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Agenda

• Mark:

– Setting the stage

• Key Inorganic Pigments and their uses

• The regulatory dilemma

• Leo:

– Presenting the Science!

– Caught in a Pincer
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Key Inorganic Pigments and their uses

• Inorganic pigments are one of the most important classes of 
pigments

• Used across multiple application areas:
– Coatings
– Inks
– Plastics
– Construction
– Food, drug, cosmetics amongst others

• Split into three major categories:
– White, including titanium dioxide
– Black, including carbon black
– Coloured pigments
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*SRI Consulting 2011

Key Inorganic Pigments and their uses

• Inorganic Colour Pigments

– Market size $2.9 billion*
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Key Inorganic Pigments and their uses

• Inorganic Colour Pigments
– Major classes:

• Iron oxides $1,345*
– Opaque and transparent

• Complex inorganic/mixed metal oxides $812*
• Chromium based:

– Chromates $240*
– Chromium oxide $207*

• Ultramarine blue, violet, pink $128*
• Bismuth Vanadate $41*
• Iron blue $36*
• Rare earth sulphides $35*
• Cadmium based $19*

*SRI Consulting 2011, millions of dollars
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The issue

• Inorganic pigments are based on metals typically based on:
– Oxides
– Salts
– Sulphides

• Some metals are considered toxic, e.g.
– Cadmium – cancer concern
– Lead – neurological development concerns
– Chromium – cancer concerns
– Cobalt – cancer concerns
– Nickel – cancer concerns
– Vanadium – acutely toxic, some concern for reproductive effects

• In regulatory circles the toxicity of organic chemicals is often determined by 
“read across” from other similar “looking” organic molecules using 
computer modeling
– Known as quantitative structure activity relationship or QSAR
– QSAR is considered effective as related organic chemicals are considered to have 

similar solubility, biological availability, toxicity
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*Issue Paper on the Human Health Effects of Metals August 2004

The issue

• The US EPA has published* that:
– Chemical speciation has an impact on:

• Solubility
• Bioavailability
• Persistence in the environment

– Solubility is a MAJOR factor influencing bioavailability and 
absorption of metals and metal compounds

– Solubility of a metal compound depends on:
• Its chemical species
• pH of the medium it is in
• The presence of other chemical species in the medium

• Despite the above statement regulatory authorities often 
consider all compounds of the same metal toxic no matter the 
species or solubility of the species
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The issue

• Example:

– PY.34 and PR.104 are based on forming a non 
soluble salt based on lead and chromium VI

Lead Compound Solubility*

Lead acetate 440.0

Lead nitrate 377.0

Lead chloride 9.9

Lead fluoride 0.64

Lead hydroxide 0.155

Lead carbonate 0.0011

Lead chromate 0.000058

Chromium Compound Solubility*

Sodium dichromate 1800.0

Calcium Chromate 163.0

Strontium Chromate 1.2

Zinc Chromate 2.5

Lead Chromate 0.000058

*g/litre of cold water
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The issue

• Example:
– As can be seen PY.34 and PR.104 are highly insoluble

– Epidemiological surveys have found them to be non toxic:
• Excerpts from relevant epidemiological studies:

– Cooper reported “The study, therefore, did not produce evidence 
supporting any association between lead chromate and lung cancer.” 
(1)

– Davies reported “Results provide no indication that lead chromate 
induces lung cancer in man.” (2)

– Kano reported “None of the results showed statistically significant 
differences that would suggest an excess risk for malignant neoplasms, 
particularly lung cancer, among workers engaged in the manufacture 
of chromate pigment in Japan.” (3)
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The issue

• Example:
– Despite scientific data indicating PY.34 and PR.104 are 

non toxic due to being non-bioavailable

– Despite there being no evidence to suggest PY.34 and 
PR.104 are classified as toxic

– Governments “read across” and consider all lead and 
hexavalent chromium compounds the same
• Canada considered PY.34 and PR.104 as potentially 

carcinogenic

• Europe considers all hexavalent chromium compounds as 
having the same carcinogenicity potential, recognizing that this 
overestimates the risk of very poorly soluable compounds
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The issue

• Example:
– However conclusions inconsistent:

• Canada considered the existing regulations in place for use of 
PY.34 and PR.104 and concluded:
– As a result, PY.34 and PR.104 will not be subject to the virtual 

elimination provisions under CEPA 1999 and will be managed using a 
life-cycle approach, to prevent or minimize its release into the 
environment

– Allowed for the continued use of PY.34 and PR.104 in industrial 
coatings and plastics applications

• Europe, through REACH, listed the substances on Annex XIV 
meaning the products are subject to authorization through 
continued use.
– If authorization is not approved, sunset date of 21st May 2015
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The issue

• Other examples exist:
– Cobalt blue

• Used widely in high end coatings

• Cobalt salts coming under increasing scrutiny

• Considered acutely and chronically toxic

• Cobalt blue potentially will get caught “in the net”

– Cadmium based pigments
• Cadmium is considered carcinogenic

• Despite multiple scientific reports showing cadmium 
based pigments are non toxic due to low bioavailability 
regulatory efforts continue to phase them out
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The issue

• Other examples exist:

– Complex inorganic/mixed metal oxides
• Manufactured using metals such as nickel, manganese, 

antimony amongst others

• Most metals used considered “toxic”

• Final pigments extremely insoluble and resistant to the 
environment and non toxic

• Due to the use of “toxic” metals increased regulatory 
focus in Europe and USA
– Determine exact species in final pigment
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