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INTRODUCTION
In view of the increasing complexity of world trade one has to
recognize that the problems of ecotoxicity of chemicals are
supranational. To avoid wasteful use of resources through
duplication it is necessary to seek international harmonization
of regulations and acceptable methods, and to encourage
exchange of information.

In this context the dyestuffs’ manufacturing industry
thought that a joint effort by them could most effectively
contribute to the resolution of these complex issues.

1. ETAD* — FORMATION AND OBJECTIVES

In the 1960°s a number of prominent people in the dyestuffs’
industry came to realize that the large, but nevertheless
limited, scientific and technical potential in the individual
companies could be used more effectively on a co-ordinated
basis to solve any ecotoxicological problems ahead. After
thorough legal and administrative preparatory work, an inter-
national association, ETAD, was formed in 1974.

The primary objectives, as stated in the by-laws, are
to co-ordinate and unify the efforts of manufacturers of
synthetic organic dyes and synthetic organic pigments to
minimize any possible damage to the environment arising
from the use or application of the products, and
to provide the best possible and practicable protection for
the users and consumers of these products, and

~ to aid and co-operate with government departments and
agencies and any other public institution congerned with
the ecotoxicological impact of the products.

It is important to note that the by-laws refer to lowering
the impact, they do not refer to eliminating all impact. ETAD
is trying to maintain a balanced view. It is not possible to
legislate all hazard out of existence, as some new laws which
are being promulgated would have us belizve. There is no point
in ETAD pretending that the products of our industry have a
zero effect, and equally no point in governmental legislators

*Ecological and Toxicological Association of the Dyestuffs Manufactur-
ing Industry. At present the folowing companies are members of
ETAD:
Acna (Italy): Amar, IDI (India); BASF, BAY, HOE (West
Germany); CGY, RL, S (Switzerland); HCC, KYK, MCI, MDW,
NSK (lapan): ICI, YCL (United Kingdom); KVK (Denmark); Fran
{France)

assuming that the benefits of the dyestuffs” industry can be
made available to the public at large, with zero risk. Activities
in environmental protection are based on the realization that
many features of our modern civilization are in conflict, often
unavoidably, with nature. We all wish to enjoy the best quality
of life both now and in the future, and unless we are prepared
to forego the undoubted benefits that modern technology
makes available, it is necessary to seek a compromise and to
accept certain risks. It is in the complex problem area of
defining the balance between risk and benefit that ETAD is
involved.

2. ORGANIZATION OF ETAD

The ETAD members represent about 80% of world-wide dye
production (excluding Comecon and China). The primary
authority is the General Assembly (Figure 1) in which the
various member companies are entitled to exercise one, two,
or three votes, depending on their annual sales of dyes. The
annual membership tees* are determined by the need to cover
the costs of the Secretariat, travelling expenses of committee
members, and studies contracted externally. However, the
majority of the project work carried out within the member
firms and the costs entailed are borne directly by them.
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Figure 1 — Organization structure of ETAD

The governing powers of the Association are vested in the
Board of Directors which is elected by the General Assembly
from senior managers of the dyestuffs’ divisions of the member
companies. This ensures, in a most effective way, that studies
undertaken by the Technical Committee and the various
subcommittees proceed promptly. The Technical Committee,
at whose meetings the Chairmen of the subcommittees
participate, co-ordinates activities, proposes future projects for
Board approval, and sets priorities, etc. This committee
consists of seven senijor departmental managers delegated by
the member firms.

The Regional Analytical Subcommittee in Japan
co-ordinates the activities of the Japanese member companies
*The annual fee is at present SFr. 20,000 per vote. An associate

membership, with reduced fees, was introduced recently to encourage
small companies to join ETAD
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and, in particular, deals with any problems specific to Japan.
Problems relating specifically to pigments are dealt with by the
Pigments Advisory Committee in collaboration with the other
scientific committees.

Uncertainties about the possible complications arising
from membership of American companies in ETAD led to the
formation of the Dyestuffs’ Environmental and Toxicology
Organization (DETQ) in the USA in 1977. DETO is affiliated
to the Synthetic Organic Chemical Manufacturers Association,
Inc. (SOCMA), and has essentially the same objectives as
ETAD. Whereas ETAD covers both dyes and pigments, DETO
deals with dyes only, because the manufacturers of pigments
were already represented by the Dry Color Manufacturers
Association (DCMA).

Responsibility for ensuring close co-operation between
DETO and ETAD lies with the DETO/ETAD Liaison Com-
mittee and the ETAD US Advisory Committee. The latter
committee consists of representatives of US-based manufactur-
ing subsidiaries of European ETAD member companies.

The ETAD Executive Secretary, a full-time operating
executive, is responsible, among other matters, for assisting
and advising the Board and committees, for contact with
regulatory authorities, industrial associations and environ-
mental organizations, and for the preparation of official ETAD
responses to various legislative proposals on environmental
matters affecting the dyestuffs’ industry.

The President, who presides at all meetings of the General
Assembly and the Board, is elected each year. Those com-
mittee members who belong to the same company as the
President, also take over the chairmanship of the correspond-
ing committees for his year of office. This procedure facilitates
a close contact between the President and the committee
chairmen and has proved to be very beneficial.

ETAD held its General Assembly of 1978 in Tokyo to
demonstrate the importance that it attaches to the Japanese
members, represented on the Board by Mr 8. Fujicka, who
succeeded Dr M. Taneda.

3. ACTIVITIES OF ETAD
Within the framework of its objectives, ETAD attaches
particular inportance to the following

— Harmonization of international environmental legislation,
and the avoidance of unnecessary inhibition of innovation
by overregulation [1]; ETAD supports the principle of
industrial freedom with the State having power to inter-
vene when appropriate, and absolutely rejects the destruc-
tive principle of prohibition unless consent has been
conferred by the State. A high degree of self-responsibility
by industry, which legislation should support rather than
cripple is essential for the necessary environmental protec-
tion and retention of a healthy industry {2].

— Objective expert evaluation and judgment of ecotoxi-
cological matters.

— The development and stan-lardization of the necessary
analytical, ecological and toxicological methods.

— The provision of the physico—chemical and ecotoxi-
cological information which is necessary for the safe
handling and use of the products.

-- The continuing extension of our understanding of the
ecotoxicological behaviour of dyes in order to identify any
undesirable properties.
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The activities of ETAD are best illustrated by mentioning
the work already completed and by outlining the scope of
some current projects.

3.1 Safety Data Sheet (SDS)

The ETAD SDS was designed to srovide the users of dyes with
basic information to enable safe handling of the product.
Detailed explanatory notes concerning the meaning and
interpretation of the data are also provided [3]. It has been
introduced widely and has influenced the formats adopted by
other organizations. The requirements of the various chemical
industry sectors differ, but it would be beneficial if individual
versions could at least achieve a basic uniformity of layout:
individualization on a national basis is unnecessary and should
be avoided.

3.2 Methods recommended by ETAD

The use of clearly defined, standardized methods, which give
reproducible results, is essential if meaningful and comparable
data are to be obtained. Methods already accepted by the
scientific community and the authorities are used whenever
possible. Existing, as well as modified or newly-developed
methods, are subjected to critical appraisal, involving ‘round-
robin’ tests in the laboratories of the member companies,
before they are recommended by ETAD. If satisfactory, the
methods are used by the member companies as well as being
made available to authorities.

3.3. Levels of Heavy Metals in Dyes

The ETAD members ensure that the heavy metal content of
their products is kept below agreed levels which enables the
user to satisfy readily the current legal requirements regarding
effluents (Table 1). The figures given are periodically reviewed
and, if necessary, adapted to new situations.

TABLE 1

Highest Impurity Levels of Metals in Dyes

As 50 p.p.m. Hg 25 p.pm.
Ba 100 p.p.m. Mn 1000 p.p.m.
Cd 50 p.p.m. Ni 250 p.p.m.
Co 500 p.p.m. Pb 250 p.p.m.
Cr Sb 50 p.p.m.
(total Cr''Yy 500 p.p.m. Se 50 p.p.m.
Cu 250 p.p.m. Sn 250 p.p.m.
Fe 2500 p.p.m. Zn 5000 p.p.m.

These limits do not apply to metal-complex dyes. Highest impurity
levels are those maximum metal contents of dyes which, in a 2% dyeing
and with a total dilution of the effluent of 1:2500 related to the dye
used, satisfy the currently known legal requirements.

3.4. Assessment of Ecotoxicological Properties of Dyes

The dyestuffs’industry is constantly faced with the question of
the safety of its products. There is already extensive
literature on this subject [4]. Most dyes, if properly handled
and used, present no unreasonable risk. However, one must
recognize that in this sector of the industry, which uses
thousands of products and intermediates, one can always find
substances which may present an ecotoxicological risk, and



thus require special handling precautions, a limitation in use or
a switch to other products.

ETAD gives high priority to the identification of specially
hazardous products and to the setting-up of appropriate
precautionary measures.

However, it must be made very clear, that any attempt to
discredit whole product classes by unscientific generalizations,
by one-sided and unqualified interpretations of results and by
unwarranted extrapolations on the basis of similarities of
chemical structures must be rejected™.

The title of a recent publication [5] — “Textile dyes are
potential hazards” or statements such as “Azo dyes are often
found to be carcinogenic” [6], or “Die meisten Farbstoffe
sind mehr oder wenig giftig” [7] may illustrate the point.

The limited space available does not permit such articles to
be dealt with in detail, but perhaps the difficulty can best be
illustrated by briefly describing the current situation concern-
ing azo dyes.

The availability of a wide variety of aromatic azo and
coupling components permits the synthesis of a very large
number of azo compounds. It is estimated that more than half
of all known dyes (i.e. more than 50,000 aromatic azo
compounds and more than 2000 commercial dyes) contain
one or more azo groups. Azo compounds are tound in almost
every dye application class.

It is scientifically not tenable to make the generalization
that these compounds represent a specially high carcinogenic
risk only because compounds containing azo groups have been
found to be carcinogenic in animal tests, e.g., cne of the first
to be withdrawn on grounds of carcinogenicity was Butter
Yellow (N, N-dimethylaminoazobenzene) [8,9] and recently
some benzidine dyes* [10] have caused concern for similar
reasons. On the other hand, a wide variety of azo compounds,
both dyes (e.g. [12-20])and pigments ([21,22]), have been
shown in long-term animal tests to be non-carcinogenic.
Furthermore, a distinction must be made between dyes which
are commercial products and others prepared solely for
scientific purposes. For example, out of about 300 azo
compounds listed by NIOSH, as being suspected carcinogens in
animals, only 36 are commercial dyes in the USA. At present
the scientific soundness of the supporting data is being
checked.

On many occasions attention has been drawn to the many
damaging consequences of such unqualified and unjustified
statements and judgements: among other things, they distort
the sense of proportion, and as a consequence lead to the
setting-up of wrong priorities, senseless deployment of scarce
testing resources and over-regulation.

The number of chemicals used today is estimated to be
many tens of thousands, far beyond currently available testing
capacities for a full-scale testing programme. With a current
world capacity for about 500 long-term tests, the investigation

*E.g., an expert opinion:
“This, however, should not mislead one into thinking that, for example,
each aromatic amine or polycyclic hydrocarbon must be carcinogenic.
These are highly specific chemical compounds which may lose their
carcinogenicity by the slightest variation in structure”.
[Schmahl, Toxicology in Cancer Research, Interdiscpl. Sci. Rev.,2
(1977) 305 -311]

*The carcinogenic action may arise from different causes. In the case of
benzidine dyes the activity can be attributed mainly to the metabolic
formation of benzidine from the dye [11].

of say 20,000 compounds would take 40 years. This clearly
explains the necessity of a stepwise procedure and the setting
of priorities for the chemical industry as a whole.

In the setting of priorities. the important factors in the
assessment of risk are: exposure pattern, ecotoxicological
profiles and production volume. The parameters which are
relevant to evaluating the ecotoxicological profile of a
chemical and a summary of the important problem areas in the
dye industry have been published previously [4].

3.4.1. EXPOSURE ASSESSMENT

The exposure assessment not only provides the basis for the
pin-pointing of problem-areas, but also for the extremely
important measures to minimize the exposure.

It must be accepted that extensive animal and even human
toxicological information on all chemicals cannot be made
available in the near future. It is often overlooked that the
reduction of dangerous as well as unnecessary exposure is still
one of the most effective and immediate measures to eliminate
unreasonable risks. Similar views have been expressed by
Weisburger in his recommendation of cancer prevention [23].

The objective of a current project of ETAD is the
qualitative and quantitative assessment of the exposure pattern
of dyes. Figures 2 and 3 give a summary of the qualitative
exposure pattern including an exposure rating. The figures also
indicate measures already taken or to be taken to lower the
exposure. Figure 4 displays schematically the exposure
potential in the main areas of production, processing and
consumer use.

To illustrate the scope of this project, a study to assess the
trace amounts of dye which may be transferred from a dyed
fabric to the skin can be mentioned. The extractability of the
dyes from dyed fabrics is determined using the alkaline and
acid perspiration simulants defined in the standard ISO
method [24].

The amount of dye which is eluted from deep dyeings of
fabric samples is measured spectrophotometrically. The
amount which would be extracted from an area of 500 em? is
calculated from this value. [t is generally accepted that an area
of 500 cm? of sweat-moistened material remains in contact
with the skin for any length of time and the maximum daily
dermal exposure per person may be assumed to be the amount
of dye which is extracted from this area of dyed fabric. The
study includes all the main fibres and important represent-
atives of the various dye classes. The results for two disperse
dyes on polyester fabric are given in Table 2. In this case, the
dermal exposure was shown to be less than 0.25 ug per person
daily. Preliminary results with water-soluble dves on hydro-
philic fibres show somewhat higher values in the lower ug
range.

3.4.2. TOXICOLOGICAL ASSESSMENT
The factors to be considered in the assessment of risk for a
chemical include:
the total exposure potential
- the seriousness of the toxic effect
- the fact or the probability of its occurrence

The complexity of assessing evidence of toxicity, and
especially carcinogenicity. dictates that the evaluation of the
potential human hazard of a given agent must be individual-
ized in terms of the chemical and metabolic aspects of that
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Human Exposure

Workers, etc.

Public
(via Environment)

Dyers, Printers, etc.

Public
{via Environment)

*Rating: ++ significant

Measures Taken to Reduce Exposure

PRODUCTION

Exposure
Rating*

Improved production technology ++
Good working conditions and handling facilitics

Improved physical form (non-dusty products)

Personal hygiene and adequate laundry facilities

Proper information and education of personnel

Reduction of colour in effluent

Effective effluent treatment +

Process improvements

Orderly disposal of waste

PROCESSING

Use of proper application technology ++
Good working conditions

Improved physical form

Personal hygiene and adequate laundry facilities

Proper information and education of personnel

Reduction of colour in effluent

Effective waste water treatment +
tmproved application processes

(e.g. better exhaustion of dyes)

+ not very significant

Figure 2 — Exposure pattern of dyes

Human Use

Exposure

Consumer

Textiles incl.

*Rating:

++ significant

Leather
Paper
napkins
food packaging
newsprint
PLASTICS
Paints and Inks
general
artists’ paints
finger paints

Foodstuffs
Cosmetics
Toys

Do-it-yourself products

Figure 3 -- Exposure pattern of dyes
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+ not very significant

Measures Taken to Reduce Exposure

END USE
Use of best available application technology
Use of products with best fastness properties
As above

Application of the non-migration principle
Instructions for proper use

Exposure is inevitable
Products require rigorous toxicological
investigation

Legislative controt, non-migration principle
Adequate safety instructions, use of products
with low order of toxicity.

o insignificant

Exposure
Rating*

+ o+

++

+++
4t
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Ease of Control
of Exposure

Number of

Exposure Exposed Persons

Production
Processing

Consumer

Figure 4 — Exposure potential to dyes

TABLE 2

Extraction of Disperse Dyes by Perspiration Simulants from
Polyester Fabrics*®

C.1. Disperse  C.1. Disperse

Blue 301 Orange 30
Dye (100% active ingredient)
% o.w.f. 1.5 1
Fastness to perspiration
(1 =lowest, 5 = highest) 5 5
Recovery Rate >95% >95%
Limit of detection 0.5 ug 0.7 ug
Extractability ug/500 cm? of fabric:
Alkaline Perspiration Simulant <0.2 <0.25
Acid Perspiration Simulant <0.2 <0.25

16 g of fabric (106 gm/m?>) were treated with 800 ml

of perspiration simulant. The dye removed was extracted
with chloroform and determined spectrophotometrically.
Weight of 500 cm? of fabric was 5.3 g.

*The author thanks Dr L. Yamauchi and Dr T. Ohshima, Research
Department, Sumitomo Chemical Co. Ltd, Osaka, Japan, for their kind
permission to publish the above results.

specific agent, its intended uses, the data available at the time
that the decision must be made, and other factors pertinent to
the case under consideration. Each case must be considered on
its own and the criteria appropriate for one agent wmay hot
necessarily apply to another.

On can distinguish the following principal groups of
chemicals with regard to test requirements:

Pharmaceuticals (incl. Drug Dyes)

Food Additives (incl. Food Dyes)

Agrochemicals

Cosmetics (incl. Hair and Cosmetic Dyes)

Chemicals for Food Packaging Materials and Toys (incl.

selected dyes and pigments)

Chemicals large volume
medium volume
small volume

Chemicals for research purposes only

incl. technical dyes
and pigmerits

A rational and exhaustive treatment of the many con-
troversial issues of cancer risk assessment has recently been
published by the American Industrial Health Council (AIHC)
[25].

3.4.2 1. Acute Toxicity

It has already been mentioned that, owing to the limited
testing facilities, the great number of dyes and intermediates
to be tested, and the need to set meaningful priorities, the
toxicological investigation can and will only proceed stepwise.

The ETAD members agreed, as a first step, to determine
systematically the physico—chemical and ecotoxicological
basic data necessary for the safe handling of their products.
The data are made available to users in the form of the safety
data sheet mentioned previously. The project has now been
almost completed, and has involved the testing of over 5000
commercial dyes during the last 5-7 years. The costs of
carrying out this agreed toxicological minimum testing
program, i.e. acute oral toxicity on the rat (LDsp), eye- and
skin-irritation test on the rabbit, are well over 20 million SFr.
Within the individual companies, supplementary toxicological
data have been collected on many products.

The analysis of the LDg, data (Table 3), available in
August 1977, did not uncover any recognizable structure—
toxicity relationship. The products with values below 250
mg/kg and 250-2000 mg/kg belong to a wide variety of
different structures (Table 4). The classification of these
compounds, according to the Colour Index (Table 5), revealed
a higher incidence of the basic dyes in the two lower groups,
which is not surprising. Within this group there was no
frequent occurrence of any specific structure. This survey
indicates that of the 4461 commercial products tested only 135
dyes with different chemical structures showed LDsq values of
less than 250 mg/kg, all values lying in the range of 100 to 250
mg/kg. This group of products will undergo further studies

The survey confirms the generally low acute toxicity of
dyes. It also emphasizes the particularly low toxicity of
pigments in terms of LDsq (Table 5), skin and eye irritation,
presumably due to their very low solubility.

3.4.2.2. Chronic Toxicity
The possible chronic effects attracting most attention at
present are carcinogenicity and to a lesser extent sensitization.

Technical dyes (excluding food, hair, cosmetic and drug
dyes), properly handled and used, are only taken up in small
traces, if at all. The available evidence indicates that these
trace quantities present no unreasonable risk. However, a risk
situation could arise due to impreper handling or use should a
product be a potent carcinogen. This is a main reason for
ETAD’s continuing effort to identify any such product.

At present it is generally agreed that, unless epidemio-
logical data are available, only long-term tests on animals give
sufficiently reliable results to serve as a basis for assessment of
a carcinogenic risk. Considerable hopes were therefore
attached to the short-term bacteria/mammalian microsome
assay (AMES—test). The present situation is best described by
a comment of the subcommittee on Environmental Carcino-
genesis of National Cancer Advisory Board (NCAB) [26] :

“At present none of the short-term tests can he used to
astablish whether a compound wiil or will not be carcinogenic
in humans or experimental animals. Positive results obtained in
these systems suggest extensive testing of the agent in long-term
animal bioassays, particularly if there are other reasons for
testing. Negative results in a short-term test, however, do not
establish the safety of the agent™™.*

*This also means that at present such tests are of limited value for

decisions on the future of a product and provide no basis for regulatory
action. See reference 27.
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TABLE 3

Determination of Single Administration Toxicity of Dyes
(Commercial Brands) by ETAD Members

No. of Dyes Number of Dyes with LD;,-values Irritation
Tested (mg/kg) Ne. of Dyes
Tested
<250 250-2000 2000-5000 >5000 Eye Skin
4461 44 314 434 3669 4573 4614
100% 1% 7% 9.7% 82.3%

Acute oral toxicity LDy, in rats and effects on the skin and eyes, only
data published in the ETAD safety data sheets up to August 1977

TABLE 4

Analysis of LD, Values Lower than 2000 mg/kg by Chemical
Type

No. of Products with LDg,

Chemical Type Total No. {mg/kg)
of Products <250 251-2000
Monoazo 14 1 (125) 13
Monoazo/Quaternary 16 0 16
Disazo 20 4 (199,200, 16
240,200)
Trisazo I 0 1
Phthalocyanine 2 0 2
Diphenylmethane 1 0 1
Triphenylmethane 13 1 (100) 12
Xanthene 6 2 (220,250) 4
Oxazine 4 i (210) 3
Methine 20 4 (133,213, 16
222,224)
Anthraquinone 3 0 3
Indigoid 1 0 1
Stilbene Azo 2 1 (150) 1
Miscellaneous 11 1 (221) 10
114 15 99

CRITERIA FOR ANALYSIS:

1. Mixture products were omitted

2. Azoic Diazo Components (28) were not included

3. Where products with the same basic structure, as identified by
Colour Index Numbers, have been tested by different member
firms, only the lowest LD, value was used

4. Where LD, values were guoted as a range, the iower value has
been used for classification.

By this procedure the number of 358 of tested commercial products
was reduced to 114 products with different structures.

“This subcommittee is enthusiastic about the possible future
use of in vitro tests as part of a screening system for potential
carcinogens and believes that their future development and
validation deserve high priority™.

ETAD is currently studying the behaviour of various iyes
belonging to different dye classes in the Salnonella
mammalian microsome test.

3.4.3. ECOLOGICAL ASSESSMENT
The ecological minimum programme of the ETAD SDS
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TABLE 5

Analysis of the LD;,-values Lower than 2000 mg/kg by
Colour Index Classification

Dye Total Number No. of Products with LD<q
Class of Products <250 251-2000
(mg/kg)

Acid 9 1 8
Basic 64 8 56
Direct 12 2 10
Disperse 10 2 8
Ingrain 5 1 4
Mordant 1 0 1
Reactive 2 0 2
Solvent 9 i 8
Vat 1 0 1
Pigment 1 0 1

114 15 9¢

provides data about the biological elimination, fish toxicity
and toxicity to bacteria in effluent.

3.4.3.1. Bioelimination and Biodegradation

Extensive testing indicates that dyes are generally adsorbed to
the extent of 40—80% by the biomass, and are thus partially
eliminated in sewage treatment plants: practically no bio-
degradation of the dye itself takes place. At first sight this may
seem a drawback, but on closer examination it may be
considered an advantage. The large dye molecuies have a high
affinity for various materials, and some are only very sparingly
water-soluble. Provided they are intact, they are largely
eliminable from effluents in the biological and chemical stages
of sewage treatment plants. However, if they were partly
degraded, the degree of elimination of smaller molecules
formed would be likely to be unsatisfactory. This could lead
to heavy contamination of the treated water and complicate
subsequent purification stages if potable water were required.



3.4.3.2. Bioaccumulation, Persistence, and Metabolism
Dye accumulation in rivers and sediments is becoming less of a
problem, chiefly as a result of continuing and extensive
cleaning campaigns. The same also applies to build-up in
aquatic organisms. Fish accumulation studies, which are
required, e.g., by MITI for newly introduced dyes in Japan, so
far indicate little or no tendency to accumulate in fish.

Current biological projects of ETAD include studies of
aerobic and anaerobic biodegradation. Studies by the
American Dye Manufacturers’ Institute (ADMI) [28] already
indicated that under anaerobic conditions the dyes tested were
at least partly biodegraded.

It has been shown that one important metabolic pathway
of azo dyes is the reductive cleavage to aromatic amines [11,
29-35] —Figure 5. It is important to note that these studies
relate to water-soluble dyes. In the case of highly inscluble
pigments such a reductive cleavage apparently occurs only to a
negligible extent, if at all. For example, Mondino et al
detected no dichlorobenzidine in the urine of rats, rabbits and
monkeys which had been fed high doses of C.I. Pigment
Yellow 13.
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C.1. Pigment Yellow 13

Strongly hydrophilic amines, e.g. the sulphonated amines,
can be regarded as being detoxified. However, problems could
arise by formation of lipophilic toxic aromatic amines, e.g. the
carcinogenic benzidine. To determine the biodegradability of
such compounds they have been included in ETAD’s current
investigations. However, it seems that there is no serious
environmental hazard involved because experience so far
indicates that such amines biodegrade at a greater rate (k;)
than the dye (k;) (k; > k). Consequently, there is no
build-up, and the concentration of the amines remains
extremely small. In this context the recent findings [37], that
benzidine is biodegradable under aerobic conditions, are of
considerable interest.

3.4.3.3. Fish Toxicity
Most of the dyes sold by ETAD members have been shown to
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Figure 5 — Schematic model of the degradation of azo dyes

be of low toxicity to fish. A survey of these data is currently
being prepared.

3.4.3.4. Other Investigations

The valuable research work of the American Dye Manu-
facturers” Institute [28] on the effects of dyes on the
environment is being continued under the direction of DETO.
An extensive study* is currently under way to evaluate several
treatment techniques for a series of 20 dyebath wastes [38].

4. TASKS OF LEGISLATORS AND INDUSTRY
There is a growing understanding that the ecotoxicological
problems can only be solved by close co-operation between
legislator and industry in an environment of an efficient
economy and a healthy society.

Although well-known, the primary roles of the two bodies
should be mentioned (Figure 6).

LEGISLATOR: Law Making
Provide the framework of regulations to ensure
adequate protection of humans and environment,
Without prejudicing this prime objective, adequate
flexibifity must be exercised to make account of
special requirements of various classes of chemicals
and their uses, and of the different industry sectors
Enforcement of Laws
Legislator must make sure that the laws and regula-
tions are followed by all concerned
MONITORING
The environment and public health

INDUSTRY: Invention

Production and
Distribution of Useful Products
Acts on its own responsibility following the laws

Medical and Environmental Surveillance
Figure 6 — Tasks of legislator and industry

1t is hoped that the testing schemes currently under
consideration, which are also going to be included in new laws,
will be realistic, and well adjusted to the practical require-
ments of industrial product development and to the technical
and economical possibilities. It is sensible to proceed stepwise
with such testing, but it is essential that the decisions
concerning the need for more detailed testing should lie in the
hands of a trained toxicology expert, who takes appropriate
account of exposure potential [39].

5. ACTIVITIES FOR SECURING SAFETY

One may ask if dyes can now be called environmental
chemicals. According to Korte’s definitions [40], probably
not, with perhaps the exception of a few large volume
products. Nevertheless the annual worldwide production of
dyes of roughly 650,000 tonnes justifies careful assessment of
their overall environmental impact.

*Work in progress, EPA Grant No. R 803174-01-0, R.H. Horning,
Grant Director
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It has been the aim of this paper to show how ETAD
operates, and to summarize the present status of ecotoxi-
cology of dyes. However substantial ETAD’s contribution, it
is only a fraction of the total effort being expended by the
chemical industry to secure and improve safety*. These
endeavours form part of a continuing and concurrent process.
Since this fact is often overlooked by many, a summarizing
scheme of the important simultaneous activities for securing
safety is shown in Figure 7.

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
& PUBLIC

— environmental surveillance

— medical surveillance

— epidemiology

— scientific and technological intercommunication

— general alertness of workers, employers, scientists

CONTINUQUS TESTING

— search for chemicals {bad actors) which are likely to create an
unreasonable risk .

— development of new, shorter and more economic ecotoxicological
test methods, speciaily short-term tests for long-term effects

— basic reasearch on structure-activity relationship, metabolism

Figure 7 — Activities for securing safety

6. MULTIPLICITY OF LEGISLATION

The multiplicity of national and international legislation has
now grown to such an extent that it can scarcely be
summarized. To illustrate this complexity Figure 8 and Table
6 display some important laws in various European countries
and in the USA, and indicate at which stages in the course of
manufacture and use of a product they are applicable. The
lack of uniformity in international legislation can be illustrated
by the regulation of various dye intermediates, which have
been shown to be carcinogens in man or animals (Table 7).

It has already been pointed out that lack of harmonization
leads inevitably to wasteful use of scarce resources and testing
capacity. The additional costs are a burden not only on
industry but also on the public purse, and are ultimately borne
by the consumer. ’

7. CONCLUSIONS
There is no doubt that the problems are well recognized by
responsible people and that great efforts are being made

*The extensive coliaborative efforts in the field of occupational
medicine and ecotoxicology by industry, research institutions and
authorities have been reviewed by Thiess [41]
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Raw Materials
1,9,10,11, 17,
19,23 .

G
MANUFACTURING PLANT aseous Effluent

7,8,10, 17,19, 21,23, 24"

-~ Plant + Equipment Safety Solid Waste
- Worker Safety 1,8,9,10,17,19, 21,23
Effluent

1,2,10,11,12,13,17,19, 23

1,6,8,10,17,19, 21, 23"
Transportation, Warehousing

5,9, 11
Gaseous Effluent
PROCESSORS 7,10,17,19,23,24°
— Plant + Equipment Safety Solid Waste N
- Worker Safety 1,8,10,17,19,23"
Effluent

1,2,10,12,13, 17,19, 23

1,6,8,10,17,19.21, 23"
Finished Goods, Transportation
5,9, 11

FINISHED GOODS, END USE

— Consumer Safety

1,3,4,5,10,11,14, 15,16, 17, 18,
19,20, 22, 23,

Figure 8 -- Laws gnd regulations applicable to the manufacture
and use of a product. (The numbers given refer to the laws and
regutlations given in Table 6 )

worldwide to resolve them. A harmonization of the relevant
laws and their administration is of fundamental importance to
their solution, but it is also essential to reach a consensus, at
an international level, on the many basic controversial issues —
e the controversial question in ecology and toxicology
(e.g. threshold limits, extrapolation of animal data to
man, dose-effect response, risk concepts, short-term
carcinogenicity testing)
& testing schemes and testing requirements
e standardized ecotoxicological test methods and their
interpretation
e standards for testing laboratories {Good Laboratory
Practice)
e worldwide recognition of data from
laboratories in institutes and industry
® interpretation of ecotoxicological information.

recognized

These key issues can only be satisfactorily resolved if the
authorities, industry, academics and consumer organizations
work together openly. It must be recognized that in many
cases there is not an absolute answer. Agreement must be
reached on how to deal with the uncertainties now, and it
must be accepted that many judgments may need revision as
scientific knowledge expands. All those who take this respon-
sibility seriously must have the courage to speak out publicly
against misuse and misinterpretation of data, and to reject any
attempt to hinder co-operation between authorities and
industry by sowing mistrust.



TABLE 6

Summary of Important European and USA Environmental Legislation

Law

Toxic substances control act
Occupaticnal safety & health act
Food, drug & cosmetic law
Consumer product safety act
Labelling of hazardous materials
Federal water pollution control act
Clean air act

State and municipality regulations
Transport regulations

10 Control of certain industrial activities

DO~ N B R e

11 Classification, packaging & labelling of dangerous substances

12 Health & safety at work act

13 Carcinogenic substances regulations
14 Toys (safety) regulations

15 Pencils & graphic instruments (safety) regulations
16  Poisens act

17  Environment protection law

18  Poison taw

19  Control of chemical products

20  Consumer protection & information
21 Pollutien control law

22 Cosmetics law

23 Enviionmental chemicals law

24 Clean air act

Because of the large number of laws, the selection given in this tabulation is to a large extent arbitrary and does not

reflect the extent of legislation in the individual countries

TABLE 7

Regulation of Various Dyes and Chemicals as Carcinogens

Country

USA
USA
USA
[ORT.Y
USA
USA
USA

Concerning: —
Worker Consumer Public &
Safety Safety Environment
X X X
X
X
X
X
X
X
X X X
X X
X X X
X X
X
X
X
X
X
X X
X
X X
X
X
X
X X X
X

Australia Belgium Finland W. Germany Italy Japan Sweden Switzerland UK USSR USA

4-Aminobiphenyl + + +
Auramine +%

Benzidine + + +
Dianisidine +*
3,3"-Dichlorobenzidine + + +
Diethyl Sulphate

4-Dimethylaminoazobenzene + + +
Dimethyl Sulphate

Magenta +*

1-Naphthylamine +* + +
2-Naphthylamine + + +
p-Phenylenediamine

o-Tolidine +* +

* Additions proposed in draft “Carcinogenic Substances Regulations”
Regulation includes products which are controlled (+) and products
whose manufacture and/or use is prohibited (++).
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