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Introduction

Azo dyes are compounds characterized by their vivid
colors and provide excellent coloring properties. They
are important and widely used as coloring agents in the
textile and leather industries. The risk in the use of azo
dyes arises mainly from the breakdown products that can
be created i1 vivo by reductive cleavage of the azo group
into aromatic amines. Due to the toxicity, carcinogenicity
and potential mutagenicity of thus formed aromatic
amines, the use of certain azo dyes as textile and leather
colorants, and the exposure of consumers using the textile
and leather colored with azo compounds causes a serious
health concern™. The two main routes of consumer
exposure are the skin absorption of the azo compounds
from the dyed clothes worn, and potential oral ingestion,
mainly referring to the sucking of textiles by babies and
young children. The manufacturing workers can also be
exposed via the inhalation route.

The EU Commission classified 22 amines as proven

or suspected human carcinogens. “Azo dyes which, by
reductive cleavage of one or more azo groups, may release
one or more of these aromatic amines in detectable
concentrations, i.e. above 30 ppm in the finished articles or
in the dyed parts thereof ... may not be used in textile and
leather articles which may come into direct and prolonged
contact with the human skin or oral cavity” . The EU
Directive 2002/61/EC has banned the use of dangerous
azo colorants, placing textiles and leather articles colored
with such substances on the market, and requested the
development of a validated analytical methodology for
control. Since the azo dyes are one of the longest known
synthetic dyes, simple and inexpensive in preparation,
available easily in bulk and in great variety, and rarely
cause acute symptoms, the textile manufactures can be
persuaded to use them despite the regulations — if the
strict and reliable analytical control is not imposed.

Experimental Conditions

Sample Preparation

The sample preparation for the analysis of textile samples
depends on the nature of the textile. The textiles made of
cellulose and protein fibers, for example cotton, viscose,
wool, or silk ®! make the azo dyes accessible to a reducing
agent without prior extraction. The EN ISO 17234-1
standard method for the analysis of such textiles is based
on the chemical reduction of azo dyes followed by solid
phase extraction (SPE) with ethyl acetate providing a
ready-to-inject extract after solvent concentration.

The analysis of synthetic fibers like polyester, polyamide,
polypropylene, acrylic or polyurethane materials requires
prior extraction of the azo dyes and is described in the
EN 14362-2 standard method. The analysis of leather
samples follows the EN ISO 17234 standard method.

The azo group of most azo dyes can be reduced in the
presence of sodium dithionite (Na,S,0,) under mild
conditions (pH = 6, T = 70 °C), resulting in the cleavage
of the diazo group and formation of two aromatic amines
as the reaction products. The amines are extracted by
liquid-liquid extraction with t-butyl methyl ether (MTBE),
concentrated, adjusted to a certain volume with MTBE,
then analyzed by GC/MS. The quantitation is performed
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with the internal standards Naphthalene-d8 and
2,4,5-trichloroaniline.

In the EN ISO 17234-1 standard method, the directly
reduced amines are isolated by SPE and analyzed by GC/
MS. Some aromatic compounds with nitro groups can
also be reduced to amines under the conditions of this
standard method, resulting in the false positive detection.

The Thermo Scientific™ TraceFinder™ data processing
method takes care of false positive peaks by checking
confirming ions at the expected retention time of each
compound, see the list of target and confirming ions in
Table 1.

GC/MS Analysis

The GC/MS analysis has been carried out using a Thermo
Scientific™ ISQ™ Series single quadrupole GC/MS
system. The analytical conditions for GC and MS are
given in the Tables 2 and 3, the GC oven temperature
program is shown in Figure 1.

Table 2: Thermo Scientific™ TRACE™ 1310 GC method
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Table 3:1SQ MS method
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Scan mode: Full scan

Mass range: 50 — 350 Da

Scan time: 75ms




Table 4. Amine compounds included in the method*

Amine Compound ‘ CAS# ‘ RT ‘ 3:::; co[rrnn ';‘z(;nt

Aniline 62-53-3 5.42 93 2
o-Toluidine 95-53-4 6.43 106

2,4-Xylidine 95-68-1 7.35 121 2
2,6-Xylidine 87-62-7 7.39 121 2
Naphthalene-d8 1146-65-2 7.50 136 ISTD
2-Methoxyaniline 90-04-0 7.61 108
p-Chloroaniline 106-47-8 7.97 127

m-Anisidine 536-90-3 8.40 123 2
p-Cresidine 120-71-8 8.50 122
2,4,5-Trimethylaniline 137-17-7 8.57 120
4-Chloro-o-toluidine 95-69-2 8.90 106
1,4-Phenylenediamine (1,4-Benzendiamine) 106-50-3 8.91 108 1,2
2,4-Toluenediamine 95-80-7 10.09 122 1
2,4-Diaminoanisole 615-05-4 10.91 123 1
2,4,5-Trichloroaniline 636-30-6 11.08 195 ISTD
2-Napthylamine 91-59-8 11.44 143
5-Nitro-o-toluidine 99-55-8 11.85 152
4-Aminodiphenyl 92-67-1 12.66 169
p-Aminoazobenzene 60-09-3 14.36 92
4,4-Oxydianiline 101-80-4 14.62 200
4,4-Diaminodiphenylmethane 101-77-9 14.66 198

Benzidine 92-87-5 14.71 184
0-Aminoazobenzene 2835-58-7 15.01 106 2
3,3-Dimethyl-4,4-diaminodiphenylmethane 838-88-0 15.31 226
3,3'-Dimethylbenzidine 119-93-7 15.47 212
4,4'-Thiodianiline 139-65-1 16.04 216
4,4-Methylene-bis-2-chloroaniline 101-14-4 16.23 231
3,3'-Dimethoxybenzidine 119-90-4 16.24 244
3,3-Dichlorobenzidine 91-94-1 16.26 252

*CAS # is CAS Registry Number, RT is the expected retention time, Quan is the quantitation ion.

Comments:
1. Compounds are unstable and tend to deteriorate at temperatures above 20°C
2. Additional user specific compounds included in the assay, not part of EN ISO 17234-1



Results

The scan rate of the ISQ LT GC-MS in the full scan mode
has been set to a very fast scan speed of only 75 ms/

scan. This allows a very high chromatographic resolution
especially of unresolved chromatographic peaks in the
injected complex mixture of amines. Short analysis cycle
times can be achieved for an increased sample throughput.

The GC oven program and flow conditions have been
optimized accordingly for short run times of ca. 20
minutes and the particular requirements for the target
compound separation criteria.

Isomeric amine compounds need to be separated on the
chromatographic time scale for individual component
quantitation. The mass spectra of isomers are very similar
and typically do not offer unique quantitation ions for the
independent quantitation. This is the case for the isomeric
xylidine compounds 2,4-xylidine and 2,6-xylidine. The
applied method separated both compounds very well
with 7.33 and 7.38 minutes retention time, see Figure 3.

All other target amine analytes produce distinct

mass spectra with unique ions available for selective
quantitation, even if the chromatographic peaks in

the total ion chromatogram are not resolved from

each other. In these situations, when several analytes
coelute, individual mass spectra can still be isolated

and identified by a library search. The intensities of the
unique ions allow the interference-free quantitation
based on the separated mass traces. In the case of the
coelution of 4,4-methylene-bis-2-chloroaniline (RT 16.23
min), 3,3'-dimethoxybenzidine (RT 16.24 min), and
3,3-dichlorobenzidine (RT 16.24 min) shown in Fig. 4,
only a partial chromatographic resolution with the given
conditions of the method is achieved, but a safe peak
integration and quantitation have been accomplished.

For all co-eluting target compounds, the quantitation
has been performed on the corresponding unique
fragment ions. The fast scanning mode of ISQ LT mass
spectrometer allows the detection of small retention
time differences so that even the clean spectra of each
of the compounds can be isolated for library search, see
Figure 5 a-c. All three compounds are safely identified
by searching the NIST library. The spectra have been
taken from a spiked calibration file at the 3 ppm level.
The high sensitivity of the ISQ LT mass spectrometer
provides complete mass spectra for a reliable compound
confirmation, as well as quantitation, even at the required
low detection level and fast scanning speed.

i

Figure 3. Chromatographic separation of 2,4- and 2,6-xylidine at
retention times 7.33 and 7.38 min, with mass spectrum of the
integrated 2,4-Xylidine peak below.
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Figure 4. Coelution of three different amines, separated by
individual mass traces.
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Figure 5c.

Figure 5. Acquired mass spectra and library search results for the
coeluting compounds of Figure 4. (top acquired spectrum from
data file in Figure 4, bottom spectrum from NIST library)

a. 4,4-Methylene-bis-2-chloroaniline (CAS 101-14-4)

b. Dimethoxybenzidine (CAS 119-90-4)

c. 3,3-Dichlorobenzidine (CAS 91-94-1)

The quantitation was done by using the two internal
standards Naphthalene-d8 RT 7:50 minutes and
2,4,5-trichloroaniline RT 11:08 minutes. A linear
calibration with R* > 0.9998 was created using standards
over three levels at 0.5, 3.0, and 10.0 ppm, representing 5,
30, and 100 ppm in the textile. An example of a routine
QC report for the reporting level of 30 ppm is shown in
Figure 6. The list of compounds and the chromatogram of
the QC sample is shown. All compounds were detected,
integrated and passed the confirmation check based on
the compound mass spectrum.

D:\Data\

Azo Dye Analysis Report C:Xealiburimethods\ ALPHA

Curreat Data Pask. DDt
Dhaea File: STD_30
Auquinsion Dale YR 06:08:50 PM
Esmtrumest Medhod CeliurmetoddALPHAL
Operaes: Dt
Sl Nasse
Vil Trayd3
Esatrusment Name 50
Compencnl Nasse Regporse Expected BT BT Cobulated  Ton Ratio Ssatus
st
Anilise: IS55IR5T30 sa 540 0000 Pl
o-Tobsidine ME0GEOESS. TR &a 641 o0 Pt
24 Xylidiss: 1381834117 735 73 0000 Pusoed
2.6-Xylidiss: 1601 THIR 35 1® 73 0000 Pusoed
ANgphlces MO0 750 749 WA Pl
2mcthayniline T2 41 761 760 0000 Pusoed
12IBEES] 37 797 797 000 e
m-misifnc(k) 280 ®40 0000 Pl
[ L37ASI TR 5T 250 ®50 0000 Pusoed
2.4, Surimetilasdine) 610,11 857 856 0000 P
A laluifae) 320551 66 290 ®90 0000 Puooed
1 A-phemylene i) SI4ETIIE 40 291 £93 0000 Pusoed
[ femrr—" SORTIT6AE 1009 1007 0000 Pl
2 A-dismisanisclels) 42962997 18 191 1088 0000 Pusoed
Losphylsinel)  2ITETLI 1.8 1184 0000 Pusoed
i 3829675597 1185 1188 0000 Pl
deminodipheyI) 2691806595 126 1266 0000 Pusoed
i n7ITEeT a 143 1435 0000 )
4 oy disslinei) I s & 1452 0000 Pusoed
4 d-dismisadphory lctlane) 53234515 00 46 1456 0000 Puooed
bensidme(®) 160RT093 04 ey e 0000 P
amimanibezac) 15.00 1500 0000 Puooed
33 iy 14 d-dismisadphenylaclanci) STOTIIZE20 1531 1531 0000 Pusoed
3.3 Eemetly Bensifnc(k) MS2TSET T2 15.47 1547 0000 Pusoed
[ ——— 3670000054 1604 1604 0000 Puooed
4 e lone b1 43603905 21 163 1623 0000 Pusoed
3.3 diseshinybeasidine 4336756607 1624 1624 0000 Pl
33 dahlorobe sdiss: RSIBETLED 1626 1626 0000 Pusoed
RT. 500-17.00
1200 s
K seER
e M
L] 500 A
1547

Fodatve Abundmnos

i3

L e e P L A
Tirtsd i)

Figure 6. Report of a routine QC sample at the reporting level of
30 ppm.



www.thermoscientific.

Conclusions

It has been demonstrated that the Thermo Scientific ISQ
Series GC/MS system achieved high sensitivity in full
scan mode together with high productivity in the analysis
of azo dyes in textiles. The described method has the
advantage of the complete mass spectra for identification
by library search, quantitation on the compound specific
fragment ions and the confirmation of positive findings
by comparing the spectral information with the detected
peak.

The high acquisition rate allows excellent
chromatographic resolution for difficult to separate
compounds, while maintaining short cycle times for high
productivity with high number of samples to run.

Together with the data processing method and QA/QC
checks, this application is compliant with the requirements
of the EN ISO 14362-1 standard procedure for the
analysis of certain azo dyes in cotton and silk textiles.
Following appropriate sample preparation methods, the
described analytical setup can be used for the analysis of
azo dyes in leather and synthetic fabric as well.

com

©2012 Thermo Fisher Scientific Inc. All rights reserved. ISO is a trademark of the International Standards Organization.

All other trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. This information is presented as an
example of the capabilities of Thermo Fisher Scientific Inc. products. It is not intended to encourage use of these products in any
manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change.

Not all products are available in all countries. Please consult your local sales representative for details.

References

[1] European Commission - Health and Consumers,
Scientific Committees Opinion, see http://ec.europa.
eu/health/scientific_committees/environmental_
risks/opinions/sctee/sct_out27_en.htm , Brussels, 18
January 1999.

Directive 2002/61/EC of the European Parliament
and of the Council of 19 July 2002 amending for
the nineteenth time Council Directive 76/769/EEC
relating to restrictions on the marketing and use
of certain dangerous substances and preparations
(azocolourants). of 19 July 2002 amending for
the nineteenth time Council Directive 76/769/EEC
relating to restrictions on the marketing and use
of certain dangerous substances and preparations
(azocolourants).

(2]

[3] ENISO 14362-1, Textiles - Methods for the
determination of certain aromatic amines derived
from azo colorants - Part 1: Detection of the use of

certain azo colorants accessible without extraction.

Thermo Fisher Scientific,
San Jose, CA USA is ISO 9001:2008 Certified.

Africa-Other +27 11 570 1840 Europe-Other +43 13335034 0 Japan +81 45 453 9100

Australia +61 3 9757 4300
Austria +43 1 33350340

Belgium +32 53 73 42 41
Canada +1 800 530 8447
China +86 10 8419 3588

Denmark +45 70 23 62 60

Latin America +1 561 688 8700
Middle East +43 1 333 50 34 0
Netherlands +31 76 579 55 55
New Zealand +64 9 980 6700
Russia/CIS +43 1 333 50 34 0
South Africa +27 11 570 1840

Finland/Norway/Sweden

+46 8 556 468 00
France +33 160 92 48 00
Germany +49 6103 408 1014
India +91 22 6742 9434
Italy +39 02 950 591

Thermo

SCIENTIFIC

Part of Thermo Fisher Scientific

Spain +34 914 845 965
Switzerland +41 61 716 77 00
UK +44 1442 233555

USA +1 800 532 4752

AN10329_E 05/13S



