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Methods for the quantitative determination of benzidine
have been assessed and a convenient method for the analysis
of trace amounts of this compound in dyes has been
developed. The method of analysis has been applied to
some forty dyes all of which require the use of benzidine

in their manufacture. Results are discussed in terms of
possible future reguiations.

INTRODUCTION

The Carcinogenic Substances Regulations (S| 1967 No. 879)
in the United Kingdom prohibit the manufacture, presence
and use of 2-naphthylamine, 4-amino-and 4-nitrobiphenyl and
benzidine and controls the employment of personnel in the
manufacture and uses of 1-naphthylamine, o-dichloroben-
zidine, o-tolidine and o-dianisidine. Dyes currently manu-
factured in this country are no longer based on benzidine,
but quantities of dyes derived from benzidine are imported
from countries where such restrictions are less severe. In view
of the possible occupational hazards in the use of these dyes
and the lack of available data on the free benzidine content
of imported dyes, we undertook, on behalf of the National
Health and Safety Executive, to survey current methods of
estimation and to develop a technique of analysis of trace
quantities of benzidine in dyes.

Conventional methods of analysis of benzidine in agueous
solution, natural and waste waters and in urine usually require
a separation from other amines which may be present.
Chromatographic techniques, followed by spectrophotometric
estimation after reaction with reagents to give coloured deri-
vatives, can be employed. Thus the benzidine may be converted
to coloured hydroxyazo compounds using either phenol,
resorcinol or 1-naphthol [1] and to aminoazo compounds
with 1-N-ethylnaphthylamine [2] or 1-naphthylethylene-
diamine hydrochloride [3]. Other colour-forming reagents
have included 24 B-trinitrobenzene sulphonic acid [4],
2 3-dichlore-1,4-naphthoguinone [5] and oxidants such as
Chloramine-T to give coloured oxidation products of aromatic
amines [6]. These methods generally give detection limits for
benzidine in the range 1—100 p.p.m. More sensitive methods
which have been used include spectrophotoftuorimetry [7]
and gas—liquid chromatography [8] for the analysis of
benzidine and other aromatic amines in aqueous media. The
detection limit in the latter method is claimed to be 0.01
p.p.m.

The identification and estimation of benzidine in dyes
and coloured compounds by colorimetric means require that
the benzidine and other aromatic amines be initially extracted
from the colouring matter. An aqueous alkaline sclution or
dispersion of the dye can be extracted with an organic solvent
such as toluene [9], chloroform [10] orether [11] to remove
benzidine as the free amine, or by further extraction with
hydrochloric acid to obtain a solution of the amine as the
hydrochloride [3]. It is important that extraction conditions
should not cause any possible reduction of the dye, thereby
generating additional amounts of benzidine (see later).
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In this work it was decided to use an extraction technigue
based on the Suzuki method [11], but using petroleum dis-
titlate {b.p. range 40—60°C) as solvent followed by chro-
matogranhy and cotorimetric estimation with Ehrlich’s
reagent (p-N-dimethylaminobenzaldehyde). The methed
has been modified and further developed by the company
Produits Chimiques Ugine Kuhlmann and is published with
their permission.

EXPERIMENTAL PROCEDURE

Exactly 5.0 g of the commercial dye powder is pasted with a
little distilled water, and 50 ml of distilled water is then
added to form a solution or suspension at room temperature.
The quantity of dye may be reduced to 3.0 g when there is a
tendency for gelling to occur. The solution is then made
alkaline {pH > 10.0) by the addition of a minimum of 50 ml
of molar sadium hydroxide. The alkaline dye sotution is then
extracted with the petroleum distillate using the apparatus
shown in Figure 1.

200 m! of this solvent are placed in the lower receiver, and
the aqueous dye solution placed in the extractor after inser-
tion of the sintered glass distributor. The solution is extracted
by the upward displacement of condensed distitlate through
the solution in the form of aliquid spray from the distributor.
The extraction temperature is not greater than 40°C. Con-
tinuous transfer of amine to the lower receiver is effected by
heating over a period of 4 h. After cooling, the distillate
solution is extracted twice with 25-mi portions of 5% wt/vol.
aqueous hydrochloric acid and the whole of this agueous
phase is shaken for 1 min in a separating funnel containing
10 m! benzene and 25 ml of 10% wt/vol. aqueous sodium
hydroxide. The quantity of NaOH should be sufficient to
maintain a pH value >8.0. The solution of free benzidine in
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Figure 1 — All-glass extraction unit



benzene is then separated for analysis. In addition to concen-
trating the amine solution by the use of a low volume of
benzene, the procedure of transfer via the hydrochloric acid
also acts as a purification stage.

Portions of the benzene sofution so obtained are deposited
on a thin fayer chromatography plate (silica ge!: Kieselgel
860G, Merck — thickness 0.25 mm) 2 cm from the lower edge
using a Hamilton Microlitre syringe of 10 ul capacity fitted
with a Chaney adaptor. The known amount deposited was
varied between 2 and 30 ul. A control series of 2, 4, 6, 8 and
10 ul of a solution of 1.00 mg of recrystallized benzidine
(m.p. 126°C) in 100 ml benzene was also deposited on the
same plate. This standard benzidine solution was renewed at
frequent intervals to avoid contamination by slight oxidation.
After drying, the plate was eluted at room temperature with
a benzene—methanol mixture in the ratic 80:5 by volume
and the eluant front was fixed at 15 ¢cm from the start line.
The elution time was approximately 1 h.

The piate was thoroughly dried in air and developed by

TABLE 1

spraying with Ehrlich’s reagent prepared by dissolving one
gram of Analar quality p-V-dimethylaminobenzaldehyde in
80 ml methanol, adding 5 ml of 36.56% wt/wt hydrachloric
acid, and making up the volume to 100 m! with methanol.
The procedure up to this stage was carried out in a well venti-
lated fume cupboard. Development of the colour takes about
30 min and is carried out in total darkness. The Rz value of
the benzidine was found to be 0.32 £ 0.02.

Quantitative assessment is achieved by comparing the
colour intensity with that of the series of benzidine standards
applied simultaneously to the plate. |t must be stressed that
the estimation is always carried out by interpolation; there
must be no extrapolation outside the range of intensities of
the control series. If a sample apparently falls outside this
range a repeat determination using a fresh control range of
suitably adjusted standard benzidine amounts must be made.
The results, which are shown in Table 1, can be expressed as
parts per million {(p.p.m.} which are perhaps more easily
envisaged as mg benzidine per kg dye powder.

Free Benzidine Content of Some Imported Direct and Acid Dyes*

Sample Dye Colour Manufacturer/ Amount used Volume of Amount of
No. Index Importer for extraction extract Benzidine
Generic )] corresponding (p.p.m.)
Name to std.
Benzidine
E xtract Std.
(ul) {ug)
1. Diazol Blue 2B 300% C.l. Direct Blue 6 Fran/Alliance 5 30 0.06 4
2. Coriacid Dark GreenJ C.|. Acid Green 47 " 5 30 0.06 4
3 Diazol Brilliant Orange C.1. Direct Orange 1 " 5 30 0.04 3
2JN
4. Diazol Light Brown C.l. Direct Brown 95 ' 5 30 0.04 3
BRN Ultra conc.
5. Diazol Brown M 100% C.l. Direct Brown 2 ' 5 30 0.04 3
6. Diazol Fast Red C.l. Direct Red 1 " 3 30 0.04 4
F 100%
7. Diazol Black BH 250% C.l. Direct Biue 2 " 5 20 0.04 4
8. Coriacid Black B C.f. Acid Brown 107 ” 5 15 0.03 4
9, Diazol Black ERN C.I. Direct Black 4 o 5 20 0.04 4
10. Diazol Black 2V 330% C.I. Direct Black 38 " 5 20 0.08 8
11. C.1. Direct Green 1 Poland/TDC 5 2 0.07 70
12. C.1. Direct Brown b9 " 5 20 0.06 6
13. C.l. Direct Green 8:1 " 5 30 0.04 3
14, C.I. Direct Brown 2 " 3 30 0.06 7
15. C.I. Direct Blue 2 ' 3 30 0.04 4
16. C.l. Direct Black 38 " 3 30 0.06 7
17. C.|. Direct Brown 95 India ATUL/TDC 3 20 0.06 10
18. C.l. Direct Blue 2 " 3 30 0.04 4
19, C.l. Direct Black 38 " 3 30 0.04 4
20. Diazine Orange BR C.I. Direct Orange 8 J.C. Bottomley & 3 30 0.02 2
Emmerson Ltd
21. Diazine Drab R C.1. Direct Brown 46 ” 3 30 0.06 7
22. Diazine Orange PDS C.1. Direct Orange 1 " 3 30 0.c4 4
23. Diazine Biack BHN " 3 30 0.04 4
24, Diazine Black BHC C.l. Direct Blue 2 " 3 30 0.04 4
25. Diazine Brown M C.l. Direct Brown 2 ” 3 30 0.06 7
26. Paramine Black B C.l1. Direct Black 38 L.B. Holliday & Co. 3 5 0.10 66
Ltd
27. Elite Fast Red 4B C.1. Acid Vialet 4 ' 5 30 0.04 3
28. Paramine Fast C.l. Direct Brown 68 T 5 30 0.06 4
Brown DBN
28. Elite Fast Orange 4G C.l. Direct Orange 48 " 3 30 0.04 4
30. Direct Red 28 " 3 30 0.04 4
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TABLE 1 — Cont.

Sample Dye Colour Manufacturer/ Amount used Volume of Amount of
No. Index Importer for extraction extract Benzidine
Generic (g9) corresponding {p.p.m.}
Name to std.
Benzidine
Extract Std.
(peh) (ug)
31. Direct Blue 2B C.l. Direct Blue 6 CiBA/Townend 3 30 0.02 2
Chemical Works
32. Melantherine JHP C.l. Direct Blue 20 " b 30 0.04 3
33. Direct Green B C.l. Direct Green 6 o 5 30 0.04 3
34. Chlorantine Fast C.l. Direct Brown 95 " 5 30 0.04 3
Brown BRLL
35. Benzanil Black E C.l. Direct Black 38 YCL/Townend 3 30 0.06 7
Chemical Works
36. Direct Brown BRLL C.l. Direct Brown 95 India/Dixon Chew 3 30 0.04 3
37. Direct Brown M C.1. Direct Brown 2 " 3 30 0.06 - 7
38. Direct Orange GR C.1. Direct Orange 1 " 3 4 0.06 B0
39. Direct Black E C.l. Direct Black 38 " 3 30 0.06 7
40, Direct Black BH C.1. Direct Blue 2 " 3 30 0.04 3
41. Direct Red F C.I. Direct Red 1 " 3 30 0.04 3
42, Benzanil Fast Orange C.1. Direct Orange 1 " 3 30 0.06 7
43, Diazine Dark Green C.l. Direct Green 1 J.C. Bottomley & 3 30 0.08 9
130 Emmerson Ltd
44, Chlorazol Orange RN 3 30 0.06 7

*The names in this table are those ‘as received’ on labelled samples coliected from various dyehouses in 1978, Nothing further should be
deduced from the inclusion or exclusion of any dye in or from this list concerning current availability of dyes, nor the present practices

of any manufacturer or supplier.

CALCULATION OF BENZIDINE CONTENT
Take, for example, C.). Direct Blue 6, Sample No. 1, Table 1.
Using exactly b g dye powder for analysis, after development,
30 ul of benzene dye extract correspond to 6 pl standard
benzidine solution, i.e. 30 ul of extract contains 0.06 ug
benzidine.

Total volume of extract = 10 ml

0.06 X 1073X 10

30X 10 3 mg benzidine

Therefore this volume contains
= 0.02 mg benzidine.
Hence 5 g of dye solid contains 0.02 mg benzidine, and

1000 g of dye solid contains %2—2(5—1%)—0

= 4.0 mg benzidine
Amount of free benzidine in dye sample = 4.0 mg/kg. or
=4.0p.p.m.
The limit of detection is 0.02 ug of benzidine. In other
words, the deposit on the plate of 0.00002 mg of benzidine
gives a colour intensity which can be evailuated without
doubt.

DISCUSSION

Current regulations do not allow the import and use of
benzidine-based dyes containing more than 1% benzidine or
10,000 p.p.m. All the samples examined, which can be con-
sidered typical for this range, show benzidine contents below
one hundredth of this amount, and all but three show a
benzidine content of less than one thousandth of the regu-
latory amount. These three, Sample Numbers 11, 26 and 38,
exhibit benzidine contents of 70, 66 and 50 p.p.m., res-
pectively. |t does not follow that all dye batches produced
by the same method will necessarily contain the same amount
of benzidine for each batch, nor does it follow that dyes of
the same constitution from different sources will possess
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identical benzidine contents. This can be seen if a compari-
son of samples of C.1. Direct Black 38 or C.I. Direct Orange 1
from different sources is made, as shown in Table 2.

The relatively low values shown in Table 1 could be anti-
cipated from the standpoint of the chemistry and physical
properties of benzidine-based dyes. The dyes are usually
made by diazotizing aromatic amines and coupling to a
variety of coupling components. The diazonium salts, in-
cluding tetrazotized benzidine, are relatively unstable and
decompose to give a range of undesirable coloured products
which have deleterious effects on the colour and application
properties of the finished dye. Coupling components, on the
other hand, are relatively stable and it is general practice to
use a 5—10% excess of coupling component to ensure that
the diazonium salt is completely used up in the reaction to
produce the dye. The results of our analysis show that this
practice leaves only extremely small amounts of free benzi-

TABLE 2

Comparison of Free Benzidine Contents

No. Dye Source Free benzidine
(p.p.m)

10 C.l. Direct Black 38 Fran/Alliance 8

16 " Poland/TDC 7

19 " India ATUL/TDC 4

35 " YCL/Townend 7
Chemical Works

39 " India/Dixon Chew 7

3 C.I. Direct Orange 1 Fran/Alliance 3

22 " J.C. Bottomley & 4
Emmerson Ltd

42 " India/Dixon Chew 7



dine in the resultant dye. For the dyes C.l. Direct Green 1,
Direct Black 38 and Direct Orange 1, which show relatively
high benzidine contents, an alternative explanation is possible.
It has been found [12] that the presence of diluents, such as
dextrine, can cause some dye reduction during the course of
analysis leading to the appearance of benzidine in relatively
large amounts. The same possibility arises, perhaps to a lesser
degree, during storage and for this reason at least one foreign
manufacturer has discontinued this use of dextrine. There-
fore, special care must be taken to ensure that non-reducing
additives are used in finishing processes for benzidine-based
dyes,

The personal opinions of the authors {and it should in no
way be implied that the Health and Safety Executive either
endorse or reject them) are that it does not foliow that
because the amounts of free benzidine found in benzidine-
based dyes are extremely small, they are safe to use. The
amounts present, however, have been found to be very small
indeed, and we consider that any hazard in the use of these
dyes can be effectively minimized by the enforcement of clean
working practice in both manufactu ring and dyehouse
concerns.
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The Determination of Free Benzidine

.
in Dyes
From Drs R Anliker and £ A Clarke

Sir, We refer to the recent paper “‘The
Determination of Free Benzidine in
Dyes”” by F Jones, D Patterson and
D Srinivasan, which appeared in your
December 1980 issue, pages 628—-631.

To ensure that no misunderstanding

arises we would like to comment that:

1. The major dye manufacturers ceased
the manufacture and marketing of
benzidine-based dyes before the mid-
1970s. These dyes are no longer
manufactured or sold by Ciba—
Geigy Ltd, ICl! Ltd or Yorkshire
Chemicals Ltd, who are named in
Tables 1 and 2 as sources of some
of the tested samples.

From Drs F Jones and D Patterson

Sir, With reference 1o the three com-

ments in the above letter by Drs Anliker

and Clarke, we should like to make
observations on them.

1. A careful reading of the footnote
attached to Table 1 will show that
no inference should be drawn con-
cerning ‘current availability of dyes
nor the present practices of any
manufacturer or suppiier.! The fact
that samples were supplied in 1978
from importers and dyehouses to the
Factories Inspectorate acting on our

2. It should not be assumed that the
benzidine content of benzidine-based
dyes provides the onily useful in-
dicator of the toxicological hazard
of these products. Currently, the
main concern about benzidine-based
dyes arises from the fact that many
have been shown to metabalize in
man to benzidine, a known human
carcinogen,

3. We fully endorse the authors’ recom-
mendation concerning use of good
working practice to minimize ex-
posure. This advice is perhaps par-

ticularly important for benzidine-
based dyes, but should also be
behalf, does not invalidate this
statement.

2. The statement that “many (ben-
zidine-based dyes) have been shown
to metabolize in man {our italics}
to benzidine, a known human
carcinogen’’, is rather surprising and
we would be grateful if Drs Anliker
and Clarke could supply detailed
references supporting this assertion.

We agree with the third comment,

recommending the code of practice

for the safe handling of dyestuffs in

followed for textile dyes and other
chemicals in general. The code of
practice, "Safe handling of dyestuffs
in colour stores”, available from the
Health and Safety Executive, 8 St
Pauls St, Leeds, provides a useful
guide.

Yours faithfully,

ETAD
R ANLIKER
Executive Secretary
E A CLARKE

Assistant Executive Secretary

colour stores. This code is not vyet
however an approved code under
the Health and Safety at Work Act
{1974), and does not deal specifically
with health risks associated, for example,
with benzidine-based dyes.

Yours faithfully,
F JONES and D PATTERSON

Department of Colour Chemistry
and Dyeing, The University
Leeds LS2 9JT
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