An introduction to HMs in fertilizer
Why HM regulation matters
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Mission Statement
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Overcome the dangers that heavy metals could pose
to food security

Source: www.saferphosphates.com

Which specific HMs are of concern?
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There are 118 ELEMENTS on the periodic table, of which 94 are NATRUALLY OCCURING

>60 can be classified as HMs, around 16
could pose a health risk

5 HMs are widely found in phosphate rock &
under consideration for regulation by the EU

Source: 1. Morais, et all (2012). Heavy Metals and Human Health, Environmental Health - Emerging Issues and Practice 2. Oosthuizen (Ed), Rijeka: InTech. pp 227-247.

How HMs enter and move around in soils
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•

HMs accumulate in soils. Entry pathways include aerial deposition, sewage sludge and mineral
fertilizer application.

•

Regarding fertilizers, accumulation depends on: total volume applied, HM content, climate
conditions, crop type and soil properties.

Image: Dissanayake & Chandrajith (2009)

How HMs affect soils
•

HMs inhibit biodegradation of organic contaminants;

•

Modify soil properties, especially microbiological ones;

•

Affect number, diversity and activities of soil micro-organisms;

•

Reduce crop growth, performance and yield;

•

Lead to transfer into the food chain and reduce food/water quality;
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HMs persist for a long time after being introduced to soils. They do not decompose, but relocate to
lower soil layers, or transfer into crops and waterways.

As such, its best to try avoiding the input of HMs altogether.

How do HMs become a health risk?
•
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Dietary intake plays a role: higher consumption of crops grown in HM-contaminated
soils/drinking water may lead to an accumulation of HMs & toxicity in the body.

•

Some crops are also more susceptible to HMs uptake than others (e.g. Cd in veg).

•

Prolonged exposure to Cd, Pb, As, Cr and Hg can affect the skin, bones, organ & nervous system
functionality, and contribute to the development of cancer.

•

According to the World Health Organization, around 200,000 people die every year from
chemical poisoning, including poisoning by HMs.

Source: A. EFSA (2012). Scientific Report of EFSA: Cadmium dietary exposure in the European population. Parma: European Food Safety Authority (EFSA), 10(1) pp 1-37. B. WHO (2010). Exposure to
Cadmium: A Major Public Health Concern. Geneva: World Health Organization (WHO). C. Wolf J., Prüss-Ustün, A. and Vickers C. (2016). The public health impacts of chemicals: knowns & unknowns.
Geneva: World Health Organization (WHO). pp 4

The impact on health
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Sources: A. WHO (2010). Exposure to Cadmium: A Major Public Health Concern. Geneva: World Health Organization (WHO). B. WHO (2010). Lead Poisoning and Health: Fact Sheet. World Health
Organization (WHO). Geneva. : C. WHO (2010). Exposure to Arsenic. A Major Public Health Concern. Geneva: World Health Organization (WHO).
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Points where HMs can be removed

ü

û

ü

Raw Materials

Intermediate product

End products

(phosphate rock)

(e.g. phosphoric acid)

(eg. DAP, MAP, NPK, Feed)

• Impure mineral: P2O5 & other
minerals

• Most phosphate rock is
reacted with sulphuric acid to
produce phosphoric acid

• First Cd limits were
established in Europe by
Switzerland in 1986

• Cd (& other HMs) report to
the acid, with 20-40%, Cd
ending up in the gypsum

• No existing processes for
removing Cd & other HMs

• Concentrate specification
dictated by geology &
location of deposit
• Cd a concern for rock from
Africa & parts of Americas
• HM control possible through
calcination & blending

• HM control possible through
various processes, removing
75-95% of Cd

Source: A. Willem Schipper (2016). Cd in phosphate rock and fertilizers: removal technologies. Netherlands: Willem Schipper Consulting. pp 1-13. B. CRU (2016). Heavy Metals in the European Phosphates
Market. London: CRU International. Kemworks (2012). C. Pocket Fertilizer Manual – 12th Edition. Lakeland: Kemworks. pp 10-11. D. ML2R Consultancy. Phosphate rock product analysis. Data downloaded
from http://ml2rconsultancy.com/phosphate-rock-analysis/ (28/07/2017). E. Allan Pickett. (2016). What does the future hold for the supply of high-grade phosphate rock?. London: Agribusiness Intelligence,
Informa. pp 6.

Higher Cd containing concentrates can be addressed SAFER
PHOSPHATES
through mixing

TM

70% fraction in mix

P2O5 grade high enough
to enable production of
phosphoric acid

Rock blend:
P2O5: 34.5%
Mg Cd/kg P2O5: 50.9

Rock Type A:
P2O5: 31%
Mg Cd/kg P2O5: 74.2

30% fraction in mix
Rock Type B:
P2O5: 39%
Mg Cd/kg P2O5: 7.7
Source: A. Willem Schipper Consulting (2016). Cadmium in phosphate rock and fertilizers: removal technologies. Netherlands. pp 11.

Cd content falls within initial
limits. By adjusting blend fraction
or calcining, the blend will meet
more stringent limits
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Phosphate rock sources & Cd content

<20
Phosagro | Apatit

Arianne Phosphates
Project: 3.0 m t/y
Cd: < 2 mg Cd/Kg P2O5

>60
40-60

>60

40-60
+/-60
>60

>60
20-40

>60
20-40

>60
<20
<20

Capacity: 8.5 m t/y
Cd: <1 mg Cd/Kg P2O5

Tradient | El Nasr
Capacity: > 2.0 m t/y
Cd: <20 mg Cd/Kg P2O51

<20

>60

<20

20-40
<20
<20

<20

Foskor | Phalaborwa
Production: 2.0 m t/y
Cd: < 2 mg Cd/Kg P2O5

Kropz | Elandsfontien
Capacity: 1.5 m t/y
Cd: < 5 mg Cd/Kg P2O5

<20

Operations producing concentrate in excess of 60 mg Cd/kg P2O5
Countries/areas where phosphate rock concentrate is produced

Source: A. Willem Schipper (2016). Cd in phosphate rock and fertilizers: removal technologies. Netherlands: Willem Schipper Consulting. pp 1-13. B. CRU (2016). Heavy Metals in the European Phosphates
Market. London: CRU International. Kemworks (2012). C. Pocket Fertilizer Manual – 12th Edition. Lakeland: Kemworks. pp 10-11. D. ML2R Consultancy. Phosphate rock product analysis. Data downloaded
from http://ml2rconsultancy.com/phosphate-rock-analysis/ (28/07/2017). E. Allan Pickett. (2016). What does the future hold for the supply of high-grade phosphate rock?. London: Agribusiness Intelligence,
Informa. pp 6. NOTES: 1 When converted to WPA. 2. Mapping function powered by Bing (Microsoft), DSAT for MSFT, Geonames, Thinkware Extract, Wikipedia

The debate over HMs across the EU

SAFER
PHOSPHATESTM

• The EU Commission has proposed the Circular Economy Package, which is aiming to create a more
sustainable and health conscious industry, thereby prioritizing the interests of consumers.
• A component thereof relates to the introduction of limits on contaminants in phosphate based
products, as there is a concern that at current usage levels, HMs continue to accumulate across EU
soils.
• Currently there is a difference in opinion over the maximum levels at which Cd accumulates in soils
and crops.
• According to research carried out by Smolders (2017), accumulation in European soils occurs if
phosphate fertilizer containing more than 73 mg Cd/Kg P2O5 are used.
• However, an ongoing study carried out by Romkens et al at Wangeningen University, believes that
the accumulation rate in soils & crops is higher due to a different leaching assumption and
therefore a stricter limit is needed.1 They see an increase of Cd levels in EU soils with fertilizers
containing >7 mg Cd/Kg P2O5.2,3

Notes: 1. A higher leaching assumption means that more Cd moves through into ground water. 2. Although the predicted ranges of Cd in crops depends on crop type, location and Cd
balance. 3. A final scientific paper to be submitted by Wageningen to EEA end of August as well as to a scientific journal for consideration (depending on peer-review process, final
publication likely 2018).

Spatial distribution of the % change in the soil Cd
content
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Higher cadmium scenarios:
• Considerable Cd build-up is expected across
Polish and Spanish soils, under the 60 & 80
mg/kg limit scenarios.
• In other EU countries, notable Cd build is
expected under these scenarios Portugal and
parts of the Baltics.

Lower cadmium scenarios:
• The outlook is much more positive under the
40 and 20 mg/kg limit scenarios, with an
improvement expected in soils under the 20
mg/kg limit value.
• The outlook is also more positive for other EU
countries, although accumulation rates
remain high in some areas (under the 40 mg
Cd/kg P2O5 limit scenario).

Source: Romkens et al

The situation across the EU-28 in 2016
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During 2016, the EU
weighted Avg Mg Cd / kg
P2O5 fell y/y as less
feedstock was imported
from Senegal.

By using the
WPA route, raw
materials are
partially decadmiated. +/24% of the Cd is
removed at this
stage

Around 53% of product in
2016 was in breach of the
strictest limit (20 Mg Cd /
kg P2O5), but the industry
would have between 9-12
years to prepare for this.

Only 12% of product
(equivalent to
540,000 tonnes) was
in breach of the
proposed 60 Mg Cd /
kg P2O5 limit.

The suppliers contributing the largest amount of Cd/kg P2O5 include Senegal, Togo, Tunisia, Lebanon and
Algeria. By introducing de-cadmiation measures on the combined volumes supplied by these countries
(540,000 tonnes P2O5), one can get the EU-28 average below 20 mg Cd / kg P2O5
Source: CRU; Fertecon; IHS Markit Global Trade Atlas; Kemworks; ML2R Consultancy; Safer Phosphates Estimates
Note: Cd Content is calculated looking at both locally manufactured goods & imports. P2O5 and Mg Cd are calculated based on finding the original source of the raw materials, and adjusting them
based on process and location specific transfer rates. The figure is presented in ‘000 tonnes P2O5 and broken into categories >60 Mg/kg P2O5; 40-60 Mg/kg P2O5 ; 20-40 Mg/kg P2O5 ; <20 Mg/kg.
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Potential Cd availability across the EU, 2016

Increasing phosphate availability
(local production + imports)

Country currently meets strictest
legislation put forward by EU

Size of bubble = Total Cd
availability through P2O5

Decadmiation & changes to product sourcing
(e.g. mixing) could bring their Cd positions in
line with strictest regulation proposed by EU.

Increasing amount of cadmium per tonne of phosphate
(i.e. cadmium intensity)
Source: CRU; Fertecon; IHS Markit Global Trade Atlas; Kemworks; ML2R Consultancy; Safer Phosphates Estimates
Note: Cd Content is calculated looking at both locally manufactured goods & imports. P2O5 and Mg Cd are calculated based on finding the original source of the raw materials, and adjusting them based on process and location
specific transfer rates. The figure is presented in ‘000 tonnes P2O5 and broken into categories >60 Mg/kg P2O5; 40-60 Mg/kg P2O5 ; 20-40 Mg/kg P2O5 ; <20 Mg/kg.

Progress of the EU vote & next steps

Source: www.saferphosphates.com; EPPA
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Conclusions
TM

•

The SAFER PHOSPHATES campaign has been launched to help overcome the dangers that
heavy metals could pose to food security.

•

Cd & other HMs are a health concern. Prolonged exposure can affect the skin, bones, organ &
nervous system functionality, and contribute to the development of cancer. SAFER
TM
PHOSPHATES argues that their presence in phosphate fertilizers should be limited at a level
which allows for a reduction in soils and of human exposure (as per proposal by EU).

•

The SAFER PHOSPHATES partners have a total of 13.5 million tonnes of low Cd phosphate rock
concentrate capacity. This excludes the projects being developed by South African (Kropz - 1.5 M
T/y) and Canadian (Arianne Phosphates - 3.0 M T/y) and JPMC’s capacity in Jordan totalling 7.0 M
T/y.

•

Cd can be addressed at various points in the value chain, but one of the most cost effective is
through blending/mixing of concentrates with low Cd contents.

•

In 2016, the available fertilizer in the EU (i.e. production + imports) contained on average 30.8
mg Cd/kg P2O5, which is well below the upper limit that is supported by the European Council.
By adjusting purchasing and consumption patterns (i.e. mixing product), and decadmating some
of the highest Cd containing product (e.g. Senegal) the EU average could fall in line with the
strictest regulation proposed by the EU.
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