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Disclaimer
The information and recommendations contained herein are not intended to relieve
the reader of responsibility to comply with laws applicable to the reader's enterprise
and place of business and to verify independently the information provided in this
publication as it may relate to the reader's process or application. The information and
recommendations provided herein are believed by the publishing associations to be
accurate at the time of preparation or obtained from sources believed to be reliable.
These associations, their members, governing boards and the authors of this
publication make no warranty, expressed or implied, concerning this publication or
the accuracy of the information contained herein, and will not be liable for injury or
claims pertaining to any use of this document or the information contained herein. No
obligation is assumed for updating or amending this document for any reason,
including new or contrary information or changes in laws or regulations of any
jurisdiction.
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Colour Index Nomenclature
Throughout this brochure individual pigments are identified by Colour Index Generic
Name, the internationally recognised nomenclature system for pigments and dyes. The
Colour Index is published by The Society of Dyers and Colourists, Bradford, England, in
association with the American Association of Textile Chemists and Colorists.
The C.I. Generic Name refers only to the essential colorant part of a product. Similar products retailed under the same C.I. Generic Name do not necessarily have the same ecotoxicological or application properties. The manufacturer’s pattern card must always be
referred to for details of the product in question.
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International Coordination

International Coordination
A coordination committee has been formed to facilitate the cooperation between the
authors of this brochure, CPMA, and other representative associations in preparing
and distributing information on the safe handling of pigments throughout the world.
Other regional publications available so far are listed below, and one should consult
the publication relating to the appropriate region. The content of individual publications is solely the responsibility of the publishing association(s) and no responsibility
is attributable to the coordination committee members or their associations. Information on availability of these brochures is obtainable from any of the publishing associations.
Brazil
Brazilian Operating Committee of ETAD, Caixa Postal 7333, 01046-970 Sao Paulo SP, Brazil.
Canada and Mexico
These are incorporated into the North American Edition of the Safe Handling of
Color Pigments, First Edition, 1993, Color Pigments Manufacturers Association Inc.,
300 North Washington Street, Suite 102, Alexandria, Virginia 22314, USA.
USA
Safe Handling of Color Pigments, First Edition, 1993, Color Pigments Manufacturers Association Inc., 300 North Washington Street, Suite 102, Alexandria,
Virginia 22314, USA.

Copyright © 1995: BCMA, EPSOM, ETAD, VdMI
(see back cover for further information on these publishing associations).
No reproduction of this document or any part thereof, or any transmission in any form or by any
means of this document or any part thereof is permitted without the express permission of the
publishing associations. All requests for reproduction should be addressed to one of these
publishing associations at the addresses listed on the back cover. Reproduction of short
excerpts and citations will normally be permitted with prior request. Editorial changes or
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As this brochure utilizes material from the CPMA copyrighted North American edition, as
acknowledged on page 1, some requests may need to be referred to the Color Pigments Manufacturers Association, Inc.
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1 General Information

1 General Information
The purpose of this manual is to bring together the current knowledge (as of July
1995) of pigment manufacturers about the safe handling of their products. The manual
necessarily focuses on the hazards of these products and warns the reader about hazards regardless of the likelihood that harm will occur. This is done to make as much
general information available to the reader as possible. In general, compared with
other chemicals, pigments are of low hazard. This is primarily due to their extremely
low solubility which limits their bioavailability and therefore their toxicity.
The reader is encouraged to use this manual as a general reference guide to safe handling of pigments and some of the regulations which affect their use. The manual
consists of two basic parts: general information and product group specific information. More detailed information about a specific pigment must be obtained from the
suppliers' safety data sheets (SDS) and other safe handling literature.

1.1

What is a Pigment?
Pigments are defined as "Colored, black, white, or fluorescent particulate organic or
inorganic solids which usually are insoluble in, and essentially physically and chemically unaffected by, the vehicle or substrate in which they are incorporated. They alter
appearance by selective absorption and/or by scattering of light. Pigments are usually
dispersed in vehicles or substrates for application, as for instance in the manufacture
of inks, paints, plastics, or other polymeric materials. Pigments retain a crystal or particulate structure throughout the coloration process" (1).
Although colour pigments represent a relatively small segment of the chemical industry, they are widely used and can be found in most products that are coloured. Pigments are used in coating compositions of all kinds, including paints, printing inks,
plastics, rubber, synthetic textile fibers, cosmetics, contact lenses, detergents and
soaps, wax and ceramics, among other applications. The pigments industry is distinct
from the dyes industry, which manufactures a separate class of chemicals.
Pigments and dyes are categorized according to their generic name and chemical
constitution in the Colour Index , or C.I., published by The Society of Dyers and Colourists, England, and The American Association of Textile Chemists and Colorists.
For example, synthetic red iron oxide is designated as C.I. Pigment Red 101 (2). Interested readers can find many other valuable reviews and categorization schemes of
colour pigments (3–10).
Pigments are available in a number of commercial forms including dry colours
(usually powders), presscakes (water-wet pastes or granules), flushed colours (thick,
oily pastes), fluidized dispersions or slurries (pourable pastes), colour paste concentrates (pastes), resinbonds or predispersions (powders), plastic colour concentrates or
master batches (granules), and surface treated powders or pastes.
The quality of a pigment determines its value in use. Pigment properties include tinctorial strength, light- and weather-fastness, hiding power, transparency, shade, dispersibility, and chroma. Other properties include gloss, resistance to chemical attack,
migration and bleed resistance, solvent resistance, crystal stability, rheology
(fluidity), flocculation resistance, electrical properties, baking stability and numerous
properties required for specialized applications.

1.2 Health Effects / Toxicology

5

In the development of pigments, the chemical synthesis of the pigment is only the
beginning. The real challenge comes in controlling particle size, shape, and surface
and in conditioning the pigment to achieve optimal texture, dispersibility, rheology,
and other required properties. Much creative effort has gone into the modification of
pigments to improve both their chemical and physical properties. Pigments are customarily marketed on the basis of performance, rather than chemical analysis.

References
(1) DCMA, American Inkmaker, June 1989.
(2) Colour Index, Third Edition, Volume 3; The Society of Dyers and Colorists, The
American Association of Textile Chemists and Colourists, 1982, p. 3318.
(3) Fytelman, M. "Pigments (Organic)"; Encycl. Chem. Technol., 3rd Edition, Volume 15; John Wiley & Sons, New York, 1978, pp. 838–871.
(4) Schiek, R. C. "Pigments (Inorganic)"; Encycl. Chem. Technol., 3rd Edition, Volume 17; John Wiley & Sons, New York, 1978, pp. 788–836.
(5) Mumma, R. H. "Pigments"; Mod. Encycl. Plastics, Volume 57, 1981–1982, pp.
146–154.
(6) DCMA Complex Inorganic Color Pigment and Ceramic Colors Committee.
"Classification and Chemical Description of the Mixed Metal Oxide Inorganic
Colour Pigments", 3rd Edition; DCMA, 1991.
(7) NPIRI Raw Materials Data Handbook, Volume 4, Pigments; Francis MacDonald
Sinclair Memorial Laboratory 7, Lehigh University, Bethlehem, PA 18105,
1983.
(8) Herbst, W.; Hunger, K. "Industrial Organic Pigments"; VCH Publisher, Weinheim, New York, 1993.
(9) Smith, H. Introduction to Organic Pigments. In "Pigment Handbook", Volume 1;
Lewis, P. A., Ed.; John Wiley & Sons, New York, 1987, pp. 413–416.
(10) Hunger, K.; Herbst, W. In: Ullmann’s Encyclopedia of Industrial Chemistry,
"Pigments, Organic", Vol. A 20; VCH Publisher, Weinheim, New York, 1992,
pp. 371–413.

1.2

Health Effects / Toxicology

Acute Toxicity
The acute toxicity of a product is its harmful effect after a single or short term exposure. This exposure may be by oral ingestion, dermal contact, or inhalation. While
much information may be available about the oral toxicity of a compound, data from
skin contact and inhalation studies often provide information more relevant in the industrial setting.
The most common measure of acute toxicity is the LD50 or median lethal dose. The
LD50 is the amount of material (usually expressed for oral route as dosage in mg of
chemical/kg body weight of the test animal) administered once by a given route (oral,
dermal, etc.) that would be expected to kill 50 % of a group of experimental animals,
usually rats.
A large LD50 value (for example, 5000 mg/kg, equivalent to an average person swallowing 350 g) represents a low degree of acute toxicity. Throughout this brochure
LD50 values are cited, where applicable, as > 5000 mg/kg even if higher values are
specified in the literature.
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The EU Dangerous Substances Directive ("Chemical Law") defines three acute toxicity classes (rat, oral) for a material (1):
LD50
≤ 25 mg/kg:
very toxic
25 – 200 mg/kg:
toxic
LD50
harmful
LD50 200 – 2000 mg/kg:
Several summaries of the acute toxicity of pigments have been published. ETAD
published a summary of about 4,000 colorants (2), the National Printing Ink Research
Institute (NPIRI) tabulated LD50 data for about 108 organic pigments (3), and a Nifab
Symposium lecture (4) reviewed 194 pigments. Most of the oral LD50 values were
above 5000 mg/kg. None of the reported oral LD50 values was below 2000 mg/kg.
Considering that table salt (NaCl) has an oral LD50 value of 3000 mg/kg (5) and that
the EU Chemical Law defines substances with oral LD50 values of 200–2000 mg/kg
as "harmful" (6), the conclusion is that pigments, in general, are of low acute toxicity.

Irritation
The effects of chemicals on skin, eyes, and other mucous membranes are determined
in the laboratory by assessing the condition of the affected tissue after controlled exposure. Depending on the degree and reversibility of damage at the point of exposure,
substances are classified as non-irritants, irritants, or corrosives.
•

Irritation is a localized reaction resulting from a single exposure to a chemical at
the skin or eye. It is characterized by the presence of redness (erythema) and
swelling (oedema), and may or may not result in cell death. Detailed observations
are required to be recorded. A chemical may be classified as an irritant (skin, eye),
or as causing severe damage (eye) depending on the degree of damage. Irritation
may be triggered by chemical interaction and/or by simple mechanical abrasion.

•

Corrosive materials will cause visible destruction of, or irreversible alterations in,
living tissue by chemical action at the site of contact. For example, a chemical is
considered to be corrosive if, when tested on the intact skin of rabbits by the
method described by the OECD, it destroys or changes irreversibly the structure
of the tissue at the site of contact following an exposure period of 4 hours (7).

In the literature, one tabulation reported that, of 192 commercial pigments tested, six
products were skin irritants and 24 products showed various degrees of eye irritation.
The irritating effect may be caused by auxiliaries contained in the commercial products tested (8).

Toxicity after Repeated Application
Subacute toxicity studies involve the repeated application of a test substance to animals, for a period of 28 days. A subchronic study covers a period of 90 days.
Out of the large number of organic pigments which have thus been tested none has
demonstrated irreversible toxic effects.
No toxic response was observed in rats fed either with C.I. Pigment Yellow 1 or C.I.
Pigment Red 57:1 for 30 days (9).
Similar results have been obtained with C.I. Pigment Yellows 12, 17 and 127 (30-day
studies) and C.I. Pigment Yellow 142 (42-day study) (10).
Under the EU Chemicals Law substances, which cause serious damage on repeated
application or prolonged exposure, are required to be labelled with R 48 (Danger of
serious damage to health by prolonged exposure). There is no organic pigment known
with this R phrase labelling.

1.2 Health Effects / Toxicology
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Results of toxicity studies with repeated applications for several inorganic pigments
are listed under the various inorganic pigment groups (see chapter 3).

Mutagenicity
A chemical capable of altering the genetic material (gene, chromosome) in a living
cell is a mutagen. A variety of methods is available to test for mutagenicity. Most
important as a pre-screening test is the Ames test, which is a bacterial test allowing
fast performance under internationally standardized conditions and requiring limited
expense.
Only two out of a list of 24 organic pigments thus tested showed a positive result (3).
Many more organic pigments have been tested demonstrating no mutagenic effect.
Other tests for mutagenicity can involve cell cultures (e.g. the HGPRT or the cytogenetic-in vitro assays) or live animals (the micronucleus or the cytogenetic-in vivo
test). These tests are often used to screen for the mutagenic potential of a chemical
and to draw inferences about its carcinogenic potential.
Definite conclusions regarding a potential cancer hazard cannot be drawn from the
outcome of a single mutagenicity test.

Chronic Toxicity
Chronic toxicity is characterized by adverse health effects in an animal which have
been caused by repeated exposure to a substance over the entire life span of that animal. Delayed effects are also considered chronic effects.
The intent of chronic toxicity testing in animals is to check the possible tumorigenic
potential of a chemical.
Carcinogenicity is the ability of a substance to cause malignant tumours (cancer) in
the body. It is currently thought that many types of cancer have their origins in genetic
changes (mutations) that occur in the body's cellular system.
According to the literature 10 organic pigments and five Na salts of pigment lakes
have been tested for carcinogenicity in long-term feeding studies. Of the 10 pigments,
seven results were negative (C.I. Pigment Yellows 12, 16, 83; C.I. Pigment Reds 49,
53:1, 57:1 and C.I. Pigment Blue 60) and three results were equivocal (C.I. Pigment
Orange 5, and C.I. Pigment Reds 3 and 23). All five sodium salts of pigment lakes
gave negative results (10).
Besides the hazard potential of finely divided particles which can lead to dust explosion as described in chapter 1.3, adverse health effects by inhalable pigments must be
regarded as a potential problem.
Even when organic or inorganic pigment particles are described as inert, any dusting
material may cause lung damage. Therefore users should follow the recommended safety precautions (wearing dust masks, closed systems etc.).
Due to the complexity of the health effect area the reader is referred to available textbooks for further information (11, 12). In general, pigments are of very low toxicity.

References
(1) Council Directive 67/548/EEC (June 27, 1967) on the approximation of laws,
regulations and administrative provisions relating to the classification, packaging
and labelling of dangerous substances, and subsequent amendments (O.J. L196,
16.8.67).
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(2) Clarke, E. A.; Anliker, R. Organic Dyes and Pigments. In "The Handbook of Environmental Chemistry", Volume 3, Part A; Hutzinger, O., Ed.; Springer Verlag,
Berlin, 1980, pp. 181–215.
(3) NPIRI Raw Materials Data Handbook, Volume 4, Pigments; Francis MacDonald
Sinclair Memorial Laboratory 7, Lehigh University, Bethlehem, PA 18105,
1983.
(4) Leist, K. H. "Toxicity of Pigments"; NIFAB Symposium in Stockholm, May
1980.
(5) Registry of Toxic Effects of Chemical Substances, 1985-86 Edition; U.S. Department of Health and Human Services, p. 4434.
(6) Council Directive 92/32/EEC (April 30, 1992) amending for the seventh time
Directive 67/548/EEC on the approximation of the laws, regulations and administrative provisions relating to the classification, packaging and labelling of dangerous substances (O.J. L154, 5.6.92).
(7) OECD Guidelines for Testing of Chemicals No. 404 and 405.
(8) Herbst, W.; Hunger, K. "Industrial Organic Pigments"; VCH Publisher, Weinheim, New York, 1993.
(9) Leist, K. H. Subacute toxicity studies of selected organic colorants. Ecotox. Environ. Safety 1982, 6, 457–463.
(10) ref. (8), p. 572.
(11) Clayton, G. D.; Clayton, F. E., Eds.; "Patty's Industrial Hygiene and Toxicology", Forth Edition; Wiley-Interscience, New York, 1994.
(12) Gosselin, R. E.; Smith, R. P.; Hodge, H. C., Eds.; "Clinical Toxicology of Commercial Products", Fifth Edition; Williams & Wilkins, Baltimore/London, 1984.

1.3

Physical Hazards
Pigments may generally be considered as insoluble and inert substances. Normally
they are finely divided particulate matter which present few physical hazards under
normal conditions of good industrial hygiene.
The following physical hazards are, however, occasionally encountered and should be
taken into account by the user:
• Combustion potential
– self-heating,
– deflagration,
– dust explosion.

Self-heating
Two types of self-heating incidents with pigments have been described in the literature:
a) In general, finely-divided organic products can lead to self-heating with the potential of self-combustion, when for example certain highly resinated organic pigments are micropulverized and packed while extremely hot and stored at high
temperatures. This phenomenon is common with finely divided organic products
such as flour and chocolate powder.
b) The second type of self-heating reported for pigments involves the physical mixing and heating of a monoazo type pigment with lead chromate. Again in this instance smouldering occurred. This may also take place if tramp metal is accidentally introduced into organic pigments while milling or spray drying.

1.3 Physical Hazards
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Self-heating of pigments is a rarity and has been reported only a few times. As pigments producers / suppliers learn more about this phenomenon the users are informed
accordingly. Furthermore the very few self-heating organic pigments are classified
and labelled as dangerous materials in compliance with the regulations for the various
modes of transport. These transport regulations, based on UN recommendations, require specified containers and sizes, classified under UN-Class 4.2.
Deflagration
Deflagration is the ability of a material to support its own combustion without an external source of oxygen (1). Monoazo pigments containing nitro groups may exhibit
this property, e.g. C.I. Pigment Orange 5 (2, 3). To protect against deflagration, one
should pack only when the product is cool and avoid storage conditions that would
initiate combustion. A deflagration can be initiated by a foreign particle which has
been heated up through friction in a mill and then discharged with the product into a
container (4). Deflagration cannot be stopped by the exclusion of oxygen (i.e. foam)
but the container has to be flooded with water for heat reduction.
Dust Explosion
Explosion is a rapid combustion with a marked and measurable pressure increase.
Whether a dust cloud of a combustible organic pigment would explode depends on
the particle size distribution, dust concentration, impurities present, oxygen
concentration, the ignition source, and the moisture content of the dust. Precautions
against dust explosions of combustible organic pigments can include prevention of
ignition source (sparks, hot surfaces, etc.), inerting, utilising pressure shock resistant
design equipment, explosion relief (venting), and explosion suppression (5–7).
Electrostatic Discharge
In common with all finely divided particulate substances, pigments may accumulate a
surface charge of static electricity during transfer or processing operations, which can
give rise to sparks, and induce fire.
Accordingly, pigment handling equipment should routinely be electrically "grounded", to remove the possibility of such hazard potential and special precautions must
be taken when handling pigments packaged in plastic or when filling or emptying
bulk bags (8, 9). This is particularly important in the presence of flammable solvent
vapours, e.g. from flushed pigments or oxidizable dusts. Many suppliers of pigments
therefore use antistatic-treated packaging materials.
Combustion Products
In fire, the combustion of organic pigments can produce hazardous gases such as oxides of carbon, nitrogen and in cases of chlorinated or sulfonated pigments, hydrochloric acid and or sulphur dioxide. Some metal-containing pigments may generate
volatile metal-oxides depending on the fire conditions.
Reactivity
Most pigments are inert. Lead chromate is an exception because it is able to interact
with organic pigments acting as an oxidizer.
References
(1) United Nations "Recommendation on the Transport of Dangerous Goods. Tests
and Criteria", Second Edition, Section 4, Deflagration; United Nations, New
York, 1990, p. 240.
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(2) NPIRI Raw Materials Data Handbook, Volume 4, Pigments; Francis MacDonald
Sinclair Memorial Laboratory 7, Lehigh University, Bethlehem, PA 18105,
1983, p. 22.
(3) Personal Communication, Sun Chemical Corporation.
(4) Bartknecht, W. "Dust Explosions – Cause, Prevention, Protection"; Springer
Verlag, Berlin/Heidelberg/New York, 1989, p.32.
(5) National Fire Protection Association (USA). "Prevention of Fire and Dust Explosions in the Chemical, Dye, Pharmaceutical and Plastics Industries"; NFPA
654, 1988.
(6) Medard, L. "Accidental Explosions, Volume 1: Physical and Chemical Properties"; John Wiley, NY, 1989.
(7) Cashdoller, K.; Hertzberg, M., Eds., "Industrial Dust Explosions"; ASTM Special Technical Publication 958, Philadelphia, 1986.
(8) National Fire Protection Association (USA). "Static Electricity"; NFPA 77,
1988.
(9) Gloor, M. "Electrostatic Hazards in Powder Handling"; Research Studies Press,
Letchworth, Herts. UK., 1988.

1.4

Hazard Communication

Overview
In order to protect the workforce, general public and environment from hazards associated with chemicals, the European Directives 67/548/EEC ("the Dangerous Substances Directive") (1) and 88/379/EEC (the "Dangerous Preparations Directive") (2)
together with all amendments and adaptations place certain obligations upon suppliers
of chemicals.
In particular, the supplier must
– identify hazards associated with any chemicals supplied;
– communicate safety advice to the user;
– package products suitably for safe usage;
– consider storage and transport related risks.

Classification
Under the Directives, the supplier of a chemical substance or preparation has the duty
to identify hazards associated with his products. This may be done in one of two
ways,
a) by using the pre-determined classification derived for a substance by the EU
Technical Progress Committee and listed in Annex 1 to the "Dangerous Substances Directive"
or
b) where a substance is not listed, by self-classification using all available information.
As a consequence, a product may not require classification or may be classified in one
or more categories of danger covering physicochemical, toxicological and environmental effects.

Labelling
Once a product has been classified and assigned to a category of danger, there is a
requirement that all containers are labelled to indicate these dangers. For all
dangerous chemicals, certain aspects of the label are obligatory.

1.4 Hazard Communication
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Suppliers must ensure that the container is correctly labelled with the following information:
– The name, address and telephone number of the supplier within the European
Union responsible for placing the product on the market.
– The chemical name (or names of the dangerous components in the case of preparations) as given in Annex 1 to the Dangerous Substances Directive or, where the
chemicals do not appear in the Annex, an internationally recognised designation.
– The category or categories of danger together with the corresponding symbols.
– Risk phrases which relate to the classification (note that although these phrases
are styled risk phrases, in fact they describe the intrinsic hazard of the material).
– Safety phrases which advise on correct use.
– The EEC number (if allocated) for single substance dangerous products.
– The words "EEC label" if the substance appears in Annex 1 of the Dangerous
Substances Directive.
There are also requirements relating to the size of the label and these are determined
by the capacity of the package.

Safety Data Sheets (SDS)
Safety data sheets must be provided for all dangerous chemicals by the supplier to the
recipient with or before first supply and irrespective of the mode of supply (3).
Should further significant information arise, the supplier is also obliged to revise the
SDS and supply this update to all those who received the product within the last
twelve months. Responsible suppliers provide SDS for all products.
The information supplied in the SDS must be sufficient for the user to ascertain how
best to protect persons coming into contact with the dangerous chemical and to
protect the environment.
Although there is no obligatory format for the safety data sheet, the required information must be given under sixteen specific headings covering identification of the
chemical product and its supplier; composition information; hazard identification;
first aid measures; handling and storage; exposure control and personal protection;
physical and chemical properties; stability and reactivity; toxicological information;
ecotoxicological information; disposal; transport requirements; regulatory information
and any other information which might facilitate safe use of the product.
As with the label, the safety data sheet should be offered in the recipients' own language.

References
(1) Council Directive 67/548/EEC (June 27, 1967) on the approximation of laws,
regulations and administrative provisions relating to the classification, packaging
and labelling of dangerous substances, and subsequent amendments (O.J. L196,
16.8.67).
(2) Council Directive 88/379/EEC (June 7, 1988) on the approximation of the laws,
regulations and administrative provisions of the Member States relating to the
classification, packaging and labelling of dangerous preparations (O.J. L187,
16.7.88), and subsequent amendments.
(3) Commission Directive 91/155/EEC (March 5, 1991) defining and laying down
the detailed arrangements for the system of specific information relating to dangerous preparations in implementation of Article 10 of Directive 88/379/EEC
(O.J. L76, 22.3.91).
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Industrial Hygiene Considerations
The basis for good industrial hygiene is a formal program. This program identifies
specific hazards of both the chemical and the chemical process, and seeks to eliminate
risks through health and safety activities, and employee training. A good guideline for
the management of industrial chemicals, including pigments, is to minimise or eliminate direct worker contact with the chemical.
After specific hazards have been identified, control measures to minimise the risk can
be established. These controls must be appropriate to the nature of the hazard and
type of exposure. There are three types of control: engineering, procedural, and the
use of personal protective equipment (PPE).
At management level, it is wise to set up a program for monitoring the effectiveness
of controls. An effective Industrial Hygiene and Worker Safety Program will involve
all levels of management and staff.
Engineering controls include the physical separation of hazardous operations from
general work areas, the provision of necessary ventilation, and the provision of separate areas for eating, changing clothes, and showering (1).
Administrative /Work Practice controls establish safe working procedures, and develop, introduce and monitor workforce training.
Personal Protective Equipment (PPE) is widely used in the pigment industry, and is
selected according to the hazards. Possible PPE are listed in EU Directives (2-4).
In dusty operations dust/mist half-face disposable respirators should be used. Where
the chemical composition of the dust poses a hazard, for example lead or cadmium
containing pigments, a high efficiency respirator is appropriate.
Equipment may include overalls, gloves, safety shoes, eye protection, hearing protection, respirators and skin care. Supplier's Safety Data Sheets should be utilized in the
PPE selection process. It is usually wise for employees to be involved in the selection
and care of PPE.
It is essential to implement good working practices and personal hygiene. Eating,
drinking, smoking, and applying cosmetics should not be undertaken in the work area.
Employees should wash their hands before engaging in any of these activities. Food,
beverage or cigarette machines should not be present at the work station.
Work clothes should be kept separate from street clothes. Storage and handling of
hazardous materials should be done only by trained employees in designated areas.
Work areas should be kept clean and tidy. In regular instructions the employees have
to be informed about possible risks and they have to be urged to adopt good working
hygiene.

References
(1) Council Directive 89/654/EEC (November 30, 1989) concerning the minimum
safety and health requirements for the workplace (first individual directive
within the meaning of Article 16(1) of Directive 89/391/EEC) (O.J. L393,
30.12.89).
(2) Council Directive 89/391/EEC (June 12, 1989) on the introduction of measures
to encourage improvements in the safety and health of workers at work (O.J.
L183, 29.6.89).
(3) Council Directive 89/655/EEC (November 30, 1989) concerning the minimum
safety and health requirements for the use of work equipment by workers at work
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(second individual Directive within the meaning of Article 16(1) of Directive
89/391/EEC) (O.J. L393, 30.12.89).
(4) Council Directive 89/656/EEC (November 30, 1989) on the minimum health and
safety requirements for the use by workers of personal protective equipment at
the workplace (third individual directive within the meaning of Article 16(1) of
Directive 89/391/EEC) (O.J. L393, 30.12.89).

1.6

Environmental Concerns
There are a variety of environmental concerns associated with the manufacturing and
handling of pigments, as there are with handling of all chemicals. These concerns include the proper disposal of wastes, monitoring and control of emission sources, and
the correct procedures for control and containment of spills of materials that are potentially harmful to the environment. In general, pigments are inert and insoluble materials which pose little or no threat to the environment. The pigment industry as a
whole is concerned with protecting and preserving the quality of the environment and
responds to the rapidly changing environmental regulations.

Waste Disposal
Waste can be described as any material which cannot be reused or recycled in a
manufacturing process. In some EU-states it is necessary to give evidence that the
waste cannot be recycled and to obtain permission for the deposit of the waste.
Examples of typical waste are: contaminated products, spill cleanups, waste treatment
plant sludge, retained laboratory samples, used packaging materials, equipment wash
downs, etc.
According to present regulations in the EU, the treatment, storage, disposal and transboundary shipment of waste is regulated in the whole EU (1–5). Only, if the avoidance and the recycling of waste is not possible, is it allowed to deposit the waste.
Disposal of waste water treatment sludge depends on the composition of the sludge
and of the sludge eluate. The permissible composition and physical conditions for
each type of disposal are regulated by the national and state waste departments.
The classification of pigment waste depends on its composition, physical condition,
and the substances present in the eluted water. Depending on these properties and the
local regulations for waste it is possible to get permission for one type of disposal
facility or waste combustion.
If the information in the safety data sheets is not sufficient, or there are problems, the
pigment suppliers should be contacted for specific questions about the disposal or
secondary use.

Source Emission
Source emissions should be considered during both the manufacturing of pigments
and the production of end products that use pigments as raw materials. Potential
emissions include hydrocarbon vapours from flush manufacturing and milling operations, and dust particles from dry colour manufacturing and processing.
Source emissions should be controlled by the best available control technologies for
particular containment or process and must be approved by the supervising department. If the chemicals used or the process make it necessary, this department may also
have to control the plant. In all types of plant the exposure of the workers to dust or
hydrocarbon vapours must be less than the permitted limits. Compliance will also be
monitored by the supervising department.
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Accidental Spills
Spills of pigment should be contained in order to protect the environment. Although
pigments are usually not regarded as hazardous, they may be considered as pollutants
due to their inherent colour or the potential presence of certain metals. State and federal reporting requirements may apply. Manufacturers as well as users should be familiar with the reporting requirements of their states. Spills and clean-up residues
should be contained and cleaned up in accordance with the SDS and applicable regulations.

Responsible Care
The pigment industry in Europe fully supports the initiative "Responsible Care" of the
European Chemical Industry Council (CEFIC). The pigment industry played an active
part in developing and implementing guidelines, activities, recommendations and voluntary self restrictions for environmental protection.
At company level, Responsible Care is a commitment to continuous improvement of
performances in health, safety and environmental protection (6). In fulfilling such a
commitment companies are helped by the specific programme, guidelines and codes
of conduct developed by their national chemical industry association. In any case,
they would have in place suitable management systems fixing, among others, the responsibilities for environmental and safety issues as well as the corresponding audit
procedures.
Even in an early stage of research and development environmental protection and
safety aspects are considered. This is called "Environmental Protection integrated into
Innovation".
Safe transport of chemical products and raw materials, especially of hazardous materials, is of special importance to the chemical industry. Safety in transport of chemicals covers two different aspects:
– the prevention of accidents, mainly focused on a thorough selection, information
and training of safe carriers;
– the limitation of the consequences of accidents when they occur.
Both aspects are dealt with by the CEFIC ICE-Programme (International Chemical
Environment). The emergency response part of the programme is developing a network for assistance using the same principle as the German TUIS system (Transport
Accident Information and Assistance System).
Product Stewardship, which can be described as Responsible Care applied to products
(7), includes the development and use of safety data sheets. The chemical industry
plays a decisive part in the program by investigating the ecological properties of existing substances.
In accordance with Quality Assurance Guidelines the pigment producers are implementing a total quality management system.

References
(1) Council Directive 91/156/EEC amending Directive 75/442/EEC on waste (O.J.
L78, 26.3.91).
(2) Commission Decision 94/3/EEC (December 20, 1993) establishing a list of
wastes pursuant to Article 1(a) of Council Directive 75/442/EEC on waste (O.J.
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(5) Council Directive 84/631/EEC (December 6, 1984) on the supervision and control within the EU of the transfrontier shipment of hazardous waste (O.J. L326,
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(6) Responsible Care: a chemical industry commitment to improve performance in
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1.7

Transportation and Storage
Within Europe there are a number of special organisations which regulate the transport of goods by the various modes of transport. Dangerous goods have to be classified, labelled and packaged according to these regulations and it is the responsibility
of the manufacturer to decide if his product is "dangerous".
In order to provide some uniformity regarding the regulations for the classification
(and corresponding labelling and packaging), the United Nations set up, in 1953, a
committee of experts on the Transport of Dangerous Goods. This committee provides
recommendations for all modes of transport and it is expected that governments,
intergovernmental organisations and other international organisations will take cognisance of these when revising their regulations.
Sea and air transport are controlled internationally by the International Maritime Organisation (IMO), International Civil Aviation Organisation (ICAO) and International
Air Transport Association (IATA).
The European countries, together with some North African States, are controlled under the International Regulations concerning the Carriage of Dangerous Goods by
Rail (RID), while road transport is covered by the European Agreement Concerning
the International Carriage of Dangerous Goods by Road (ADR).
If any pigment is classified as "dangerous", employers (both the manufacturer and the
freight company) have specific responsibilities to train and certify those who load or
handle those pigments during their transportation.
All goods have to be declared as "dangerous" or "non-dangerous" on the appropriate
transport papers. Additionally for transport by road, documentation must also be
handed over to the driver to take with him the so-called Transport Emergency Card,
which outlines the steps to be taken in the case of an incident involving the dangerous
goods. These instructions must be provided in the language of all the countries that
are passed through as well as in the language of the driver. Emergency phone numbers
are also given for contact in the case of an emergency.
The safety data sheet gives information on the physico-chemical properties of a pigment as well as those properties which are of importance in the case of fire and for the
protection of man and the environment and can thus be used for the determination of
the necessary storage conditions.
The transport regulations are regularly updated, therefore colorant manufacturers and
users need to be aware of the current regulations.
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1.8

Impurities in Pigments
Pigments are widely used for the coloration of consumer goods, toys and for printing
inks for food packaging materials.
Thus, apart from the toxicological and ecological properties of the pure pigments and
their migration behaviour from the above mentioned materials, certain impurities must
be particularly considered, which might influence the results of the toxicological
studies.
Impurities which could be present in trace amounts include:
– certain heavy metal compounds,
– aromatic amines,
– polychlorobiphenyls,
– polychlorinated dibenzodioxins or -furans ("dioxins").
These impurities are regulated by threshold limits in various European countries.

Heavy Metals
For food contact applications certain limit values of traces of heavy metal compounds
or soluble ions of certain heavy metals are specified by the different countries.
Although there is no uniform regulation within Europe at present, the following countries have agreed on threshold limits laid down in the Council of Europe Resolution
AP(89)1: Austria, Belgium, Denmark, France, Germany, United Kingdom, Ireland,
Italy, Luxembourg, the Netherlands, Norway, Spain, Sweden, Switzerland (1).
Table: Threshold limits for certain elements extractable in O.1N hydrochloric acid,
according to Resolution AP(89)1
Element

ppm

Element

ppm

Antimony

500

Cadmium

100

Arsenic

100

Chromium

1000

Barium

100

Mercury

50

Lead

100

Selenium

100

1.8 Impurities in Pigments
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Aromatic Amines
Aromatic amines as components of the pigment synthesis may only be present in very
low trace amounts in the organic pigments.
Upper limits have been defined for certain applications, e.g. for food-contact packaging material (2):
primary aromatic amines
500 ppm (total)
4-aminobiphenyl, benzidine, 2-naphthylamine,
2-methyl-4-chloroaniline
10 ppm (total)

Polychlorobiphenyls (PCBs)
PCBs are mainly regulated because of their persistency in the environment rather than
due to a particular risk to man.
Traces of PCBs could possibly be formed during synthesis of two groups of organic
pigments:
– azo pigments based on chloroanilines or di-or tetrachlorodiaminobiphenyls as
diazo components, which may form traces of PCBs in certain side reactions;
– pigments synthesized using, e.g. di- or trichlorobenzene as solvent. PCBs may be
formed by radical reactions.
In the European Union chemicals are not allowed to be marketed if containing 50 ppm
or more of PCBs or PCTs (polychlorinated terphenyls) (3).

Polychlorinated Dibenzodioxins / -furans (”Dioxins”)
Similar conditions as for the formation of PCBs exist for the formation of dioxins.
A very stringent German Ordinance (4) prohibits the production and marketing of
those 17 dioxin derivatives which are at least substituted with chlorine in the 2, 3, 7,
8-positions of the molecule provided the very low ppb-limits are exceeded.

References
(1) Council of Europe Resolution AP (89)1 on the use of colorants in plastic materials coming into contact with food. Adopted by the Committee of Ministers on
September 13, 1989.
(2) Determination of unsulphonated primary aromatic amines (DIN 55610, September 1986) according to ETAD Analytical Method No 212.
(3) Council Directive 89/677/EEC (December 21, 1989) amending for the eighth
time Directive 76/769/EEC (O.J. L398, 30.12.89).
(4) First Ordinance regarding the Amendment of the Chemicals Prohibition Ordinance of July 6, 1994 (Germany).
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General Information
The organic pigments can be principally classified into two major groups: azo pigments and polycyclic pigments.
Azo pigments are characterized by the presence of one (monoazo) or two (disazo) azo
bonds, –N=N–, in the molecule and cover mainly the range of yellow, orange, red,
violet and brown shades. Azo pigments represent about 70 % of all organic pigments
worldwide and depending on their properties are used over the entire range of
pigment application reaching from all types of coatings to colouring of plastics and
printing inks to food and cosmetic colorants.
Polycyclic pigments include a wide variety of chemical structures, but in general
consist of mostly aromatic six- and/or five-membered condensed carbon ring systems,
and in part aromatic heterocyclic systems containing nitrogen, oxygen or sulphur. By
far the most important group of polycyclic pigments are represented by the copper
phthalocyanine structure. Almost all blue and green shades of organic pigments commercially used are based on this chemical entity. Other polycyclic pigment types of
commercial importance are quinacridones and perylene pigments covering orange and
red shades and various other structures.
Due to the extremely low solubility in water and organic solvents, necessary for suitable application properties, organic pigments are generally not bioavailable and therefore have a favourable ecological and toxicological profile. In addition to their low
solubility and non-migratory properties pigments are imbedded in the application matrix such as plastics or other polymeric material for coatings, paints or printing inks. A
direct contact to the pigment cannot occur.
Safe handling of organic pigments nonetheless involves following good working
practice to minimize occupational exposures and environmental releases. Such precautionary measures are appropriate for all chemicals not classified as dangerous.

2.1

Monoazo Pigments
Representative Colour Index Names: C.I. Pigment Yellow 74
C.I. Pigment Orange 5
C.I. Pigment Red 57:1
Monoazo pigments are of different kinds. Yellows are based on acetoacetanilides as
coupling components; oranges and reds are made from ß-naphthol as coupling component, always using aromatic amines as diazo component. A second group of monoazo pigments is made by coupling diazotized aromatic amino sulfonic acids to ß-naphthol, ß-hydroxynaphthoic acid or Naphthol AS derivatives, followed by conversion to
insoluble metal salts with, for example, calcium chloride.
High quality types of monoazo pigments are the yellow, orange, red, violet or brown
benzimidazolone pigments, made by coupling of diazotized aromatic amines onto acetoacetyl benzimidazolone or ß-hydroxynaphthoyl benzimidazolone.

Acute Toxicity
Monoazo pigments are of low acute toxicity. The LD50 values are generally > 5000
mg/kg; (1, 2).

2.1 Monoazo Pigments
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Chronic Toxicity
Long term feeding studies have been conducted with several monoazo pigments, such
as C.I. Pigment Orange 5, C.I. Pigment Reds 3, 4, 23, 49, 53:1 and 57:1, some of them
for use as drug and cosmetic colorants (3-6). These pigments demonstrated generally
low toxicity. C.I. Pigment Reds 3 and 53:1 have recently been classified by IARC as
"non-classifiable as to its carcinogenicity to humans" (7). The results of the long-term
assay of C.I. Pigment Orange 5 were considered equivocal by the US National
Toxicology Program (NTP) (8). C.I. Pigment Red 57:1 has been approved as colorant
in food contact polymers (9). Insoluble aluminium salts of this group, such as C.I.
Pigment Yellow 100 and C.I. Pigment Yellow 104 are approved as certified food,
drug and cosmetic colorants in the USA and in the European Union.
Physical Hazards
A few nitro-group containing pigments in this class, in particular C.I. Pigment Orange 5, can decompose in the absence of oxygen (deflagration) (10). For further discussion refer to Chapter 1.3.
Environmental Concerns
The presence of barium (Ba2+) as a metallizing species (which renders some monoazo
products very insoluble in water and organic vehicles) is a source of study and reporting requirements. For the coloration of consumer goods and toys the acid soluble
content of barium is limited under various national regulations in Europe. Barium pigment toners, in general, are not recommended for use in food packaging materials and
toys. In the USA and some parts of Europe these products are referred to as barium
pigment lakes.
References
(1) Lewis, P. A., Ed. "Pigment Handbook", Volume 1, 2nd Edition; John Wiley &
Sons, New York, 1987.
(2) Verschuren, K. "Handbook of Environmental Data on Organic Chemicals"; Van
Nostrand Reinhold Co., 1977.
(3) Catalogue of Food Colors, Volume 1; International Life Sciences Institute, 1982.
(4) Federal Register, Vol. 47, pp. 57681–57689, December 28, 1982, "D&C Red
No. 6 and D&C Red No. 7" Final Rule, Food and Drug Administration.
(5) Vettorazzi, G. "Handbook of International Food Regulatory Toxicology", Vol. 2:
Profiles; SP Medical and Scientific Books, 1981.
(6) Leist, K. H. Subacute toxicity studies of selected organic colorants. Ecotox. Environ. Safety 1982, 6, 457–463.
(7) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Vol. 57;
IARC, Lyon, 1993.
(8) Tox Tips, Oct. 1978, June 1981. Toxicology Information Program, National Library of Medicine, Bethesda, MD-USA.
(9) Federal Register, Vol. 56, p. 42927, August 30, 1991, "Colorants for Polymers"
Final Rule, Food and Drug Administration, 21 CFR 178.3297.
(10) NPIRI Raw Materials Data Handbook, Volume 4, Pigments; Francis MacDonald
Sinclair Memorial Laboratory 7, Lehigh University, Bethlehem, PA 18015,
1983, p. 22.
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Disazo Pigments
Disazo pigments have two azo groups present in the pigment molecule and are primarily yellow, orange or red. Disazo pigments are of two types: diarylide pigments
and azo condensation pigments.
Diarylide pigments are manufactured by diazotization of aromatic diamines, mainly
3,3'-dichlorobenzidine, and coupling with acetoacetarylides (such as acetoacetanilide)
or aryl-substituted pyrazolones (such as phenylmethyl pyrazolone).
Representative Colour Index Names: C.I. Pigment Yellow 12
C.I. Pigment Orange 13
C.I. Pigment Red 38
Azo condensation pigments are manufactured by condensation of azo acid dyes with
aromatic amines or diamines.
Representative Colour Index Names: C.I. Pigment Yellow 93
C.I. Pigment Red 144

Acute Toxicity
Both diarylide pigments and azo condensation pigments have high LD50 values, generally exceeding 5000 mg/kg. In some cases, however, diarylide pigments are treated
with primary aliphatic amines, which are eye or skin irritants, and may be hazardous
to the eyes or skin.
Chronic Toxicity
Diarylide pigments, the most common pigments in this class, are probably the most
thoroughly tested of all commercial organic pigments, as they are derived from 3,3'dichlorobenzidine (DCB), a known animal carcinogen (1). A number of chronic toxicity studies have, however, been carried out on diarylide pigments, and show no
evidence of carcinogenicity, or of metabolic breakdown to regenerate DCB (2-5).
Physical Hazards
None known at this time.
Environmental Concerns
The safety of diarylide pigments in plastics has been questioned because of concern
about breakdown products. Thermal breakdown has been shown to occur at temperatures above 200 °C in certain polymers. Diarylide pigments should not be used for the
coloration of polypropylene, polyamide, or polyester which involve processing temperatures above 200 °C or in powder coatings that are baked at temperatures higher
than 200 °C (6, 7).
Diarylide pigments can be safely used for the coloration of printing inks, paints and
plastics. Diarylide pigments should not, however, be used in polymers at temperatures
above 200 °C because of thermal breakdown.
Biodegradation studies carried out on C.I. Pigment Yellow 17 showed that no anaerobic biodegradation occurred (8).
The manufacture of diarylide pigments under certain conditions can lead to the inadvertent generation of trace quantities of polychlorinated biphenyl (PCB). Regulations
exist which require control of PCB impurities by manufacturers and importers (9,10).
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2.3

Phthalocyanine Pigments
Representative Colour Index Names: C.I. Pigment Blue 15
C.I. Pigment Green 7
C.I. Pigment Green 36
The phthalocyanine pigment class is characterized by a unique ring system usually
with copper as the complexed central atom. However, for special applications a metalfree phthalocyanine pigment is available (C.I. Pigment Blue 16). In nature, hemin, as
iron(III) complex in the blood, and chlorophyll, as magnesium complex in plants,
belong to the same system (porphyrin) (1, 2). These pigments vary in colour from blue
to green depending on their chemical substituents and crystal structure.
Due to their exceptional fastness they are used in all types of coatings, from emulsion
paints to high-quality automotive finishes, in printing inks and in plastics.

Acute Toxicity
Rat feeding studies show no acute toxicity with LD50 values > 5000 mg/kg (3). Skin
and eye irritation studies are also negative (4).
Mutagenicity / Chronic Toxicity
A 13-week subchronic study did not reveal any toxicity or pathological changes (5).
Ames tests for mutagenicity were negative (6). A study conducted on laboratory mice
involving the injection of a phthalocyanine blue pigment over an eight-month period
found no evidence of tumorigenic potential (7).
Physical Hazards
None known at this time.
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Environmental Concerns
Acute toxicity tests with aquatic organisms show no toxic effects to bacteria and fish.
It can be concluded that the pigments are not bioavailable (8). Due to their insolubility
in water, they can be removed mechanically from waste water in purification plants.
The covalently bonded or complexed copper in copper phthalocyanine pigments is not
bioavailable, and the toxicity of these products is therefore considerably reduced
compared to soluble inorganic copper compounds.
The manufacture of phthalocyanine green pigments under certain conditions can lead
to the inadvertent generation of trace quantities of polychlorinated biphenyls (PCBs).
Regulations exist which require control of PCB content by manufacturers and importers (9).
The U.S. Environmental Protection Agency (EPA) has published a well-founded evaluation of the unproblematic ecological behaviour of phthalocyanine pigments (10).
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2.4

Triarylcarbenium Type Pigments
Representative Colour Index Names: C.I. Pigment Violet 3
C.I. Pigment Red 81
C.I. Pigment Blue 1
C.I. Pigment Blue 61
Triarylcarbenium type pigments are internal salts of triphenylmethane dyes that are
insoluble in water, or derivatives of various soluble basic dyes reacted with complex
acids. These complex acids are typically phosphotungstic, phosphomolybdic, silicotungstic, silico-molybdic, copper ferrocyanides or their mixtures (1–3). These pigments are distinguished by unusual purity in colour and brilliance. They are mostly
used in printing inks.

2.5 Quinacridone Pigments
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Acute Toxicity
These pigments, with a few exceptions, have high oral LD50 values, generally in the
2000 – 5000 mg/kg range. A few pigments show eye irritation.
Chronic Toxicity
There are no indications that these pigments are chronically toxic.
Physical Hazards
There are no unique physical hazards associated with this class of pigments except
that ferrocyanides may emit hydrogen cyanide fumes when burned, heated or treated
with concentrated acids.
Environmental Concerns
Due to their insolubility in water, they can be removed from waste water in purification plants.
Special precautions must be taken with ferrocyanides due to their toxicity to some
aquatic organisms.
References
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2.5

Quinacridone Pigments
The most important Colour Index representatives are:
C.I. Pigment Violet 19
C.I. Pigment Red 122
C.I. Pigment Red 202
Quinacridones are deeply coloured pigments, which are characterized by their heterocyclic structure with a relatively small molecular size. Due to very strong intermolecular hydrogen bonds combined with strong van der Waals' forces, they exhibit
good pigment properties, such as high heat-, light- and weather-fastness, strong resistance to chemicals and migration. All these technical advantages are complemented
with a broad colouristic spectrum in the red / violet range together with opaque or
transparent forms. The shade of quinacridones is determined by different crystal
modifications as well as by substitution patterns. The most important class of
quinacridones is the C.I. Pigment Violet 19, which is available both in a reddish-violet
β- and in a red γ-modification followed either by the dichlor-quinacridone (C.I.
Pigment Red 202) or by the dimethyl-quinacridone (C.I. Pigment Red 122).

Acute Toxicity
Quinacridone pigments are of low acute toxicity, i.e. LD50 > 2000 mg/kg and are nonirritant to eye and skin (2).
Mutagenicity / Chronic Toxicity
Long-term health effects data for quinacridones are limited. Mutagenicity testing in
vitro for both modifications of C.I. Pigment Violet 19 was negative. C.I. Pigment
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Violet 19 is approved for food contact applications by the American Food and Drug
Administration, FDA (3).

Physical Hazards
None known at this time.
Environmental Concerns
Due to their high insolubility in water and organic solvents quinacridones are considered to be essentially non-bioavailable. Long-term studies which investigate biodegradation processes are not known. It is expected that quinacridone pigments behave
like other highly insoluble chemicals which biodegrade only very slowly.
References
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(3) Federal Register, Vol. 56, p. 42927, August 30, 1991 "Colorants for Polymers",
Final Rule, Food and Drug Administration, 21 CFR 178.3297.

2.6

Other Polycyclic Pigments
Representative Colour Index Names:
Type
Perylene
Perinone
Isoindoline
Quinophthalone
Indanthrone
Pyrrolopyrrole
Carbazole Violet

C.I. Pigment Red 149
C.I. Pigment Orange 43
C.I. Pigment Yellow 139
C.I. Pigment Yellow 138
C.I. Pigment Blue 60
C.I. Pigment Red 254
C.I. Pigment Violet 23

Polycyclic pigments are non-azo pigments, other than phthalocyanine or quinacridone
pigments, with more than one five- or six-membered ring in their chemical structure.
These pigments are noted for their excellent fastness properties.
Acute Toxicity
In general, these pigments have a high oral LD50 value for rats (> 5000 mg/kg), and
are not classified as dangerous in the EU (1). Also, skin and eye irritation studies have
been reported to be negative for these products.
Subchronic / Chronic Toxicity
No data were found on long term health effects in humans.
In the case of Indanthrone Blue, C.I. Pigment Blue 60, a two-year oral study conducted in rats showed no adverse effects (2).
In the case of pyrrolopyrrole, C.I. Pigment Red 254, a 28-day oral feeding study in
rats was conducted by the manufacturer. Doses of 100, 300 and 1000 mg/kg/day
produced no biologically significant adverse effects. The NOEL (No Observable
Effect Level) was > 1000 mg/kg.

2.6 Other Polycyclic Pigments
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Physical Hazards
None known at this time.
Environmental Concerns
These polycyclics are of low solubility in water and are chemically inert. They
present no known environmental hazard.
C.I. Pigment Violet 23 deriving from chloranil and produced by responsible manufacturers does not contain trace amounts of polychlorinated dibenzodioxins / dibenzofurans in concentrations above the very stringent limits of the German Dioxin Regulation (3).
References
(1) EC Council Directive 92/32 EEC (April 30, 1992) amending for the seventh time
Directive 67/548/EEC on the approximation of the laws, regulations and administrative provisions relating to the classification, packaging and labelling of dangerous substances (O.J. L154, 5.6.92).
(2) Oettel, H.; Frohberg, H. et al. Die Prüfung einiger synthetischer Farbstoffe auf
ihre Eignung zur Lebensmittelfärbung. Arch. Toxikol., 1965, 21, 9–29.
(3) First Ordinance regarding the Amendment of the Chemicals Prohibition Ordinance of July 6, 1994 (Germany).
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3 Safe Handling of Inorganic Pigments
General Information
All inorganic pigments contain heavy metal constituents with the exception of titanium dioxide, carbon black and ultramarine pigments. It is therefore necessary to have
some basic information about heavy metals and pigments containing heavy metals.
What is a heavy metal? The technical literature describes them as metals with a density of greater than 4.5 g/ml. By this definition, most of the chemical elements are
heavy metals.
Are all heavy metals toxic and dangerous to the environment? As is apparent from the
definition, the term "heavy metals" only gives an idea of the density of the metal, and
says nothing about its toxicity or behaviour in the environment. Heavy metals are a
natural constituent of our environment. Considerable amounts occur naturally in the
rock and soil, for example barium 650 mg/kg, chromium 83 mg/kg, manganese 1000
mg/kg, nickel 58 mg/kg, zinc 83 mg/kg and iron about 5 % (1). The environment is
not free from heavy metals. Traces also occur, for example, in petroleum, coal and
wood. As a result of absorption from the soil by plants, they are present in our food.
During the course of evolution, life forms have developed in an environment with a
natural content of heavy metals and these have been included in the build-up of organisms. Many heavy metals are vital trace elements, without which human and animal
life would not be possible.
The trace elements essential to life include the following heavy metals: Iron, zinc,
manganese, copper, chromium, molybdenum and cobalt. Other elements regarded as
beneficial are nickel, vanadium, arsenic, selenium and tin. A radical demand for the
absence of heavy metals in all spheres of life is thus absurd due to their ubiquity and
biological necessity.
As with all other substances, heavy metals can be regarded as being harmful to humans and the environment when specific concentrations are exceeded. The range depends on the heavy metal and on the form in which it is present. A number of heavy
metals are so firmly bound in the pigment that they are soluble neither in the soil nor
in the organism; i.e. they are not bioavailable (2).
Just how beneficial or toxic one and the same heavy metal can be is illustrated by the
chromium compounds. The simple question of whether chromium compounds are
hazardous or not cannot be answered with a yes or no. Chromium is vital to organisms. Chromium deficiency has been shown in animal experiments to result in diabetes, arteriosclerosis and growth disturbances. Commercial chromium compounds
contain trivalent or hexavalent chromium, which differ very greatly in their effects.
Hexavalent chromium compounds (chromates) have a strong tendency to change into
trivalent chromium compounds while giving up oxygen. They therefore have a strong
oxidizing action and a toxic effect on biological materials. For humans and animals as
well as for plants they are more than 1000 times more toxic than trivalent chromium
compounds. In colorants, chromium can be either trivalent or hexavalent, with the result that there are major differences in their toxicological properties (3).
Hexavalent chromium compounds such as the anti-corrosive zinc chromate and strontium chromate pigments are classified as carcinogenic, and lead chromates are suspected of being carcinogenic. In chromium oxide green, chromium titanium yellow
and some cobalt blue pigments, chromium is present solely in trivalent form. The
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pigments are insoluble in water, alkaline medium and mineral acids. If they are inadvertently ingested, the human organism is not capable of dissolving significant
amounts of the chromium and, in the case of chromium titanium yellow, of the antimony. In such cases we say that the heavy metals are not bioavailable. Being calcined
products, they are also not liberated when burned in a waste incinerator (2). In this
form, the heavy metals are practically inert and constitute no hazard to human beings
or the environment.
References
(1) Fiedler H. J.; Rössler, H. J. "Spurenelemente in der Umwelt"; Enke Verlag,
Stuttgart, 1988.
(2) Endriss, H.; Haid, M. Kunststoffe schwermetallfrei einfärben? Kunststoffe 1992,
82, 771–776.
(3) Merian, E. "Metalle in der Umwelt"; VCH, Weinheim, 1994.

3.1

Titanium Dioxide Pigments
Composition
Titanium dioxide

Formula
TiO2

Colour Index Name
C.I. Pigment White 6

Titanium dioxide occurs in nature in the modifications rutile, anatase, and brookite.
Rutile and anatase are produced industrially as the most important pigments in terms
of quantities (1). Titanium dioxide is of outstanding importance as a white pigment
because of its scattering properties, its chemical stability, its biological inertness and
its lack of toxicity.
The pigment is normally coated with colourless organic or inorganic compounds of
low solubility to improve the weather resistance, light fastness and dispersibility.
Acute Toxicity
The pigments are not considered to be toxic: Oral LD50 values, rats, >5000 mg/kg,
inhalation LC50 values, rats, > 6.82 mg/l/4h (2). Skin contact causes no irritation. A
slight irritation of the eyes and respiratory tract by mechanical abrasion is possible (2).
Chronic Toxicity
Investigations on animals which have been fed titanium dioxide over a long period
give no indication of titanium uptake (3). No chronic effects have been reported during many years of manufacturing and using titanium dioxide.
Due to its excellent physiological compatibility titanium dioxide of appropriate purity
is approved in the United States and the European Union as colorant for food,
cosmetics and pharmaceutical products.
Physical Hazards
None known at this time.
Environmental Concerns
Although different manufacturing processes for titanium dioxide pigments are subject
to critical environmental discussions, no adverse environmental effects are known to
result from the use of titanium dioxide pigments. These pigments show no toxicity to
aquatic organisms (2). They are insoluble and in the environment are practically inert
materials.
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References
(1) Römpps Chemie-Lexikon. "Titandioxid", 9. Auflage; Georg Thieme Verlag,
Stuttgart, New York, 1992.
(2) EUCLID Data Sheet, Titanium dioxide.
(3) Nordmann, H.; Berlin, M. "Handbook on the Toxicity of Metals", 2nd Ed.;
Friberg, L., Nordberg, G. F., Vouk, V. B., Eds.; Elsevier, Amsterdam, 1986, pp.
594–609.

3.2

Zinc Oxide Pigments
Composition
Zinc White, Zinc oxide

Formula
ZnO

Colour Index Name
C.I. Pigment White 4

Zinc oxide is a fine white powder, which is amphoteric; it reacts with organic and
inorganic acids, and also dissolves in alkalis to form zincates (1).
Production of zinc oxides mainly relies on two processes: The "French Process" or
"Indirect Method", using the combustion of zinc vapour generated from molten metal,
and the "American Process" or "Direct Method", burning zinc vapour generated in
situ by pyrolytic reduction of zinc residues or ores (2).
Main uses of zinc oxide are in rubber, ceramics, optical glass, paint and plastics. Zinc
oxide is also a component of anti-corrosive coatings. Further industrial applications
are paper, photocopy papers, production of lubricants, steel galvanizing, adhesives
and batteries (3).
High-purity grades are used in the cosmetics and pharmaceutical industries for manufacture of ointments, baby and skin creams, tooth pastes, dental cement and deodorants. Zinc oxide is added to animal food and fertilizers (4).
Acute Toxicity
An acute LD50 value of >5000 mg/kg body weight applies to the high-purity grades
and even to the lead-containing zinc oxides (5).
Chronic Toxicity
Zinc is an essential element for human beings, animals, and plants. The human body
contains approx. 2 g, and it is recommended that 10 – 20 mg should be ingested per
day (6). If larger quantities of zinc oxides are accidentally ingested, fever, nausea, and
irritation of the respiratory tract occur after several hours. These symptoms rapidly
disappear without any long-term consequences.
Zinc oxide is readily soluble in acids, making it available for absorption by the living
organism. Zinc ions show a remarkable variety in four- to seven-fold bonding in coordination polyhedra, which certainly contributes to its wide-spread biochemical importance (7).
As an essential element, zinc is responsible for cell, skin and hair growth, as well as
liver functions. Specific intoxications are rare and are normally buffered by the presence of carbonate ions at a suitable pH, causing singular excessive surges of zinc dosage to be buffered by partial precipitation and removal via the natural pathways.
However, if zinc starts to replace other vital divalent cations (like calcium, magnesium, iron, cobalt, manganese) in special enzymatic functions, these are increasingly
impeded and disabled, resulting in their loss. Normally, this applies in cases of
chronic overdose to test organisms only.
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In mammals, zinc deficiency is a greater problem than overexposure. It is indicated by
a variety of malfunctions, like skin and hair growth problems and reproductive problems. Insulin, for instance, is a major zinc-based complex enzyme (4).
Some non-pigmentary zinc oxide grades may contain up to 5 % Pb and must therefore
be handled with care to avoid intoxication by dust inhalation or by digestion. Such
mixtures or products are hazardous, and due to their lead content must be labelled
with "T" (skull and crossbones), if the lead content exceeds 0.5 %. Lead concentration
in the air has to be monitored in case of high lead-containing zinc oxides to make sure
it is safely kept below 0.15 mg/m3 lead in air.
Physical Hazards
None known at this time.
Environmental Concerns
Zinc oxide pigments are nearly insoluble in water; due to their insolubility they can be
removed mechanically in purification plants. Once dissolved, however, zinc ions must
be eliminated from effluents and waste water by chemical precipitation or precipitation with flocculation. The solubility of zinc hydroxide is lowest near pH 8, due to the
amphotheric character of the metal.
Although zinc is a vital aspect for mammalian cell growth, even low concentrations
can be lethal to aquatic life. Excessive supplies inhibit growth and photosynthesis,
and result in death. Thus, a general limit for waste water discharges is 1 – 5 mg/l Zn,
dictated by fish toxicity. Ground water protection therefore has to consider a higher
solubility of many zinc salts, thus giving evidence of e.g. illegal or historic deposits of
zinc compounds in former landfill sites.
Pigments containing zinc in a chemically-bound form (i.e. zinc oxide, zinc sulphide,
zinc phosphate, zinc carbonate) do not release zinc ions in hazardous quantities. Even
bioaccumulation after accidental spillage and dissolution cannot result in hazardous
or toxic levels for mammals including human beings. On the other hand, hazardous
properties for some aquatic life species render water protection a necessity, by measures mentioned here.
Zinc oxide wastes should be regarded as a raw material for zinc metal recovery, and
be collected for metallurgical processes. In case of high lead-content zinc oxides, if
recovery is not feasible, waste material must be treated as "special waste" and disposed of accordingly. If possible it should be recycled and not disposed of by combustion or landfill.
References
(1) Definitions: ISO 275; RAL 844: C 2, C 3 1974; ISO-DP 9238 1992.
(2) Brown, H. E. "Zinc Oxide – Properties and Applications"; IlZRO, New York,
1976.
(3) CEFIC brochure, "Zinc oxide: A chemical raw material of prime importance,
essential to your health".
(4) Vahrenkamp, H. "No life without Zinc"; Paper presented for "Zinc Day", 1994.
(5) HEDSET 1314132, Zinc oxide, 1994.
(6) Merian, E. "Metalle in der Umwelt"; VCH, Weinheim, 1994.
(7) Bio-Inorganic Complexes: Selected Review. Nachr.Chem.Tech. Lab. 1991, 39
(2), 119–120.
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Zinc Sulphide Pigments
Formula

Colour Index Name

ZnS / BaSO4
ZnS

C.I. Pigment White 5
C.I. Pigment White 7

C.I. Pigment White 5 is a combination of zinc sulphide and barium sulphate. C.I. Pigment White 7 is a pure zinc sulphide pigment. Next to titanium dioxide, zinc sulphide
pigments are the most universally used white pigments. They are optically less efficient than titanium dioxide, but they have a considerable market share due to specific
technical properties.
Thanks to their soft texture and low Mohs’ hardness, these pigments are less abrasive
than other white pigments. High lightness and low colour hue, low absorption in the
near UV-range and good light fastness, low binder demand and favourable rheological
properties, wetting and dispersibility are the outstanding characteristics of the zinc
sulphide pigments (1, 2).
Acute Toxicity
Rat feeding studies have shown these pigments to have extremely low toxicity. The
oral LD50 is >5000 mg/kg. Inhalation of the dust may cause mechanical irritation to
the respiratory tract. Skin and eye contact may cause a mechanical abrasion irritation.
Chronic Toxicity
The effects of zinc ions on organisms are extremely complex. Zinc is one of the
essential trace elements and is, therefore, an indispensable and vitally important nutrient for humans and other land and many aquatic organisms. Further effects of zinc
ions on organisms are described in detail in Section 3.2.
Any toxicity formerly attributed to zinc had been due to contamination by other metals. Modern methods of zinc-refining remove such impurities and significant amounts
of these are no longer present in high-grade zinc and its final chemical compounds,
like ZnO and ZnS.
Physical Hazards
In an oxidizing flame at temperatures above 570 °C ZnO and SO2 are formed. In a
reducing flame above 875 °C BaS is formed in the case of C.I. Pigment White 5. At
pH-value below 2.5, formation of hydrogen sulphide becomes notable and may be
released at higher rates below pH 1.5.
Environmental concerns
Zinc sulphide pigments can be removed mechanically in purification plants. They
have an extremely low solubility in the pH range applicable under physiological or
environmental conditions so that they can be regarded as inert. The effects of soluble
zinc ions are discussed in Section 3.2.
References
(1) Ullmann's Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol
A20; VCH, 1992.
(2) Cremer, M. "Zinksulfid Pigmente"; Vincentz Verlag, Hannover, 1994.
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Iron Oxide Pigments
Common Name

Formula

Representative Colour Index Name

Iron oxide yellow (synthetic)
Iron oxide yellow (natural)
Iron oxide red
Iron oxide brown
Iron oxide black

FeOOH
FeOOH
Fe2O3
Mixture
Fe3O4

C.I. Pigment Yellow 42
C.I. Pigment Yellow 43
C.I. Pigment Red 101
C.I. Pigment Brown 6
C.I. Pigment Black 11

Naturally occurring iron oxides and iron hydroxides have been used as pigments since
prehistoric times.
Today iron oxide pigments are either produced synthetically or derived from ores that
are processed for use as pigments. Although iron oxides are widely distributed
throughout the world, only a few ore deposits are sufficiently pure and possess acceptable colour and brightness to merit processing into pigment form.
Synthetic iron oxides are produced under controlled conditions by a number of manufacturing processes. They are chemically purer and, because of their higher iron content, exhibit greater brightness than naturally occurring oxides. Depending on their
crystalline structure and other physical parameters, iron oxide pigments differ in colour from various shades of red through ochre to black.
Iron oxides are used in the colouring of many different systems. A rough ranking by
consumption is shown below.
– Cement- and/or lime-bound building materials
– Coatings based on both solvent-borne and aqueous binder systems
– All types of plastics and rubber
– Paper, particularly decorative paper for plastic-bonded laminates
– Glass, ceramics and enamels
– Cosmetics
Special iron oxide pigments are also supplied for specific applications such as magnetic coatings, photocopier toners, friction materials and polishes for metal and glass.
Acute Toxicity
Rat feeding studies have shown these pigments to have low toxicity. The oral LD50,
rat, is > 5000 mg/kg. Iron oxides are neither sensitising nor do they irritate the skin. In
the presence of extremely high dust concentrations, mechanical effects may cause
irritation of the mucous membranes of the eye (1).
In the form of iron ores, these natural iron oxides are the basis of entire landscapes.
They are also widely occurring as natural pigments in, for example, coloured sandstone. For centuries these minerals and stones have been used as pigments, ores and
building materials and as yet have not been associated with any specific physiologically harmful effects. A large number of toxicological tests have revealed no indication of iron oxides causing damage to the human organism.
Whereas natural iron oxide pigments may contain crystalline silica, the content of
such substances in synthetic iron oxides is usually below the level of detection by
diffused radiation testing.
Chronic Toxicity
In Germany there is a general dust threshold value of 6 mg/m3 which applies also to
all iron oxide pigments. For iron oxide dusts with a crystalline silica content of more
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than 1 % the maximum allowable concentration is 4 mg/m3. As long as these values
are not exceeded, there is no possibility of damage to the organism. The main goal of
occupational hygiene measures is therefore the prevention of dust formation. If this is
impossible, the wearing of dust masks is recommended. The use of free-flowing, lowdusting iron oxide pigments will reduce the amount of dust formed.
Since 1992, iron oxides have been included in the yellow pages of Germany's MAK
list (testing of substances) in connection with the investigation of carcinogenic properties. The reason for their inclusion is a 1987 publication by F. Pott describing how
the intratracheal administration of magnetite to rats resulted in an increased incidence
of tumours (2). As large amounts of iron oxides are handled world-wide in the form of
iron ores, epidemiological studies on carcinogenicity have been carried out (3, 4).
However, these have produced contradictory results as the affected workers were
exposed not only to iron oxides but also to the dusts of other substances, and some of
them were tobacco smokers. To date, there are no recorded cases of illness due specifically to the handling of iron oxides.
More recent inhalation studies in rats prompted by the diesel exhaust debate have
revealed that other substances which have always been considered to be inert may
also cause lung tumours in the form of ultra fine dust (5–8). It would appear that the
carcinogenic effect is less the result of the chemical structure than of the particle size
and the amount of the dust deposited in the lungs. Excessive amounts of dust cause a
breakdown in the self-cleaning ability of the lungs, resulting in an overloading effect
which manifests itself in the form of tumours. This has as yet only been proven in
studies in rats. Studies in mice showed little tissue compression. Hamsters are the
least sensitive with little inflammation occurring. It should be noted that the test animals are exposed to dust concentrations which cannot occur in the workplace even
under the most extreme conditions.

Physical Hazards
Iron oxide black contains bivalent iron which is available for oxidation. This process
is exothermic. It is kinetically restricted and is only initiated at elevated temperatures.
For this reason, the storage temperature of black and brown pigments should not
exceed 80 °C. As long as this restriction is observed, these iron oxide pigments are
also safe products.
Environmental Concerns
Iron oxides are natural constituents of virtually every type of natural stone and soil.
Because of their insolubility under natural conditions, they are carried as a suspension
with clay minerals in rivers. Even higher concentrations do not harm aquatic flora and
fauna. The LC50 values are therefore greater than 5000 mg/l (1). In slower-flowing
rivers, iron oxides form a sediment in the bed mud.
References
(1) EUCLID Data Sheets: Fe2O3 (13.1.93), FeOOH (25.9.92), Fe3O4 (5.8.92).
(2) Pott, F. et al. Carcinogenity studies on fibres, metal compounds and some other
dusts in rats. Exp. Pathol. 1987, 32, 129–132.
(3) Steinhoff, D.; Mohr, U.; Hahnemann, S. Carcinogenesis studies with iron oxides.
Exp. Pathol. 1991, 43, 189–194.
(4) Stockinger, H. E. A review of world literature finds iron oxides noncarcinogenic.
Am. Ind. Hyg. Ass. J. Pathol. 1986, 45, 127–133.
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(5) Creutzenberg, O. et al. Clearance and retention of inhaled diesel exhaust particles, carbon black and titanium dioxide in rats at lung overload conditions. Aerosol Sci. 1990, 21, (Suppl. 1) 455–458.
(6) Heinrich, U. et al. Chronic effects on the respiratory tract of hamsters, mice and
rats after long-term inhalation of high concentrations of filtered and unfiltered
diesel engine emissions. J. Appl. Toxicol. 1986, 6, 383–395.
(7) Heinrich, U. et al. Comparative longterm animal inhalation studies using various
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Pathol. 1989, 37, 27–31.
(8) Mauderly, J. Implications of the pulmonary carcinogenity of carbon black in rats.
Presented at Carbon Black World 94 Conference, Houston, Texas, February
1994.

3.5

Chromium Oxide Pigments
Common Name

Formula

Colour Index Name

Chromium oxide green
Chromium oxide hydrate green

Cr2O3
Cr2O3 ⋅ H2O

C.I. Pigment Green 17
C.I. Pigment Green 18

The chromium(III) oxide, which forms the basis of chromium oxide pigments, crystallises in a corundum lattice (1). It has a correspondingly high thermal stability (up to
1,000 °C) and high inherent hardness.
Chromium oxide green pigments contain only trivalent chrome. Under natural conditions, there is no reason to expect the release of chromium ions from chromium oxide
green pigments. Even under highly acidic conditions (pH 1 – 2), only a few ppm of
chromium(III) will be released. Oxidation to chromium(VI) is only possible if chromium(III) oxide is treated thermally, especially under alkaline conditions. There is no
possibility of oxidation to chromium(VI) under natural conditions.
Chromium oxide pigments yield a fairly dark olive-green shade. They are largely inert
chemically and therefore possess extremely good resistance properties. Chromium
oxide green pigments are used in the colouring of many different systems. A rough
ranking by consumption is shown below.
– Coatings based on both solvent-borne and aqueous binder systems
– Cement- and/or lime-bound building materials
– All types of plastics and rubber
– Glass, ceramics and enamels.
In addition to its use as a colour pigment, chromium oxide also has numerous technical applications as a polishing agent, as a raw material for refractory brick and as a
friction material for brake linings. High-purity grades are used in the production of
chromium metal.
Acute Toxicity
The oral LD50 value in rats is > 5000 mg/kg. Chromium(III) oxide is neither sensitising nor does it irritate the skin. In the presence of extremely high dust concentrations,
mechanical effects may cause irritation of the mucous membranes of the eye.
In the evaluation of the toxicity of chromium, a distinction must be made between
trivalent and hexavalent chromium compounds. Trivalent chromium is an important
trace element for the human organism. Animal studies show that a deficiency of trivalent chromium results in diabetes, arteriosclerosis, growth defects and clouding of the
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lens of the eye. The uptake of trivalent chromium with food tends to be too low rather
than too high.

Chronic Toxicity
Toxicological effects have not been detected in rats receiving up to 5 % of the
pigment in their feed (2) nor in medical studies performed in chemical plants producing chromium(III) oxide (3). In practice, this means that chromium(III) oxide pigments can be regarded as general fine dust with a MAK value of 6 mg/m3. The use of
free-flowing, non-dusting pigments significantly improves occupational hygiene
conditions.
Physical Hazards
None known at this time.
Environmental Concerns
Trivalent chromium is a widely occurring natural substance. It is common to find
concentrations of up to 200 mg/kg in soil. The Clarke value (the average content in
the stone of the earth's crust to a depth of 15 km) is 83 ppm. Naturally occurring
chromium is bound to minerals such as spinels and clay minerals. Because of their
insolubility under natural conditions, chromium(III) oxides are carried in suspension
with clay minerals in rivers. Even higher concentrations do not harm aquatic flora and
fauna. The LC50 values are greater than 5000 mg/l (4).
Should pigments containing chromium(III) enter the soil or water, the virtual insolubility of the chromium means that no negative effects on living organisms, or contamination of the ground water are to be expected.
References
(1) Benzing, G. et. al. "Pigmente und Farbstoffe für die Lackindustrie"; Expert Verlag, Ehningen, Germany, 1992.
(2) Ivankovic, S.; Preussmann, R. Food Cosmet. Toxicol. 1975, 13, 347–351.
(3) Korallus, U.; Ehrlicher, H.; Wüstefeld, E. Dreiwertige Chromverbindungen –
Ergebnisse einer arbeitsmedizinischen Untersuchung. Arbeitsmedizin – Sozialmedizin – Präventivmedizin 1974, 3, 51.
(4) EUCLID Data Sheet, Chromium Oxide.

3.6

Complex Inorganic Colour (CIC) Pigments
Common Name

Formula

Represent. Colour Index Name

Nickel titanium yellow
Chromium titanium yellow
Manganese titanium brown
Cobalt blue
Cobalt green
Zinc ferrite brown
Chromium iron brown
Spinel black

(Ti,Ni,Sb)O2
(Ti,Cr,Sb)O2
(Ti,Mn,Sb)O2
Co(Al,Cr)2O4
(Co,Ni,Zn)2TiO4
ZnFe2O4
(Fe,Cr)2O3
Cu(Fe,Cr)2O4

C.I. Pigment Yellow 53
C.I. Pigment Brown 24
C.I. Pigment Yellow 164
C.I. Pigment Blue 36
C.I. Pigment Green 50
C.I. Pigment Yellow 119
C.I. Pigment Brown 29
C.I. Pigment Black 22

The term "complex inorganic colour pigment" denotes an inorganic pigment as a homogenous chemical phase, replacing the formerly used term "mixed-phase metal
oxide pigment", which arouses the false impresssion that it is a mixture. In their stable
lattice, isomorphous replacement by dopant metal cations in a variety of valency
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states, including inevitable lattice defects, results in specific interaction with incident
light, some wavelengths of which are reflected and others absorbed. This is what
gives the pigmentary matter its colour, i.e. causes it to become a colour pigment.
Nickel titanium yellow, chromium titanium yellow and manganese titanium brown are
rutile pigments. The rutile lattice of titanium dioxide absorbs nickel oxide, chromium(III) oxide or manganese oxide as colouring components and antimony(V) oxide
to maintain an average cation valency of four. Incorporation of these oxides in the
inorganic complex colour pigment results in the loss of their chemical identity and
consequently of their original chemical, physical and physiological properties. Therefor these rutile pigments cannot be described as nickel, chromium or antimony compounds. For these reasons they are not considered to fall under the generic hazard
classifications of e. g. "Nickel and its compunds, if not listed oherwise" in IARC
Monographs and various other listings of hazardous substances.
The cobalt blue pigments are pigments with a spinel structure obtained by partial or
complete replacement of metal ions of the MgAl2O4 spinel by cobalt and chromium.
Incorporation of cobalt and nickel in the inverse titanium spinels Mg2TiO4 and
Zn2TiO4 produces cobalt green pigments (1).
All these pigments are produced by a calcining process at temperatures above
1000 °C. They are chemically and thermally very stable pigments.
The significance of these pigments is their outstanding light fastness and resistance to
temperature, chemicals and weathering. The stability of these pigments makes them
suitable for all types of coatings as well as for colouring of plastics, ceramics and
building materials.
Acute Toxicity
Negligible acute toxicity is shown by these products. Oral LD50 values for rats are
typically > 5000 mg/kg. Tests have shown that these pigments do not cause irritation
to the skin or the mucous membranes.
Chronic Toxicity
These inorganic pigments contain one or more heavy metals, the oxides of which may
cause toxicological effects. However, these heavy metals in the inorganic complex
pigments behave as different compounds, even if the respective oxides are used as
raw material for pigment production.
Toxicological investigation with nickel and chromium titanium yellow have shown
that, even at high dosage rates (up to 1 % in animal feeds), these pigments are neither
toxic nor biologically available (2–4). Although the presence of nickel sometimes
triggers allergies, it was reported that workers exposed to these pigments for many
years have not shown any allergic reactions (5).
Cobalt blue pigment was found not to demonstrate a statistically significant carcinogenic effect (6). The complex inorganic colour pigments are not classifiable as
hazardous under the EU criteria.
Physical Hazards
None known at this time.
Environmental Concerns
In general, these pigments are practically inert materials. Because they do not contain
leachable heavy metals, they do not contribute to any ecological problems or toxico-
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logical problems by other heavy metal compounds. With the exception of zinc ferrite
brown pigments, these pigments are insoluble in acids and alkalis.
Due to their insolubility in water they can be removed mechanically from waste water
by purification plants. They do not add dissolved heavy metal to sewage water or
landfill leachate. When plastics coloured with these pigments are burned in incinerators, the pigments are recovered in their insoluble form (5).
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A20; VCH, 1992.
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3.7

Lead Chromate Pigments
Common Name

Representative Colour Index Name

Chrome yellow pigments
Molybdate orange, molybdate
red pigments

C.I. Pigment Yellow 34
C.I. Pigment Red 104

The chrome yellow pigments are pure lead chromates or mixed-phase pigments of
lead chromate and lead sulphate with the general formula Pb(Cr,S)O4. Molybdate red
and molybdate orange are mixed-phase pigments of lead chromate, lead sulphate and
lead molybdate with the general formula Pb(Cr,S,Mo)O4. Lead chromate pigments are
used for colouring paints and plastics, and are characterised by brilliant hues, good
tinting strength and hiding power. Special treatment of the pigments with silicates and
antimony compounds has allowed continuous improvement of their resistance to light,
weathering, chemicals, and temperature (1).
Chrome yellow pigments are also combined with blue pigments (e.g., iron blue or
phthalocyanine blue) to obtain high-quality chrome green (C.I. Pigment Green 15)
and fast chrome green pigments (C.I. Pigment Green 48).
Limitations on the application of lead chromate pigments
There is no general prohibition except of their use as colorants in coated objects that
can be chewed or sucked by children. However, lead chromate pigments must not be
used for colouring food-contact articles, for the interior coating of food containers, or
for toys, because they do not meet the legal requirements for these applications.
Acute Toxicity
The LD50 values of rat feeding studies are > 5000 mg/kg. In terms of primary skin
irritation (rabbit) and primary mucous membrane irritation (rabbits' eyes) the
pigments are non-irritating (2).
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Chronic Toxicity
Lead chromate pigments contain lead and hexavalent chromium, both metals of
chronic hazard concern. Lead chromate pigments are lead compounds of low solubility. In hydrochloric acid, at stomach-acid concentrations, soluble lead could be
formed and may result in lead accumulation in the organism. The results of a high
lead intake include inactivation of enzymes and disturbances in the synthesis of
haemoglobin.
In addition, the EU has classified all lead compounds as category 1, toxic to reproduction (embryotoxic). Lead compounds and preparations containing 0.5 % of lead
must be labelled with the skull-and-cross bones symbol and the phrase: "May cause
harm to the unborn child". The reason for this classification was the positive outcome
of studies on embryotoxicity caused by high lead exposure during pregnancy. In
various countries differing regulatory requirements apply to the employment of female workers in production areas.
Paints exceeding a lead content of 0.15 % must be labelled with the "suction warning
phrase": "May not be applied to surfaces of matter to be sucked or chewed by
children."
A two-year investigation with laboratory rats, using intra-bronchial pellet implantation techniques, did not show statistically significant evidence of carcinogenic potential (3). Extensive epidemiological investigations have given no indication that lead
chromate pigments have carcinogenic properties (4). However, hexavalent chromium
compounds are considered to be carcinogenic. As a precaution the EU has therefore
classified lead chromate pigments as Category 3 carcinogens (suspected carcinogenic
potential).
When lead chromate pigments or lead chromate-containing preparations are handled,
attention must be paid to information on the special hazards and to the safety advice
in the safety data sheets.
The EU Directive 82/605/EEC specifies maximum lead concentrations:
in the air
blood lead levels
urine delta-aminolevulinic acid values

150 µg/m3
70–80 µg/100 ml
20 mg/g creatinine

Some national limits are as follows (5):
TRK value lead chromate
0.1
BAT value lead (blood)
70
lead (blood women <45 years)
30
delta-aminolevulinic acid (urine, Davis method)
(women <45 years)

mg/m3
µg/100 ml
µg/100 ml
15 mg/l
6 mg/l

Physical Hazards
Lead chromate pigments are incombustible, but due to their oxidising properties, they
can lower the ignition temperature of combustible substances. Caution should be observed due to the possibility of fire when handling mixtures of these pigments with
organic substances, especially with iron blue and monoazo pigments.
Environmental Concerns
Lead chromate pigments contain high quantities of lead and chromate. Their release
into the environment must be prevented. Lead chromate pigments are insoluble in
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water. They may be virtually separated mechanically in purification plants. They may
dissolve in waste water containing acids or alkalis and must then be eliminated by
chemical flocculation/precipitation.
Toxicity to fish (acute): NOEC (Maximum tested concentration without any observed
effect) Leuciscus idus: > 10 000 mg/l/96 h. Waste containing lead chromate that cannot be recycled must be disposed of as a special waste in accordance with local regulations. Uncontaminated packaging can be treated as domestic refuse. Contaminated
empties should be disposed of in the same manner as the content.

References
(1) Ullmann's Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol.
A20; VCH, 1992.
(2) HEDSET Nos. 1344372 and 12656858, Lead Sulfochromate Yellow and Lead
Chromatemolybdatesulfate Red.
(3) Levy, L. S. et al. Investigation of the potential carcinogenicity of a range of
chromium materials on rat lung. Br. J. Ind. Med. 1986, 43, (4), 243–256.
(4) Katsumi, K. et. al. Lung cancer mortality among a cohort of male chromate pigment workers in Japan. Int. J. Epidem. 1993, 22, 16–22.
(5) MAK- und BAT-Werte-Liste, Deutsche Forschungsgemeinschaft, VCH, 1994.

3.8

Cadmium Pigments
Composition

Colour Index Name

Cadmium Zinc sulphide
Cadmium Sulfoselenide
Cadmium Sulfoselenide

C.I. Pigment Yellow 35
C.I. Pigment Orange 20
C.I. Pigment Red 108

All cadmium pigments are based on cadmium sulphide and exist in a highly stable
hexagonal crystal form. Inclusion of zinc yields greenish yellow pigments and inclusion of selenium changes the shades to orange, red and bordeaux. Cadmium pigments are frequently sold with barium sulphate. These mixtures are referred to as
cadmium lithopones and the Colour Index Generic Names and Constitution Numbers
are changed by adding a colon and the number 1(:1) after both the C.I. name and
Constitution No.
Cadmium pigments are used for artists' colours, for ceramic glass and enamels, and
especially for coloured plastics. Their favourable combination of their beneficial technical properties for colouring plastics is not matched by any other class of colorants.
Acute Toxicity
Cadmium pigments have no acute toxic effects (oral LD50, rat > 5000 mg/kg). The
pigments do not have any adverse effects on skin and mucous membranes. No mortality was observed in an inhalation study in which rats inhaled cadmium pigment at
100 mg/m3 (as Cd) for two hours (1). Similarly negative mortality rates were reported
for rats exposed continuously to an airborne pigment concentration of 1 mg/m3 (as
Cd) for one month (2).
Chronic Toxicity
Cadmium pigments are compounds with a low solubility, but small quantities of
cadmium dissolve in dilute hydrochloric acid (at a concentration equivalent to stomach concentration). Long-term oral intake of cadmium pigments leads to accumulation
in the human body, especially in the kidneys. On inhalation of subchronic amounts of
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cadmium pigments, a small proportion of cadmium is bioavailable (1,3). Toxicity of
cadmium pigments is nonetheless very much lower (by several orders of magnitude)
than that of other cadmium compounds.
Long-term animal feeding studies with various cadmium compounds showed no carcinogenic potential. However, inhalation studies with rats, mice, and hamsters showed
a significant increase of lung cancer in rats for each of four used cadmium compounds, including cadmium sulphide, (4). The results for mice were inconclusive and
no carcinogenicity in hamsters was observed (5). Subsequent investigations by the
original authors (6,7) and others (8) showed that the aerosol generation technique of
cadmium sulphide exposed the rats to other forms of cadmium. The original findings
of the rat study can be entirely explained by the inadvertent exposure to non-pigmentary forms of cadmium (9).
Despite these findings the European Commission has classified cadmium sulphide as
a category 3 carcinogen. However, cadmium pigments have not been thus classified
and are specifically excluded from the hazard labelling requirements of the EU's
"Dangerous Substances Directive" (67/548/EEC) as adapted to technical progress.
Occupational hygiene and safety measures must be observed when cadmium pigments
are used. Exposure to cadmium can be determined by measurement of workplace concentrations and by examination of the cadmium levels in blood and urine. In Germany, the following maximum biological tolerance levels (BAT) are allowed at the
workplaces: 15 µg Cd/l urine and 1.5 µg Cd/100 ml blood.
To reduce the risk of inhalation, cadmium pigments are also supplied as low-dust
powders and fine granules, and in dust-free and dispersed form as concentrated plastic
granules, concentrated pastes, and liquid colourants.
Physical Hazards
None known at this time.
Environmental Concerns
Cadmium pigments are insoluble, even in dilute acids. The insolubility is further enhanced when the pigments are incorporated into polymers, typically at a 1 % loading.
Pigments and pigmented articles are considered to be safe for landfill disposal. In a
study of municipal solid waste incinerators (10), the cadmium concentrations found in
ash leachates were below the maximum specified for drinking water in the USA. Incineration of polymers pigmented with up to four times the usual concentration of
cadmium showed that these products have no significant impact on incinerator emissions (11). Cadmium and its compounds have been classified as List 1 substances in
EU - Directive 76/464/EEC relating to pollution of the aquatic environment, and E.U.
member states are required to take special measures to control all discharges of cadmium, including cadmium pigments.
The European Directive 91/338/EEC restricts the use of cadmium pigments in certain
polymers, depending on the purpose of use. In 1996 use in coating media will be
prohibited. Use in artists' colours and ceramic products is still permitted. There is no
restriction on the use of cadmium pigments for toys, providing that the pigmented article meets the European standard EN 71 part 3. Cadmium pigments may be used in
food contact polymers provided that the cadmium pigments satisfy the purity standards in the different European states. The standard for soluble cadmium is 0.01 % by
weight.
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3.9

Ultramarine Pigments
Colour

Colour Index Name

Reddish blue
Violet
Pink

C.I. Pigment Blue 29
C.I. Pigment Violet 15
C.I. Pigment Red 259

Ultramarine blue is the synthetic equivalent of the naturally occurring semi-precious
stone Lapis lazuli. The unique blue colour is due to polysulphide free radicals, trapped and stabilised within a sodium aluminium lattice, as their sodium salt:
Na6Al6Si6O24(NaSn) (n = 2–4). Ultramarine blue is manufactured by calcination at
around 800 °C. Violet and pink ultramarines are derived from blue by further oxidation and ion exchange and have a very similar structure.
Ultramarines have excellent light fastness and heat stability and, apart from their
sensitivity to acid, good chemical resistance. Coated grades with significantly improved acid resistance are available. They are completely insoluble in water and organic solvents, non-migratory and bleed resistant.
Ultramarines are universally approved for use in most applications apart from food
coloration. In certain countries, for sensitive applications such as coloration of food
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contact plastics, toys and cosmetics, there are limits on toxic trace elements and users
should check with suppliers that their products meet these requirements.
Acute Toxicity
The pigments are not considered to be toxic, having an oral LD50 value for rats of
> 5000 mg/kg. Skin and eye irritation studies have been reported to be negative for
these pigments.
Chronic Toxicity
No adverse chronic effects have been reported in over a century of production and
use. Extensive world-wide household use for whitening clothes and formerly as a
whitener in sugar, has been without reported ill-effects (1).
In 90 day feeding trials on rats, at doses up to 10 % in the diet, ultramarine behaved as
an inert clay. At similar dose levels ultramarine had no teratogenic activity. It was
also found to be non-toxic and non mutagenic to bacteria.
Physical Hazards
Ultramarines should not be mixed with acid or stored or disposed of if there is a risk
of contamination by acids as they react to produce hydrogen sulphide. Ultramarines
do not ignite but if involved in a fire toxic irritant sulphur dioxide may be generated.
Environmental Concerns
Ultramarines are stable under normal conditions and are not environmentally harmful.
There are no known harmful effects on bacteria and toxicity to fish is extremely low
(EC50 and LC50 > 32 000 mg/l).
Reference
(1) Ullmann's Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol.
A20; VCH, 1992.

3.10 Manganese Violet Pigments
Common Name
Manganese Violet

Formula
NH4MnP2O7

Colour Index Name
C.I. Pigment Violet 16

Manganese violet pigments were first introduced around 1900. The original manufacturing process for manganese violet pigments involved heating a slurry of a suitable
manganese salt or oxide with diammonium hydrogen phosphate and phosphoric
acid (1).
Manganese violets are non-toxic and safe to use. They are permitted for use in cosmetics, including lipsticks. They are also used for the colouration of plastics, paints,
powder coatings, artist's colours and some printing inks.
Manganese violets have excellent light fastness, good heat stability and, apart from
their sensitivity to alkalis, good chemical resistance. They are insoluble in water and
organic solvents and are non-migratory and bleed resistant.
Acute Toxicity
The pigments are not considered to be toxic, with a LD50 value, rat, > 5000 mg/kg.
Chronic Toxicity
No adverse effects on health have been reported in almost a century of production and
use in sensitive applications, including colouration of lipsticks. With regard to inhala-
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tion, manganese violets would fall under the heading of manganese compounds with
the threshold limit value 5 mg/m3 total inhalable dust (2).

Physical Hazards
Manganese violet pigments should not be mixed with strong alkalis as they react to
produce ammonia gas.
Environmental Concerns
Manganese violets are stable under normal conditions and constitute no hazard for
humans and the environment.
References
(1) Lewis, P. A., Ed.; "Pigment Handbook", Vol. 1, 2nd Edition; John Wiley and
Sons, New York, 1987.
(2) EH 40/94, Occupational exposure limits, Health and Safety Executive, UK,
1994.

3.11 Iron Blue Pigments
The term "Iron blue pigment" – C.I. Pigment Blue 27 – has largely replaced a great
number of older names (e.g. Prussian blue, Berlin blue, Milori blue) These names
usually denoted insoluble pigments based on microcrystalline Fe(II) Fe(III) cyano
complexes with the formula MIFeIIFeIII(CN)6 ⋅ H2O. MI represents potassium, ammonium or sodium, of which the potassium ion is preferred because it produces excellent hues (1).
Acute Toxicity
Oral LD50 values are reported to be > 5000 mg/kg (2). Tests have shown that these
pigments do not cause irritation to the skin or mucous membranes.
Chronic Toxicity
No harmful effects have been observed in humans or animals. A 90 day test in which
1 % was administered orally to rats showed no harmful effects. In chronic toxicity
tests, iron blue in daily doses of up to 1 g/kg body weight did not have any harmful
effects (3, 4). Dissection and pathological tests showed no abnormalities. Ingested
iron blue is excreted via the digestive tract. Iron blue pigments are neither absorbed
nor can they penetrate the cell membrane.
Physical Hazards
On contact with strong acids, hydrogen cyanide is generated. When strongly heated,
hydrogen cyanide, ammonia, carbon monoxide, carbon dioxide and dicyan may be
formed. Oxidation in strongly acidic media may result in cleavage of the lattice, thus
decomposing it to hydrogen cyanide and iron(III) salts. This rather unlikely condition
usually does not occur in industrial applications, but has to be considered in cases of
accidental spillage or smouldering fires in presence of water.
If hydrogen cyanide poisoning is suspected, the treatments described in the safety data
sheets must be carried out immediately. During repair of plants it must be assured,
that all iron blue remains are removed to avoid ignition or dust explosion by welding
or temperature rise.
Environmental Concerns
There are no harmful effects on fish (LC50 > 1000 mg/l). When the action of iron blue
pigments on waste water bacteria is tested, EC50 values of 2200 to > 4700 mg/l and
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NOEC-values from 10 to 100 mg/l were found. Owing to their insolubility in water
they can be removed mechanically from waste water in purification plants.
References
(1) Ullmann's Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol.
A20; VCH, 1992.
(2) Dvorak, P. Binding of Thallium (I) by Hexacyanoferrates (II). Z. Naturforsch.
1971, B26, 277.
(3) USA-Standards Institute, Specification Z. 1964, 66, 1.
(4) Nigrovic, V.; Bohne, F.; Madshus, K. Dekorporation von Radionukliden. Strahlentherapie 1960, 130, 413.

3.12 Bismuth Vanadate Pigments
The composition of commercial-grade bismuth vanadate pigment (C.I. Pigment Yellow 184) varies, greatly extending from pure BiVO4 to the mixed pigment BiVO4
Bi2MoO6. In order to improve product properties (e.g. to reduce photochromism), the
pigments may contain several per cent of inorganic stabilizers. Bismuth vanadate
qualities suitable for plastics colouring contain a considerably higher proportion of
stabilizers (e.g. silicates).
Bismuth vanadate pigments are yellow with a greenish cast: They are of high colour
intensity, brightness and hiding power. Bismuth vanadate pigments are used for leadfree, brilliant yellow shades for original automotive coatings, repair coatings and industrial coatings of good quality. Other fields of application are the colouring of solvent-containing and solvent-free paints, powder coatings and coil coating systems. In
combination with organic pigments (perylene, phthalocyanine, etc.), bismuth vanadate
pigments provide an excellent basis for brilliant shades of orange, red and green of
high covering capacity.
There are now stabilized pigments on the market which can be used for colouring all
plastics except technical plastics.
Acute Toxicity
Results of tests on animals did not point to acute toxicity by oral or inhalation intake.
LD50, rat > 5000 mg/kg, LC50, rat > 6.84 mg/l. Skin and eye irritation studies are also
negative for these pigments. Skin sensitization study in guinea pigs: non-sensitizing.
Chronic Toxicity
Results of tests on animals indicated inhalation toxicity, that probably is attributable
to the vanadate content. In a 3-month inhalation study in rats, an increased weight of
the lung and changes in the lung tissue were observed (1). The findings turned out to
be irreversible only at very high concentrations. A toxic effect is only observed if a
certain concentration in the lung is exceeded, which cannot be reached if standard industrial hygiene measures are taken. In order to further reduce risks, several producers
offer bismuth vanadate pigments in free-flowing, fine, dust-free form. The particle
size in fine, dust-free and low-dust preparations is not in the range of respirable fine
dust.
Physical Hazards
None known at this time.
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Environmental Concerns
Bismuth vanadate pigments contain 60 to 65 % of bismuth and 8 to 15 % of vanadium. Bismuth compounds are not known to have caused damage to the environment.
In a natural environment, soluble bismuth compounds rapidly convert into poorly
soluble ones, the latter being of low bioavailability (2).
Vanadium is an essential trace element for both man and animals. Toxic effects of vanadium compounds in man, fauna and flora are only observed at relatively high concentrations, with the exception of vanadium pentoxide, which is toxic by inhalation.
Up to now, vanadium has been the subject of environmental discussion only in connection with high emissions from oil fired installations (natural component of oil) and
from steel works without effective filters. However, high-performance filters have
solved this problem.
Bismuth vanadate pigments are insoluble in water, alkalis and dilute acids. They can
be removed from waste water by filtering or precipitation.
References
(1) Joint study of BASF AG and Ciba Geigy AG, 1993.
(2) Merian, E. "Metalle in der Umwelt"; Verlag Chemie, Weinheim, 1994.

3.13 Carbon Black Pigments
Carbon black pigments (C.I. Pigment Blacks 6 and 7) are produced by thermal-oxidative dissociation of aromatic oils, e.g. by the lamp black, furnace black and gas black
process.
Pigment blacks are mainly used for the production of printing inks, for the colouration
of coatings, in particular car coatings, plastics, fibres, dispersions, paper, cardboard
and also of building materials.
Due to their electrical properties, special industrial carbon blacks are used for anti
static purposes and for setting a defined electric conductivity of plastic and rubber articles (1).
Acute Toxicity
Oral LD50 values for rats are reported to be > 5000 mg/kg. Tests have shown that the
application of pigment black to the intact skin and to the eye of rabbits did not cause
any irritation.
Chronic Toxicity
Long term studies showed that industrial carbon blacks did not have any harmful effects (2, 3). This is confirmed by decades of experience with humans. Long term inhalation studies (4–6), published in the early nineties, and intratracheal instillation tests
(7) showed, that lung overloading can cause chronic inflammation, lung fibrosis and
the formation of tumours. Only the rats showed positive results whereas the mouse
and the hamster displayed no formation of tumours. The rôle of the species, of the
fine dust and the mechanism of tumour formation are not yet known.
According to the International Agency for Research on Cancer (IARC), to the Toxicology Program (NTP/USA) and to the European and American chemical legislation
rubber blacks and pigment blacks do not have any mutagenic, teratogenic or carcinogenic potential.
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Physical Hazards
Pigment blacks are not explosive under suitable practical conditions. In mixtures of
air and industrial black, explosions were observed during special tests. During repair
of plants it must be assured that all pigment black residues are removed to avoid ignition or dust explosion by welding or temperature rise.
The presence of carbon monoxide is possible in closed containers such as silos or
badly ventilated rooms. Therefore ignition sources should be avoided and everybody
should use respirators independent of circulating air.
Environmental Concerns
Acute and chronic tests on aquatic organisms with completely dissolved pigment
blacks are impossible because of their insolubility in water.
Fish toxicity LC50 and NOEC values of pigment black concentrates were reported to
be > 1000 mg/l.
References
(1) Ullmann’s Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol.
A20; VCH, 1992.
(2) Robertson, J.; Smith, R. G. "Carbon Black", Patty's Industrial Hygiene and Toxicology, Vol. 2, Part D, 1994, p. 2395.
(3) Mauderly, J. "Toxic and Carcinogenic Effects of Solid Particles in Respiratory
Tract"; ILSI Press, Washington, 1993.
(4) Heinrich, U. et al. "The Carcinogenic Effects of Carbon Black Particles and
Pitch / tar Condensation of Aerosol after Inhalation of Rats". Seventh International Symposium on Inhaled Particles, Edinburgh, Scotland, 16. – 20.09.1991.
(5) Heinrich, U. et al. "Toxic and Carcinogenic Effects of Solid Particles in the Respiratory Tract"; ILSI Press, Washington, 1993.
(6) Mauderly, J. et al. "Pulmonary Toxicity of Inhaled Diesel Exhaust and Carbon
Black in Chronically Exposed Rats". Research report No. 68, Health Effects Institute, Cambridge, 1993.
(7) Pott, F. et al. Lung tumors in rats after intratracheal instillation of dusts. Ann.
Occup. Hyg. 1994, 38 (Suppl. 1), 357–363.

3.14 Mica-based Pearlescent Pigments
Mica-based pearlescent pigments (pearlescent pigments) are generally mixtures where
colour effect is achieved through the layering of mica flakes with one or more metal
oxides, e.g. TiO2, Fe2O3 or other component pigments. Except for a few mixtures,
pearlescent pigments are inorganic substances. They are used to obtain pearl iridescent, or metallic effects, and in transparent colour formulations to obtain brilliant twotone flops. The most important applications are plastics, coatings, printing inks,
automotive paints and cosmetics.
Acute Toxicity
All the acute toxicity tests performed to date indicate oral LD50 > 5000 mg/kg (1).
Three different studies on the acute inhalation toxicity of special pearl lustre pigments
provided LC50 values of 4.6 mg/l – 14.9 mg/l, > 14.9 mg/l and 10.1 mg/l (1). The effects observed are assumed to be essentially due to local effects of overload on the
respiratory tract due to the very high exposure concentration rather than any true toxic
effect.
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Pearlescent pigments do not show any irritating or sensitizing effects on the skin or
mucous membranes (1).
Evaluation of potential impact to human health resulting from normal occupational
exposure to pearlescent pigments revealed no adverse effects (2).

Chronic Toxicity
Chronic health effects have not been identified as a result of exposure to pearlescent
pigments (3).
Physical Hazards
None known at this time (4).
Environmental Concerns
The stability and inertness of pearlescent pigments result in negligible availability of
the metal ions they contain to the environment. Mica-based pigments are inorganic,
stable compounds which do not decompose and therefore are practically inert.
References
(1) Eberstein, M. V.; Heusener, A.; Jacobs, M. E.Merck Institute of Toxicology,
Darmstadt, Germany, 22 Reports, 1970 – 1991.
(2) Bruch, J. "Expert report on Health and Hazards caused by Pearl Lustre Pigments",
Occupational Medicine and Toxicology, Institute of Hygiene and Occupational
Medicine, University Clinic Essen, Germany, 1990.
(3) Bernhard, B. K. et al. Toxicology and carcinogenesis studies of dietary titan dioxide-coated mica in male and female Fischer 344 rats. J. Toxicol. Environ. Health
1989, 28, 415–426.
(4) Patty's Industrial Hygiene and Toxicology, Third Edition. Clayton, G. E., Clayton,
F. E., Eds.; John Wiley & Sons, New York, 1981, pp. 3024–3025.

3.15 Metallic Pigments
Composition

Colour Index Name

Aluminium
Copper and Copper-Zinc alloys

C.I. Pigment Metal 1
C.I. Pigment Metal 2

This class of pigments consists of flakes or lamellae of aluminium, copper or copperzinc alloys pastes or powders (1). Aluminium pigments are used in industrial coatings,
automotive coatings, and printing inks. Aluminium powder forms explosive mixtures
with air ; the lower explosive limit is ca. 35 – 50 g/m3. Dust-free aluminium paste is
therefore used in most applications. For the pastes white spirit, solvent naphtha or
mineral oils were in use. Copper and copper-zinc alloys are used in decorative
coatings, plastics and printing inks.
Acute Toxicity
Aluminium powder shows no acute toxicity. When it is used in pastes, the toxicity of
the solvent has to be considered.
Metallic copper and brass are considered non-toxic. Inhalation of vapours of boiling
copper can cause "Metal Vapour Fever". The effects of copper containing dust at very
high concentrations in excess of the occupational exposure limit are similar (2).
Chronic Toxicity
There are no known chronic effects from aluminium powders at normally anticipated
exposures. Metal pigment pastes might contain solvents and hazardous admixtures,

3.15 Metallic Pigments

47

inhalation of which may result in toxic effects. Chronic poisonings by exposure to
metallic copper and brass are unknown.
Physical Hazards
Aluminium pigments, especially in powder form, are flammable solids. Aluminium
powder reacts with water to liberate hydrogen gas; it also reacts with halogenated
hydrocarbons. Fires of aluminium powders are extinguished most safely and quickly
by covering with dry sand. During this, every raising of aluminium dust clouds, which
leads to deflagration, has to be avoided. Smoking is absolutely prohibited, ignition
sources and electrostatic sparking have to be avoided.
Environmental Concerns
The pigments can be removed from waste water mechanically because of their insolubility and their specific weight. Regional effluent limits have to be observed.
References
(1) Ullmann's Encyclopedia of Industrial Chemistry, "Pigments, Inorganic", Vol.
A20; VCH, 1992.
(2) Merian, E. "Metalle in der Umwelt"; Verlag Chemie, Weinheim, 1994.
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National Agencies regulating the Handling of Pigments in Europe
The following is a list of the significant governmental agencies in Europe which are responsible
for the regulation of the pigments industry. In addition to the various national agencies readers
should also consider the regulations of state, local and provincial agencies for relevant information.

Austria
Bundesministerium für Umwelt, Jugend und Familie
Spittelauer Lände 5
A-1090 Wien

Tel: +43 (1) 533 37 300-0
Fax: +43 (1) 533 37 300-20

Bundesministerium für Gesundheit
und Konsumentenschutz
Abt. Toxikologie
Radetzkystrasse 2
A-1030 Wien

Tel: +43 (1) 711 72
Fax: +43 (1) 711 72 4301

Belgium
Administration de la Sécurité du Travail
(Ministère de l'Emploi et du Travail)
Rue Belliard, 51
B-1040 Bruxelles

Tel: +32 (2) 233 41 11
Fax: +32 (2) 233 45 31

Ministère de la Région Wallonne
Direction générale des Resources
Naturelles et de l'Environnement
Avenue Prince de Liège, 15
B-5100 Namur

Tel: +32 (81) 32 12 11
Fax: +32 (81) 32 59 50

Denmark
Direktoratet for Arbejdstilsynet
(Directorate of National Labour Inspection)
Landskronagade 33-35
DK-2100 Kopenhagen O
Miljostyrelsen
(National Agency of Environmental Protection)
Strandgade 29
DK-1401 Kopenhagen K

Tel: +45 (31) 18 00 88
Fax: +45 (31) 18 35 60

Tel: +45 (32) 66 01 00
Fax: +45 (32) 66 04 79
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Finland
Työministeriö (Ministry of Labour)
Työsuojeluosasto (Department for Occupational Safety)
PL 536
SF-33101 Tampere

Tel: +358 (31) 608 111
Fax: +358 (31) 530 201

Työtervesyslaitos (Institute for
Occupational Health)
Topeliuksenkatu 41a A
SF-00250 Helsinki

Tel: +358 (0) 47 471
Fax: +358 (0) 47 475 48

Finnish Environment Agency
Chemicals Division
Kesäkatu 6
P.0. Box 140
SF-00251 Helsinki

Tel: +358 (0) 40 3000
Fax: +358 (0) 40 300 591

France
Ministère de l'Environnement
Direction de la prévention des pollutions
et des risques
Bureau des substances et préparations chimiques
20 avenue de Segur
F-75302 Paris 07 SP

Tel: +33 (1) 42 19 20 21
Fax: +33 (1) 42 19 18 33

Ministère du Travail, de l'Emploi et de
la formation professionnelle
127, rue de Grenelle
F-75007 Paris Cedex

Tel: +33 (1) 40 56 60 00
Fax: +33 (1) 40 56 67 44

Institut National de Recherche et de Securité (INRS)
30 rue Olivier Noyer
F-75680 Paris Cedex 14

Tel: +33 (1) 40 44 30 00
Fax: +33 (1) 40 44 30 99

Germany
Bundesministerium für Arbeit und
Sozialordnung (BMA)
(Federal Ministry for Labour and
Social Affairs)
Rochusstr. 1
D-53123 Bonn

Tel: +49 (0228) 5 27-0
Fax: +49 (0228) 5 27-29 65
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Bundesanstalt für Arbeitsschutz (BAU)
(Federal Agency for Industrial Safety)
Friedrich-Henkel-Weg 1-25
D-44149 Dortmund

Tel: +49 (0231) 90 71-0
Fax: +49 (0231) 90 71-4 54

Bundesministerium für Gesundheit (BMG)
(Federal Ministry of Health)
Am Propsthof 78 a
D-53121 Bonn

Tel: +49 (0228) 9 41-0
Fax: +49 (0228) 9 41-49 00

Bundesinstitut für gesundheitlichen
Verbraucherschutz und
Veterinärmedizin (BGVV)
(Federal Institute for Health
Protection of Consumers and
Veterinary Medicine)
Thielallee 82-92
D-14192 Berlin

Tel: +49 (030) 84 12-0
Fax: +49 (030) 84 12-47 41

Bundesministerium für Umwelt, Naturschutz
und Reaktorsicherheit (BMU)
(Federal Ministry for the Environment,
Nature Protection and Nuclear Safety)
Kennedyallee 5
D-53175 Bonn

Tel: +49 (0228) 3 05-0
Fax: +49 (0228) 3 05-32 25

Umweltbundesamt (UBA)
(Federal Environmental Agency)
Bismarckplatz 1
D-14193 Berlin

Tel: +49 (030) 89 03-1
Fax: +49 (030) 89 03 22 85

Greece
Ministry of Environment
Town Planning and Public Works
17 Amaliados Street
GR-11523 Athens

Tel: +30 (1) 301 643-1461
Fax: +30 (1) 301 643-4470

Ministry of Health
Welfare and Social Security
17 Aristotelous Street
GR-10433 Athens

Tel: +30 (1) 523-2821
Fax: +30 (1) 523-9238
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Ireland
Health & Safety Authority
Specialities Unit
Temple Court
10, Hogan Place
IRL-Dublin 2

Tel: +353 (1) 662 0400
Fax: +353 (1) 662 0417

Italy
Servizio per la Tutela delle Acque, la Disciplina
dei Rifiuti, il Risanamento del Suolo e la
Prevenzione dell'Inquinamento di Natura fisica (Ars)
(Service for Regulation of Waste Disposal, Land
Reclamation and Prevention of Pollution (Sars))
V. della Ferratella in Laterano, 33
I-00184 Roma

Tel: +39 (6) 703 61
Fax: +39 (6) 7725 7012

Servizio Valutazione dell'Impatto ambientale (Via),
Informazione ai Cittadini e per la Relazione sullo
Stato dell'Ambiente
(Service for Environmental Impact Analysis,
Public Information and Reports on the State of the
Environment)
V. della Ferratella in Laterano, 33
I-00187 Roma

Tel: +39 (6) 7036 2300
Fax: +39 (6) 7725 7023

Direzione generale dei Servizi dell'Igiene pubblica
(Directorate for Public Hygiene)
V. di Sierra Nevada, 60
I-00144 Roma

Tel: +39 (6) 5994 4209
Fax: +39 (6) 5994 4256

Istituto superiore di Sanità
(Advanced Institute of Health)
Viale Regina Elena, 299
I-00161 Roma

Tel: +39 (6) 499 0
Fax: +39 (6) 446 9938

Istituto superiore per la Prevenzione e la
Sicurezza del Lavoro
(Advanced Institute of Health and Safety
in the Work Place)
V. Urbana, 167
I-00184 Roma

Tel: +39 (6) 884 1001
Fax: +39 (6) 855 2893
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Tel: +39 (6) 5994 4209
Fax: +39 (6) 5994 4256

Luxembourg
Ministère de l'Environment
(Ministry of Environment)
18 Montee de la Petrusse
L-2327 Luxembourg

Tel: +352 478 6818
Fax: +352 400 410

Netherlands
Minsterie van Sociale Zaken
en Werkgelegenheid
Postbus 90801
NL-2509 LV Den Haag

Tel: +31 (70) 333 4444
Fax: +31 (70) 333 4033

Ministerie van Volkshuisvesting, Ruimtelijke
Ordening en Milieubeheer (VR0M)
Directoraat-Generaal Milieubeheer (DGM)
Postbus 30945
NL-2500 GX Den Haag

Tel: +31 (70) 339 3939
Fax: +31 (70) 339 1300

Hoofddirectie Ketenbeheer en Milieuzorg
Directie Stoffen, Veiligheid en Straling
Postbus 30945
NL-2500 GX Den Haag

Tel: +31 (70) 339 4638
Fax: +31 (70) 339 1300

Hoofddirectie Ketenbeher in Milieuzorg
Directie Industrie, Bouw, Produkten,
Consumenten (IBPC)
Afdeling Produkten
IPC 650
Postbus 30945
NL-2500 GX Den Haag

Tel: +31 (70) 339 4879
Fax: +31 (70) 339 1300

Hoofdinspectie van de Volksgezondheid voor
de hygiëne van het milieuHoofdafdeling
Handhaving Milieuwetgeving
Toezicht Straling, Stoffen en Produkten
IPC 681
Postbus 30945
NL-2500 GX Den Haag

Tel: +31 (70) 339 3939
Fax: +31 (70) 339 1300
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Directie Voeding en Veiligheid van produkten
Hoofdafdeling Produktveiligheid
Postbus 3008
NL-2280 MK Rijswijk

Tel: +31 (70) 340 6705
Fax: +31 (70) 340 5177

Norway
Statens forurensningstilsyn
(State Pollution Control Authority)
Postboks 8100 Dep.
N-0032 Oslo 1

Tel: +47 (22) 57 34 00
Fax: +47 (22) 67 67 06

Direktoratet for arbeidstilsynet
(Labour Inspectorate)
Postboks 8103 Dep.
N-0032 Oslo 1

Tel: +47 (22) 95 70 00
Fax: +47 (22) 46 62 14

Direktoratet for brann- og eksplosjonsvern
Postboks 355
N-3101 Tonsberg

Tel: +47 (33) 39 88 00
Fax: +47 (33) 31 06 60

Produktregistret
(Product Register)
Postboks 8080 Dep.
N-0034 Oslo 1

Tel: +47 (22) 64 48 10
Fax: +47 (22) 65 19 39

Portugal
Ministério do Ambiente e Recursos Naturais
Rua do Século, 51
P-1200 Lisboa

Tel: +351 (1) 347 55 12
Fax: +351 (1) 346 84 69

Ministério da Industria e Energia
R. Horta Seca, 15
P-1200 Lisboa

Tel: +351 (1) 346 30 91
Fax: +351 (1) 346 98 16

Ministério da Saude
Av. Joao Crisõstomo, 9
P-1000 Lisboa

Tel: +351 (1) 54 45 60
Fax: +351 (1) 52 28 61

Ministério do Emprego e da
Segurança Social
Praça de Londres, 2
P-1000 Lisboa

Tel: +351 (1) 847 01 30
Fax: +351 (1) 849 99 13
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Spain
Ministerio de Sanidad y Consumo
(Minstry of Health and Consumers)
Paseo del Prado 18/20
E-28014 Madrid

Tel: +34 (1) 596 10 00
Fax: +34 (1) 596 44 09

Ministerio de Comercio y Turismo
(Minstry of Industry, Commerce and Tourism)
Paseo de la Castellana 162
E-28046 Madrid

Tel: +34 (91) 349 35 00
Fax: +34 (91) 583 49 82

Ministerio de Industria y Energia
Paseo de la Castellana, 160
E-28046 Madrid

Tel: +34 (91) 349 40 00
Fax: +34 (91) 457 80 66

Ministerio de Obras Publicas, Transportes
y Medio Ambiente
Paseo de la Castellana, 67
E-28046 Madrid

Tel: +34 (91) 597 70 00

Sweden
Kemikalieinspektionen
National Chemicals Inspectorate
Box 1384
S-171 27 Solna

Tel: +46 (8) 730 57 00
Fax: +46 (8) 735 76 98

Arbetarskyddsstyrelsen
(National Board of Occupational
Safety and Health)
Ekelundsvägen 16
S-171 84 Solna

Tel: +46 (8) 730 90 00
Fax: +46 (8) 08-730 19 67

Naturvårdsverket
(Environmental Protection Agency)
Smidesvägen 5
S-171 85 Solna

Tel: +46 (8) 799 10 00
Fax: +46 (8) 23 82
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Switzerland
Bundesamt für Umwelt, Wald und Landschaft
(Federal Office of Environment, Forest
and Landscape)
Postfach
CH-3003 Bern

Tel: +41 (31) 61 93 11
Fax: +41 (31) 322 99 81

Bundesamt für Gesundheitswesen
(Federal Office for Health)
Abteilung Gifte
Bollwerk 27
Postfach
CH-3001 Bern

Tel: +41 (31) 61 95 11
Fax: +41 (31) 311 29 18

United Kingdom
Department of Environment
Chemical Notification Unit
Romney House
43 Marsham Street
GB-London SW1P 3PY

Tel: +44 (171) 276 30 00
Fax: +44 (171) 276 08 18

Health and Safety Executive
Public Enquiry Point
Information Centre
Broad Lane
GB-Sheffield S3 7HQ

Tel: +44 (1142) 892 345
Fax: +44 (1142) 892 333

Ministry of Agriculture, Food & Fisheries,
Ergon House
c/o Nobel House
Smith Square,
GB-London SW1P 3JR

Tel: +44 (171) 238 3000
Fax: +44 (171) 238 5331
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CEFIC

European Chemical Industry Council
Avenue E. Van Nieuwenhuyse 4
Box 1
B-1160 Brussels / Belgium

Tel: +32 (2) 676 72 11
Fax: +32 (2) 676 73 00

CEN

European Committee for Standardization
Rue de Stassart 36
B-1050 Brussels / Belgium

Tel: +32 (2) 519 68 11
Fax: +32 (2) 519 68 19

EC

European Commission
Rue de la Loi 200
B-1049 Brussels / Belgium

Tel: +32 (2) 299 11 11
Fax: +32 (2) 295 01 38/39/40

IARC

International Agency for Research on Cancer
150, Cours Albert Thomas
F- 69372 Lyon Cedex 08 / France

Tel: +33 (7) 273 84 85
Fax: +33 (7) 273 85 75

IATA

International Air Transport Association
Route Aéroport 33
Case postale 672
CH-1215 Geneva 15 / Switzerland

Tel: +41 (22) 799 25 25
Fax: +41 (22) 798 35 53

ICAO

International Civil Aviation Organization
1000 Sherbrooke Street West
Montreal
C-Quebec H3A 2R2 / Canada

Tel: +1 (514) 285 82 19

IMO

International Maritime Organization
Albert Embankment 4
GB-London SE1 7SR / England

Tel: +44 (171) 735 7611
Fax: +44 (171) 587 3210

OECD

Organization for Economic Cooperation
Rue André-Pascal 2
F-75775 Paris Cedex 16 / France

Tel: +33 (1) 4524 8200
Fax: +33 (1) 4524 8500

SDC

The Society of Dyers and Colourists
P.0. Box 244
Perkin House
82 Grattan Road
Bradford
GB-West Yorkshire BD1 2JB / England

Tel: +44 (1274) 725 138
Fax: +44 (1274) 392 888

UN

United Nations
1st Avenue and 46th Street

Tel: +1 (212) 963 1234
Fax: +1 (212) 963 4879
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US-10017 New York / U.S.A.
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This glossary includes terms commonly used in safety data sheets and in publications concerning health and the environment.
Accumulation

See Bioaccumulation

Activated sludge

A sludge produced in sewage works by continually recirculating
sewage through aeration tanks; activated sludge contains large
numbers of micro-organisms and is therefore very efficient at
biodegradation

Acute toxicity

A toxic effect (usually lethality) following an exposure of short
duration to a substance

Aerobic

Taking place in the presence of oxygen

Ames test

A pre-screening in vitro test for gene mutation, carried out with
bacteria (Salmonella)

Anaerobic

Taking place in the absence of oxygen

Autoignition

The property of a material to ignite spontaneously

Autotrophic

Able to utilize carbon dioxide for nutrition

Bioaccumulation /
Bioconcentration

The accumulation (or concentration) of a chemical in organisms

Bioavailability

The being present of a substance in a form (e.g. dissolved) where it
may exert a toxic effect or be subject to biological transformation

Biocenosis

Community of mutually compatible living organisms formed in
response to specific environmental influences

Biodegradability

The capacity of a substance to be broken down by the biological
action of living organisms

Biodegradation

The process in which a chemical is broken down by the biological
action of living organisms, especially bacteria and other microorganisms

Biomass

The total biological matter including live, dead and decomposed
organisms and any organic material produced by them

BOD

Biochemical oxygen demand; the amount of oxygen required for
the biodegradation of an organic chemical or waste water; BOD
measurements are used to assess the extent to which an organic
substance is biodegradable by comparing it with e.g. the COD

Cardiovascular

A term indicating relationship to the heart and blood vessels

Carcinogen

A cancer causing substance

CAS Number

The Chemical Abstract Service registry number

Chronic toxicity

Toxic effects resulting from exposure over a prolonged period
of time
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COD

Chemical oxygen demand; the amount of oxygen required for the
chemical oxidation e.g. by chromic acid of an organic chemical into
carbon dioxide and water under standardized conditions

Colourant

Generic term for all colouring materials (i.e. dyes and pigments)

Corrosive

Causing visible destruction or irreversible alteration by chemical
action at the site of contact

Cultures

A population of bacteria propagated under laboratory conditions

Decomposition

Breakdown of a material or substance

Deflagration

Ability to decompose in the absence of oxygen

DOC

Dissolved organic carbon, normally analysed after filtration or
centrifugation of an aqueous suspension

Dye

Colorants other than pigments. Soluble in the application medium

EC50

Effect concentration 50; the concentration of a substance required
to have an effect on 50 % of the organisms exposed to it

Ecotoxicity

The toxic hazard posed by a substance to biological species (plants
and animals) or ecosystems

Elimination

The reversible or irreversible removal of chemicals from water. In
the case of colorants the main removal mechanism is adsorption,
rather than biodegradation.

Excretion

The process of expelling waste, e.g. faeces, urine from a living being

Exhaustion,
Degree of

The proportion of the total dye charged which is taken up by the
substrate

Explosive Limit

The concentration of a flammable gas, vapour, or dust at which
explosion can occur upon ignition in a confined area

Heterotrophic

Description of organisms which require organic carbon for their
nutrition

HGPRT Test

The hypoxanthine guanine phosphoribosyltransferase test is an
in vitro gene mutation test conducted in mammalian cells.

IC50

Inhibitory concentration 50; the concentration of a substance
required to inhibit the growth rate or other function of organisms
exposed to it by 50 %

Inhibition

The slowing down of such biological processes as respiration,
plant growth (e.g. by toxic effects)

Innoculation

The addition of micro organisms, mainly bacteria, to initiate a
process of biological change, e.g. biodegradation

Intratracheal
instillation

Dosing of the test material through a tube into the upper
respiratory tract

In vitro test

Experiments with cells or tissues conducted outside of a living
organism

In vivo test

Experiments in live animals

Irritant

A material which causes reversible redness and / or swelling
at the site of contact

60

Appendix 3 Glossary

LC50

Lethal concentration 50; the concentration of a substance required to
kill 50 % of the organisms exposed to it

LD50

Lethal dose 50; a dose of a material that kills 50 % of a group of
animals exposed to it

MAK value

Maximale Arbeitsplatzkonzentration (maximum occupational
exposure concentration) is the highest permissible air concentration
which is considered safe for prolonged exposure. The MAK values
are set by the German Senate Commission for examination of
harmful occupational substances.

Metabolite

Degradation product produced in the organism by a biochemical
reaction

Microorganisms

Microscopically small living beings, bacteria, plants or animals

Mobility

The ability to move from one environmental compartment to another

Mutagen

A substance or agent capable of altering the genetic material in a
living cell

Neurotoxin

A material that affects the nerve cells and may produce emotional or
behavioural abnormalities

NOEC

No observed effect concentration, i.e. the highest concentration at
which no effect has been observed

OECD

The Organisation for Economic Cooperation and Development

Oligotrophic

Description of a surface water containing little nutritive material

PEL

Permissible Exposure Limit

Photodegradation /
Photolysis

Molecular breakdown due to incident light

Pigment

Colorants which are practically insoluble in water and the
application media

Respiration Activity

The oxygen consumption of aerobic micro-organisms. Often used
as an indirect measure of either toxicity to a bacterial culture (inhibition of respiration activity) or biodegradability (promotion of
respiration activity)

SDS

Safety Data Sheet

Subchronic toxicity

Toxic effects occurring as a result of the repeated exposure to a
chemical

Target Organ Effect

The effect of a material on an organ or system

Teratogen

A material which has the capability of causing malformations in the
offspring as a result of exposure to the pregnant female

TLV

Threshold Limit Value

TOC

Total Organic Carbon: the amount of bound organic carbon

TWA

Time-Weighted Average

VOC

Volatile Organic Chemical

British Colour Makers’ Association (BCMA)
An Industry Trade Association, representing both Organic and Inorganic Pigment
Manufacturers, and those European Manufacturers with representation in the United
Kingdom.
Address: BCMA, P.0. Box 56, Brighouse, GB-West Yorkshire HD6 4LZ, England
Tel./Fax: +44 (1484) 721224

Ecological and Toxicological Association of Dyes and Organic Pigments
Manufacturers (ETAD)
An international Association of manufacturers of organic pigments and dyes, which was
formed in 1974 to address health and environmental issues. Its international membership of
38 companies is based in 5 continents and includes 13 European members. Secretariats of
operating committees are based in Basel, Sao Paulo, Tokyo and Washington DC. In the
U.S., ETAD represents only the interests of dye manufacturers.
Address: ETAD, P.0. Box, CH-4005 Basel, Switzerland
Tel: +41 (61) 690 99 66
Fax: +41 (61) 691 42 78

Verband der Mineralfarbenindustrie (VdMI)
An Association of the German manufacturers of inorganic pigments, printing inks and
printing ink additives, carbon black, white reinforcing fillers, chemicals for enamel, glass
and ceramics, artists and school colours, food colorants.
Address: VdMI, Karlstrasse 21, D-60329 Frankfurt, Germany
Tel: +49 (69) 2556 1351
Fax: +49 (69) 2530 87

Syndicat des Fabricants d’Emaux, Pigments, Sels et Oxydes Métalliques (EPSOM)
An Association of French manufacturers of Enamels, Pigments, Salts and Metallic Oxides,
who produce porcelain enamels, ceramic glazes, inorganic colours for glass industry,
inorganic pigments for all industries, as well as some organic pigments, precious metals and
inorganic pastes for decoration, conductive pastes for automotive industry, various metallic
salts and oxides for the chemical industry, the housing and the health sectors of activity.
Address: EPSOM
Cedex 99
F-92909 Paris-La Défense, France
Tel: +33 (46) 53 11 95
Fax: +33 (46) 53 11 98

