Azo dyes and the law - an
open debate

Andreas Geisberger
summarises progress and
reviews the test methods.

For many millennia dyes have been a
symbol of power and prosperity.
Coloured clothing was, until the late
Middle Ages, the preserve of the
privileged classes and, even in very early
times, societies ruled that the application
of textile dyes should take place outside
built-up areas. This was because of the
strong odours produced, especially from
reductive processes, and was one of the
first laws of environmental politics to
affect the textite processing industry.

Recently in Germany, two laws have
been amended that apply specifically to
textile processing activities. These are
the Fourth Federal Emission Protection
Ordinance (4 Bundes-Imissions-Schutz-
Verordnung, or 4 BimSchV) and the
Ordinance on Materials and Articles
{Bedarfsgegenstande-Verordnung). The
Emission Protection Ordinance requires
statements on emissions from textile
processing plants: its aim is to protect
the environment. The Ordinance on
Materials and Articles exists primarily to
protect the consumer.

Since the German Ordinance on
Materials and Articles has received
worldwide attention because of its funda-
mental impertance for the textile supply
chain, and is probably the most widely
discussed law in the textile sector in the
last two years, this will be the focus of the
present report.

Why have azo dyes

seized public attention?
Before 1970, symptoms diagnosed as
bladder cancer frequently occurred
among workers required to handle benzi-

dine in the production of benzidine dyes.
This led, in 1971, to a voluntary agree-

ment by the major German colorant
manufacturers to cease producing and
marketing azo dyes (see Box 1) based
on benzidine.

At the beginning of the 1990s, the
German Senate Commission for Testing
Harmful Substances — better known as
the MAK (maximum workplace concen-
tration) Commission — recommended
that azo dyes should be treated in the
same way as the amines on which they
are based. The recommendation resul-
ted from the observation that azo dyes
can be split under certain physioclogical
conditions to form carcinogenic amines
and was finally considered, on 28 July
1994, in a second amendment fo the
Ordinance on Materials and Articles,
prohibiting the use of certain azo dyes in
the manufacture of materials and articles
that are designed for more than
temporary contact with the human body.

Which azo colorants
are affected?

The ban covers those azo colorants that,
through the splitting of one or more azo
groups, can form one of 20 listed car-
cinogenic amines. Thus, only certain azo
colorants are banned and not, as the
business press has often reported, all of
them.

What are azo colorants?
Az0 colorants are substances thathave a
colouring éffect and contain one or more
azo groups {nitrogen-nitrogen double
bonds) in their chemical structure. They
are synthesised by coupling one or more
diazotized- aromatic -amines with other
aromatic compounds: They are the largest
group of synthetic colorants and can be
used to colour a large number of different
substrates, such as synthetic and natural
lextile fibres, plastics, leather; paper,
mineral oils, waxes, and even (with
selected types) foodstuffs and cosmetics.
With a world market share of 60-70%, it is
fair to say that had they not been dis-
covered the development of colour
chemistry, and the chemical industry,
would have bean very different.

Box 1

How does the ban
work?

Although the ordinance is a consumer
protection law and its observance can
only be ensured by testing end products
and monitoring their manufacture, it
concerns the whoie supply chain, from
dyestuff manufacturer and textile pro-
cessor to garment manufacturer, whole-
saler and retailer (Figure 1),
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The textile processor needs a clear,
reliable guarantee that his dyestuff
supplier will not ship any prohibited dyes,
and has to be able to prove, at least
under German law, that he has satisfied
himself as to the trustworthiness of his
suppliers. Goods must never be accep-
ted on trust and the best precautions are
spot checks. However, the extent of such
checks is not laid down in German law; in
doubtful cases the courts assume a rate
of around 5% (on fabrics offered for sale
in Germany). According to section 51 of
the German Consumer Goods Act
(LMBG), the sentence for offending
against LMBG can be up to five years
imprisonment. In addition, the financial
consequences of prosecution can be
censiderable, since the goods concerned
have to be treated as hazardous waste.

In this respect, it is important to
remember that dyestuff suppliers are not
prohibited from offering azo c¢olorants
listed in the ordinance for sale. The ban
is concemed not with the sale of such
colorants but their use in the manu-
facture of materials and articles that are
designed for more than temporary con-
tact with human body. This means that
the initial responsibility for abserving the
ordinance lies with the user; it is the
textile processor who has to ensure that
prohibited colorants are not supplied or
used.

How has BASF tackled
this problem?

BASF does not produce or sell any
bioavailable azo dyes (as defined by DIN
(German Industrial Standard) 55943;
Box 2) for the textile and leather industry
that are implicated by the amended
Crdinance on Materials and Articles.
This is the result of decades of research
and development, which has also
encompassed the environmental and
toxicological properties of our products.
We are therefore able to offer a complete
range of dyes and pigments that meet
the requirements of the German ordin-
ance and can be used for dyeing and
printing a large number of different
substrates.

We are able to guarantee that any-
body who correctly applies BASF
products for the textile and leather
industry has no reason to expect any
problems with the ordinance. This state-
ment is fully confirmed by our experience
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Box 2

of the last years. For, like most suppliers
of colorants for the textile and leather
industry, we have often been accused of
selling prohibited dyes. In every case,
however, we have been able to prove,
sometimes at considerable expense, that
the opposite was true.

For example, one of our Austrian
customers dyed a fine loden cloth
entirely with our Palatin Fast dyes. The
customer scld this fabric to a garment
manufacturer, who used it to make
jackets, which were to be sold to a big
German retailer. The retailer insisted on
an analytical certificate showing that no
banned azo colorants had been used in
manufacturing the jacket material. When
the analysis was performed, by an
international laboratory, about 100 ppm
benzidine was found. The laboratory
concluded that a banned dye had heen
used. When this result was confirmed by
another, German, laboratory, the gar-
ment manufacturer complained 1o our
customer, who passed the complaint on
to us.
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We received a sample of the fabric
dyed by the customer, and performed
our own analysis. The sample did not
contain any prohibited colerant but, from
various individual conversations, we
began to suspect that the tabric we had
tested was not the same as that tested
by the other laboratories. We exchanged
samples with the German laboratory and
found that a black mesh fabric had been
glued to the sample that tested positive.
After separating the two fabrics and
analysing them separately we found that
while the wool fabric was perfectly all
right, the mesh fabric contained approx-
imately 800 ppm benzidine, along with
other amines. The whole affair was
settled to the complete satisfaction of our
customer, all within ten working days and
at no extra cost.

Testing for banned azo
dyes

Several German textile testing initiatives
have come together to develop tests
(see also Box 3):

e A co-operative venture began be-
tween the DWI {German Wool Insti-
tute in Aachen), the Hohensteiner
Institutes (responsible for the Oko-Tex
label in Germany), Ciba Geigy and
BASF, in 1992, at the initiative of the
VwvuT (Association for Consumer and
Eco-friendly Textiles, creator of the
MST textile eco-label).

« DIN committee NMP 552, a standard
committee for leather materials test-
ing, which in 1994 began to develop a
corresponding test method for leather
goods.

+ The Technical Committee for Food
Chemistry of the German Society of
Chemists (GdCh-AK) started to de-
velop a test method for textiles in
1995. This was at the initiative of the
State Food Control Board, which is
also responsible for monitoring
observance of the Ordinance on
Materials and Articles.

The various groups were initially
coordinated by the VCI (Association of
the Chemical Industry) Committee for
Dyes and Organic Pigments. Then, at the
end of 1995, the task was taken over by
the BgVV, the Federal institute for Con-
sumer Health Protection and Veterinary
Medicine, which has directed activity
towards developing analytical test
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Box 3

methods for adoption in the official
collection according to section 35 of the
LMBG.

Both the textile method, adopted in
the official section 35 collection, and the
leather method, DIN 53318, are available
from Berlin publisher Beuth.

The textile testing
method

The most important steps of the method
are shown in Table 1. Prohibited dyes are
identified indirectly, by reductively splitt-
ing any azo groups present and
identifying the amines formed. Identifi-
cation of one of the listed amines
suggests the presence of a prohibited
azo dye. There is a distinction between
qualitative analysis (for which thin-layer
chromatography, gas chromatography,
high-pressure liquid chromatography
(HPLC) or capillary electrophoresis can
be used) and quantitative analysis
(which must be carried out by the most
precise method: HPLC and a diode array
detector).

It is important to note that since the
analytical limit value refers to a homo-
geneously dyed sample, if a richly
patterned fabric is being tested, a
sample must be taken for each shade

Table 1 Main steps of the textile test method

1. Comminute 1.0 g textile sample (per
shade)

2. Treat with sodium dithionite {Na,S$,0,) in
citrate buffer (pH 6) in a closed vessel at
70°C

3. On completion of the reduction, extract
(solid phase) with tert-butylmethyl ether on
Extrelut 20 (Kieselguhr, Merck)

4. Gently concentrate in a rotary evaporator

5. Dissolve the solvent-free residue in 2 mi
methanol

6. Qualitatively analyse by thin layer
chromatography, gas chromatography,
high-pressure liquid chromatography or
capillary electrophoresis

7. Quantitatively analyse by high pressure
liquid chromatography with a diode array
detector

8. Prepare qualitative resuits by a least two
independent chromatographic separation
technigques

and separate analyses performed on
each. Mixed samples are likely to lead to
incorrect results, especially in the
analytical limit range.

What is the limit value?

The existing limit value is not a legal one
and nor does it have to do with the
sensitivity of the quantification methods. It
only exists for analytical reasons and, to
distinguish it semantically from other limit
values, has been called the ‘recognition
threshold value’. It is defined as 30 ppm of
arylamine per kilogram of homegen-
eously coloured sample. The three most
important reasons for setting this are:

(@) It cannot be ruled out with sufficient
certainty that an amine detected at
levels below 30 ppm has been
released from a non-biocavailable
pigment.

(b) Under the severe reduction con-
ditions used, substituents such as
sulphonic acid groups can be split off,
even if only in small amounts. Only for
values above 30 ppm is there a very
low probabiiity that the result is due to
such splitting.

(c) The listed amines can also be
released from chemical substances
other than azo colorants. These
include special anthraquinone dyes
and polyurethane compounds such
as elastane fibres and coatings. Here
again, the commission of experts is
of the opinion that only resuits of over
30 ppm can be reliably atiributed to
prohibited amines.

in the case of 2-naphthylamine and 4-
aminodiphenyl, current scientific knowi-
edge is not even sufficient to state with
certainty that results of over 30 ppm are
due to the presence of a banned azo
dye. Thus, in the event of a positive result
for one of these amines, additional
inquiries must be made about the nature
of the dyes used before legal measures
are introduced. It is conceivable that the
defendant would have to bring clear
counter-evidence, so some big textile
and leather retail firms insist that no
colorants be used that could give a
positive result for either of these amines.

Finally, the official textile method
essentially detects only water-soluble
dyes. Dyes used for polyester or
polyacrylonitrile are likely to be detected
to only a small degree. The BgVV
working group on analysis of prohibited
colorants is working to develop corres-
ponding analytical methods for these
fibres: the approach would be to work out
an extraction of the synthetic fibres
before the reductive spiitting of the azo
groups.

Choosing a testing
laboratory

Table 2 summarises recommendations.
Most importantly, care should be taken to

ensure that the laboratory follows the
official method carefully.

Table 2 Recommendations for choosing a
laboratory

+ Official German test method should be
used

* |dentification of the amines should be
performed by at ieast two different
chromatographic separation techniques:
using only cne method can often lead to
confusion, especiaily with different isomers

* Quantitative determination must be
performed by high-pressure liquid
chromatography with a diode array detector

* Since, with regard to product liability, the
results must still be valid in a court of law in
ten years time, only laboratories that have
a certified quality management system
(1ISO 9001 or EN 45001) should be chosen

* The official test method demands certain
recovery rates for the individual amines:
customers should inquire about this

The 5th Amendment

According to the 5th Amendment of the
Ordinance on Materials and Articles,
which was adopted by the German
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Federal Council in November 1996 and

came into force on 17 April 1997:

+ Pigments based on the listed amines
are only implicated by the Ordinance
if they can be shown by the official
test method to produce one of the
amines through splitting. Materials
and articles containing pigments
shown to form prohibited amines may
be manufactured/imported until 31
March 1998 and marketed until 30
September 1998.

= For materiais and articles composed
of leather, the transition period for
manufacture/import is extended until
31 March 1897.

¢ The sell-off deadline for stocks of
affected goods imported or manu-
factured before the deadlines is now
31 December 1998. Exceptions are
uniforms, service dress, workwear,
protective clothing (not for private
use), professional clothing and used
materials and articles (e.g. second-
hand clothing) may be marketed for
an unlimited period.

* Materials and articles made from
used materials (e.g. recycled fibres
may be manufactured, imported or
marketed until 31 December 1999.

+ The test method published by the
BgVV in September 1996 has been
adopted and laid down in the
Ordinance as the official method. A
limit of 30 mg/kg has been set for alf
materials and articles. Equivalent,

methods approved in other states of
the European Union may also be
used.

« The affected items are: garments and
materials for garment manufacture;
bed linen, blankets, pillows and
sleeping bags; towels, beach mats
and air-beds; face-masks, hair-pieces,
wigs and false eyelashes; bracelets/
jewellery worn next to the skin; money
bags and rucksacks; activity quilts
and seat and bed covers for babies/
young children; and nappies, sanitary
towels, panty liners and tampons.

Other legislation

Because of the world-wide importance of
the German textile and leather market,
the German Qrdinance has attracted a
lot of attention. Textile dyehouses and
tanneries throughout the world have had
to ensure that goods exported to
Germany meet the requirements of the
ordinance and other governments have
begun to introduce laws.

The French, for example, plan to go
beyond the German requirements, also
regulating extractable heavy metals,
formaldehyde and PCP content.

Danish legislation is also imminent,
while the Netherlands brought a law into
force on 1 August 1996. This is similar to
the German law and the appended
analytical method is based on the
German textile method, but the law

requires quantitative determination to be
performed by HPLC. If the results are
positive, a second analysis must be
carried out using gas chromatography
and mass selective detection. Sensi-
tivities are 30 ppm for HPLC and 3 ppm
for gas chromatography.

The European Union is working on a
directive that will probably emphasise the
manufacturing process rather than the
final product.

Outside the European Union, cus-
toms in Turkey have been asking for
information on the chemical composition
of imported colorants {which usually
means they want to knaw the Colour
Index constitution number) and have
started doing the occasional analysis.
Some countries in the Far East have laid
down lists of dyes, indicating which dyes
may be used.

It thus seems likely that the German
restrictions will have an impact for all in
the dyeing industry, whether or not they
have direct contact with the German
market.
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England Region in Torquay in
October 1996.






