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Dear friends, colleagues, partners!

As one of the world's leading 
phosphate-based fertilizer producers, 
PhosAgro is committed to increasing the 
transparency of the fertilizer production and 
supply chain to end consumers. The reliable 
chemical composition of mineral fertilizers is 
a key consideration when consumers, 
including farmers, choose fertilizers.

This is particularly important when it comes to 
the absence of toxic substances, such as 
cadmium, in mineral fertilizers in 
concentrations that are harmful to human 
health and soils.

PhosAgro Group follows the European 
Commission's official instructions on the use 

of voluntary eco-labelling of fertilizers that do 
not contain concentrations of cadmium that 
are hazardous to human health and soils. 
According to the European Commission 
instructions, fertilizers with a reference low 
cadmium content of less than 20 mg/kg 
P₂O₅ are allocated to a special pure group
of mineral fertilizers and will be marked with 
a special symbol on the packaging. This is
a direct implementation of the Regulation (EU) 
2019/1009 provisions regulating 
agrochemicals requirements in agriculture,  
that bans the circulation of mineral fertilizers 
with cadmium content above 60 mg/kg P₂O₅ 
in the EU from 16 July 2022, and in July 2026 
the European Commission will consider further 
stiffening the requirements for this limit.

This will allow producers of fertilizers, such as 
PhosAgro, to inform consumers about their 
eco-efficiency. Unique in its purity apatite 
concentrate from the Murmansk Region is 
the basis for PhosAgro's phosphate and 
compound fertilizers and sets the necessary 
benchmark quality, which is supported by the 
ISO 9001 quality management system and 
corporate standards for fertilizer production. 
This factor is a prerequisite for the 
transition to a new platform of sustainable 
agriculture and food systems with 
affordable food with improved 
characteristics. 

The legislative and regulatory framework for 
such a transition has already been 
established in the Russian Federation. Since 
March 2020, cadmium content in mineral 
fertilizers is regulated by GOST R 
58658-2019 'Agricultural products, raw 
materials and food with improved 
characteristics. Mineral fertilizer. General 
specifications,' which imposes the world's 
most stringent limits for heavy metals and 
arsenic content. 

The cadmium concentration limit of the 
improved mineral fertilizers authorised for 
sale in Russia in accordance with the said 

In front of you is a succinct and versatile material on heavy metals 
and their negative impact on soils as one of the most important 
components of the environment, as well as on humans and animals. 
You will find the answers to a number of general and specific 
questions, such as what causes various heavy metals concentrations, 
including cadmium recognised as carcinogenic by the World Health 
Organisation (WHO), in mineral fertilizers.

GOST is limited to 20 mg/kg P₂O₅. Thus, the 
limits for fertilizers with improved 
characteristics are stricter than the 
mandatory European limits and meet the EU 
requirements for voluntary eco-labelling. 

GOST R 58658-2019 is part of a package of 
the first six national standards that set 
requirements for the production, transport, 
storage and labelling of agricultural 
products, raw materials and foodstuffs with 
improved characteristics under the national 
brand of 'Green One' products. The relevant 
bill has been drafted on the instructions of 
the President of the Russian Federation 
Vladimir Putin and adopted in the first 
reading on 17 March 2021 by the State 
Duma of the Federal Assembly of the Russian 
Federation.

In 2021, all of PhosAgro's mineral fertilizer 
production facilities were certified for 
compliance with the Russian national 
standard GOST R 58658-2019. This confirms 
the unique eco-efficiency of the company's 
products, which will now be able to be 
labelled 'green ones.'
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1.1  What are heavy metals?
The quality of the environment – i.e., soil, air, surface water and 
groundwater, etc. – plays a significant role in food production. 

The safety of agricultural products depends on the composition of the 
soil, which should be free of substances that are harmful to humans.
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The levels of different metals can have an impact on soil 
pollution. Heavy metals are defined as those elements that 
have high atomic weights and/or a high density.
They include1, 2: 

Sb  сурьма
Te  теллур
Bi  висмут
Sn  олово
Tl  таллий
Au  золото
Cd  кадмий
As  мышьяк
Cr  хром 
Pb  свинец 
Hg ртуть
U уран
Ce церий 
Ga  галлий
Co кобальт
Cu  медь
Ni  никель
Fe  железо
Mn  марганец
Pt платина
Ag  серебро
V  ванадий
Zn  цинк

Many of the heavy metals are essential microelements 
for plants, animals and humans

More toxic
for higher animals
and humans

More toxic
for plants

Sb antimony
Te tellurium
Bi bismuth
Sn stannic
Tl thallium
Au gold
Cd cadmium
As  arsenic
Cr  chromium 
Pb  lead 
Hg mercury
U uranium
Ce cerium
Ga  gallium
Co cobalt
Cu  copper
Ni  nickel
Fe  iron
Mn  manganese
Pt platinum
Ag  silver
V  vanadium
Zn  zinc



Heavy metal content must be monitored 
and regulated during all stages of the 
production cycle, from mining to the 
application of mineral fertilizers

An abundant element in 
the Earth’s crust

Chromium

Due to anthropogenic pollution, 
the topsoil tends to have higher 
levels of chromium, which, 
in significant amounts, has a toxic 
effect on farm animals and 
humans.

Chromium occurs in the 
environment primarily in two 
valence states, trivalent chromium 
(Cr III) and hexavalent chromium 
(Cr VI). It used to be believed that 
both plants and humans need 
chromium. However, recent 
studies have cast doubt on this 
idea4.

Recent research on laboratory 
animals showed that Cr (VI) causes 
different forms of cancer of the 
digestive system5.

Russia and EU countries have 
established strict standards 
for chromium (VI) content 
in fertilizers.

Humans have been using arsenic 
as a poison for centuries.
Humans have been using arsenic 
as a poison for centuries.

Arsenic

Continuous exposure to arsenic 
causes skin damage, neuralgia and 
anaemia as well as skin, lung and 
bladder cancer3. 

Arsenic can be found in phosphate 
ore used to produce fertilizers. Arsenic 
content in fertilizers depends on its 
concentration in phosphate rock
and sulphuric acid.

Rigid oversight of processed 
chemical feedstock and strict 
regulation of arsenic content
in mineral fertilizers will prevent
the contamination of soils, natural 
waters and agricultural products.

Very toxic 
and carcinogenic

Cadmium

Cadmium accumulates in the 
human body throughout
an individual’s entire life and has
a negative effect on their health.

Phosphate-based fertilizers are one 
source of cadmium in soils. 
Phosphate rock, used for 
phosphate-based mineral fertilizers, 
can contain different amounts
of cadmium.

Reducing cadmium content
in mineral fertilizers helps 
preserve the agricultural 
ecosystem and grow safe plant 
products.

A radioactive element that is naturally present in practically 
all soils and rocks. 

Uranium

Because of impurities in phosphate 
ores, some phosphate-based fertilizers 
remain the basic source of farmland 
contamination by uranium. The 
long-term application of 
uranium-containing fertilizers can 
considerably increase the uranium 
content in soils. Soil is enriched by 
uranium depending on the application 
rate of phosphate-based fertilizers, 
soil type and climate conditions.
 

All uranium isotopes are radioactive. 238U is the 
longest-lasting, with a half-life of 4.5 billion years, 
and accounts for more than 99% of all naturally 
occurring uranium. A large proportion of uranium
is concentrated in sedimentary rocks.

Heavy metals occur in soils 
in very low concentrations 
without disrupting
the ecosystem balance.

But in higher 
concentrations, heavy 
metals and their 
compounds, being 
accumulated in the human 
body, can cause diseases.

How can heavy metals 
enter a living organism?

Heavy metals are the most toxic elements 
to higher animals and humans

They are present in large 
amounts in phosphate ores 
at some deposits

They pass into 
phosphate-based 
fertilizers

They enter the soil 
and then enter plants

They enter animal 
and human organisms 
through the food chain 

Cd As Cr U

Scientific research has proven the 
negative consequences for animals 
and humans of consuming uranium 
in food and water. Both uranium’s 
chemical toxicity and its radioactivity 
can affect human and animal health.

In this case, it is the chemical toxicity 
that is assumed to be the major 
hazard to human health6 .

Did you know that...
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Cd

AsCr

U

1.2  How do heavy metals 
     enter the human body? 

Drinking water

Atmospheric precipitation
and irrigation water 

Geochemical background

Fertilizers and pesticides

Consumers

Natural content of heavy metal in soils

with high levels of heavy metal are 
major sources of soil contamination.

Heavy metals in concentrations that are 
harmful to human health can enter food 
products

Heavy metals appear in raw plant material when 
agricultural crops are grown on contaminated soils

Cd
AsCr

U

Soil

Plant-based food

Feedstuffs

Heavy metals enter the digestive system 
of farm animals when they are fed with 
contaminated forage

Animal products

Plants
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It is important to apply fertilizers with lower levels of heavy 
metals such as chromium, cadmium, arsenic and uranium.
This will help to produce food that is safe for humans and
to reduce health risks



Human 
organism

GroundwaterContaminated 
soils

The intensity of soil 
respiration is reduced 
with an increase in the 
input of heavy metals

These sources are related to anthropogenic pollution 
of the environment (in addition to industry, transport, etc.)

Agricultural

11 22 44 5533

Phosphate-based 
fertilizers

Organic 
fertilizers

Plant protection 
products

Chemical soil 
ameliorants

Contaminated 
irrigation water

1.3  Sources of heavy metals 
in soil

Please refer to 
the next spread

Natural
Soils’ inheritance of naturally 
high levels of heavy metals 
from parent rocks

Phosphate rock has a wide 
range of heavy metal 
content, and fertilizers 
derived from phosphate 
rock affect the 
accumulation of heavy 
metals in soils in different 
ways (for details about 
fertilizer production, please 
refer to Chapter 2).

Heavy metals enter the 
soil with manure and 
other organic fertilizers, 
especially those produced 
on the basis of sewage 
sludge.

Organic fertilizers 
are the main 
source of arsenic 
in soils

Some pesticides 
contain heavy metals 
(mainly mercury, 
copper and iron).

Heavy metals can enter 
soils during irrigation 
with contaminated 
water.

Limestone and gypsum are 
sedimentary rocks; when 
using lime and gypsum, it is 
necessary to account for 
the input of heavy metals 
with these soil ameliorants.

Phosphogypsum can be a 
significant source of heavy 
metal in soils if the raw 
phosphate rock has 
significant heavy metal 
content.

Fertilizers can be responsible for up 
to 80%–90% of crop yields.

A vital task of all crop specialists and 
ecologists is to identify mineral fertiliz-
ers contaminated with heavy metals 
and to replace them with more envi-
ronmentally friendly analogues.

Due to its buffering properties, soil holds heavy metals. 
Due to leaching, however, heavy metals can reach 
groundwater.

The high migration capacity of uranium in the form 
of uranyl (UO22+) has been established. This means that 
uranium supplied with phosphate-based fertilizers 
enters surface waters, groundwaters and finally the 
world’s oceans6 via leaching and runoff from arable soils.

It has been proven that the 
application of PhosAgro’s 
phosphogypsum is environmentally 
safe for the chemical amelioration 
of alkaline soils and as a soil 
conditioner

Maximum allowable concentrations (MAC) and approximate 
allowable concentrations (AAC) for some elements (in Russia,
for example) are used as regulatory standards. In some cases, soils 
can be contaminated with several heavy metals at the same time, 
and this is why special approaches to the integrated assessment
of soil contamination are being developed.

Regulatory standards for 
heavy metal contamination in soil

How do heavy metals enter 
groundwater from the soil?

As
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Agricultural

Contamination sources:

Natural Altai
Naturally occurring high levels of arsenic
in Altai’s topsoils16 are another example
of natural contamination of soils by heavy 
metals.Ireland, Greece

Naturally occurring high levels
of cadmium in soils are typical for some 
regions of Ireland13 and Greece.

Europe
In 5.5% of soil samples, the concentrations
of cadmium extracted using strong acids 
exceeded the threshold value14. 

Peru 
Cadmium content in soils where cocoa 
trees are grown depends on erosional 
processes and the supply of cadmium 
from parent rock materials9. 

New Zealand
The accumulation of uranium in four 
types of soils in New Zealand over 
approximately 40 years amounted to 
1.30 mg/kg, and this accretion was related 
to the use of phosphate-based fertilizers18. 

Sri Lanka
The occurrence of chronic kidney disease is 
associated with the passage of uranium 
from phosphate-based fertilizers into 
groundwater used for drinking purposes15.

Uzbekistan
It was found that the continuous 
application of phosphate-based fertilizers 
can result not only in the accumulation
of uranium in soils but also in its being 
passed to plants17.USA

An elevated risk of the development of 
cancer in the state of South Carolina
is associated with high levels
of consumption of drinking water from 
underground sources with a higher 
concentration of uranium12.

Canada
Use of monoammonium phosphate (MAP) 
with high levels of cadmium (≥ 134.6 mg
Cd / kg P2O5) in elevated doses
of phosphorous ≥ 92 kg Р2О5 / ha for seven 
years in the Canadian Prairies resulted
in a noticeable increase in the concentration 
of this heavy metal in the wheat grain.
The use of fertilizers with lower levels
of cadmium (0.8 mg Cd / kg Р2О5) did not 
have any negative consequences7, 8.

Russia

Canada

USA

1.4  Global research: 
Sources of heavy metal 
contamination in soil

Germany
Uranium, supplied together with 
phosphate-based fertilizers, has been found 
in drinking water sources6.Denmark

In 1989, Denmark introduced a limit on cadmium 
content in phosphate-based fertilizers: 48 mg Cd / kg 
P2O5. By the early 2000s, its input into soils had 
decreased by about 90%10.

In forage crop rotation, waste from livestock and 
poultry farming is widely used, resulting in the entry 
into soils through organic fertilizers of 0.5–1.0 g/ha 
Cd, 1.4–9.4 g/ha As, and 13–18 g/ha Cr annually11. 
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Soil contamination with heavy 
metals is a strong stress factor for 
plants. When heavy metals are 
present:

plant growth and 
development deteriorate 

negative structural
and functional changes 
take place in the 
photosynthetic apparatus 
of plants

respiration, transpiration 
and substance transport 
processes within plants
are disrupted

plant growth and 
productivity slow down

Crops cultivated 
on contaminated soils

Soils with a higher 
concentration 
of heavy metals

Once in the soil, heavy metals enter the biological cycle 
and are absorbed by plants from the soil solution

11

22

Oversight mechanisms for heavy metal 
accumulation in plants:

Accumulation prevention
Increased activity of antioxidant protective enzymes and 
increased non-enzyme antioxidant levels21. Heavy metals 
generate great oxidative stress in plants that is associated 
with a sharp increase in the content of active forms of 
oxygen in cells, and the efficient functioning of the 
antioxidant system inactivates the negative action of toxic 
agents22.

Detoxification 
Intracellular mechanisms for eliminating toxicity involve 
the binding of heavy metal ions in the cytoplasm and their 
transport to the vacuole19. 

When the soil is contami-
nated with several heavy 
metals, a synergistic effect 
of toxic agents on 
cultivated crops and soil 
microbes appears.

1.5  Heavy metal toxicity 
in plants

Heavy metals 
and metalloids 
that contaminate 
soils: 

Cd As Cr U Mn Fe Co 
Ni Cu Zn Ga Ge Mo Sn 
Sb Te W Hg Tl Pb Bi 

Some species of plants are characterised by their ability to 
accumulate large amounts of heavy metals.
For instance, Corchorus olitorius accumulates cadmium in high 
concentrations, while its growth and reproductive performance 
remain unchanged24. Such plants are suitable for 
phytoremediation (soil decontamination).

Phytoremediation of contaminated soils

Plants with larger and 
extremely hairy leaves, as a 

rule, accumulate a huge 
amount of heavy metals20. 

Plants that accumulate lower amounts of heavy metals in 
their tissues and that are highly resistant to them can be 
used for cultivation on contaminated soils23.

The extent and nature 
of the negative impact are 
differentiated and dependent 
on:

The toxicity of the heavy metals 
and their concentration in soils.

The biological features of the 
cultivated plant species (variety 
and genotype)19.

Plant-based products are 
considered environmentally safe 
for the production of food 
products if their heavy metal 
content does not exceed the 
maximum allowable concentration.

Cd

Cr

U

As

Selection of species and varieties 
for contaminated soils
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22

33

Cadmium Cd

!

Cd

Arsenic in soils is predominantly 
represented by trivalent and 
pentavalent forms – by arsenites 
and arsenates, respectively.
 

Arsenites are more toxic to plants 
than arsenates are32. Arsenates are 
less mobile and are adsorbed more 
tightly by soil33.

The accumulation of arsenic in plants 
depends on two factors34:

The oxidation-reduction potential 
of soil (ORP)
In oxidising conditions, plants absorb 
less arsenic; in reducing conditions, 
arsenic is absorbed by plants more 
actively.

Soil reaction
At a high pH value, arsenic enters the 
soil solution as a result of competition 
with OH- ions for sorption centres, 
which enhances its absorption by 
plants; but co-precipitation of arsenic 
with calcium or sulphates can also 
occur, which reduces arsenic 
absorption by plants.

Soil reaction
Cadmium availability increases with the 
lowering of soil pH and decreases with soil 
liming.

Organic matter content in soil
Soils containing a large amount of organic 
matter have a higher cation-exchange 
capacity (CEC), which enhances cadmium 
adsorption. With an increase in organic 
matter content, cadmium concentration 
in the soil solution of contaminated soils 
decreases at pHH2O < 6.0 and increases
at pHH2O  = 6.0–8.0.

Application of organic fertilizers
The application of manure reduces 
cadmium availability, but it is accumulated 
in the soil.

The toxicity of chromium for 
plants depends on its valency: 
hexavalent Cr (VI) is considerably 
more toxic and absorbed more 
actively by plant roots than 
trivalent Cr (III)6, 35.

Cr (VI) is more mobile in soils, since
it is represented by oxyanions:
Cr2O72−, HCrO4− and CrO42−. 
Compounds of hexavalent chromium 
are easily soluble in water. In soil,
Cr (VI) is reduced to Cr (III), and this 
process takes place more intensively 
in acidic conditions36.
 
Cr (III) is a less mobile cation Cr3+, 
since it is well retained by soils. 
Trivalent chromium compounds are 
hardly soluble in water. In soil, Cr (III) 
can be oxidised to Cr (VI), which 
occurs with the active involvement
of manganese oxides. But this 
process takes place if the soil has
low levels of organic matter, alkaline 
reaction and high ORP values, which 
is observed quite rarely36.  

According to the latest data, 
chromium does not play any 
significant physiological role
in the life cycle of plants35. 

The absorption of uranium by 
plants is closely connected with 
the oxidation-reduction potential 
of the media37. This heavy metal is 
accumulated in the root system, 
which serves as a barrier for 
radionuclide transport to the 
above-ground biomass38.

In oxidising conditions, uranium has 
valency VI – uranyl ion UO22+. 
This is the most stable and mobile 
form, creating soluble complexes 
with various anions. In anaerobic 
conditions, the hexavalent form
can be reduced to the lower degree 
of oxidation U(OH)4 and U(OH)3
or can enter into a reaction with 
sulphides. Hexavalent uranium in 
uranyl form is more easily 
accumulated in plants39. 

Uranium absorption by plants 
amounts to less than 1 g/ha40, but 
during the long-term application 
of phosphate-based fertilizers, 
uranium can accumulate in soils 
and pass into crops17.

Chromium Cr Uranium UArsenic As

Cr

As

Transfer of heavy metals (Cd, As, Cr and U) 
from soil to plants

Arsenites
H2AsO3- 
HAsO32- 

AsO33-

Arsenates
H2AsO4- 
HAsO42- 
AsO43-

Content of soluble salts in soil 
Chlorides form Cd-Cl complexes and 
increase cadmium mobility, which 
enhances its absorption by plant 
roots in salt-affected soils.

Application of microelements
The application of Zn-containing 
fertilizers, when there is a zinc deficit 
in the soil, reduces cadmium 
accumulation in cereals.
Zinc, applied with phosphorus, 
replaces cadmium from soil exchange 
positions and facilitates an increase
in the cadmium concentration in the 
soil solution; however, zinc appears
to be a cadmium antagonist, which 
reduces cadmium accumulation
in plants. 

Heavy metal content in plants 
grown on non-contaminated 
soils 26, 27, 28

(dry matter basis)

0.009–1.5 mg/kg

< 0.66 mg/kg

< 1.0 mg/kg

< 34 µg/kg

Maximum — for leaf 
vegetables

The accumulation of heavy 
metals in plants depends on the 
following factors25:

the selectivity ofthe 
absorption of elements 
and their biological 
availability;

soil type and mineralogical 
composition;

relief and groundwater 
level.

Cadmium enters the food chain due to its lower soil absorption coefficient 
and high mobility in the soil–plant system29.

It is absorbed by plant roots in the form of free Cd2+ ions.
Cadmium absorption depends on the following factors30:

Phosphates reduce the biological availability of cadmium31. Only 
phosphate-based fertilizers with very low levels of cadmium can be 
used for remediation of soils contaminated by this heavy metal.

238 U
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Chromium
Chromium content in plants under 
normal conditions – in soil that 
is not contaminated by chromium – 
is less than 1.0 mg/kg dry weight27.  

According to the latest data, 
chromium does not play any 
significant physiological role 
in the life cycle of plants35.

Chromium toxicity for plants depends 
on its valence: hexavalent chromium 
is significantly more toxic than 
trivalent chromium.

Arsenic
Arsenic concentration in plants 
on non-contaminated soils – 
from 0.009 to 1.5 mg/kg dry 
weight with maximum values 
typical for leaf vegetables26.  

Trivalent arsenic (arsenites) 
is significantly more toxic 
to plants than pentavalent arsenic 
(arsenates)32.

Cadmium
According to summarized data, 
cadmium content in plants grown 
on non-contaminated soil 
is < 0.66 mg/kg dry matter26.  

Severe stress caused by high levels 
of cadmium in the substrate – for 
example, during the growing of leaf 
mustard (Brassica juncea) – resulted 
in seedlings that were 44% shorter. 
A reduction in photosynthetic 
pigments in leaves was observed — 
chlorophyll a and b (by 43% and 36%, 
respectively) – as well as in the rate of 
netto photosynthesis and the rate of 
transpiration (by 61% and 59%, 
respectively). The seed yield of leaf 
mustard declined by 35% 21. 

The maximum values of cadmium 
accumulation were obtained for leaf 
vegetables.

The critical toxic content of cadmium – 
for example, in maize – is equal to 
3 mg/kg in the third leaf and 5 mg/kg 
dry weight in the fourth leaf41. 

Uranium
Under normal conditions, plants 
accumulate uranium in quantities 
of less than 34 µg/kg dry weight28. 

It was found that, with a uranium 
concentration (238U) from 0 to 100 
mg/kg of soil, the biometric parameters 
of barley did not show great differences.
 
However, with an increase in uranium 
concentration (up to 150 mg/kg 
of soil), there was noticeable plant 
depression evidenced by a slowdown 
in plant growth by a factor of 
approximately 1.243. 

Normal and toxic concentrations of cadmium, arsenic and chromium 
in plant leaves 26

Cd

Cd

As

As

Cr

Cr

U

Normal Excessive or toxic

5 – 30

5 – 20

5 – 30

0.05–0.20 /

1.00–1.70

0.19–0.50

0.05–0.500.05–0.50

2.00

Sustained by crops

Note: values for very sensitive and highly resistant plants are not specified.

Approximate concentrations in mature leaf tissue, 
summarised for different plant species (mg/kg dry weight).

In most species of plants, cadmium, arsenic, chromium and uranium are trapped in the roots.

Cadmium distribution in roots of spring wheat grown 
on soil contaminated with cadmium 42

Rhizodermis

Primary cortex

Endodermis

Localisation of cadmium dithizonate 
crystals after a dithizone solution 
was added to the cut tissue 
of the root

Impact of some heavy metals on plant growth 
and development

20 · 21Heavy metal pollution in the environment and its toxic effects on living organisms



1.6  How do heavy metals enter 
an animal’s body, and what impact 
do they have?

Feed crops 
grown on 
contaminated 
soils

Water and air 
when the environment 
is polluted

To regulate the content of toxic elements, including heavy metals, maximum 
allowable concentrations are established for feedstuffs to be consumed 
by farm animals.

Heavy metals 
can pass further along 

the food chain
Human 
organism

Livestock 
products

Feedstuffs (including soil 
particles stuck to plants)
Basic source 

After entering an animal’s body, heavy metals start
to interact with certain enzymes by suppressing their 
activity, which causes serious diseases.

In cows, chromium 
accumulates mostly 
in the liver 49

As
Arsenic migrates 
actively in the feed–milk 
system

Arsenic migrates 
actively in the feed–milk 
system

U
Uranium accumulates mainly 
in bone tissues, and the process 
occurs more intensively in 
young cattle 47

Cadmium accumulates 
gradually in the kidneys and liver 
of ruminant animals 48

Cd

The prolonged intake 
of feedstuffs with toxic heavy 
metals and their accumulation
in the animal’s body has a negative 
impact on the metabolic processes 
of cattle.

Over the course of time, this leads 
to the breakdown of proteins and 
the formation of biologically active 
components – molecules of 
medium weight – which leads to 
even more disruption of metabolic 
processes50.

Cr

Feed phosphates can be a significant source of 
cadmium and arsenic44 as well as chromium45 and 
uranium37 in animals.

When young bulls consume feedstuffs with 
high levels of heavy metals, findings included 
a reduction in bodyweight gain and excessive 
consumption of feedstuffs46.
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The physiological effect of heavy metals on living organisms depends on the nature 
of the metal, the type of compound formed by the metal and its concentration 51

Chromium accumulates more 
in alfalfa hay and haylage than in 
corn silage and grass hay45.

Chromium

As summarized data from different 
countries have shown, chromium 
concentration in forage grasses, 
including legume grasses, was in a 
range from 0.11 to 4.20 mg/kg dry 
weight26. A major part of plant-based 
feeds and ingredients – for example, 
in the USA – contain on average 
≤ 0.52 mg Cr/kg dry weight45.  

Trivalent chromium has been widely 
used in feed rations for animals; 
however, chromium-containing 
supplements, despite available 
studies on their positive effect on 
farm animals, are not recommended 
for use due to concerns about the 
health of human end consumers55. 

Arsenic

The range of arsenic accumulation
in forage grasses, including legume 
grasses grown on non-contaminated 
soils, is 0.02–0.33 mg/kg dry 
weight20. If arsenic accumulates at 
amounts of > 50 mg/kg dry weight, 
such fodder is considered to be toxic 
to animals53.

Calculated values for the conversion 
coefficient for heavy metals entering 
the feed–milk system show that the 
biggest migration was typical
for arsenic54. All feedstuffs were 
considered: green fodder, silage
and concentrated feed. 

The conversion coefficient for 
arsenic passing from feed to milk
is determined as the percentage 
ratio of arsenic concentration in milk 
to its daily ration supply.

Cadmium

The average concentration
of cadmium in forage grasses, 
including legume grasses, 
in 10 countries was within the range
of 0.07 to 0.28 mg/kg dry weight26. 
The allowable limit for feed crops 
is < 0.5 mg Cd/kg dry weight. It is 
believed that animals are resistant 
to such cadmium concentrations52.

Cadmium limits for feed crops may be 
a slightly higher than for crops that
are used directly for food products.
The standards for feedstuffs also 
depend on the species of animal.

With regard to negative conse-
quences when cadmium enters the 
food chain, it is important, at every 
stage, to minimise its accumulation 
in plants26.

Elevated consumption
of cadmium-rich forage by farm 
animals was noticed in some regions 
of Ireland where feed crops are 
grown on soils contaminated with 
cadmium.

Harmful for all mammals

Uranium

In natural conditions, the uranium 
content in, for example, clover is less 
than 15 mg/kg dry weight28.

Feed crops, in terms of 238U 
accumulation, are ranked
in the following order38:   

With an increased quantity
of uranium entering the animal’s 
body, this radionuclide gets 
passed to the meat and milk37. 
According to European 
assessments, the basic food 
sources of uranium entering
the human body include not only 
cereals and vegetables but also 
milk products 56. 

Concentration of heavy metals in forage grasses 
and their impact on animals

Livestock products with elevated levels of heavy metals 
and that do not comply with sanitary standards 
jeopardise human health

Cd As Cr

Case // Ireland

Maize (for silage)

Field pea  (vegetative mass)

Alfalfa (hay)

Sudan grass  (hay)

For certain regions
of Ireland where animals 
receive feed with high 
levels of cadmium, 
specialists determined 
the age of young bulls 
whose kidneys could be 
safely consumed by 
humans13 .

This avoids the negative 
effects of cadmium on 
human health when eating 
by-products.

Average content 
in forage grasses, mg/kg dry weight

The accumulation range 
in forage grasses, mg/kg dry weight.

Range in forage grasses, 
mg/kg dry weight

Average 
concentration

Allowable limit 
for feed crops, mg/kg dry weight

from 0.07  to 0.28 from 0.02  to 0.33 from 0.11 to 4.20 ≤ 0.52< 0.5
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across the world die every year from chemical poisoning, 
including poisoning by heavy metals57 that can be found in 
plant-based and animal-based food (according to data from 
the WHO)

Crops grown on 
contaminated 
soils

Animal 
organisms

Feeds 
for farm animals

Plant-based food

Livestock 
products

Soils with a higher 
concentration of 
heavy metals

Contamination disturbs the nutrient balance 
in soil and groundwater

Harmful elements get passed along the food chain 
and have a negative impact on the health and 
well-being of humans and animals: 

≈ 200,000
Exposure to arsenic through drinking water with naturally 
high arsenic concentrations can cause skin cancer 
(WHO, 2001)

The most toxic form of chromium – 
chromium (VI) – causes:

allergic reactions

anaemia

irritation and ulcers in the small 
intestine and stomach

can negatively affect the male 
reproductive system

Having entered 
the body, cadmium 
is accumulated in:

the kidneys, the liver 
and the pancreas 

bones

dermatitis

peripheral neuropathy 
and anaemia

possible risk of skin, 
lung and bladder cancer

Cr

The kidneys are 
uranium’s primary 
and main target 
in the body

U

Cd

Long-term contact with some heavy metals can 
cause cancer 58.

1.7  How do heavy metals impact 
human health? 

AsThe long-term effect of low doses 
of arsenic in food products can 
cause:
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Heavy metals damage vital 
organs and have a negative 
impact on the functioning 
of the body’s systems:

central nervous system
endocrine system
reproductive system
cardiovascular 
system
 



Heavy metals 
accumulate in the 
tissues of living 
organisms (including 
in the liver and 
kidneys) because 
they are not subject
to metabolic 
disintegration like with 
organic compounds.

Chromium

Chromium (III) causes an allergic 
reaction in humans. It also damages 
DNA in cell cultures. Chromium (VI), 
or chromate, is a genotoxic 
carcinogen61. 

Arsenic

Arsenic exists in nature in both 
organic and inorganic forms. 
Inorganic forms, particularly trivalent 
ones (arsenites), are considered 
to be the most toxic.

Basic food sources Basic food sourcesBasic food sources 

Cadmium

The negative impact of cadmium 
on the human organism is explained 
by the consumption of food products 
with high levels of cadmium as well 
as by smoking tobacco.

When cadmium has a chronic impact 
and is accumulated, kidney damage 
occurs, which increases the excretion 
of calcium from the body.

Calcium loss leads to a reduction in 
bone density and to fractures. In 
addition, epidemiological studies 
indicate a relationship between 
cadmium accumulation in the body 
and diabetes, hypertension and 
cancer59.

Uranium

Only about 0.1%–6.0% of uranium that 
a human being swallows enters the 
blood through the gastrointestinal 
tract (mouth, stomach and 
intestines)62. 

The chemical toxicity of uranium, not 
its radioactivity, in such doses is the 
main hazard for humans.

Kidney damage has been observed 
in people and animals after inhaling 
or swallowing uranium compounds. 
During the later period, the radiation 
impact of uranium becomes more 
intense – hematogenesis is disrupted 
and marrow cancer develops63.

It is also worth noting not only the 
carcinogenic effect of uranium but also 
its genotoxic and mutagenic effect64.

Impact of heavy metals 
on the human body

Cd As Cr U

In Bangladesh, high 
levels of arsenic 
were discovered 
in groundwater used 
for drinking.

In spite of the measures 
taken, a major part of the 
population is still exposed 
to the negative effect 
of arsenic in higher 
concentrations, which 
increases the death rate.

Case//Bangladesh

VegetablesPotato Water
Root crops 
(potato, parsnip 
and turnip)

Cereal 
productsMeat

Basic food sources

Vegetables

Fruits 
and 
fruit juices

Water and other non-alcoholic 
and alcoholic drinks

Rice and 
rice-based 
products

Cereals and 
cereal 
products

VegetablesFruit

SpicesNuts

Wine
Brewer’s 
yeast, 
beer

Cereals 
(mainly wheat) Leaf 

lettuce

In order to reduce the amount 
of uranium entering the body through 
food, root crops grown on soils with 
high levels of uranium should be 
avoided.

The amount of chromium in these 
foods varies widely depending on 
the chromium content in soil and 
water, as well as on the agricultural 
and industrial processes used for 
their production. For instance, the 
amount of chromium in oat flour 
can vary by a factor of 50 because 
of differences in growing and 
processing conditions60.

Half-life of cadmium 
in the body  

from 10 to 40 years

The International Agency for Research on Cancer classifies arsenic 
as a carcinogenic element for humans (IARC, 1987; 2004 – Group 1)

Smoking

Smokers expose themselves 
to more than double the 
negative impact, because 
plants such as tobacco 
actively absorb cadmium 
from the soil.

Cadmium is classified by 
the International Agency 
for Research on Cancer
as a carcinogenic element 
that can cause serious 
consequences for the 
lungs.
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Human 
health

Crops 
grown 
on contaminated 
soils

Animal 
organisms

Feedstuffs 
for farm animals

Plant-based 
food

Livestock 
products

Soils with 
a higher 
concentration 
of heavy metals

Based on the analysis of scientific data on heavy metal 
content in the human diet, hygienic limits were estab-
lished, including maximum allowable concentrations, 
that when exceeded threaten human health and expose 
people to the risk of disease

Maximum allowable quantity 
of heavy metals in consumed food

Poses the greatest 
threat when it enters 
the food chain

µg/kg of body weight 
per day

Cadmium

Chromium (VI)

Arsenic

Uranium
(chemical 
toxicity)

Standard

14

3

2.14

0.04

0.83

0.36

5

0.5

1.8  Acceptable intake 
of heavy metals 
into the human body 
through food

Nutrition is one 
of the key factors that 
affect human health

Key factors that help
to assess a hazard in 
terms of real exposure 
to heavy metals that
a person faces 
throughout their life:

Properties 
of metals

Amount 
of food

Age 
of the person

Cd

Cr

U

As

for water-soluble uranium

Values are adapted to the standards of the specified organisations

US Environmental Protection 
Agency (EPA, 1998)

WHO for drinking water, 
2004

WHO, 2010

European Food Safety Agency 
(EFSA, 2012)

US Environmental Protection 
Agency (EPA, 2005)

European Food Safety Agency 
(EFSA, 2009) / 
WHO (1983; 1988)

WHO (2001)
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Long-term scenarios of cadmium 
accumulation in plant-based products

Why 
phosphate-based 
fertilizers have 
varying levels 
of heavy metals 

Heavy metals 
in mined phosphate rock

Heavy metals 
in phosphate fertilizers

Legislative regulation 

Chapter 2

2.1 

2.2 

2.4

The quality of phosphate ores for industrial 
manufacturing of phosphate-based fertilizers

Cadmium content in phosphate rock 36

34

42

44

38

40

34
Global deposits of phosphate ores

2.3 



The concentration of heavy metals 
in phosphate-based fertilizers depends
on the mineralogical composition of natural
phosphate ores and the impurities in them

≈ 95 %
of global resources of phosphate 
raw materials 66

Global deposits 
of phosphate ores 65

Igneous deposits

Sedimentary deposits

Island deposits

Origin of deposits

Phosphate ores are represented by two basic groups of natural 
formations – apatites and phosphorites.
Phosphorite deposits are spread more widely throughout the world 
than apatite deposits; the phosphate processing industries in Morocco, 
China and the USA are based on phosphorite. 

Concentration of heavy metals

Rock origin

Mineral name

HigherLower or not detectable 

Exogenous (sedimentary, residual weathering 
and infiltration genesis)

Endogenous 
(igneous, carbonatite)

Phosphorite (natural phosphate of 
sedimentary origin, 

mainly of marine origin)

Apatite (natural phosphate of 
igneous origin)
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Phosphorite deposits make up 

2.1  Heavy metals 
in mined 
phosphate rock

 

Impurities contained in phosphorites 
are of industrial interest. In the USA, 
uranium, rare earth metals, 
strontium and other elements are 
extracted from phosphorites during 
fertilizer production .

Apatite ores of igneous 
origin (Kola Peninsula) 
are the main source 
of phosphorus in Russia

At the end of 20th century, 
the so-called cadmium 
problem appeared, when the 
levels of cadmium – a harmful 
toxicant – in Tunisia’s 
phosphorites turned out to be 
extremely high (up to 80 g/t)



PhosAgro fertilizers have very low levels of heavy 
metals and other non-essential elements due to their 
unique natural resources – apatite-nepheline ores of 
igneous origin.

Djebel Onkк

Kailin

 Hinda

Arad

Zin

Oron

Al Hassa

Shidiya

Karatau

Khouribga

Youssoufia

Bou Craa

Bayóvar

Taiba

Tobene

Avenira

Sephos

Matam

Khunayfis

Florida

Idaho

North Carolina

Kpémé

Gafsa

Elandsfontein

Algeria

China

Congo

Israel

Israel

Israel

Jordan

Jordan

Kazakhstan

Morocco

Morocco

Morocco

Peru

Senegal

Senegal

Senegal

Senegal

Senegal

Syria

USA

USA

USA

Togo

Tunisia

South Africa

29.4

32.5

33.0

32.4

31.1

33.6

31.9

31.4

21.8

31.0

31.0

36.0

30.4

36.7

34.0

32.7

32.7

32.0

29.9

31.2

29.5

32.8

37.4

29.0

32.0

16.0

2.0

12.0

14.3

30.8

5.0

5.4

6.0

2.0

14.2

23.0

33.5

38.0

87.0

55.0

250.0

250.0

10.4

4.0

9.0

106.0

38.0

58.0

40.0

1.6

54.3

6.2

36.4

44.2

98.8

14.9

17.0

19.1

9.2

45.8

74.2

93.1

125.0

237.1

161.8

764.5

765.7

32.3

13.4

28.8

359.3

115.9

154.9

137.9

5.0

Araxá

Catalão

Siilinjärvi

Kola Peninsula

Phalaborwa

Brazil

Brazil

Finland

Russia

South Africa

3.0

2.0

5.1

1.0

1.0

35.7

37.0

36.5

39.0

37.4

8.4

5.4

14.0

2.6

2.7

It is precisely this raw material that makes
it possible to obtain premium-quality products70 
without using special purification methods
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Sedimentary origin

Cadmium content in phosphate raw material 67, 68, 69  

Deposit/projects 
for phosphate-

based ore mining

Country P2O5, %

20 % 40 % 0 350 700

Cd, mg/kg Cd, mg/kg P2O5

Igneous origin

Deposit/projects 
for phosphate-

based ore mining

Country P2O5, %

20 % 40 %

Cd, mg/kg Cd, mg/kg P2O5

Fertilizers obtained from apatite-nepheline ore of igneous origin from Russia’s 
Kola Peninsula and its surroundings, as a rule, contain less than 1 mg Cd / kg P2O5, 
while fertilizers obtained from phosphorite-based ore of sedimentary origin – 
for example, from Northern Africa (Morocco, Senegal) – may contain high amounts 
of cadmium  and other heavy metals.

0 350 700



The quality of phosphate ores 
for industrial manufacturing 
of phosphate-based fertilizers

The final content of heavy metals – 
cadmium, arsenic, uranium and 
chromium – in fertilizers depends 
on:

the mineralogical composition of phosphate rock
For details refer to page 36

content and composition of basic 
and impure minerals

phosphate ore beneficiation technologies
For details please refer to page 40

1

2

1

2
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Cd
Specific activity 
of uranium in natural 
phosphates
The average data concerning the specific activity
of 238U in phosphates at different deposits demonstrate 
that this indicator can exceed 1,000 Bq/kg

Phosphorites contain more uranium than apatites.

The specific activity of 238U in natural phosphates 
of igneous origin from the Kola Peninsula is approximately 
97.4% lower than in natural phosphates of sedimentary 
origin. The maximum values of the specific activity of 238U 
are typical for natural phosphates in the USA (South 
Carolina).

U

Average specific activity of 238U in phosphates 
of various deposits worldwide74

Specific activity of 238U, 
Bq/kg 

Cadmium content 
in phosphate rock

During the production of phosphate-based fertilizers, 
55%–100% of cadmium from the phosphate rock ends 
up in the final product72. Phosphate rock contains very 
low levels of cadmium in only a few countries, including 
phosphate rock from Russia’s Kola Peninsula (for details 
please refer to page 36).

Studies conducted by the International Fertilizer 
Development Center (IFDC) show that the safest 
phosphate rock is processed from igneous ores73.

In Russia, PhosAgro’s enterprises 
produce phosphate-based fertilizers 
by using high-grade and high-quality 
phosphate rock originating from 
igneous phosphate ore.Classification of phosphate ores 71

The uranium content 
in PhosAgro’s phosphate-based 
fertilizers is less than 0.1–3.7 mg/kg, 
the lowest levels in the world. 
This is comparable to the natural 
uranium content in soil. 
The median uranium content 
in European soil is about 
2 mg/kg37.

Did you know that... South 
Carolina

4.800

Kola 
Peninsula

90

China
150

Florida
1.500

Morocco
1.700

The main problem of the quality 
of phosphate concentrate consists
in the high concentrations 
of heavy metals and arsenic 
inherited from raw materials – 
phosphate ore

High levels of heavy metals and 
low levels of phosphorus pentoxide 
(P2O5) in the ore characterise 
fertilizers obtained from such raw 
materials as low-grade

Very rich:  > 35 % ( ≈ 36 %) 

Rich:  28–35 % 

Medium quality:  18–28 % 

Poor:  10–18 % 

Content of  P2O5

100 %0 %
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Acid decomposition of phosphate rock with phosphoric acid productionDirect acid decomposition of phosphate rock

Production methods 
for phosphate-based fertilizers 75

2.2  Heavy metals 
in phosphate-based fertilizers

 

Heavy metals pass to a phosphoric acid solution; phosphogypsum is a by-prod-
uct of processing. From phosphoric acid, the heavy metals enter the fertilizers. 
The process is affected by many factors, such as the technique applied for 
obtaining phosphoric acid, the temperature, the presence of Mg, Fe and Al,
as well as the concentration of precipitated solids.

When phosphate rock is directly decomposed with nitric acid to get 
straight and compound fertilizers, there is no production route for 
phosphoric acid because it remains part of the pulp. In this case, 
100% of the heavy metals (cadmium and arsenic) end up in the 
fertilizers produced.

The most 
commonly used 
straight and compound 
phosphate-based fertilizers:

Phosphate-based fertilizers obtained by the direct processing 
of raw material usually contain more cadmium than fertilizers obtained
by the acid treatment of raw material and phosphoric acid production

A special feature of the transition
of arsenic from phosphate 
concentrate to fertilizers is the 
almost complete transition to an acid 
solution and then into fertilizers 
using any production method.

The average uranium content
in different grades of fertilizers 
produced around the world is within
the range of 6–149 mg/kg
of phosphate40.  The European 
Parliament76 specifies the maximum 
uranium content in phosphate 
fertilizers as 387.5 mg/kg of phosphate.

Uranium UArsenic As

The presence of cadmium in 
fertilizers is directly related to
its content in phosphate raw 
materials, which is why the purest 
and most environmentally friendly 
products are manufactured from raw 
material with low levels of cadmium.

Cadmium

DAPDAP

NPKNPK

NPKNPKPhosphate 
rock

MAPMAP

TSPTSP

SSPSSP

SSPSSP

single superphosphate

triple superphosphate

monoammonium 
phosphate

diammonium phosphate

fertilizers

Сd

Pb As

Сd

20 %

10

30

20

60

50 %

mg/kg  P₂O₅mg/kg
Heavy metal 
content 

Content of 
P₂O₅

Content of 
P₂O₅

10

20

32 %

31.3

62.5 62.5

20 % 20 %

Phosphate 
rock

Сd

mg/kg
Heavy metal  
content

10

20

32 %

This method needs a phosphoric 
acid that is obtained in the 
process of phosphate rock 
decomposition by sulphuric acid.

10 1031.3 31.3 31.3 31.3 31.331.3 31.3

DAPDAP MAPMAP TSPTSP NPKNPK

mg/kg  P₂O₅

14.0

47.5

46 %

14.0

47.5

51 %

19.2

52.0

46 %

14.0

47.5

20 %

14.0 31.3

Phosphoric 
acid

47.5

40 %

2

2

1

1

Pb As



In 2019, the French Agency for Food, 
Environmental and Occupational Health 
and Safety (ANSES) issued a scientific 
opinion on the impact of cadmium on 
the health of the country’s population77. 
In order to decrease the pollution of 
agricultural lands and contamination of 
plant-based products, ANSES 
recommended that the cadmium level 
in phosphate-based mineral fertilizers be 
reduced to 20 mg Cd/kg P2O5.

Implementation of these 
recommendations will reduce the 
cadmium content in food products 
and greatly improve consumer health 
protection.

ANSES’s research materials show a 
model of how cadmium accumulates in 
soil and plants when phosphate-based 
fertilizers are applied with different 
levels of cadmium.

When making predictions, the 
researchers considered all input and 
output flows of cadmium, such as 
cadmium content in soil 
(acid-extractable forms), cadmium 
deposition from the atmosphere as well 
as inputs with fertilizers and irrigation 
water, cadmium transfer to plants and 
leaching to groundwater. Modelling was 
conducted for different time periods, 
from 1 year to 99 years.

Scenario No. 1 Scenario No. 2

About the study (modelling) 

Content of acid-extractable 
cadmium in soil, mg Cd/kg 

Cadmium concentration
in wheat grain (dry weight), 
mg/kg 

Cadmium concentration in 
potato tubers (fresh mass), 
mg/kg 

2.3  Long-term scenarios for 
the accumulation of cadmium 
in plant-based products

To ensure the safety of soils, 
the environment and people 
in relation to intensive 
agricultural production,
no more than 20 mg per kg
of P2O5 would be a justifiable 
limit for cadmium content.

Higher limits do not 
guarantee that cadmium
will not build up in farming 
ecosystems in the long term.

Cadmium content in fertilizer:
60  mg Cd/kg P2O5

Application of 100 kg P2O5/ha/year

Cadmium content in fertilizer: 
20 mg Cd/kg P2O5
Application of 180 kg 
P2O₅/ha/year

In the long term, there will be a decrease 
in the content of acid-extractable 
cadmium in soil as well as in cadmium 
content in the plant-based products 
produced

Crop rotation: potato – 
wheat – wheat 77

According to the ANSES report:

0.26

0.31

0.042

0.093
0.107

0.035

0.014

0.048
0.042

0.092

0.072

0.034

0.36

0.31

0.26

Based on modelling, the accumulation of cadmium in soil is forecast, 
as is cadmium entering plant-based products regardless of the kind 
of agricultural crop. It poses serious hazards to human health

1 2 4 5 10 11 15 16 20 22 40 41 60 61 80 82 97 99 1 2 4 5 10 11 15 16 20 22 40 41 60 61 80 82 97 99

The difference between 
Scenario No. 1 and No. 2

Years Years
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In 2019, the European Parliament 
and European Commission 
approved the introduction of new 
regulations on fertilizers80 from 
2022, according to which limits will 
be introduced for all EU countries
on heavy metal content in fertilizers.

Nevertheless, some countries in the 
European Union have established 
stricter limits on cadmium
in fertilizers. In the summer of 2020, 
the European Commission officially 
approved national deviations from 
the common limit of 60 mg Cd/kg 
P2O5.

Updating of limits

Arsenic and 
chromium (VI)
In accordance with EU Regulation 
No. 2019/1009 of the European 
Parliament and European Council, 
limits were established for heavy 
metal content in mineral fertilizers: 
arsenic, 40 mg As/kg; chromium 
(VI), 2 mg Cr/kg. It is believed that 
the specified amount will not 
facilitate the accumulation of arsenic 
and chromium in agricultural 
products. Research on the safe 
amounts of these elements is 
currently ongoing.

Cadmium
The European Commission has 
developed a draft for the gradual 
toughening of cadmium limits 
in fertilizers.

In 2022, a prescriptive order77 came 
into force on limiting cadmium 
content in fertilizers to 60 mg Cd/kg 
P2O5.

There are plans to review, in 2026, the 
restrictions on cadmium in mineral 
fertilizers with a possible gradual 
reduction to 40 mg Cd/kg P2O5 and 
then to 20 mg Cd/kg P2O5.

UraniumCrAs UCd
In 2026, a special commission will 
submit its report to the European 
Parliament and European Council 
about risks related to the presence
of uranium in fertilizers. However, 
some European countries are already 
concerned about the presence
of uranium in fertilizers.

For example, the Federal Environment 
Agency in Germany recommends 
establishing a limit of 50 mg U/kg
of phosphate and marking fertilizers 
where uranium content is more than 
20 mg U/kg.

2.4  Legislative 
regulation 

There is a very high risk that heavy metals will 
enter the food chain when poor-quality phos-
phate-based mineral fertilizers are applied to soil.
This is why countries all over the world are estab-
lishing very strict standards.

Concerns about health 
and the public’s interest 
in safe food products
are pushing countries
to decide to reduce heavy 
metals in fertilizers

The current limit on the amount 
of cadmium in mineral fertilizers 78, 79 

20 — 60

20

20

20

20

21

22

39

40

43

44

48

131

146

Limits in the Russian Federation for the content of heavy metals 
and toxic substances in mineral fertilizers are much stricter than 
the applicable European standards

Arsenic

Chromium  (VI)

Mercury

Nickel

Lead

Biuret  (C2H5N3O2)

Copper

Zinc

Toxic agent

mg/kg 
dry 

fertilizer

40

2

1

100

120

12

600

1500

European 
Union81 

20

2

1

100

120

12

600

1500

The Russian Federation 
(for fertilizers with > 5 % P2O5) 79

67% lower2060
50% lower

mg Cd/kg P₂O₅

European Union 

Russia

Hungary

Slovakia

South Africa

Switzerland (from 1986)

Finland

USA (Washington State)
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Rice, Italy

Winter wheat, Italy

Maize, France

White cabbage, Russia

A series of field tests were performed 
in different regions of the world
to validate the environmental safety 
of the phosphate-based fertilizers 
produced by PhosAgro Group

Studies were conducted in cooperation with research 
institutes, as well as with independent international 
companies that provide product certification services



Experimental conditions

Lombardy is one of Italy’s two main rice-growing 
areas.

Farm in Zibido San Giacomo commune 

Soil

2016–2017

Gley, comparatively young with primary 
features of soil profile differentiation
 (Gleyic Cambisol). 
In terms of texture, this soil is sandy loam.

Rice-grain yield and heavy metal concentration in the grain

Treatment

Organic matter content:
low (3.54 %)

Soil reaction:
slightly acidic (pHН2О = 5.87)  

Zero fertilizer

DAP Apaviva®   
NP 18:46

Urea

Zero fertilizer

DAP Apaviva®   
NP 18:46

Urea

—

152

150

—

152

150

3.67

5.69

4.97

6.85

0.080 ± 0.010

0.060 ± 0.070

0.013 ± 0.001

0.014 ± 0.010

0.62 ± 0.07

0.66 ± 0.08

0.29 ± 0.04

0.28 ± 0.05

over 2 years due to fertilizers, including the 
pre-sowing application of DAP Apaviva® 
NP 18-46

The rice-grain yield 
increased on average 

by 45 %

Cd As

Fertilizers Rate, 
kg/ha 
(physical 
weight) 

Grain yield, 
t/ha

Concentration in milled rice,* 
mg/kg dry weight

The initial content of acid-extractable cadmium 
was 0.53 mg/kg; arsenic was 7.24 mg/kg soil

2016

N96P70

N96P70

2017

The threshold value for cadmium content in the soil was 
exceeded in 2017 (before the experiment was initiated, 
1.23 mg Cd/kg in the control soil and 1.07 mg Cd/kg in the soil 
treated with fertilizers). These changes were related to the 
unfavourable environmental situation in the region where
the experiments were being conducted.

Monitoring heavy metal concentration 
in irrigation water at the point of its supply 
to paddy fields

Concentration 
of heavy metals 
in irrigation water, mg/l 2016 2017

Cadmium

Arsenic

< 0.10

4.07–6.88 

< 0.50 

2.5–3.4 

* Average values and confidence intervals (significance level α < 0.05) 
   are specified by years

Italy

Province of Milan 
(Lombardy region)
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3.1  Field experiment: rice
 

1

2

1

2

Two-year studies showed that a rice nutrition programme 
that included phosphate-based fertilizer had no impact
on the concentration of heavy metals in the grain.

The maximum allowable level of cadmium in rice
in the EU is 0.15 mg Cd/kg grain81.

In 2016, Cd concentration in grain was 47.4%–60.0% lower, 
while in 2017, it was 90.9%–91.7% lower than the limit



Farm in Montichiari 
commune

Soil

2019–2020

Texture differentiated soil  
(Haplic Luvisol) having a silty loam 
texture

Winter wheat grain yield and 
heavy metal content in the grain

Treatment

Organic matter content:
high (6.1%)

Soil reaction: 
slightly acidic (pHH2O = 6.09) 

Zero fertilizer

Ammonium sulphate

Urea

DAP 
Apaviva® 
NP 18-46

Urea

Apaviva® 
NPK(S) 10-26-26(2)

Urea

—

200

200

100

250

100

250

4.48

6.57

 

6.90

 

7.10

0.029

0.032

 

0.034

 

0.033

0.005

0.005

 

0.006

 

0.007

0.030

0.061

 

0.073

 

0.061

* In comparison with the farming technology for supplying nutrients for winter wheat, where only nitrogen and sulphur were applied (Treatment 2 in the table)

N134S48

N133P46

N125P26K26S2

Cd CrAs

The average cadmium content in the winter wheat 
grain for the experiment was 65.5%–70.6% lower 
than the maximum allowable level in the EU – 
0.1 mg Cd / kg of soft wheat grain81.

Fertilizers Rate,  
kg/ha 
(physical 
weight) 

Grain yield, 
t/ha

Concentration in the grain, 
mg/kg dry weight

Italy

LSD0.05 0.016 0.003 0.059

Experimental conditions

Province of Brescia
(Lombardy region)
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3.2  Field experiment: 
winter wheat

 

1

2

3

4

In the experiment, heavy metals did not accumulate
 in the grain of winter wheat when different nutrient 
management systems were used (compared with the 
control, where no fertilizers were applied)

due to the pre-sowing 
application of phos-
phate-based 
fertilizers – DAP 
Apaviva® NP 18-46 
and Apaviva® 
NPK(S) 10-26-26(2)* 

to  8 %
The grain yield 
increased by up



0.25

0.27

0.26

23.12

24.01

23.82

The plant nutrition systems that were 
studied did not exert any noticeable 
impact on the content of acid-ex-
tractable cadmium and chromium in 
soils. It was generally determined by 
the spatial variability of the physical 
and chemical properties of the soil.

Determination of heavy metal content in the soil 
after harvesting maize

The South West of France is one of the country’s 
two most important grain-growing regions.

Farm in Port-Sainte-Marie 
commune

Soil

2020

Alluvial (Fluvisol) of light texture 
(clayey loamy sand)

Maize grain yield and heavy metal concentration in the grain 
and soil after harvesting

Treatment

Organic matter content:
low (1.10 %)

Soil reaction:
slightly acidic (pHН2О = 5.60)  

Zero fertilizer

Muriate of potash

Urea

DAP 
Apaviva® 
NP 18-46

Muriate of potash

Urea

8.43

10.77

11.85

< 0.005

0.007

0.006

0.34

0.36

0.33

—

100

432

130

100

381

** A mixed sample of soil taken from three replications was analysed
* A mixed grain sample was taken from three replications

 
due to the application 
of phosphorus in
the form of DAP 
Apaviva® NP 18-46 

by10 %
N200K60

N200P60K60

Cd CrCd Cr

Significantly lower than the 
threshold concentrations accepted 
for Europe 14

Limits for grain and suggested 
threshold concentrations 
for European soils

0.100 1.00 100.00

Phosphate-based fertilizers were applied at sowing

Statistical processing
of experimental data was 
not carried out in this case 
because mixed soil 
samples were taken.

Fertilizers Rate, 
kg/ha 
(physical 
weight)

Grain yield, 
t/ha

Concentration in grain,
mg/kg dry weight*

Content of acid-
extractable forms 
in the soil after maize 
harvesting,** mg/kg

The initial content of acid-extractable cadmium 
was 0.22 mg/kg soil, and chromium was 
18.9 mg/kg of soil

Experiment conditions

France

Lot-et-Garonne Department  
(Nouvelle Aquitaine region)
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The maize grain 
yield increased 

3.3  Field experiment: maize
 

1

2

3

In practice, crop production displayed unchanging 
cadmium and chromium concentrations. The cadmium 
content in the maize grain was at least 92.9% lower than 
the limits81



Statistical analysis showed that the 
content of mobile forms of Cd and 
As in the soil did not significantly 
change when applying dry and liquid 
phosphate-based fertilizers 
(in comparison with the control 
without fertilizer).

Determination of heavy metal content 
in soil after cabbage harvesting

The field experiment was carried out under 
conditions of industrial pollution

Experimental and Production 
Facility of the FGBNU Federal 
Research Centre for Vegetable Growing

Soil 

2020

Soddy podzolic, medium loam  
(Umbric Albeluvisol Abruptic)

Marketable yield of white cabbage and concentration 
of heavy metals in heads

* Cabbage heads / soils from two non-adjacent replications were analysed

due to the combined application
of dry and liquid phosphate-
based fertilizers and urea

by27 %

The concentration 
of Cd and As in cabbage 
heads did not change 
either

Organic matter content:
very low (1.79%)

Soil reaction: 
neutral (pHКСl  = 6.61)  

The initial level of mobile cadmium82 
was 0.21 mg/kg soil,* and arsenic was 1.45 mg/kg 
soil

* 2.6 times higher than the average content in the soils 
   of reference plots in the Non-Chernozem Zone of Central Russia83

Treatmant

Zero fertilizer

Apaviva® 
NPK(S) 8-20-30(2) 

Cd As

Fertilizers Rate, 
kg/ha 
(physical 
weight)

Marketable 
yield, 
t/ha

Concentration 
in cabbage heads,*  
mg/kg wet weight

Content of mobile 
forms of heavy metals 
prior to harvesting,*  
mg/kg soil

Application before repeated spring ploughing 

Liquid fertilizer was foliar-applied  
during vegetation (four foliar applications)

1

2

Phosphate-based fertilizers applied to soil at a total 
phosphorus rate of 102 kg P2O5/ha did not exert any 
impact on the concentration of cadmium and arsenic 
in cabbage heads. Cd content in cabbage heads was 
at least 33.3% lower than the maximum allowable 
concentrations (MAC), while As content was 87.5%  lower

Apaliqua® 
NP 11-37 (APP)

Urea

—

230

150 

200

55.4 

70.1

0.020

< 0.020

0.026

0.025

Cd As

0.22

0.18

4.85

5.05N127P102K69S5

LSD0.05 0.001 0.002 0.08 Fcal<Ftab

Experimental conditions

Odintsovo district  
Moscow region

Central Russia
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The marketable yield of white 
cabbage increased  

3.4  Field experiment: 
white cabbage
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Eco-efficient 
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In addition, companies may use their
own labels highlighting low cadmium
content confirmed by product testing.
PhosAgro has already exercised this right,
as the cadmium content in our products
is below the threshold marked by the relevant
label. The Green Label was developed as part
of the EU initiatives to restrict fertilizers
with higher content of heavy metals and will
guarantee that the product is of high quality
and its cadmium content is significantly lower
than 20 mg per kg of P2O5.

In addition, PhosAgro was ahead of all Russian 
companies in completing certication under
the national standard for products with 
improved characteristics stipulated by Federal 
Law No. 159-FZ On Agricultural Products,
Raw Materials and Food with Improved 
Characteristics dated 11 June 2021.

The Regulation (EU) 2019/1009 on the control of agrochemicals
in agriculture distinguishes a special group of environmentally
preferable mineral fertilizers with a reference low cadmium content – 
equal to or lower than 20 mg Cd per kg P2O5.
This group of mineral fertilizers received the right for voluntary 
labelling with a special mark.*

To maintain healthy soils 
and uphold the general 
trend towards a healthy 
lifestyle, the EU intends
to cap cadmium levels
in phosphate fertilizers
at 60 mg/kg of P2O5. 

Some countries have 
already introduced
more drastic caps
on cadmium levels.

Today in Europe, phosphate 
products with a high cadmium 
content (from 20-60 mg/kg 
P2O5 and above) account for 
almost 40 % of total
consumption**.

Due to the application of fertilizers containing high cadmium levels, 
this toxic element accumulates in soils and transfers from the soil 
to humans through the food chain. 

High levels of heavy metals in the human body can lead to serious 
immune-system deficiencies and can also cause cancer.

Green Label – your key to healthy soil* Green Label – your key to healthy soil* 

We have developed the Green Label to communicate the absence 
of cadmium concentrations harmful to human health and soils 
in PhosAgro products. Cadmium content in our fertilizers is significantly 
less than 20 mg/kg P2O5. This is a major factor in reducing the impact 
on the soil, which ultimately contributes to a healthier yield.

*   The Green Label environmental statement affirms that the product is free from dangerous cadmium concentrations capable of harming soils.
** Estimates are based on IFA and CRU data and take into account the share of phosphate-based products with high cadmium content in the total turnover 
     of phosphate-based    products in Western Europe, Central Europe and the Baltic states.

** Where an inorganic macronutrient fertiliser has a cadmium (Cd) content equal to or lower than 20 mg/kg phosphorous pentoxide (P2O5), the statement ‘Low cadmium (Cd) content’
or similar, or a visual representation to that effect, may be added. Source: Regulation (EU) 2019/1009, Annex III.
** Here PhosAgro means JSC Apatit, PhosAgro Group's subsidiary.

PhosAgro** has become the 
first company in the Russian 
mineral fertilizer industry to 
receive a certicate of 
compliance with the 
Ecological Union's Vitality 
Leaf standard and the right 
to use the internationally 
recognised ecolabel on its 
products.

The Vitality Leaf ecolabel 
certifies that the assessment 
of a product's life cycle 
proved it to be more 
environmentally preferable 
compared to peers.

Certificate



Conclusion

Heavy metals and other pollutants,
the main source of which in mineral 
fertilizers are raw materials of sedimentary 
origin, have a negative impact on the 
components of the natural environment, 
primarily soils, and consequently on human 
health. The heavy metal content in mineral 
fertilizers must therefore be strictly 
controlled. 

The long-term accumulation of heavy 
metals in soils as a result of the use of 
phosphate fertilizers with a high heavy 
metal content will, according to available 
scientific evidence, have negative 
consequences for humans. This is due to a 
gradual increase in concentrations of heavy 
metals in the crops grown. In addition, 

contaminated fodder carries heavy metals 
into the bodies of farm animals and further, 
with animal products, to humans. 

It should be noted that long-term uncontrolled 
heavy metal inputs with phosphate fertilizers 
will lead to soil degradation. Soils are the 
national treasure of any country, so there
is a need to develop and implement 
agrotechnologies that ensure the sustainable 
use of soil resources. 

With regard to cadmium as an extremely toxic 
chemical element for humans, the general 
trend and important step is to switch farms
to fertilizers containing no more than 20 mg/kg 
P₂O₅ of cadmium. 

In Russia, this requirement is enshrined in the 
national standard for fertilizers with improved 
characteristics and is a prerequisite for the 
production of agricultural products and food 
with improved characteristics under the 
national brand 'Green One.' 

Currently, global science is developing 
technologies to reduce the transport of heavy 
metals into plant products during agricultural 
production on contaminated soils. Research
is being carried out on various materials that 
are able to sorb heavy metals from 
contaminated soils, converting them into
a state that is difficult for plants to get.
The breeding of crop varieties capable
of accumulating lower amounts of heavy 
metals also seems to be a promising area
of research, but this work requires time. 

There is a simple solution to keep people 
healthy and reduce the anthropogenic load
on soils due to heavy metal inputs from 
mineral phosphate fertilizers. This is the use
of environmentally preferable fertilizers 
according to the EU classification or of mineral 
fertilizers with improved characteristics 
according to the classification adopted 
in the Russian Federation.

The use of such fertilizers solves the
complex problem of maintaining soil fertility 
and biodiversity, including remediation
of contaminated soils with the production
of environmentally safe products,
as well as products with improved 
characteristics under special control over
the production of agricultural products
on contaminated soils. 

Russia and EU countries regulate the content of pollutants
in mineral fertilizers, including cadmium, chromium (VI), mercury, 
nickel, lead, arsenic and uranium. 

This brochure deals with the basic principles governing
the movement of cadmium, arsenic, chromium, as well as uranium,
in the fertilizer-soil-plant system. 

In the long term, the use of fertilizers with improved characteristics
will remain virtually the only cost-effective way for achieving
sustainable development goals, providing affordable food
while protecting the environment.
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