to 

be analyzed

 Identifying the most frequently used 

methods

 Optimizing and harmonizing of standard 

operating procedure (SOP) for the analytical 

evaluation of heavy metal content in 

phosphate fertilizers

 Raising awareness on the importance of 

environmental and health safety of mineral 

and organic fertilizers and recycled nutrient 

sources



Africa

25%

Asia

26%

Eurasia

4%

Europe

15%
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1st June 2023

297 participants 
joined virtually to the 
INSOP-INFA meeting 
on cadmium SOP 
harmonization
 

  5 participants
   1 Country

  48 participants
  17 Countries

  44 participants
  23 Countries

  32 participants
  14 Countries

  74 participants
  24 Countries

  13 participants
  5 Countries

  76 participants
 16 Countries

  5 participants
4 Countries

31 % INSOP
20 % INFA
49 % GLOSOLAN

Second INSOP-INFA meeting on fertilizer quality assessment



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



Agreed to:

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

- Mineral fertilizers: 

multi-nutrient fertilizers (NPK)

triple superphosphate (TSP)

rock phosphate fertilizers. 



- Develop the SOP with two widely 
used extraction methods: open 
and microwave digestion.



- Develop the SOP with two 
comprehensive used 
equipment: ICP and AAS.



1
Methods 
selected for 
harmonization 

2
Data sheets developed 
to simplify data 
capture of method 
specifics

Data sheets 
distributed to and 
filled out by INFA-
INSOP-GLOSOLAN 
members

3

4
Harmonization into 
centralized 
database

SOP draft 
development 
and review 
(internal and 
external)

5

Publication
and adoption 
by labs

6

Cd content



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



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



Thank you 
for your 
attention

Vinisa.saynessantillan@fao.org



Permited limits in soils and fertilizers

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.

Because fertilization increases the risk of Cd transfer to 
the food chain, some governments have imposed limits 
restricting the Cd content of P fertilizers. 

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 

Roberts, 
2014
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