
GENERA REMAS

This fort-eighth volume of !AC Monographs covers some flame retardants, textile
dyes, another textile chemical, as weIl as ocupational expsures in the textile manufacturig
industiy. It is not the purpose of this volume to consider aIl of the chemical agents used in
textile manufacture. Numerous textile dyes and other agents used in textile processing were
evaluated previously by lARe workig groups, and these are listed, with the evaluations, in
Thble 1.

Table 1. Agents used currently and in the past in the textie manufacturing industry that
have been evaluated for carcinogenicity in IAC Monographs

Agent Evidence for carcinogenicitya Use in the textile manu-
facturing industryb

Human Animal Group

Acetamide ND S 2B Cloth plasticizer
Acrylic fibres ND ND 3 Raw material
Amaranth ND 1 3 Textile dye
Antimony trioxide 1 S 2B FIame retardant
Auramine (technical grade) 1 S 2B Textile dye
Asbestose S S 1 Asbestos textiles
Benzidine-based dyes 1 2A Silk dyes

Direct Black 38 (technical grade) S
Direct Blue 6 (technical grade) S
Direct Brown 95 (technical grade) S

Benzyl acetate ND L 3 Solvent
Benzyl violet 4B ND S 2B Textile dye
Bis(2-chloroethyl)ether ND L 3 Scouring agent
BIue VRS ND L 3 Textile dye
BrilIant Blue FCF ND L 3 Textile dye

'Y-Butyolactone ND 1 3 Solvent
Cannoisine ND 1 3 Wool dye
Chlorendic acidd ND S 2B FIame retardant
Chlorophenols L 2B

2,4,6-Trichlorophenol S Antimildew agent
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Table 1 (contd)

Agent Evidence for cacinogenicitya Use in the textile manu-
facturing industryb

Human Animal Group

paa-Chloro-rtho-toluidine and its 2A Dye intermediate
strong acid saltsd

paa-Chloro-rtho-toluidine L
paa-Chloro-rtho-toluidine hydro- S

chloride
Chromium acetate (Cr+3) 1 1 3 Textile dye
Chromium compounds, hexavalentC S S 1 Textile printing
Chromium potassium sulfate (Cr+3) 1 1 3 Mordant for wool
Chromium sulfate (Cr+3) 1 1 3 Mordant
Chrysoidine 1 L 3 Textile dye
Copper 8-hydroxyquinoline ND 1 3 Textile fungicide
Decabromodiphenyl oxided ND L 3 Flame retardant
ortho- Dichlorobenzene 1 1 3 Carer agent

paa- Dichlorobenzene 1 S 2B Carer agent

Dichloromethane 1 S 2B Solvent
Dieldrin 1 L 3 Moth-proofing agent

Diepoxybutane ND S 2B Cross-linking agent
Di(2-ethylhexyl)adipate ND L 3 Cellulose-nylon pl asti- 

zicer
Di(2-ethylhexyl)phthalate ND S 2B Plastizicer in PVC-

coated fabrics
3,3' - Dimethoxybenzidine 1 S 2B Acetate rayon dye

(ortho-Dianisidine)
Dimethyl hydrogen phosphited ND L 3 Flame retardant
Dimethyl formamide L 1 2B Solvent
1,4-Dioxane 1 S 2B Solvent
Dispers Blue Id ND S 2B Textile dye
Disperse Yellow 3d ND L 3 Textile dye
Ethyl acrylate ND S 2B Back coating agent

Evans blue ND S 3 Textile dye
Formaldehyde L S 2A Finishing agent
Glycidaldehyde ND S, 2B Cross-linking agent

(wool)
Guinea green B ND L 3 Textile dye
Hexachloroethane ND L 3 Moth repellent
Hexamethylphosphoramide ND S 2B Solvent
Hydrogen peroxide ND L 3 Bleaching agent

Isopropyl alcohol 1 1 3 Solvent
Light green SF ND L 3 Textile dye
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Table 1 (contd)

Agent Evidence for cacinogenicitya Use in the textile manu-
facturing industryb

Ruman Animal Group

Magenta 1 1 3 Textile dye
Methyl methacrylate ND 1 3 Back coating agents
Mineral oilsc Yar lubncants

Untreated and mildly-treated oils S S 1

Righly-refined oils 1 1 3
Mirex ND S 2B Textile insecticide
Modacrylic fibres ND ND 3 Raw matenal
Nitnlotnacetic acid and its saltsd ND 2B Chelating agents

Nitnlotnacetic acid and its sodium S
salts

5-Nitro-nho-toluidined ND L 3 Textile dye
Nylon 6 ND 1 3 Raw matenal
Orange 1 ND 1 3 Textile dye
Orange G ND 1 3 Wool dye
Phenol 1 1 3 Textile pnnting agent
paa- Phenylenediamine ND 1 3 Textile dye developer
onho-Phenylphenol ND 1 3 Carer agent
Polyacrylic acid ND ND 3 Textile warp sizing agent
Polybrominated biphenyls 1 S 2B Flame retardants
Polyvnyl acetate ND 1 3 Finishing agent
Polyvnyl alcohol ND 1 3 Textile war sizing agent
Polyvnyl pyrolidone ND L 3 Stnpping and colour

lightening agent
Ponceaux MX ND S 2B Textile dye
Ponceaux 3R ND S 2B Wool dye
Potassium chromate (Cr+6) S S 1 Mordant, dye
Potasium dichromate (Cr+6) S S 1 Wool preservative
Rhodamine B ND L 3 Textile dye
Rhodamine 6G ND L 3 Textile dye
Styene-butadiene copolymers ND ND 3 Cart and upholstery

backcoating agents
Tannic acid and tannins ND L 3 Nylon finishing agents
1,1,2,2-Tetrachloroethane 1 L 3 Moth repellent
Tetrachloroethylene 1 S 2B Solvent
Tetraks(ydroxyethyl) phosphonium ND 1 3 Flame retardant

saltsd
Thioacetamide ND S 2B Solvent
Thiourea ND S 2B Flame retardant
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Table 1 (contd)

Agent Evidence for carcinogenicitya Use in the textile manu-
facturing industryb

Hum an Animal Group

Toluene 1 1 3 Solvent
1, 1, 1-Trichloroethane ND 1 3 Solvent
Trichloroethylene 1 L 3 Solvent
Tris(1-azridinyl)phosphine oxide ND 1 3 Flame retardant
2,4,6- Tris(1-azridinyl)-s-triazne ND L 3 Finishing agent
Tris(2-chloroethyl) phosphated ND 1 3 Flame retardant
Tris(2,3-dibromopropyl)phosphate 1 S 2A Flame retardant
Tris(2-methyl-1-azridinyl)phosphine ND 1 3 Cros-linking agent

oxide
Tryan blue ND S 2B Textile dye
Vat Yellow 4d ND L 3 Textile dye
Xylene 1 1 3 Solvent

'Prom Supplement 7 (IARC, 1987) or lARC Monographs volume 47 (IARC, 1990); 1, inadequate evidence; L, lim-
ited evidence; ND, no adequate data; S, sufficient evidence; 1, Group 1 - the agent is carcinogenic to humans; 2A,
Group 2A - the agent is probably carcinogenic to humans; 2B, Group 2B - the agent is poibly carcinogenic to
humans; 3, Group 3 - the agent is not classifiable as to its carcinogenicity to humans
bprom lARC Monographs volumes 1-47 and Prha et al. (1988)

CEcluded from consideration in this volume
dJn this volume

The main criterion for selecting agents to be evaluated in this volume was the availabil-
ity of data on carcinogenicity and on human expsure. Originally, data were also collected
for three other agents: two groups of flame retardants, bis(2,3-dibromopropyl)phosphate
and its salts and tris(diehloropropyl)phosphates, and sodium(2-ethylhexyl)sulfate. Sorne
bis(2,3-dibromopropyl)phosphate salts have been reported to be nephrotoxic to rats and mu-
tagenic to bacteria (Nakamura et al., 1979; Ellott et al., 1982; Lynn et al., 1982; Søderlund et
al., 1982; Nakamura et al., 1983). Tris( dichloropropyl)phosphates have induced chromosom-
al aberrations in animal cells and exerted mutagenic effects in bacteria (Gold et al., 1978;
Nakamura et al., 1979; Brusick et al., 1980; Kawachi et al., 198Oa,b; Ulsamer et al., 1980; Ishi-
date et al., 1981; Søderlund et al., 1985; Mortelmans et al., 1986). However, studies on the
carciogenicity of these chemicals had not been published in peer-reviewed journals by the

time of the meeting and these compounds were therefore not considered by the Workig
Group. Sodium(2-ethylhexyl)sulfate is a sudactant used in bleaching and merceriing tex-
tiles, in metal cleaning and in some other applications. This compound was reported to have
nephrotoxic effects in miee and rats (Smyth et al., 1941, 1970; National Toxicology Program,
1984; Kluwe et al., 1985). It was not mutagenic to several strains of Salmonella tyhimurium in
the presence or absence of an exogenous metabolic system (National Toxicology Program,
1984; Zeiger et al., 1985). The only carcinogenicity study available on this compound has
been retracted (National Toxicology Program, 1984).
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Flame retardants are used in a wide variety of products, including carpets, home fur-
nishings, fabrics, plastics, paints, adhesives and construction materials. Tetrakis(hydroxye-
thyl) phosphonium salts, sulfate and chloride, are flame retardants used in cotton and rayon
fabrics. Decabromodiphenyl oxide (used in polyester/cotton blends and nylon) and
tris(2-chloroethyl)phosphate (used in carpet backigs) are also widely used as flame retar-
dants in the textile industiy (Ulsamer et al., 1980), but their main use is in plastics. Similarly,
chlorendie acid and dimethyl hydrogen phosphite have sorne specific uses in textile manufac-
ture, but their major applications are not related to textiles. Chloriated paraffins are satu-
rated hydrocrbons with usual chain lengths of 10-30 carbon atoms and chloriation grades
of 40-70%. They are used mainly as high-pressure lubricant additives in the metal industiy
but may be added as plasticizers and flame retardants to a variety of products, including plas-
ties, rubber and paints. Chloriated paraffins are used with decabromodiphenyl oxide and
antimony trioxide in polyester fabrics for tents (Pria et al., 1988). Some other chemicals that
are used as flame retardants were evaluated previously by IARC workig groups. These in-
clude tris(2,3-dibromopropyl)phosphate (IARC, 1979, 1987), polybrominated biphenyls
(lARC, 1986, 1987) and antimony trioxide (lARC, 1989).

Hundreds of dyes are used in the textie industry in large quantities. ln the USA, more
than two-thirds of the annual production of dyes is used in textiles (Anon., 1988). Several
compounds considered in this volume are used as dyes, dye components or intermediates in
the textile industiy. The aromatic amines, 4-chloro-ortho-toluidine and 5-nitro-ortho-tolui-
dine, have two major applications: as intermediates in the manufacture of dyes and sorne
other chemicals and as components of naphthol dyes for fabrics and yarns. Dyeing with
naphthol dyes takes places in two phases: the textile is first immersed in a solution of azoie
coupling component (naphthol) and th en allowed to react with an azoic diazonium compo-
nent, whieh is an aromatic amine converted to an azo derivative. An anthraquinone com-
pound, Disperse Blue 1, is a hair colourant whieh is also used to dye synthetic textiles. Dis-
perse Yellow 3 is a monoazo pigment dye used mainly for sythetic materials. Vat Yellow 4 is
a diketone derivative of dibenzo( a,h Jpyrene whieh may be applied to a variety of natural and

sythetic textile materials. A number of textile dyes were evaluated previously, mainly in

lAC Monographs volumes 8 and 16 (lARe, 1975, 1978) and in Supplement 7 (lARC, 1987).
The evaluations of two of the dyes included in this volume - 4-chloro-ortho-toluidine and
Disperse Yellow 3 - have been brought up to date on the basis of new data on carcinogenici-
ty that have become available. The previous evaluation of the carcinogenicity of Disperse
Yellow 3 was based on a study in miee by Boyland et al. (1964). It has since been brought to the
attention of the lARC that the compound tested in that study was in fact an isomer of Dis-
perse Yellow 3.

Nitriotriacetic acid and its sodium salts are chelating agents used, for example, to re-
move intederig metal ions from textile processing solutions. More than 50% of the 7000
tonnes of this product that are made annually, however, is used as the basis for laundiy deter-
gents. Data on solutions of nitrilotriacetie acid and its sodium salts and metal salts were also
included because metal complexes may be formed in vivo and because sorne solutions, e.g., of
nitriotriacetie acid disodium salt and iron nitrate, have been tested for carcinogenieity in
animaIs. Several other solvents, carrer agents, plasticizers, sizing agents, fungicides and
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other textile chemicals including, e.g., formaldehyde, were evaluated previously by lARC
workig groups (see Thble 1).

The last monograph of this volume covers ocupational expsures in the textile man-
ufacturig industiy. These expsures include the manufacture of fabrics, yarns, carpets,
knitwear, linen, curtains and sorne other industrial and domestic textiles. The main raw ma-
terial used in the textile industiy is cotton. Other widely used materials include wool and
sythetic materils, such as polyester, rayon, aciylic fibres and polyamide. Materials such as

hemp, jute, silk, flax and rags may be important or even predominate in some areas. The
Workig Group was concerned that so little published inormation was available on expo-
sures in the textile industiy in areas other than Europe, Japan and the USA, especially in
view of the fact that expsures may be higher in areas where old technologies are stil used.

The term 'textile industiy' as used in this volume was considered to exclude manufac-
ture of garments and of sythetic fibres. ln addition, two specific textile processes that had
been evaluated previously - manufacture of asbestos textiles (IARC, 1977) and mule spin-
ning with expsure to mineraI oils (IARC, 1984) - were excluded.

The main criterion for including biological data in this monograph was that the individu-
aIs or populations studied be textile workers, with the exclusions mentioned above. Detailed
descriptions of biological data on specifie chemical agents used or present in textile mills
were considered to be outside the scope of this monograph. Chemical agents used currently
or in the past in the textile industiy are listed in Thble 1 to facilitate the interpretation of
possible carcinogenic risks among textile workers.

Since 1975, benign nodular hepatoproliferative lesions in rats have been classified as
'neoplastic nodules' by the National Cancer lnstitute and subsequently by the National Toxi-
cology Program of the USA. Recently, the term 'hepatocellular adenoma' has been reintro-
duced (Maronpot et aL., 1986). Therefore, in this volume 'adenoma' has been indicated in
square brackets whenever 'neoplastic nodules' of the liver were reported.

ln evaluating studies of carcinogenicity in experiental animaIs, the ocurrence of
dose-related increases in tumour incidence was considered to be more relevant than the
finding only of differences between treated and control animaIs. Tests for trend were there-
fore presented whenever possible.
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