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without any danger to health.

The various measures for reducing health risk in the use and handling of organic colorants (dyestuffs and
organic pigments) are outlined. To this end, the necessary analysis of exposure and hazard potential in
determining the risk level is discussed. Of prime importance is the need for clear information on the safety-
related properties of the colorants and the measures to be taken for lowering exposure. If all these ele-
ments are seriously considered then the technical use of colorants and the handling involved are possible

INTRODUCTION

As in other sectors of industry, colorant producers and
users are confronted by questions about the health and
environmental safety of this group of chemicals. Of
course, safety is the common goal of the chemical industry,
government and the public. But it can only be achieved in
the framework of a collaborative effort by all parties
involved.

There is still an increasing public concern about the
possible hazards of chemicals on which the modern high
standard of living of the industrialised world and the
survival of many developing countries are so dependent.
Governments entrusted with protecting human health and
the environment have responded to this concern by
infroducing increasingly complex legislation. Industry’s
responsibility (i.e. that of producers and processors) is to
seek a sufficiently high degree of safety in the manufacture
and use of its products. ETAD seesthisas a continuing task
requiring the cooperation of governmental authorities and
the public, as illustrated for the synthetic organic colorants
industry in Figure 1. The philosophy behind these mani-
fold interdisciplinary activities may best be expressed by
the proverb “The way to be safe is never to be secure’.

This paper will concentrate on some major aspects of
measures to minimise health risks in the handling and use
of colorants; the more general problems have already
repeatedly been addressed [1-3].

DEFINITION OF RISK

To avoid or reduce risk, the indispensable prerequisite is a
knowledge of the risk and the factors that determine it, and
more importantly those factors that can be influenced.

Paper presented at the 14th Congress of the International Federation
of Textile Chemists and Colourists. Tampere, Finland, 3-5 June 1987

Continuous reduction of exposure by

Improved production technology

Good working conditions and handling facilities
Personal hygiene and adequate laundry facilities
Proper information and education of personnel
Improved physical properties of products {e.g. non-dusty
forms)

Reduction of dyestuff in effluents

Improved application processes and technology
Use of best available application technology

Use of products with best fastness properties
New products — innovation

Continuous monitoring by industry, government and public
Environmental surveiltance

Medical surveillance

Epidemiology

Scientific and technological intercommunication

General alertness of workers, employers, scientists

Continuous testing

Search for chemicals (bad actors) which are likely to
create an unreasonable risk

Development of new, shorter and more economic toxico-
logical and ecotoxicological test methods, specially short-
term tests for long-term effects

Basic research on structure—activity relationship,
metabolism

Figure 1 — Activities for securing and improving safety

For the purpose of risk estimation it must be remem-
bered that risk is a function of the potential harmful effects
due to inherent toxicological properties of a product and
the extent of its bicavailability in the organism. However,
it is also a function of exposure and the probability of its
occurrence.
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Risk is generally expressed in terms of statistical proba-
bility, e.g. a cancer risk of 10-° means that this disease will
affect one person in a million exposed under a specific set
of exposure conditions, including amount and frequency
of contact during a lifetime. 1t is obvious that the risk of
a harmful effect can be reduced by lowering exposure, and
this approach affords a means of improving safety.

RISK ASSESSMENT

Two components, exposure and hazard, must be evalu-
ated in determining the level of risk posed by a given
product. Therefore the risk assessment process includes
the following steps:

(@) Exposure assessment

(b) Hazard assessment

{c} Risk characterisation and assessment.

Details of risk assessment have been discussed, e.g. on
textile chemicals by LoMenzo [4]. This process should
include the assessment of all available toxicological, physi-
cal and chemical properties of a product and the circum-
stances of its use as well. The more extensive the database
is, the easier it is to assess the risk.

EXPOSURE ASSESSMENT

Organic colorants by definition include dyestuffs (soluble
in water or in organic solvents) and organic pigments. The
characteristic property of pigments is their extremely low
solubility both in water and in the substrate. They
generally also exhibit a very low solubility in organic
solvents. A consequence of these properties is that
pigments tend not to be bicavailable. Thisis certainly the
major reason why they display very low acute or chronic
toxicity.

TABLE 1

Exposure patterns of colorants

The almost universal use of colour in most articles of
daily life creates a great diversity of exposure situations.
Tables 1 and 2 summarise the major uses of colorants and
the exposure pattern, including a qualitative rating of the
exposure potential and some suggested measures to
reduce or control the exposure.

The greatest exposure potential is in the manufacturing
process, but this involves only a limited number of persons
who are in any case trained in handling chemicals.
Furthermore, in the manufacturing plant the necessary
protective measures to reduce exposure are relatively
easily implemented.

In the case of colorants for technical applications, i.e.
for the coloration of textiles, leather, paper, varnishes and
plastics, human exposure in terms of colorant uptake by
the body is not inherent in the application and is involun-
tary. Such exposure is largely dependent on the handling
conditions during use of the colorants. In theory the
exposure could be zero, but this is not achievable in
practice. Nonetheless the objective must be to reduce all
such exposures to the minimum practicable level, and at
least below the threshold of unacceptable risk.

Most critical is the exposure in the processing of
colorants, especially in weighing and mixing of dyes. Of
particular concern are exposure situations involving in-
adequately designed plant facilities, poorly trained person-
nel and lack of suitable protective equipment. The use of
dusty products is the most difficult problem. In spite of
substantial efforts it has still not been possible to obtain all
colorants in a liquid form. For this reason pricrity has also
been given to the development of low-dusting forms.
Nowadays low-dusting powders and even free-flowing
non-dusting forms are available, and this trend will con-
tinue. In the case of dust exposure it can be assumed that

Human Exposure
exposure potential® Measures to reduce exposure
Production
Operators 1 Improved production technology
Good working conditions and handling facilities
Improved physical form (non-dusty products)
Personal hygiene and adequate laundry facilities
Proper information and education of personnel
Public (via environment) 3 Reduction of colour in effluent
Orderly disposal or incineration of waste
Processing
Dyers, printers, etc. 2 Use of proper application technology
Good working conditions
Improved physical form
Personal hygiene and adequate laundry facilities
Proper information and education of personnel
Public (via environment) 3 Reduction of colour in effiuent (e.g. better

exhaustion of dyes)

(@) 1 - high. 2 - significant, 3 — not significant
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TABLE 2

Exposure patterns to users of coloured products

Human Exposure
exposure via potential'® Measures to reduce exposure
Textiles 4
Leather 4
Paper Use of best available application technology
- Napkins 3 Use of products with best fastness properties
~ Newsprint 3
Plastics 4
Paints, Inks
- Generai 3
— Artists’ paints 3 Instruction for proper use
Food packaging 4 Appilication of the non-migration principle
material
Toys 4 Legislative control, non-migration principle
Do-it-yourself 2 Adequate safety instructions
dyeing Exelusion of hazardous products
Foodstuffs 1
Drugs 2 Exposure is inevitable
Cosmetics 2 Products require extended toxicological
investigation
Fingerpaints 2

fa) 1-high, 2 - significant, 3 - not significant. 4 — insignificant

dust particles greater than 7 um will be trapped in the nose
and trachea and from there reach the digestive tract,
whereas particles less than 7 um (alveclar dust) will reach
the tungs and be absorbed. Exposure limits to dust vary
from country to country but are generally 5-6 mg/m? for
fine dust (respirable dust) and 10~15 mg/m? for total dust.

Dust measurements in manufacturing and dyeing
plants [5-8] indicate that under good conditions of work-
ing practice atmospheric dust levels are typically less than
1 mg/m*total dust. With poor working practice and the
use of dusty products levels far above the usual permissible
limits for inert dust (i.e. greater than 15 mg/m?) have been
observed.

In one study [5] it was possible to show that in the case
of benzidine dye powders the exposed workers excreted
benzidine and related metabolites. Calculations indicate
that inhalation of 2 mg/m?® of a benzidine-derived dye over
an 8 h working day could result in the excretion of 14-24
parts per billion (p.p.b.) benzidine in the urine over a full
day. The author concluded that, taking into account the
limited historical data, it would appear that human urinary
excretion of greater than 100 p.p.b. of benzidine and its
derivatives contribute to a noticeably increased risk of
cancer. In dye manufacturing and textile finishing plants
observing good working hygiene these metabolites could
not be detected in the urine of workers handling benzidine
dyes, even when using very sensitive analytical methods
(detection limit 1 p.p.b.). It can be assumed that with
excretion below this limit the possible risk should be
insignificant. Analogous results were obtained in a similar
study on occupational exposure with workers weighing
benzidine-derived dyes [9]. The monitoring of amine
excretion in urine of persons exposed to aromatic amines,

or compounds that are expected to be metabolised in the
body to such amines, can therefore generally offer the
possibility of checking the adequacy of the safety precau-
tions taken.

The wearing of dyed textiles probably represents the
most widespread exposure of consumers to technical
dyestuffs. With properly dyed textiles, the exposure, i.e.
the migration of the dyes onto the skin, seems to be very
small. Based on tests [10] with simulated perspiration the
potential exposure was estimated to be much less than
1 mg per person per day. Cutaneous penetration, espe-
cially in the case of ionic dyes, is very limited, usually less
than 1% of the amount applied to the skin. Therefore the
average uptake per person per day would amount to a few
micrograms or even less.

The use of colorants in consumer goods such as
coloured toys or food-packaging materials is already
regulated in many countries. The regulations require that
no visible amounts of colorants migrate from the coloured
material when measured by standard methods. In the case
of food-packaging materials the limit of non-visible migra-
tion is usually less than 50 ug of migrated colorant per
kilogram of food, but this also depends on the colour
strength of the particular colorant. Most suitable for this
field of application are insoluble organic pigments, which
are of a very low order of toxicity.

The exposure in the case of finger paints, however, is
considerably higher. It has been proposed that certified
food colorants be used for this purpose, but this would not
be practicable as these dyes stain clothing and decorative
textiles. The only practical materials suitable are insoluble
pigments that do not possess any undue toxicological
properties. To deter children from swallowing these

JSDC Volume 104 October 1988 379




pigments the addition of bitter substances such as sucrose
octa-acetate is recommended.

A further field of application representing a potentially
higher uncontrollable exposure is the home dyeing of
textiles, and only specially selected and sufficiently tested
dyes should be used.

The use of colorants in food, drugs and cosmetics is
strictly regulated in most industrial countries, which is
appropriate because for those products exposure is delib-
erate and widespread. Recently recommended accept-
able daily intake values lie in the range of 0.15-15 mg/kg
body weight. i.e. a maximum permissible daily intake of
10.5-1050 mg per person {assuming 70 kg body weight).
These values were calculated using safety factors of
between 100 and 1000. The ‘no observable effect level’
(NOEL) in long-term animal studies of some of these
colorants were as high as 2000 mg/kg (body weight). The
permitted amounts are sufficient for the desired coloristic
effects in foodstuffs. In the case of coloured cosmetics the
possible exposure, i.e. the uptake of colorants, is several
orders of magnitude lower, whereas the number of ex-
posed persons is still very large.

HAZARD ASSESSMENT AND RISKS

The remarkably wide range of uses of colorants, the
extraordinary variety of materials that need to be coloured
and the rigorous performance requirements demand a
broad pallet of products. Nowadays there are about 3000
individual colorant chemical structures on the market.
Doubts are frequently expressed that such a large number
of products are necessary, but this is to neglect the
complexity of the application technology and the coloris-
fic requirements.

Organic colorants belong to a large number of different
chemical classes, consisting mainly of substituted aromatic
and heteroaromatic groups. More than half of all colo-
rants are azo compounds in which such groups are joined
by one or several azo bonds. Other significant classes are
characterised by a common structural element, e.g. the
anthraquinone, triphenylmethane and phthalocyanine
colorants. However, in view of the enormous diversity of
their detailed structures, and their physico-chemical and
applicatory properties, it is totally erroneous to regard
these colorants as belonging to uniform groups merely on
the grounds of a single structural element.

This consideration also applies with regard to a
colorant’s biological activity, which can vary dramatically
in spite of close structural relationships. There are an
increasing number of examples where sericusly faulty
judgements and over-hasty suspicions have resulted from
applying otherwise useful methods either superficially or
too broadly in an attempt to deduce toxicological proper-
ties from chemical structure. Itis not possible to generalise
about the toxicological properties of whole colorant
groups, regardiess of whether this classification arises on
the basis of structural or applicatory similarities.

On the other hand, it is possible to identify narrow
groups of colorants for which a certain toxic effect can be
attributed to a common structural characteristic. Untested
substances with the same structural element {e.g., a nitro
group) or with similar metabolic properties (e.g. the
formation of benzidine from benzidine-based dyes), can
provide a much sounder basis for forecasting their prob-
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able toxicological behaviour. However, experimental
work is needed to obtain reliable answers and to permit the
evaluation of individual substances.

The extensive literature dealing with such data and their
interpretation has recently been summarised [3]. It was
concluded that dyes, and even more markedly organic
pigments, generally exhibit relatively low acute and sub-
acute toxicity. Of major concern are the possible carcino-
genic and allergic effects, which are dealt with in more
detail below.

CARCINOGENIC EFFECTS

In the debate on the toxic effects of chemicals, there is no
doubt that carcinogenic effects are perceived by the public
as the most threatening phenomenon. The chemicals
sector remains a focus for this concern in spite of the
weight of evidence that individual chemicals contribute
only to a small extent to the incidence of cancer. Today
the generally accepted estimate of cancer causation,
based on mortality statistics, indicates that 4% of cancer
deaths are related to occupational exposure and an
additional 1% to other exposure to industrial products
[11).

In the case of organic colorants there is no conclusive
evidence of carcinogenic effect in man. However, some
dyes have shown such effects in long-term animal studies.
Examination of the available test data using criteria by, for
example, the International Agency for Research on
Cancer (IARC) [12] indicates that to date sufficient evi-
dence of carcinogenicity in animals is only available in the
case of about a dozen dyes. For a number of colorants the
available evidence justifies a strong suspicion of such an
effect, e.g. the benzidine-based dyes for which the me-
tabolism in man and animals has been shown to involve
reductive cleavage of the azo bonds. The use of such dyes
in high-exposure applications, e.g. hair dyeing, children’s
and finger paints, do-it-yourself dyeing, or under poor
working conditions in processing plants, poses an ele-
vated risk. The benefits of good working practices have
been demonstrated in a remarkably conclusive study [5] of
workers involved in the manufacture and processing of
benzidine-based dyes. Under good working conditions no
benzidine or its primary metabolites, N-monoacetyl- and
N, N'diacetyl-benzidine, were detectable in the urine of
the exposed workers [5,9]. In contrast, such metabolites
were detected in the urine of workers in plants where good
industrial hygiene was not practiced. Such potential risks
were an important factor in the decision by the major dye
producers voluntarily to cease the manufacture of benzid-
ine and benzidine-based dyes in the early 1970s [13]. In
general it can be concluded that azo compounds capable
of forming a carcinogenic amine on reductive cleavage of
the azo bonds are more likely to be carcinogenic. How-
ever, owing to the extraordinary complexity of the dye
molecules, it is to be expected that such reduction will in
many cases be only partial, and that there will also be
various other competing deactivating and activating pro-
cesses which add to the uncertainty of any prediction.

As a basis for the determination of risk it must be
assumed that the colorants are properly handled and
applied, and that appropriate plant and equipment are
available. It is not appropriate to estimate the risk
primarily on the basis of exposure values obtained under



improper working conditions.

Epidemiological studies clearly indicate that the car-
cinogenic risk under such conditions cannot be very high.
However, because of their somewhat limited sensitivity,
such studies do not permit any reliable estimates of low or
moderate risks. Additional uncertainty arises with colo-
rants that have shown a carcinogenic effect in animal
studies under extreme dosing conditions, mainly from two
sources. Firstly the various mathematical models used to
extrapolate form high to low dose response may lead to
risk estimates that differ by many orders of magnitude.
Secondly the assumption is usually made that the suscep-
tibility of test animal tissue, after allowance for dose level
and animal size, is the same as that for human tissue. The
fact that the interspecies variation in response to many
carcinogens can amourt to several orders of magnitude
illustrates the tenuous nature of this assumption.

Nevertheless, as shown above, under conditions of use
the exposure levels can be kept below the threshold of an
unacceptable carcinogenic risk, or to quote Higginson: ‘It
is reasonable to accept that for practical purposes levels of
exposure exist below which the risk is trivial. Management
of such low risks can be evaluated through scientific
judgement and common sense.” [14],

ALLERGIC EFFECTS

Reports on allergic effects of colorants have been summa-
rised elsewhere [3]. Sensitisation of the respiratory tract
by various chemicals is a major cause of morbidity in
industry. Respiratory sensitisation has also been reported
for reactive dyes [15-23]. Recent cases of respiratory
sensitisation involving some reactive dyes prompted the
Health and Safety Executive (HSE) [24] to initiate a study
involving about 440 workers in 51 dyehouses who were
in contact with reactive dyes. About 15% showed work-
related respiratory or nasal symptoms. In 21 individuals
the allergic reaction was attributed to contact with one or
more reactive dyes.

Reactive dyes were first introduced by ICl in 1955 and
now form an integral part of the product ranges of major
dyestuff producers. Their special feature is that they
adhere to cellulose, wool or polyamide fibres not by
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Figure 2—Fixation of reactive dyes to substrates by covalent bo
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adsorption but by the formation of a covalent bond {Figure
2). Reactive dyes are easy to apply to give a full range of
fast and brilliant colours. They can react in the same way
with the amino and sulthydryl groups in proteins. Such a
reaction seems to be the initial step of the sensitisation
process, which is thought to be immunologic in nature (IgE
mediated). Considering the studies by the HSE [24] and
by Luczynska and Topping {25] a possible general
pathway as illustrated in Figure 3 can be postulated. The
reactive dye (hapten) may react with human serum
albumin (HSA) to form a reactive dye-HSA conjugate,
which acts as an antigen. The antigen in turn gives rise to
specific immunoglobulin E (IgE) antibodies and, through
the release of mediators such as histamine, produces
allergic rhinopathies including allergic bronchial asthma.

The factors determining the rates of antigen and anti-
body formation, the initiation and extent of sensitisation
and the severity of symptoms are not yet fully understood.
For example, physical properties such as water solubility
of the reactive dye, steric factors {(molecular shape of the
antigens and antibodies) and degree of exposure might be
involved.

As there are at present no accepted animal models of
respiratory sensitisation that can aid the prediction of
sensitising potential, reactive dyes should be handled with
caution, and inhalation of dust and aerosols must be
prevented by appropriate measures. Adequate safety
information should be given to all users and operators.

RISK PREVENTION

The various measures to reduce risk are an integral part of
risk management. There are no zero-risk solutions, but
the effort devoted to risk management must be aimed at
maintaining exposure levels below the threshold of unac-
ceptable risk. Even if this level is reached, efforts for the
further reduction of risk should be continued as far as is
reasonably practicable. Certainly this will increase the
margin of safety. An interesting approach to checking the
adequacy of the result of risk assessment and risk manage-
ment by determination of the residual risk using a modified
MORT (management oversight and risk tree systern)

—— W
- HOH <|3

—X

D—R X~

N NH s
l | |
R

D—R 33X~

nd formation (D ~chromophore, R - reactive moiety, X —reactive

halogen, preferably chlorine or fluorine); type D-R-X reacts by nucleophilic substitution, and type D-R-50,CH=CH,, by

nucleophilic addition
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l for antigen)
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{radioallergosorbent test)

'

Allergy, e.g. respiratory tract symptoms

Figure 3 — Possible general mechanism of pulmonary sensi-
tisation by reactive dyes (for key see text and Figure 2)

approach has been discussed by Hillier {26]. The prob-
lems of risk management of existing chemicals with
special reference to the regulator-industry interface has
been extensively dealt with at a 1983 seminar of the US
Chernical Manufacturing Association [27]. In the follow-
ing sections some aspects important to colorants will be
touched upon.

Hazard communication

An essential prerequisite for any effective risk control is
appropriate hazard and safety information on the product
to be used and handled. This flow is not a one-way street.
As shown in Figure 4, the feedback of information from
shopfloor to plant management and even to the supplier
of the colorants may help to further improve safety. Inthe
workplace the operator handling chemicals should be
aware of their hazardous properties and be advised on the
precautions necessary for their safe use. lt is important
that the plant management transforms the fact-oriented
information usually transmitted on safety data sheets
(SDS), warning labels and other sources {such as reports
and codes of practice from governmental agencies and
industry) into action-oriented information and instructions
[28]. In 1974 ETAD introduced an SDS designed to meet
the specific needs of organic colorants. It provides the
customer with the basic information on physical, chemical
and toxicological properties, and advice on appropriate
handling precautions.

In 1980, after consultation with ETAD, a UK commit-
tee including members from employer associations, gov-
ernment and unions developed a code of practice on the
safe handling of dyestulffs in colour stores that was exem-
plary and is still the model today [29]. In 1983 ETAD
issued a booklet entitled ‘Guidelines for the safe handling
of dyestuffs in colour storerooms’, based on this code of
practice. The ETAD brochure met with great interest and
was widely distributed in the USA and Eurcpe.
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The need for extending the database is unquestioned,
but much more important is that everyone responsible
should insist that existing information be taken more
seriously. If this code of practice were followed more
closely there would be considerably less incidence of
health problems.

Exposure reduction by good working practice
Not all organic colorants have been extensively tested and
it would be unrealistic to suppose that this situation will
persist for the foreseeable future. There are in any case
some limitations on the ability of animal tests to detect
hazards for humans, and therefore possible hazards may
pass unrecognised. It is prudent to minimise exposure to
colorants and indeed all chemicals through the use of good
working practices. The past few decades have seen
remarkable improvements in working conditions but fur-
ther effort is required to secure such improvements
throughout all the manufacturing and user industries.

As already noted, exposure to dusts poses a serious
problem. Respiratory protection by approved protective
equipment must be employed whenever dust or aerosols
are being developed, especially in the case of products
known to have a potential for causing respiratory sensiti-
sation. In this connection it should be recalled that very
small particles, perhaps made only visible under Tyndall
lamps, have a long setting time, i.e. remain suspended in
the air for a prolonged period, and the slightest air current
will keep the particles airborne (Table 3).

TABLE 3

Time taken for a particle to fall 1 m in still air

Particle diameter (um) Time

100 33 s
10 5.5 min
5 (alveolar dust) 21.6 min
1 7.8 h
0.1 778 h

Substitution of products

A further possibility of reducing risk would be the simple
replacement of hazardous products. This approach is well
established but it does require time to be effective. The
complexity of problems in colorant substitution is often
underestimated because there are an overwhelming
number and variety of colorants, and there is a failure to
appreciate the high coloristic, applicatory and economic
demands which nowadays are imposed on a colorant {30].
An example of this is the great difficulties encountered in
the replacement of the benzidine-based dyestuffs. Since
the production of this product group was abandoned by
the major dye manufacturers in the early 1970s, these
dyes have not yet been fully replaced satisfactorily by a
new inventory of colours. Substitutions can scarcely be
called for without good reason. However, should sound
scientific studies indicate an unreasonable risk, then it is
necessary either to restrict certain product uses or to
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Figure 4 — Communication cycie of hazard and safety information in the use and handling of colorants

replace the product.

In conclusion, attention should be drawn to the often

unwarranted obstacles placed before new product regis-
tration in the EEC and the USA. Thus the gradual
replacement of existing products is often considerably
delayed, and this should certainly not be the intent of
regulatory authorities.
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