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Noe ta th reader

Ev effort is mae ta present the rrnogaphs as accate1y as
possible wi thout unu1 y delaying their publication. Nevert1ess,

mistas have occed an are still 1ik1 y ta occu. In th interest
of a11 usrs of these rrnogaphs, reaers are reqste to cacate
any errors observed to the Unit of O1cal Cacinoensis of th
International Agency for Research on Cace, Lyon, France, in order

tht the se ca be inc1uded in corrigenda whch will a~ in subt

vo1urs.

Since the rrnoaphs ar not intened to be a review of the
1iterature and contan on1y data considered relevt by th 'Vrkin

Grup, i t is not possible for th reaer ta dete whether a certn
study was considered or not. Hovver, resech \\rkers who ar awae of

inrtt pub1ished data tht may chge th evuation ar regested to

rre them ava1ab1e ta th altioned address, in order tht they
ca be considered for a possible re-euation by a future 'Vrking Group.
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BACKGR AN PURE OF TH IA pRC ON TH
:ETION OF TH CA:rIC RISK OF CHCA 'I MA

The Interntional Agency for Reseach on Cacer (IA) intiated in

1971 a progan ta eva1uate the cacinogenic risk of chemca1s to ma.
Ths progan was supprted by a Reolution of the Goering Counci1 at
its Ninth Session concerning the ro1e of IA in providing govert
authorities with ex, indePedent scientific opinion on environmta1

carcinogenesis.

ln view of the imrtce of the proj ec and in order ta exi te
prcxuction of ITnographs, the National Cacer Institute of the United

States has provided IA with additiona1 funds for this Purse.

The objective of the progar is ta e1abrate and pub1ish in the

form of llnogaphs critica1 reviews of cacinogenicity and re1ated data

in the 1ight of the present state of knawledge, with the finl air of

eva1uating the data in te of possible hum risk, and at the sar tim

to indicate where additiona1 research efforts are neeed.

SCOPE OF TH M)NCHS

The ITnogaphs suiize the evidence for the cacinogenicity of
indi vidua1 chemca1s and other relevant informtion on the basis of data

cani1ed, reviewed and eva1uated by a Working Group of exs. No recan-

mendations are given concering preventive :iSures or 1egis1ation, since

these matters dePed on risk-beefit eva1uations, whch see best made by

individua1 governts and/or interntional agencies such as WHO and IID.

since 1971, when the program wa staed, fiftee volums
have been pub1ished 1 -1 5 . As new data on chemca1s for which IInogaphs
have a1ready be prePaed and new princip1es for eva1uation becaæ
avai1ab1e, re-eva1uations will be mde at future rretings, and revised

ffnogaphs will be pub1ished as necessar.

The ITnogaphs are distributed to interational and governta1
agencies, are avai1ab1e to industries and scientists dea1ing wi th these

chauca1s and are offered to any intereste reader though their wor1d-wide
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distribution as \tO publications. They a1so fonn the basis of advice

fran IA on carcinogenesis fran these substaces.

MEISM FOR PRODUCIN TH M)HS

As a f irst step, a 1ist of chemca1s for possible consideration by

the Working Group is esta1ished. IA then co11ects peinent references

regarding physicocheca1 characteristics*, production and use*, occuence
and ana1ysis* an bio1ogica1 data** on these cauunds. The materia1 on
bio1ogica1 aspes is sumized by an ex consultat or an IA staff

rnr, who prePaes the first draft, which in se cases is sent to another

exrt for cæmts. The drafts are circu1ated to a11 rnrs of the

Working Group abut one ITnth before the irting. Duing the meting,

furer additions to an de1etions fran the data are agree upn, and a

final version of ccts and eva1uation on each cauund is adopted.

Priority for the prePaation of ITnogaphs.

Priority is given main1y to chemca1s belonging to paicu1ar chauca1
groups and for which there is at 1east se suggestion of cacinogenici ty

fran observations in anim1s and/or ma and evidence of hum exure.
Hawver, the inciusion of a particuiar compound in a volume does not

necessariiy mean that it is considered to be carcinogenic. Equaiiy~ the

fact that a substance has not yet been considered does not impiy that it

is without carcinogenic hazard.

*Data provided by Chemcal Inustries Ceter, Staford Reeach
Insti tute Interntional, Hen10 Park, Caifornia, USA

**In the collection of original data reference was made to the series
of publications 'Surey of Carunds which have be Tested for Cacinogenic
Acti vity' 1 6 -22 . lbst of the informtion on mutagenici ty and teratogenici ty
was provided by the Environrnta1 .Mtagen Infonrtion Ceter and the
Environmta1 'lrata1og Infonntion Ceter, oa Ridge, Tennessee, USA.
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Data on whch the eva1uation is based

with regar to the bio1ogica1 data, on1y pu1ished aricles and papers

a1ready accpted for publication are revie:ed. 'I m:ographs are not

intended ta be a full revie: of the 1iterature, and thy contain on1y data

considered relevant by the Working Grup. Reearch workers who are awae
of imrtt data (pu1ished or accepted for pulication) that rna.y inluence

the eva1uation are invi ted ta rne than avai1ab1e ta the Unit of Chemca1
Cacinogenesis of the Interntional Agency for Reseach on Cacer, Lyon,

France .

The Working Group

The tasks of the Workig Group are five-fo1d: (1) ta ascertain tht

a11 data have be co11ected¡ (2) ta select the data relevant for the
eva1uation¡ (3) to determe whether the data, as suized, will enab1e

the reader ta fo11CJ the reasoning of the cattee¡ (4) ta judge the

significance of resu1ts of exiita1 and epidemo1ogica1 studies¡ and

(5) to rne an eva1uation of cacinogenicity.

The mes of the Workig Group who paticipated in the consideration
of paicu1ar substaces are 1isted at the beining of each publication.

The mes sere in their indi vidua1 capaci ties as scientists and not as
representatives of their goverts or of any organization with which

they are affi1iated.

GE PRIIPLE FOR TH EVTION

The genera1 princip1es for eva1uation of cacinogencity were
e1abrated by previous Workig Groups and a1so app1ied ta th substaces

covered in ths vo1ur.

Tero1og
The ten 'chemca1 cacinogenesis' in its wide1y accepted see is

used ta indicate the induction or encat of neo1asia by chca1s.
It is recogized tht, in th strict ety:1ogica1 sese, this ter :rs

the induction of cace¡ ~ver, a: usage has 1ed ta its em10yt
ta denote the induction of vaious tys of ne1asm. The ter ' tuiurigen ' ,
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1 oncoen 1 and 1 b1astaen 1 have a11 be used syonynus1y with 1 cacino-

gen', a1though ocasiona11y 'tuurigen' has be used gpifica11y to

denote the induction of beign tuurs.

Response to cacinogens

ln genera1, no distinction is made betwee the induction of tururs
and the encent of turur incidence, a1though it is noted tht there
rny be funamta1 differences in :iism that will eventua11y be

e1ucidated. The response of ex:lta1 anin1s ta a cacinogen rny

tae severa1 fonn: a significant increase in the incidence of one or
more of the sam typs of neop1asm as found in control aninls; the

occuence of typs of neop1asm not obsered in control anin1s; and/or

a decreased latent peicr for th prcruction of neo1as as caed
with tht in control anin1s.

Puity of the caunds teste

ln any ev1uation of bio1ogica1 data, pacula attention rrt be

paid to the puri ty of th checa1s teste an ta their stai1i ty under
conditions of storage or adistration. Ino:rtion on puity and

stai1ity is given, when avai1ab1e, in the rrnogaphs.

Qulitative aspes

ln may instaces, bath beign an maignt ttnrours are inuced by
chemca1 cacinogens. There are sa far fe. recrded intaces in whch

on1y beign tururs are inuce by chemca1s tht have be studied

exensive1y. Thir occuence in exiIta1 system has be taen
to indicate the possibi1ity of an increased risk of ma1ignt tururs
a1so.

In ex:lta1 cacinogenesis, the ty of cace see may be the

sam as tht recrded in ht studies, e. g., b1adder cace in ma,

ITnkeys, dogs and haters after adistration of 2-naphthy1ame. In

other instaces, hower, a chenca1 may induce oter ty of neo1asm
at different sites in various spies, e.g., bezidine induce hepatic
cacinan in rats but b1adder cacinan in ma.
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Qutitative asPets

Dose-response studies are imrtt in the eva1uation of hum and

animl cacinogenesis: the confidence with which a carcinogenic effect
can be esta1ished is strengtened by the obseation of an increasing

incidence of neop1asm wi th increasing exSure. ln addition, such

studies form the on1y basis on which a miiml effective dose can be
esta1ished, a11awing son caison with data for hum exSure.

Coison of cauns with regard ta potency ca on1y be made

when the subtaces have be tested s:i1taeous1y.

Animl data in relation ta the eva1uation of risk ta ma

At the present t:i no attem ca be made ta interret the animl

data direct1y in ten of hum risk, since no objective criteria are
avai1ab1e ta do 50. Th critica1 assessmts of the va1idity of the

animl data given in these ITnogaphs are intended ta assist national
and/or intertional authorities in maing deisions concering preventive

rneasures or 1egislation. In ths coection, attention is draw to WHO

recartions in relation ta foc additivesL 3, drgs24 and occutiona1

cacinogens2 5 .

Evidence of hum cacinogenicity

Evaluation of the cacinogenic risk ta ma of suPeted environmta1
agents rests on pure1y obserationa1 studies. SUch studies rnt coer a

sufficient variation in 1eve1s of hum exsue ta a11CM a :iingfu1
re1ationship betw cace incidence and exsure ta a given cherca1
to be esta1ished. Difficu1ties arise in iso1ating the effec of
individua1 agents, haer, since pele are usua11y exsed ta imtip1e
cacinogens.

'Ie initial suggestion of a re1ationship betwee an agent and disease

often can fran case reports of patients with sim1ar exsures. Varia-
tions and ti trends in regiona1 or national cacer incidences, or their

correlation with regiona1 or national 'exsure' 1evels, may also provide

va1ua1e inights. Such obserations by thane1ves caot, hawever, in

rnst circutaces be regarded as conclusive evidence of cacinogenici ty .
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The !Tst satisfactory epidemo1ogica1 :ithcx is ta cae the

cacer risk (adjusted for age, sex and oter confouning variables)

aIng groups of cohorts, or aIng indi vidua1s exsed to various 1eve1s

of the agent in question, and aIng control grups not sa exed.
Idea11y, this is acca1ished direct1y, by fOllCMing such groups foi:d

in tim (prospeive1y) ta detere ti re1ationships, doseresponse

re1ationships an other aspets of cacer inuction. Lage cohorts and

long observation Peicxs are reqired to provide sufficient caes for a

statistica11y va1id caison.

An altertive to prospetive investigation is ta assa1e cohorts

fran past recrds an to eva1uate their suseqent morbidi ty or rrrt1i ty
by:ians of meica1 histories and death ceificates. Such octiona1
carcinogens as nickel, 2-naphthy1ame, asbstos and beidine have be
conf i: by ths :ithcx. Another :ithcx is ta cae the past exsures
of a defined group of cacer cases with those of control sa1es fran the

hospita1 or genera1 population. 'Ts does not provide an abso1ute :isure

of cacinogenic risk but ca indicate the relative risks assoiated with
different 1eve1s of exsure. Inirect:is (e.g., interiew or tissue

residues) of :isuring exsures which may have caced may years before
can constitute a major source of error. Neere1ess, such 'case-control'

studies can often iso1ate one factor fran severa1 susPeted agents and ca
thus indicate whch substace shou1d be fo11aw up by cohort studies.

EXIA'IRY 00 ON TH ~
In secions l, 2 an 3 of each rrnogaph, except for mior ranks,

the data are recorded as gi ven by the author, whereas the cats by the

Working Group are given in section 4, headed 'Carts on Data Rert

and Evaluation' .

Chemca1 and Physica1 Data (setion 1)

The Chemca1 Abtracts Serices Reistr Number and the latest

Chemca1 Abstracts Nar are recorded in ths setion. oter syonym and

trade na are given, but this 1ist is not intended ta be carehenive.
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It shou1d a1so be noted tht sa of the trade nas are thse of miures

in which the caæi being eva1uated is on1y one of the active ingredients.

Chauca1 an physica1 propeies inc1ude, in Paticu1ar, data tht

might be relevat to cacinogenicity (for ex1e, lipid solubi1ity) and
those tht concer identification. Al1 chemca1 data in this secion

refer to the pue substace, un1ess otei:ise speified.

Prcxuction, Use, Ocence and An1ysis (setion 2)

The purse of this setion is to indicate the exent of posible
hum exsure. wi th regard ta data on prcxuction, use and occurence,
lAC has co11abrated with the Staord Reeach Institute International,
USA, with the support of the National Cacer Institute of the USA. Since

cancer is a de1ayed taxic effect, past use and prcxuction data are a1so

provided.

The United States, Euope and JaPa are reasonab1y representative
industria1ized areas of the -wr1d, and if data on prcxuction or use are

avai1ab1e fran these countries they are reprted. It shou1d not, hCMever,

be inferred tht these nations are the sole or even the major sources of

any indi vidua1 chauca1.

Prcxuction data are obtained fran ooth goverta1 and trade publi-
cations in the thee geoaphic areas. ln sa cases, sePaate prcxuction

data on cherca1s maufactured in the US ~e not avai1ab1e, for proprieta

reasons. Hower, th fact tht a maufacturer ackCM1edges prcxuction of

a chemca1 to the US Interntiona Trade Ccssion irlies tht anua1

prcxuction of tht chemca1 is greater th 450 kg or tht its anua1 sales

excee $1000. Inoi:tion on use an occuence is obtained by a review
of pub1ished data, ca1emted by direct contact with maufacturers of the
chemca1 in question; howver, inoi:tion on on1 y sar of the uses is
avai1ab1e, and this section canot be considered to be carehensive. In
an effort to provide estirtes of prcxuction in sar Euop countries,
Staford Reearch Institute International in Zurich set general question-
naires to sar of those Euope cOIanies thought ta procuce th cads
being eva1uated. Inforntion fro th replies to these questionnires has
be compi1ed by countr an inc1uded in the individua1 rrnogaphs.
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Statants concerg regations in san countries are :itioned
as exam1es on1y. 'Tey may not ref1ect the rrst rect situation, since

such 1egis1ation is in a constat state of change; nor should it be

taken to im1y tht other countries do not have sim1ar regations. In

the case of drgs, metion of the therapeutic uses of such che:ca1s does

not necessari1y represent present1y accepted therapeutic indications,

nor does it im1y judgant as to their c1inica1 efficacy.

'Te purse of
genera1 indication,
in the 1i terature.

th section on ana1ysis is to give the reader a

rather than a ca1ete review, of :ithod cited
No attert is made to eva1uate the :ithcxs quoted.

Bio1ogica1 Data Relevant to the Evluation of Cacinogenc

Risk to Ma (section 3)

'Te !Tnogaphs are not intended to consider a11 reported studies.
Sa studies were purse1y antted (a) beause they were inadeqte, as
judged fran previous1y describ criteia26-29 (e.g., tao short a duration,

tao few anim1s, POr suriva1 or tao sm11 a dose); (b) because they

on1y confir findings whch have already be fu11y describ; or (c)

because they \Vre judged irre1evant for the purse of the eva1uation.

However, in certain cases, reference is made ta studies whch did not

met esta1ished criteria of adecacy, paicu1ar1y when this inonntion
was considered a usefu1 supp1ant ta other reports or when i t was the
on1y data avai1ab1e. Thir inclusion does not, however, im1y acceptace
of the adeqcy of their eximta1 design.

ln genera1, th data recorded in ths section are surized as

given by the author; however, cein shortcags of reprtg or of

exprimta1 design tht wee cated upon by the Working Grup are

given in sque brackets.

Cacinogenicity and re1ated studies in anim1s: M:tion is made of
a11 routes of admistration by which the cOlund has been adeqte1y
tested and of a11 speies in which relevant tests have be carried out.

ln !Tst cases, animl strais are given (genera1 chaacteristics of rruse

strains have be review 30). Qutitative data are given to indicate
the order of magnitude of the effective doses. ln genera1, the doses are
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indicated as they app in the original paPe ¡ satis conversions

have be mae for better caison. Wh the cacinogencity of know

meta1i tes has be tested this a1so is reported.

Oter relevant bio1ogica1 data: ID data are given when avai1ab1e,
50

and other data on toxicity are inc1uded when considered relevant. The

:ita1ic data inc1uded is restricted ta studies shCMg the irta1ic
fate of the chemca1 in anim1s and ma, and caisons of anl and

hum data are made when possible. Oter :ita1ic inonntion (e. g. ,
absorption, starage an excretion) is given when the WJrking Group

considered tht it -wu1d be usefu1 for the reader to have a bette under-

stading of the fate of the caund in the bcy.

Teratogenicity data fran studies in exi:ta1 an1s an in
hums are inc1uded for sa of the substaces considered¡ hCMever,

they are not rrt to represent a thorough review of the 1i teratue.

Mutagencity data are a1so inc1uded¡ the reasons for inc1uding them

an the princip1es adopte by the Working Group for their selection are
out1ined belON.

May, but not a11, mutagens are cacinogens and vice versa ¡ the
exct 1eve1 of correlation is still uner investigation. Nevere1ess,
practica1 use may be made of the avai1ab1e mutagenici ty test procedures

that caine microbia1, rnlian or other animl ce11 system as genetic

tagets with an in vitro or in vivo :ita1ic activation system. The

resu1ts of re1ative1y rapid and inexive mutagenicity tests on non-

hlm organisr may he1p to pre-scree chemca1s and may also aid in the

selection of the rrst relevat animl spies in whch ta cary out long-
ten cacinogenici ty tests on these chauca1s.

The ro1e of genetic a1terations in chemca1 cacinogenesis is not yet
full y unerstcx, and therefore consideration must be gi ven to a vaiety

of chages. Although nuc1ear DN has be defined as the main cellular
taget for the induction of genetic chges, other relevant tagets have

been recized, e.g., mitochondria1 DN, ens invo1ved in DN synthesis,

repa and recintion, and the spind1e appatus. Tests ta detect the

genetic activity of chemca1s, inc1uding gene mutation, strctural and
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nurica1 chransan1 chges and mitotic reccmination, are avai1ab1e for
non-hum mce1s ¡but not a11 such tests ca be app1ied at present to
hLnnan ce11s.

Idea11y, an appropriate mutagenicity test systEm wou1d inc1ude the

full :ita1ic catency of the intact hum. Since the deve1apnt or

application of such a systEm appes to be imssible, a batter of test

system is necessar in order to esta1ish the mutagenc potentia1 of

chemca1s. There are may genetic indicators and :ita1ic activation

system avai1ab1e for detecting mutagenic activitYi they a11, however,

have indi vidua1 advantages and limtations.

Since rny chemca1s reqire :ita1ism ta an active fonn, test

syste which do not tae this inta account may fai1 ta revea1 the full

range of genetic damge. Fue:re, since sa reacti ve :ita1i tes

with a 1imte 1ifespa may fai1 ta reach or to react with the genetic
indicator, either beause they are furer :ita1ized to inactive caunds
or beause they react wi th other cellular consti tuents, mutagenici ty tests
in intact anim1s may give fa1se negative resu1ts.

It is difficu1t in the present state of know1edge to select SPific

mutagenicity tests as being the rrst appropriate for the pre-screeing of

substaces for possible carcinogenic activity. However, greater re1iance

may be placed on data obtained fra those test system which (a) pennt

identification of the nature of inuced genetic chges, an (b) denstrate
tht th chges are transmtte ta sueqent generations. Mutageicity

tests using organism tht are we11 undesto genetica11y, e.g., Escheri-
chia coli3 Salmonella typhimurium3 Saccharomyces cerevisiae and Drosophila

melanogaster, :it these reqirerts.

Although a correlation has often be obsrved betwee the abi1i ty of
a chauca1 ta cause chransan breage and its abi1ity to induce gene
mutation, data on chansan1 breage a10ne do not provide adeqte
evidence for mutagenicity, and therefore 1ess weight shou1d be given ta

pre-screeg tht is based on the use of peiphera1 leuco cultures.
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Beuse of th ca1exi ty of factors tht ca contribute to repro-

ducti ve fai1ure, as we11 as the insensi ti vi ty of the rrthcr, the dant

1eth1 test in the ma1 does not provide re1iab1e data on mutagenicity.

A 1arge-sca1e systantic screeing of caunds ta assess a correlation

betw mutagenicity and cacinogenicity ha 50 far be caied out on1y
with the bactia1/ma1ian 1iver microsan systen. Notithstanding the
demnstration of the mutagenicity of may knav cacinogens ta Salmonella

typhirrrium in the presence of 1iver microsl systEm, the possibi1ity
of fa1se-negative and fa1se-positive resu1ts mut not be over1aoked.

Fa1se negatives might arise as a conseqence of mutagen sPeificity or

fran fai1ure to achieve optiml conditions for activation in vitro.

Alterntive test systEm must be used if there app to be substatia1

rea50ns for susPeting tht a chauca1 which is appent1y non-mutagenc

in a bacteria1 test syste may nevere1ess be potetia11y cacinogenic.
Converse1 y, so cherca1s found to be mutagenc in ths test may not in

fact have mutagenic activity in other syste.

For rrre detai1ed infoi:tion, see references 31-38.

Observations in ma: Cae reports of cacer an epidemo1ogica1

studies are surized in this section.

Cats on Data Rerted and Evluation (setion 4)

This section gives the critica1 view of the Working Group on th

data reported.

Animl data: Th anim spies iætioned are thse in which the
carcinogenicity of th sustaces wa c1ea1y dernstrate. The route
of admistration use in eximta1 anim1s tht is sim1ar ta the
possible hum exsue (ingestion, inlation and skin exsure) is
given paicu metion. Tu sites are a150 indicate.

Exrimts invo1 ving a possible action of the vehc1e or a physica1
effect of the agent, such as in studies by subtaeous injecion or
b1adder imlatation, are inc1uded¡ ha.er, the resuts of such tests

reqe carefu1 consideration, paicu1ar1y if they are the only ones
raising a suspicion of cacinogenicity. If the subtace has prcruce
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tururs after prental exSure or in sing1e-dose eximts, this

a1so is indicated. Ths susection shou1d be read in the 1ight of

ccts made in the secion, 'Anl Data in Relation ta the Evaluation

of Risk to Ma' of this intrcxuction.

Hum data: ln sar cases, a brief statemt is mae on possible

hum exsure. The significance of epidemo1ogica1 studies and case
reports is discussed, and the data are interreted in ten of possible

hum risk.
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GE RE ON TH SUTANES CONSIDER

This vo1urs inc1udes !Tnogaphs on a num of arantic ames and
sar re1ated nitro comunds that have not be considered in previous

IA ITnogaphs. Sar counds that be10ng to this chemca1 group are
knaw carcinogens (IA, 1972, 1974, 1975), and for those tht are
considered here, carcinogenic effects or a suspicion of cacinogenici ty

have be reported.

Of the comunds considered in this vo1mr, a large num are
co1ourants - severa1 of them are used as hair dyes, as industria1 dyes

(e. g ., in printing in, stains, teiles, paPe, 1eather, foos and
cosrtics), as dye inteniates or as inteniates in other chemca1

industries, or as additives in the maufacture of plastics and po1y:rs.

Table 1 surizes informtion on the typs of prcxucts or processes

in whch these comunds may be used. This tale is not intended to be

a prir source, and the reader shou1d a1so refer ta the setions on

prcxuction and use in the ini vidua1 Irnogaphs. The tale indicates
on1y those reported cancia1 uses (past or present) tht are :itioned

in the !Tnogaphs. There may we11 be other significant uses of these

substaces abut which no inormtion was avai1ab1e.

Whi1e data on chemca1 and physica1 prapies, tehnica1 prcxucts

an irurities, prcxuction and use, an an1ytica1 :ithcxs refer to the

pure chemca1, bio1ogica1 data in may instaces are fran exi:ts

in whch the chemca1 was admistered as a costituent of a miure, the

exact comsition of which was net knaw. In thse cases, an eva1uation

of the cacinogenicity of the pure ca was not possible. Evaluations

of the carcinogenici ty of other cherca1s cou1d a1so Ilt be made, ei ther

beause the avai1ab1e data wee indeqte or beuse they wee given on1y
in abstract, which did not a11aw a full eva1uation of the resu1 ts. The

Workig Group was awae tht for son caunds final resuts wee avai1a1e

but unpub1ished, and they could on1y exress their reget at the de1ay

in pulication.
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Table 1
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Ilir dyes:

4-Am2-ni trq:henol + +

2,4-Diamnoasole (sulphate) + + + +

l, 2-Diamo-4-ni trobzene + +

l, 4-Diamno- 2-ni trbenzene + +

2,4-Diamnotoluene + + + + + + +

2, 5-Diamnotoluene (sulphate) + + +

me ta-Pheny lenamne (hydrloride) + + + + + + +

para-Pheny leneam (hydrcxloride) + + + + + + + +

Colouring agents:

Acridine orange + + + +

Benzyl violet 4B + + + + + + +

Blue VR + + + + + + + +

Brilliant blue FC diarnium an
disoin salts + + + + + + + + + + +

Fast green FC + + + +

Gua gre B + + + + + + + +

Light green SF + + + + + +

Rhcxe B + + + + + + +

Rhodne 6G + + + + + +

Miscellanus indus trial checals :

5-Amoacenaphthene No knlm CO irrci 1 si, bifica ~
para-Amnobzoic acid + + + +

Anthanlic acid + + + + +

para-cloro-o ~ tho-toluidine
+ + +

(hydrcxhloride)
Ciril anthranlate + +

N, N' -Diacety lbzidine + +

4,4 . -Diamodpheny 1 ether + +

3,3' -Dichloro-4, 4' -damnodphyl No kr lm = irrci 1 sic I-ifica ~ether
2,4 . -Diphen ldiarne No kne lm CO ræci 1 sig if ica ~2

5-Ni troacenahthne + +

N-Pheyl-2-naphthylarne + + + + +

4,4' -Thiodaniline +

ortho-'I1uidine (hydroride) + + + +

2,4-Xylidine (hydrocoride) + +

2,5-Xylidin (hydr1oride) +

lE.g., the dyeing of animl fus, wo, phannceutica1 prcxucts and miscellaneous househo1d proucts, an use

as a biologica1 stain

2May oc= as an inurity in benzidine, whch may be usec in dye and pigit orcxuction (se also IA, 1972,

p. 80)
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The fo11owing canunds wee considered but not inc1uded in ths

vo1ur beause of 1ack of data on carcinogenicity and/or of epidemologica1
studies: 2-amo-4-ni trophenol, 2-amo-5-ni tropheno1, 5-chloro-ortho-

to1uidine, 2, 5-diamoaiso1e, ortho-pheny 1enediame, N-pheny 1 -para-

pheny 1enediame and 2, 6-xy 1idine. The Working Group was awae tht

cacinogenici ty studies are in progess on san of these caunds, and
these may be reconsidered when the results of such studies beaæ availab1e

(IA, 1976). It was noted tht 2-amo-4-nitropheno1, 2-amo-5-nitropheno1,

2,5-diamoaiso1e and ortho-pheny1enediame have FOsitive mutagenic activity
in the Sa lmone L la/microsa test (Ames et al., 1975).

ln order to be toxic or cacinogenic, arantic ames usua11 y reqire
:ita1ic activation. The FOtetia1 risk fran strctura11y re1ated caunds

dePeds 1arge1y on their rrta1ic fate in the test system used and on the

reactivity of the u1timte carcinogenic reactts. Th Working Group noted

the absence of pertinent data on the :ita1ism of irst of the caunds

considered. Their meta1ic activation, in paicu1ar N-oxygenation and the

subseqent forntion of reactive :ita1ites capale of reacting with

cellular macran1ec1es (e. g., nuc1eic acids and proteins), has not yet
be adeqte1 y investigated.

May of the canunds considered chge on exure ta 1ight, due to
photaoxidation¡ in genera1, their sa1ts are irre stale. When such chauca1s

are being used for exi:ts in bio1ogica1 system, rigid praof of their

purity is madatory.

Hair dye formlations and moe of use (Wall, 1972)

May of the arantic ames considered in these rrnogaphs are us
in ccmrcia11 y avai1ab1e prcxucts for dyeing hair. Inee, much of the

inorntion regarding the toxcity an cacinogenicity of these arantic

ames is derived fran studies in which the arantic ame was on1y one

constituent aIng may in a hair-dye formlation and in which the doses

tht were adristered topica11y constitute on1y an unCM sm11 fraction
of the ID Resu1ts fran such studies wee considered to be neither

50
appropriate nor adegate for eva1uating the carcinogenicity of the indi-
vidua1 arantic ames describ in th rrographs, although such data are

of use in eva1uating the cacinogenicity of hair-dye formlations.
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Hair dyes ca be divided into thee tys, depeding on whether they

co1our the hair terrari1y, sei -peent1y or peent1y. The dyes,
dye interiates and other ingredients invo1ved var according to the

typ of hair prcxuct.

(a) Terrar dyes

These consist of a misce11aneous group of cheica1s designed to effect

a chage in the shade of the hair and are genera11 y app1ied in the form of

shams; if they are not re-app1ied, they are rEmved by washing at the

next sham. Carunds inc1uded in ths vo1ur tht are us in terrar

hair-dye formlations are bezy1 violet 4B, brilliant b1ue FC disoium
salt and fast gree FC. A cacia1 formlation may contain betwee

0.5 to 2.0% of the penntted co1ou, ta give the appropriate shade, toether
with surface-active agents. These co1our shas may a1so contain nitro
caunds as co1ourants, together with anionic detergents, and cads
such as urea tht increase solubi1ity.

(b) Sem -peent dyes

Such dyes rerin on the hair for severa1 washings and are onl y gradua11 y

washed out by successive shaing. May of the aræitic, nitro and amo

canunds used in the formlation of peent dyes (se fo11awing sub

section) may be used in sem-pennent dyes, without the addition of an
oxidizing agent.

An ex1e of such a fonr1ation is:

M:moetho1ame 1aur1 su1phate
Ethylene glycol !Tnosteaate
Dietholae fatty-acid sa1ts
Diamo-ni trobezenes (dyes)
Perfume) -to-
Water )

20.0%
5.0%
3.0%
1.5%

100.0%

(c) Perent dyes (oxidation dyes)

with ths group of dyes, deve10pnt of the co1our shade depeds on

the addition of an oxidizing agent (usua11y hydrogen peoxide). These dyes
ca peetrate the hair shat and, when oxidized, are irreversib1y bound

within it, a110wg the co1our ta rerin. 'Iere are a vast mmibr of fonr-

1ations use as peent dyes; 2-amo-4-nitropheno1, 2-amo-5-nitropheno1,
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4-amo- 2-nitropheno1, 2, 4-diamoaiso1e, 2, 5-diamoaiso1e, l, 2-damo-
4-ni trobezene, l, 4-diamo- 2-nitrobezene, 2, 4-diamoto1uene, 2, 5-diamo-
to1uene, meta-pheny 1endiame, ortho-phey 1enediame, para-pheny 1enediame
and N-pheny1-para-pheny1enediame are found in such dye fonn1ations, often

as rrures in order to give the desired shade. Tyica1 fonnlations contain

betw 1% and 4% of different dye interiiates.

An exam1e of such a fonn1ation 1S:

01eic acid
01ey1 a1coho1
Solubi1ized 1ano1in
Propy1ene glycol
Isopropao1
EDA
Scxium su1phi te
Arnium hydroxide

(28% w/v)
Deionized water
Dye intei:iates

20.0%
15.0%

3.0%
12.0%
10.0%

0.5%
0.5%

10. 0%

26.0%
3.0%

The oxidizing agent rapid1y oxidizes the aræitic graup of the dye

to form prcxucts which bind to the hair shaft, at the sai ti 1aving

absorption by the skin of the speifie arantic ames. Havever, i t shou1d

be recized that sar of the prcxucts fori by the oxidation process,

such as the thee-ringed 1 BadrCMki -base', may also be absorbe though
the ski and may thus pose an additiona1 hea1th hazard.

Fuer infonntion on the ingredients us in hair rines and hair
dyes is given by Gasselin et al. (1976).

Epidemo1ogica1 evidence re1ating to th possible cacinogenic effec of

exsure to hair dyes
Workers in severa1 occupations an inustries which have be the

object of epidero1ogica1 study are 1ike1y ta have be exsed ta sa of
the substaces considered in ths vo1ur of lIogaphs. Such occutions
inc1ude dye-workers, printers an 1eather- and tei1e-v.rkers. Howver ,

except for studies of hair-serice occupations, such studies have not be
review, since exsure caot be ascrib speifica11y ta the sustaces
in question; workers in such occupations might have be exse ta other

substaces, inc1uding danstrate cacinogens (such as bezidie an
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2-naphthy1ame). The prob1em of rned exsure a1so app1ies to beauticians,
hairdressers and babers, who are a1so exsed, for exam1e, ta aerosol

prope11ants (e.g., viny1 ch10ride an f1uorocarbans). Studies of these

occupations have be reviewed here since the speificity of exsure is

sant greater. The epidemo1ogica1 evidence present1y avai1ab1e on the

substaces considered dea1s main1y with possible risks of b1adder cacer;

there are as yet re1ative1y few data for cacers at other sites. These

studies relate to exSures occuing at different pericxs over the 1ast
30 years or more, during which tir there have been chges in the usage

of hair dyes in ter of bath ty and qutity (Wall, 1972).

The ter 'hairdresser' rny have different iæanings in different
countries. ln the US, it app1ies uneqivoca11y to beauticians, Le.,

those invo1ved in the care of hair, primi1y waen' s hair, in beauty

salons; it exc1udes babers. ln the UK, the tem is !Tre inclusive; it

is used to denote ladies' hairdressers, and it rny a1so :ian babes.

Occupationa1 exsure

(a) B1adder tumurs

Wyder et al. (1963) studied the distribution of srking haits and
occupations in patients with cacinans of the b1adder. They cæined
interiew data fran tw hospita1 -based series coering a total of 300 ma1e

patients in Ne York City during the peioo 1957-1961. A case-control design

was used, and contro1s were age- an sex-matched; 93% of cases and 82% of

contro1s were srkers. Amng patients, there were four who had -wrked as

hairdressers (a11 smkers); there were none aIng the contro1s (No statis-
tica1 an1ysis of these data was provided by the authors; the relative

risk is approxite1y 9).

Anthony & 'Ians (1970) studied a seies of b1adder tumur cases fran

Leeds, OK. Of 1030 patients (812 ma1es and 218 fem1es) inteiew in an

8-year series (1959-1967), 43% had know smking histories. Ocpations

were defined according to the Reistrar Geeral' s classification of occu-

tions (Geeral Reister Office, 1966), 100kig sepaate1y at predant
oction, ocpation ever uneren and 20 or rrre yeas in ocpation.
Of severa1 alterntive analyses preseted by the authors, the rist re1iab1e
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appears to be based upon a coison of the male cases with a control

group who had beign surgica1 disease and were matched ta the cases for

sex, age, place of residence and amunt siked. AIng the cases, there
were four hairdressers, of whan thee had rrre than 20 years in the occupa-

tion. The relative risks of b1adder tuur for hairdressers v.re, therefore,
4 (predanant occupation), 4 (occupation ever underten) and 3 (20 or more

yeas in the occupation). Arng the 218 fer1e cases, there wee no hair-
dressers, al though o. 6 were excted. Nee of these differences 'Wre
significant at the P=0.05 1eve1.

ln a 1etter to the Editor of Science, M:ar (1975) argued tht the
resu1ts of Anthony & Thoms (1970) and wyder et al. (1963) cou1d not

ref1ect occupationa1 exSure to hair dyes. His setic argut is,

hCMver, incorrect in the 1ight of the discussion of the ten 'hairdresser'
abve.

Duam et aL. (1968) coed !Tst recent occupations of 265 white,
male patients wi th b1adder cancer and those of comprable contro1s in
New Orleas, Louisian during 1958-1964. They found four babers in ths

group, wh1e 1.45 were exted (relative risk, 2.76). Duing t. 1ast

3! years of this study, 132 cases were comed with 136 contro1s for
history of 'use of tonics, lotions an other preparations for the hair

and scalp'. The Pecentage of contro1s who used such preparations (36%)

was slight1y higher th tht of cases (32%).

Cole et al. (1972) exed occupationa1 risk amng 461 cases (356

males, 105 fer1es) aged 20-89 (a systertic sa1e of a11 adult cases)

with transitiona1- and squus-ce11 cacinans of the low urina tract
in a defined population in Boston, Massachusetts, during an 18-month

Peicx in 1968-1969. Contro1s were caab1e with respe to age and se.

Occupationa1 risk was assessed for each of 42 se1eced occutiona1 tit1es

derived fran a rrification of the stadard us Bueau of the Cesus classi-

fication. Arng me, there was no increased risk for babes (4 obsered
cases, 7.2 exed). AIng vo, risk was apPaent1y not increased for

hairesses (1 obsered cas, 0.9 exted).
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In an abstract, Ho et aL. (1977) reported tht a case-contro1 stu
of 532 Caians with blaer cacer ha sh tht babers \\re one of six
spifie occupationa groups wh were at significatly inrese risk.

(b) Oter tururs

The Reistrar Geeral (1971) an1yse numrs of cacer death during
1959-1963 aIng me an single wa describ on thei death ceificates

as hairdressers, macuists or beuticians. Thse ~e re1ated to th
numrs of exted death derive fra 1961 cesus data and nationa

death rates. Cacer at a11 sites cain, cacers of the 1ung an stach
and 1eukena were exed for bath me an \\n; th resuts did Ilt

indicate an e1evated rrrt1ity. For single w:, thre ~e 21 observ
deaths fran breast cacer versus 12 exte. For cacers of th ceix

uteri and othr pa of th uteru, the ratios of observed:exted

death were 3: 2 and 4: 2 , respti ve1 y . furti ty fro neo1asm at th

sar sites wa simlar1y exed for th Peicx 1949-1953 (Reistrar

Geeral, 1958). For mae babers an hairdresses, the only indication
of excess rrrt1ity wa fra cacer of th 1ung an bronchus (114 obse,
99 exted). For single wo hadressers and macuists, th numrs
of obsrv deaths exceed thse expcted for cacers at al1 sites cained
(43:37) and for cancers of 1ung an bronchus (4:2), breast (13:9) an cervx

uteri (4: 1) ; there wee no excesses of cacers of the starch, cancers of
other pas of the uteru or 1eukena.

Milh (1976) presete the results of a rrrt1ity stud by occution
caried out in Washigtn state. Thse ~e base on a praprtion1
rrrt1ity an1ysis of statets of occution in deth certficates for

a11 whte male residents ovr th age of 20 who died in the state during
th period 1950-1971. For babes, a11 causes of death were exed;
rrrt1ity was state to be signficant1y increase (P.(0.05) for oesophageal

cancer and rr1tip1e mye1om.

Viadan et al. (1976) report an increase in lagea1 cacer in
babers in a lispita1-based case-control study in Bufalo, Ne York,
betw 1956 and 1965; thy stued ITn in 13 grous occutiona11y
exse to 1 ination of chca1s or ta cation products'. 'Iere
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wee 11,591 white rr1es (cases plus controls), of whcr 76% had cacer.

Thse me were scored for each occupation ever he1d an for occupations
he1d for five or more yeas for the 17 sites of cacer for which there wee

five or more cases. Resu1ts were stadardized sePaate1y for age and srkig.

Babes had an age-adjusted relative risk of 2.83 (P~0.05) for 1argea1
cancer (10 cases) i ths excess Pesisted in th 5 or more yeas of exsure

category (2.49, P:;0.05) (8 cases). When stadardized for srking, but not
age, the relative risk for 1argea1 cace in babes was higher and

statistica11y significat (3.39 for ever exsed, 3.19 for 5 or more years

expsed; P~O. 05 for bath).

Gafine1 et al. (1977) assessed the risk of any cace for beuticians

in Alama County, Ca1ifornia during the Peicx 1958-1962 by analysis of
death certificates. Of 25 beauticians in a series of a11 cacer deaths,

24 were wan. These died of cancers at the fol1owing sites: 1ung (6),
breast (5), cervix (4), ovar (3), brain (1), b1adder (1), stach (1),
syovium (1) and unspified (2). The one rr1e died of 1iver cancer.
Using a case-contro1 an1ysis, the 3460 adu1t far1e cacer patients who

died were ccmed with 1000 contro1s who had no metion of cacer on their
death certificates. The relative risk for death frcr cancer for fei1e

beuticians was 1. 73 (P=O. 43). The hyPthesis that fei1e beauticians were

at increased risk for 1ung cacer was then tested, using a rrtched pairs

design. Adu1 t fei1e non-cacer contro1s were rrtched to 1ung cacer cases

for age, race, date of death and county of residence. Of 176 cases, six

were beauticians, ccmed with one aIng 176 contro1s. The relative risk
was 6. 0, wi th one-tai1ed P= o. 06, suggesting an increased risk of death frcr

1ung cancer arng fei1e beuticians.

C1ersen (1977) has studied the incidence of rr1ignt nea1asm
aing hairdressers thoughout Dek during 5-yea Peiods frcr 1943-1972,

on the basis of Danish Cacer Reistr data. Using as decmators the
nurrs of :in and wan enu:ated as hairdressers ln successive cesuses,
Clersen ca1cu1ated extEr nurrs of cases using age- and sex-speific
registration rates. For male hairdressers, the exted total of rn1ignant
neop1asm during 1943-1972 was 517.4, and the obsered num was 447.
There was no excess for any of the 11 groupings of gpified cacer sites.
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For fer1es, there appeed to be a lage overa11 excess, with 872 rn1ignt

neop1asm obsered and on1 y 475.4 exted. An excess appeed for each

5-year Peicx an for each of 14 site groupings (The re1ative1y consistent

excess for a11 pericxs and a11 sites in wa in this stuy suggests the

possibi1ity of a bias in the reporting of occupation. Aditiona1 inor-
mation is neeed before these findings ca be interpreted (see a1so Daish
Miistr of the Environmt, 1977) J.

Non-occutiona1 exsure

Shaer & Shafer (1976) asked 100 consective breast cacer patients

in a c1inica1 practice for a history of hair-dye use, obtaining such

history fran nex-of-kin for decease patients. 011y'W who had used

peent hair co1ouring formations for five or nore years were consi-
dered to have such a history. Of 100 patients, 87 had be reg1ar users
of peent dyes, cared with 26% of age-caable contro1s. No other

informtion was provided concering the num, nature or selection of the
contro1s or their re1ationship to cases with resPet to potentia1 confound-

ing variables (The 1ack of informtion concerning ooth the cases and the

contro1s 1eaves the resu1 ts in doubt J .

Ki1en et al. (1977) have reported a case-control study on 191 breast

cacer patients interiewed in hospita1 in 1975-1976 in Oxord, UK, and on

506 non-cacer contro1s, rntche by age, maital status and soial class.

The ana1ysis used by the authors showed no statistica1ly significat

differences in the use of hair-care prePaations betwee cases and contro1s.

Sim1ar1y, no statistica11y signficant differences betwee cases and

contro1s were found when considering in detai1 the use of peent and
sem -peent hair dyes, taing into account tim prior to diagnosis
and duration of use. Beause of the sm11 nur of hairdressers arng

those studied (2 amng cases an 10 arng controls), no ana1ysis of occu-

pationa1 risk was attempted.

Conclusions

The epidemo1ogica1 evidence suggests an e1evated risk for ooth users

of hair dyes and those wi th occupationa1 exsure (babers and hairdressers)
to hair prePaations.
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For users of hair dyes, the resu1ts are eqvoc1, since only one
site (breast) has be studied; the Working Group considered tht the

study with negative resu1ts for ths site. (Kinlen et al., 1977) was rrre

convincing th the positive one (Shafer & Shafer, 1976).

For persons with occupationa1 exsure to hair-cae prcxucts, inc1uding

dyes, there is !Tre evidence for an increased risk of cacer at cetain

sites. The resu1ts of four of five case-control studies of b1adder cacer

are consistent with an increased risk for hairdressers (Anthony & Thoms,

1970; wyder et al., 1963) and babers (Du et al., 1968; Howe et al.,
1977). One case-contro1 study reported an e1evated risk of 1ung cacer in

fer1e beauticians (Garfine1 et aL., 1977); another reported an increased

risk of 1argea1 cacer in male babes (Viadan et al., 1976). Additiona1
data frc: popu1ation-based death and cacer registries are also consistet

with the hypthesis tht there is an increase occupationa1 risk amng

babers and beauticians for cacers at different sites (C1ensen, 1977;

Milh, 1976; Reistrar Geeral, 1958, 1971).

Futher epidemo1ogica1 studies, which shou1d inc1ude -wrkers an10yed

in the prcxuction of hair dyes, are necessa before any fir conclusions
can be drawn.
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HAR DYE



4-AM2-NITRPHEL

1. Chemca1 an Physica1 Data

1. 1 Syonym an trade nams

Co1ou Inex No. : 76555

Co1our Index Na: Oxdation Bae 25

Chen. Abtr. Seices Re. No.: 119-34-6

Chen. Abstr. Nam: 4-Amo-2-nitropheno1

4-Hydoxy- 3-ni troai1ine; 2-ni tro-4-amopheno1 ; ortho-nitro-

para-amopheno1

Fourine 57; Fourine BrCM PR; Fourine Brow propy1

1. 2 Chauca1 formla and rr1ec1ar weight

OH

~NO'

NH2

C6H6N203 MoL. wt: 154.1

1. 3 Chauca1 and physica1 propeies of the pure substace

Fran Weast (1976), un1ess othe:rse sPeified

(a) Description: Dak-red plates or need1es

(b) Me1ting-point: 1310C

(c) SPetroscopy data: Àma 234 nm in rætho1; inra-red and

nuc1ea magnetic resonance sptra have a1so be tau1ated

(Grasse11i, 1973).

(d) Solubi1ity: Soluble in hot water, ethano1 and ether

(e) S tai lit y: Se 'Geeral Reks on the Substaces Considered' ,

p. 27.
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1. 4 Technica1 prcxucts and imuri ties

No data were avai1ab1e to the Working Group.

2. Production, Use, Ocrence and Ana1ysis

For background informtion on this section, see pream1e, p. 15.

2. 1 Production and use

(a) Production

4-Amo-2-nitropheno1 was prepaed by Fried1fuder & Zeit1in in 1894 by
reacting 3-nitro-1-azidobezene with di1ute su1phuric acid (Prager et al.,

1930). It rry a1so be prepaed by (1) heating 3-nitrophenylhydroxy1ame

with su1phuric acid; (2) nitrating N-acetyl-4-amopheno1 fo11CM by
hydro1 ysis wi th di1ute su1phuric acid; or (3) reducing 4' -hydroxy- 3' -
ni troazobezene-4-su1phonic acid (Morse, 1963).

Camcia1 prcxuction in the US of an unsPeified isaner of amonitro-
phenol was first reported in 1921 (US Tariff Carssion, 1922). Prcxuction
of 4-amo-2-nitropheno1, sPeifica11y, was first reported in 1941 (US

Tariff Carssion, 1945). Ony one US cay reported an undisc10sed

aiunt (see prea1e, p. 15) in 1972, the 1ast yea in which US prcxuction

was reported (US Tariff Cossion, 1974).

One or tw Japanese canies occasiona11y prcxuce neg1igib1e guanti-
ties (less than 100 kg pe year) of 4-amo-2-nitropheno1.

No data on its production in Euope were avai1ab1e to the Workig
Group.

(b) Use

4-Amo-2-nitropheno1 1S used in dyeing fus a beige or deep reddish

brow (The Society of Dyers and Co1ourists, 1971).

It is a1so used in hair dyes and prcxuces red and gold shades on the

hair. It has æen used in dak-brow (at 1eve1s of 0.1%), rrium-red (1.5%)

and aub (O. 4 %) dye formlations and in b1each toner formlations for
si1ver (at 1eve1s of 0.002%), p1atinum-b1ond (0.02%), ash-b1ond (0.05%) and

golden-blond (0.2%) shades (Wall, 1972).
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4-Amo-2-nitropheno1 has be used in hair dyes in ~Tapa since 1955.

2.2 Occuence

4-Amo-2-nitropheno1 is not knCM to occu as a natura1 prcxuct.
No data on its occurence in the environmt were avai1ab1e ta the Working

Group.

2. 2 Anl ysis

'Io-dimsiona1 th- 1ayer chantogaphy on si1ica gel G has be
used to detect dye interiates, inc1uding 4-amo-2-nitropheno1, in

hair dyes at concetrations as low as 0.02% (Kottem, 1966).

'iin- 1ayer chantogaphy on po1ystyrene-based anion exchgers and
on microcsta11ine cellulose an Ce11ex D anion exchgers has be used
to sepaate prim arantic ames, inc1uding 4-amo-2-nitropheno1

(Lepri et al., 1974).

3. Bio1ogica1 Data Relevant ta the Evluation

of Cacinogenic Rik to Ma

3.1 Cacinogenicity and re1ate studies in anim1s 1

Skin application

l.use: Graups of 32 A or 32 æA youg adult mice of bath sexes wee

given twice we1y skin applications on the c1ipp dorsal skin of 0.4 rr

(A mice), or 0.4 rr reduce to 0.2 rr at 24 wes (DPA mice), of a 10%

solution of a cacia11y avai1ab1e hair dye, co1ourant 'RB', containg,

aing other consti tuents, CI Acid Black 107 (an azo-e me ca1ex) and
4-amo-2-nitropheo1 in 50% aqs actone. 'I sa nums of contrl

anir1s reci ve acetone on1 y . Wh the exri:t wa tennte at 80

we, the incidence of tururs in trte DBA mice was 5 (3 1ymhoms

after 41, 47 and 71 weks, 1 ovarian granu1osa-ce11 tur at 79 wes,

ITh Workig Group was awae of cacinogenicity tests in progess on

4-amo-2-nitropheo1 invo1ving oral adistration in the diet in mice
an rats and skin application in mice and rabits (IA, 1976).
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and 1 ovarian cystaenoccinan at 80 wes) caed with 1 in contro1s
(1 1ymoid tui afte 72 wee). ln A mice, 8 treated ans deve10Pe

1ymans after 38-80 wes a:ed with 7 control anin1s after 61-80
we; no differences in the incidence of 1iver or 1ung tuurs occued
in treated or control mice. In DB mice, 75% of the treated anir1s
were still al ive at 64 wes, coed with 78% at 80 we amng the

controls (22 treated anin1s died betw 60-80 wes without tus
caned with 25 contro1s). ln A mice, 19 treated mice died witbut tururs
betw 60-80 wees, coed with 16 contro1s (Seale, 1977; Sele &
Jones, 1977; Ventt & Seale, 1976).

3.2 Oter relevant bio1ogica1 data

(a) Eximtal systan

'Ie oral ID of 4-amo-2-nitrapheno1 in oi1-in-water emsion in
50

rats is 3300 rn¡kg lM; the i.p. ID of the CCund in dithy1su1phoxide
5 u

in rats is 302 rn¡kg lM (Burett et al., 1977).

Six male an six fe:1e adu1t white rabits received twice we1y
skin applications of 1 rn¡kg lM of a cai te hair-de prepaation
containing arng ot constituents 0.3% 4-amo-2-nitropheno1, mied 1:1

with 6% hydrogen peoxide for 13 wes. No changes in bo weight gain,

b10c or urine paarters were obsered (Burett et al., 1976).

'Ie teatoenicity of the sa dye forn1ation was teste in a group

of 20 mated Chles River m fEme rats. It wa app1ied taica11y to a

shaved si te in the dorsoscaula region at a dose of 2 rn¡kg lM (eg valent
to 6 rn¡kg lM 4-amo-2-nitropheno1) en days l, 4, 7, 10, 13, 16 and 19 of

gestation; just prior ta use it was mied with an eq1 vo1ur of 6%
hydrogen peoxide. Th mors wee ki11ed on day 20 of gestation, an
no emryotoxic or teatogenic effects wee obsered (Buett et al., 1976).

Ths catund induce reverse mutations in SalmoneUa typhirrium
TA 1538 in the abence of 1iver activation. Adition of a 1iver post-

mitocdria1 fraction frcr pheobabita pretreated rats increaed the
mutagenic activity (Gaer & Nutr, 1977).
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No danant 1eLria1s were induced in Chles Piver rats injected

intrai;ritonea11y thee tis we1y for 8 wes with 20 rrlkg bw 4-amo-
2-nitropheno1 before mating (no positive control substace was tested)

(Burett et al., 1977).

(b) Ma

No data were avai1ab1e to the Working Group.

3. 3 Case reports and epidauo1ogica1 studies

No data were avai1ab1e to the Working Group.

4. Cats on Data Rerted and Evaluation

4.1 Animl data

ln the on1y avai1ab1e study, 4-amo-2-nitropheno1 mied with
CI Acid B1ack 107 (an azo-dye :ita1 ca1ex) was teste in mice by skin

application. No data on 4-amo-2-nitropheno1 a10ne were avai1ab1e.

No eva1uation of its cacinogenicity ca be made.

4. 2 Hum data

No case reports or epidemo1ogica1 studies were availa1e to the

Workig Group (see, hCMever, 1 Geeral Raks on the Substaces Considered 1 ,
p. 29).
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2,4-DIASOLE (SUHATE)

1. Chca1 and Physica1 Data

2, 4-Diamoaiso1e

1. 1 Syonym an trade nas

Co1our Inex No.: 76050

Co1our Index Na: Oxdation Bae 12

Chem. Abstr. Seices Re. No.: 615-05-4

Chem. Abstr. Na: 4-Methoxy- l, 3-bezenediame

2, 4-Diao-anso1; meta-diamoaiso1e; l, 3-diamo-4~thoxy-
bezene; 2, 4-dioso1e base; 4-mthoxy-meta-pheny1enediame

Fuo L; Pe1ago1 m; Pe1ago1 Grey L; Pe1ago1 L

1. 2 Chemca1 fonnla and rr1ec1ar weight

C7H10N20

~NH'
OCH3

.r1. wt: 138.2

1. 3 Chca1 an physica1 prapies of the pue substace
Fran Weast (1976), un1ess oterise spified

(a) Description: Co1our1ess nee1es

(b) Me1ting-point: 67-68oC

(c) Spetroscopy data: À-ma 635, 587, 545 an 511 nm (Allan &

~i:, 1953); inra-red and nuc1ea magnetic resonace sptra

have be taulated (Grasse11i, 1973).

(d) Solubi1ity: Soluble in water, etho1 and ether

(e) Stai1ity: Se' Geeral Reks on the Substaces Considered' ,

p. 27.
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1. 4 Tehnica1 prcxucts and iruri ties

ln the US, 2,4-diamoaiso1e is avai1ab1e with a purity of
approximte1y 99% (Mobay Chemca1 Corpration, 1975).

In Japa, it is avai1ab1e with a miim purity of 98.5% and contains

2, 4-diamopheno1 and ni troaoaiso1e as imuri ties .

2,4-Diamoaiso1e su1phate

1. 1 Synonym and trade nams

Co1our Index No.: 76051

Co1our Index Nam: Oxdation Base 12A

Chem. Abstr. Services Re. No.: 39156-41-7

Chem. Abstr. Nam: 4-M=thoxy- l, 3-bezenediame su1phate

2,4-Diamo-aniso1 su1phate ¡
1,3-bezenediame su1phate¡

2,4-diamoso1e su1phate ¡ 4-mthoxy-
4-:ithoxy-meta-pheny 1enediame su1phate

BAF Urso1 SIA¡ Fouame BA¡ Fourrine 76 ¡ Fourrine SIA¡
Fuo SIA¡ Nako '!¡ Pe1ago1 BA¡ Pe1ago1 Grey SIA¡ Pe1ago1 SIA¡

Real SIA¡ Urso1 SIA¡ Zoba SIE

1. 2 Eìirica1 formla and mo1ec1ar weight

C7H10N20. H2SO 4

r-1. wt: 236. 3

1. 3 Chemca1 and physica1 proprties of the pure substace

(a) Description: Off-whte to violet paer (Ash1and Chemca1

Cany, 1975)

(b) Solubi1ity: Soluble in water and ethano1 (The Soiety of

Dyers and Co1ourists, 1971a)
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1.4 Teica1 prcructs and imurities

Camcia1 grade 2, 4-damoaiso1e su1phate is availa1e in the
US as the dihydrate with a rr PUity of 80% and a ma of 1. 0%
ash and 75 mg/kg iron (As1and Chemca1 Cay, 1975).

2. Prcxuction, Use, Ocence and Ana1ysis

For backgrou inorrtion on ths secion, se prea1e, p. 15.

2. 1 Prcxuction an us

(a) Prcxuction

2, 4-Diamoaso1e was prePaed by the reduction of 2, 4-dini troai -
sole with iron and acetic acid by the Badische Ani1in- & So-Fabrik AG
in 1913 (Richter, 1933). 2,4-Diamoaiso1e is produced cocia11y in
JaPa by:ithy1ation of 2,4-dinitro-1-chorobezene fo11CMed by reduction

wi th iron.

Cacia1 prcxuction of 2, 4-diamoaiso1e in th US was first
reported in 1933 (US Tariff Ccssion, 1934) and tht of 2,4-diamo-
aniso1e su1phate in 1967 (US Tariff Ccssion, 1969). HCMever, ca-
cial production of 2, 4-diamoaiso1e has not be reported in the us
since 1940 (US Tariff Ccssion, 1941), and prcxuction of 2, 4-diamo-

aniso1e sulphate has not be reported since 1971 (US Tariff Ccssion,
1973) .

US i.rts of 2, 4-damoaiso1e though princiPa US custan

districts wee reported as 16 thousand kg in 1974 (US Intertional Trade

Ccssion, 1976) and 5 thousand kg in 1975 (US Inteational Trade

Camssion, 1977a). SePaate data for i.rts of the su1phate are not

avai1ab1e.

It is be1ieved that 10-100 thousan kg 2,4-damoaiso1e and its
sa1 ts are inrted into Sw tzer lan anua11 y .

2,4-Diamoaiso1e has be produced carcia11y in JaPa since

1974; unti1 1973, Jap i.rted 2,4-diamoaiso1e fran the Federal
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Repu1ic of Gey. In 1975, one Japaese cay produce abt 7

thousand kg. There are no Japaese imrts or exrts of ths chemca1.

(b) Use

2,4-Diamoaiso1e is used as a co1our rrifier in ceta peent

hair-dye casitions (Anon., 1976), Le., drabbrCM, red, blond and

b1ue-gey dye forn1ations (Wall, 1972). It has been estimted tht

abut 600 mg 2, 4-diamoaiso1e are used in each dye application (AIs
et al., 1975). It is a1so used as a co1our rrifier in b1ue and grey

hair-dye forn1ations, at 1eve1s of 0.25% in blue-violet shades and 0.55%

in steel -grey shades. It is a1so used as a canent of b1each-toner

forn1ations in p1atinum-b1ond (0.02%) and ash-b1ond (0.01%) shades

(Wall, 1972).

2,4-Diamoaiso1e 1S used as an inteniate for the prcxuction
of a dye, C. l . Basic Brov 2, which is prcxuced cacia11 y by one
cany in the US (The Soiety of Dyers and Co1ourists, 1971b; US Inter-

national Trade Ccssion, 1977b). C.1. Basic BrCM 2 is main1y used to

dye acry1ic fibres, but it has a1so be used to co1our cotton, viscose,

wcxÜ, nylon,. polyester and leather and as an ingredient of shoe po1ishes

and suede dressings (The Society of Dyers and Co1ourists, 1971c).

2, 4-Diamoaiso1e and 2, 4-diamoaiso1e su1phate are a1so use in
dyeing furs (The Soiety of Dyers and Co1ourists, 1971d).

2,4-Diamoaiso1e is be1ieved to be used in Japa principa11y as an
inteniate in th prcxuction of phaceutica1s, al though abut 100 kg

are used in hair-dye casi tions .

2,4-Diamoaiso1e an its sa1ts are be1ieved to be used as dyestuff
interiates in Switzer1and. The use of 2,4-daminoaiso1e in hair-de

forn1ations will be forbidden in Ita1y after 1977 (Da1 Fa1co, 1976).

2. 2 Occuence

2, 4-Diamoaiso1e and 2, 4-diamoaiso1e su1phate are not knov to
occu as natura1 prcxucts. No data on their occuence in the envirorut
were avai1ab1e to the Working Group.
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2. 3 Anl ysis

Prir arantic ames, inc1uding 2, 4-diaoaiso1e, have be

identified by :iasureint of the absorption spectra of the azo dye resu1t-

ing fran diazotization and coup1ing of the ame (Allan & Muzik, 1953).

Cacia1 hair dyes containing phenols and ames, inc1uding 2,4-
diamoaiso1e, have be anl ysed by isolation of the basic fraction and
sePaation by pape chrcmtogaphy using e1even reagents for identification
of the canents (Tui, 1957).

Gas chantogaphy has be used to sepate and identify oxidation
dyes, inc1uding 2,4-diamoaiso1e, in hair co1ourants (Go1dstein et al.,
1968) .

Prir arantic ames, inc1uding 2, 4-damoaiso1e, have be

sePaated an identified using thin-1ayer chantogaphy on po1ystyrene-

based anon exchagers and on microcrysta11ine æ11ulose and Ce11ex D

anion exchagers by :i of aqueous e1uants (I.pri et aL., 1974), on
si1ica gel buffered with scium acetate (Bas1 et al., 1967) and on

Kiese1ge1 i: (Kurteva & Takeva, 1971). Ei1sified hair-de canents,

inc1uding 2, 4-diamoaiso1e, have be sepated by thin- 1ayer chanto-
graphyon si1ica gel G plates with a buty1 a1coho1-ethy1 alcoho1-wter-

aætic acid miture as e1uat and aqueous feric ch10ride as indicator

(Ze1azna & Leato, 1971). Th-1aye chartogaphy in tv dIsions

has be used to sePaate an identify dye inteniates, inc1udg 2,4-

diaoaiso1e, in arantic ame oxidation hair dyes (Kotte, 1966).

3. Bio1ugica Data Relevant to the Evluation

of Cacinugenc Rik to Ma

3.1 Cacinogenicity and re1ated studies in anim1s 1

(a) ski application

Meuse: 'I groups of 50 ma1e and 50 fan1e 6-8~ old Swss-
Wester mice recved woody or fortight1y applications of 0.05 ml of a

lTh Workig Grou wa awe of cacinogenicity tests in progess in
mice an rats invo1 ving oral adistration of 2, 4-diamoaiso1e su1phate
in th diet (IA, 1976).
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fresh1 y prepaed 1: 1 miure of a hair-dye fonmtion, contag amg
its constituents 0.38% 2,4-diamoaso1e su1phte, 3% 2,5-damoto1uene
su1phate and 1. 5% para-pheny1enediame, and 6% hydDgen peroxide. The
miure was painted on shaved skin in the midscapu1ar region for 18 !Tnths,
at which ti: the suiving anim1s were kil1ed. The incidence of 1ung

tumurs did not differ significat1y fran that in untreated control anim1s

(Burett et al., 1975) (The Working Group noted the high incidence of

tumurs in the mice treated with the dye base a1one, which made up the

greatest pa of the hair-dye formlation J .

Rat: Tw exi:ta1 prepaations in a cabaxythy 1 cellulose gel
wee tested: formlation 1 contained 0.75% 2,4-diamoaniso1e and 3% 2,5-

diamoto1uene (bath as su1phates), and formlation 2 was a control without
added dye inteniate. Bach formlation was mied with an ega1 volum

of 6% hydrogen Peoxide iniate1y before use, and 0.5 ml of the miure

was applied to the dorsal skin. Tw groups, each of 50 male and 50 fan1e

Sprague-Daw1ey rats, 12 weeks old, were treated twce we1y for 2 years

with formlation 1 or 1eft untreated; a third group of 25 male and 25

fan1e rats were treated with formlation 2. No significant differences

were detected in tuur tys or incidences betw the exrimta1 and
control groups (Kine1 & Ho1zm, 1973) (The Working Group noted the

absence of inormtion abut sui val tims and the high incidence of

tumurs in contro1s).

3.2 Oter relevant bio1ogica1 data

(a) Eximtal system

The oral ID of 2, 4-diamoaniso1e su1phate in oi1 -in-water emu1sion
50

in rats is ?4000 mg¡kg l:¡ the i. p. ID in di:thy1su1phoxide is 372 mg¡kg
5 U

bw (Burett et al., 1977).

A hair-dye preparation, cxmtaining aIng its constituents 0.38% 2,4-

diamoaisole sulphate, 3 % 2, 5-diarnoto1uene su1phate and 1. 5 % para-

phenylenediame, was mied with an ega1 volur of 6% hydrogen peroxide

and app1ied to the skin of Swiss-Webster mice. Wee1y doses sufficient to
cause rnerate reversib1e a10peia in abut 50 % of the anim1s of each sex

within 5 !Tnth resu1ted in no chges in 1iver weight:bcy weight ratios,
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and the resu1ts of haanto1ogica1 extions wee with norml 1imts
(Burett et al., 1975). lb toxic effecs wee obsered in additiona1

eximts with ca1ex miures containing 2, 4-damoaiso1e su1phte

(Buett et al., 1976).

A dose of 0.5 ml of a prePaation containing 0.75% 2,4-diamoaso1e
and 3% 2, 5-diamoto1uene su1phates (:¡centages cacuated as free base) ,
in caboxytl1 æ11u1ose gel, mixed 1:1 with 6% hyog peroxide and

app1ied to the shaved dorsal skin of Sprague-Da1ey rats twice wee1y for
2 yeas, had no effect on graw rates, ITan 1ifesp, haemto1ogica1

Paanters or 1i ver fuction (brarsu1phth1ein excretion or senn trans-
amase 1eve1s) (Kine1 & Ho1zm, 1973).

Thee cacia11 y avai1ab1e hair-dye fonnations, containg 0.02,
2 or 4% 2, 4-diaoaiso1e su1phate an several arartic ame derivatives
amng their constituents, v;re tested for teatogenicity in grups of 20

rnted Chles River CD fer1e rats. Bach fonnlation wa app1ied topica11y

to a shaved site in th dorsoscapular region at a dose of 2 ml/kg bw on

days l, 4, 7, 10, 13, 16 an 19 of gestation; just prior to its use, each

fonnlation was mied with an eq1 vo1ur of 6% hydrogen :¡oxide. 'le

mothers were ki11ed on day 20 of gestation. 'lere v;re no soft tissue

anan1ies in the 1ive foetuses, but in 3 of 20 litters in the group given

the fonn1ation containing the highest concentration of 2, 4-diaoaiso1e
su1phate (4%), ske1eta1 chges wee se in 9 of the 169 1ive foetuses.

On caison with 3 control groups, this findig was statistica11y
significant (P~0.05+P~0.01) (Burett et al., 1976).

It was reported in an abstract tht in rats given single i.p. injec-

tions of 50 mg/kg bw 14C-1ab11ed 2,4-diaroaiso1e, 94% of the dose wa

excreted within 48 heurs (85% in the urine and 9% in the faeces). In

24-hour urine sa1es, radioactivity was found in unconjugated :ita1ites,

g 1ucuonides, su1phates and water-so1ub1e, non-eact1e materia1. 'le

:ita1ites wee 4-acety1amo-2-amoaiso1e, 2,4-dacety1amoaiso1e and

a sm11 amt of diacety1amopheno1; 2,4-diaætylaopheno1, hydrox1ate
derivatives of 2, 4-diacety1amoaso1e an a smll amt of 4-acetyla-

2-aroaiso1e wee preset as glucuondes (Grantham et al., 1977).
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2,4-Diamoaiso1e inuces reverse mutations in Salmonella typhimurium
'L 1538 after incution with 1iver post-rntocondria1 supeatat fraction
fran rats pretreated with po1ych1orinted bipheny1s (Aroc1or 1254) (AIs

et aL., 1975). 2,4-Diaoaiso1e su1phate was we1y mutagenc in

Drosophila melanogaster, inducin se-1ined recssive 1eth1s when fed

at 15.1 mM, the highest concentration tested (B1ij1even, 1977). In studies

on thymdine kise mutation in rruse 1ymhan æ11s (L51178Y), reprted in
an abstract, the ca was foud ta be inactive (no 1iver fraction was

added) (Palm et al., 1976).

No dant 1eth1s wee induced in Chles River CD rats injeced
intraPeitonea11y thee tims væ1y for 8 \'s with 20 rr/kg hw 2,4-
diamoaiso1e before mating (no positive control sustace was teste)
(Burett et al., 1977).

This caund did not induce micronuc1eated æ11s in bene maCM when

1000 rr/kg hw wee adistered ora11y to tw groups of 5 mae and 5 fem1e

rats in tw doses sePaated by an intea1 of 24 heurs (Hossack & Richadson,

1977) .

(b) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case reports an epidero1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Ccts on Data Rerted and Evaluation

4. 1 Animl data

2,4-Diamoaiso1e suphate present in a cacia1 hair-dye fonn-

1ation or in an exirta1 fci1ation sim1ar to those used as ha
dyes was indegte1y tested by ski application in mice and rats. No
data on 2, 4-diaoaiso1e or its suphate a10ne wee availa1e. No
eva1uation of the cacinCXenicity of these cads cou1d be made.
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4.2 Hu data
No case reports or epidauo1ogica1 studies wee avai1ab1e to the

Workig Group (see, hawver, 'Geeral Reks on the Substaces Considered' ,
p. 29).
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1,2-DIA4-NITRBENEN

1. Chemca1 and Physica1 Data

1. 1 Syonym an trade naIS

Co1our Inex Nu: 76020

Chem. Abstr. Seices Re. No.: 99-56-9

Chem. Abstr. Na: 4-Nitra- l, 2-bezenediame

2-Ara-4-ni troai1ine; 4-ni tra- l, 2-damobezene; 4-ni tra- 1,2-
pheny 1enediae; 4-ni tra-ortho-pheny1enediame; para-ni tro-
ortho-pheny1enediae

1. 2 Chemca1 formla and rr1ec1ar weight

$YNH'
N02

C6H7N302 fuL. wt: 153.1

1. 3 Chemca1 and physica1 propes of the pure substace

From Weast (1976), un1ess otherise SPified

(a) Decription: Dak-red nee1es

(b) Me1ting-point: 199-200oC

(c) Speoscopy data: À 380 nr (E 1 = 801) in 20% sulphuricrn 1
acid; the infra-red SPtr has be tau1ated by Grasse11i

(1973) .

(d) Solubi1ity: SPing1y soluble in water (Windho1z, 1976);

soluble in acetone (Seale, 1977) and in aqueous acids

(e) Stai1ity: Se 'Geeral Reks on the Sustaces Considered 1,

p. 27.
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1. 4 Tehnica1 prooucts and irurities

l, 2-Diamo-4-ni trobezene is avai1a1e in the US as a carcia1
grade with the fo11owing tyica1 SPifications: assay, 98.0% mi.;

me1ting range, 200-2040C; residue on ignition, 0.3% ma.; iron,

150 rr/kg ma.; 10ss on dring, 0.5% ma. (Ashland Chemca1 Coy, 1975).

2. Prcxuction, Use, Ocrence and Ana1ysis

For backgrou infonrtion on this section, se prea1e, p. 15.

2. 1 Prcxuction an us

(a) Prcxuction

1,2-Diamo-4-nitrobezene wa preped by HeÏ1 in 1888 by reducing
2,4-dinitroai1ine with a1coho1ic annium su1phide (Prager et aZ., 1930).

Cæcia1 prcxuction in the us of an unsPeified isan of diamo-
nitrobezene was first reported in 1936 (US Tariff Cassinn, 1938) and
tht of 1,2-diao-4-nitrobezene, SPifica11y, in 1946 (US Tariff

Cassion, 1948). Although on1y one US a:y rePrted an undisc10sed

aIunt (se prea1e, p. 15) in 1975 (US Interational Trade Cossion,

1977a), it is be1ieved tht two caies cuent1y maufacture this
chauca1.

US imrts of l, 2-diamo-4-ni trobezene though principal cutan
districts were report to be 1900 kg in 1973 (US Tariff Ccssion, 1974)

and 1100 kg in 1975 (US Intertional Trade Cassion, 1977b).

No evidence was found tht 1,2-diaIo-4-nitrobezene is prcruce on

a cacia1 sc1e in JaPa, although cerin caes produce qutities

on reqest.

No data on its prcxuction in Euop wee avai1ab1e to the Working

Group.

(b) Use

1,2-Diao-4-nitrobzene is us in se-peent (Anon., 1976)

an pet hair co10uring prcxucts. It prcxuce brCM, red and blond
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shades on the hair. It has tyica11y be used in :iÜ:n-brow (at leve1s

of 0.15%) and :iium-red (0.5%) dye fonn1ations. It can a1so be use
in b1each-toner fonn1ations for reddish-b10nd shdes (at 1eve1s of 0.03%)

(Wall, 1972).

l, 2-Diamo-4-ni trobezene is a1so reported1 y used as a reagent for
a-keto acids (Windho1z, 1976) and as a colorimtrie reagent for th

deteration of ascorbic and dehydroascorbic acids in focs (Bourgeois

et al., 1975).

The use of l, 2-diao-4-ni trobezene in hair-dye fonn1ations will
be forbidden in Ita1y afte 1977 (Da1 Fa1co, 1976).

2. 2 Occuence

1,2-Diamo-4-nitrobzene 1S not knCM to oc as a natura1 prcxuct.
l' data on its occuence in the environrt were avai1ab1e to the Workig

Group.

2.3 An1ysis

PaPe chantogaphy using six sol vent systa and 15 reagents has
be used to sePaate and identify 30 amobezene deri vati ves, inc1uding
1,2-diamo-4-nitrobzene (Reio, 1970).

Thin- 1ayer chantogaphy using vaious adsorbets, e1uats and
indicators has be us for the anl ysis of l, 2-damo-4-ni trobzene

in hair-dye casitions: on si1ica gel plates imregated with rice

stach using four e1uats with para-di:thy1amobezaldelde as an ini-
cator (Urquizo, 1969), on si1ica gel G plates with feric choride as

indicator (Ze1azna & Leataw, 1971) and with a sodium rætaisu1phite-

saturated metho1 solution as e1uat, fo11aw by e1ution an spo-
photatric detertion (Leataw, 1973).

Prim arantic ames have be seated and identifie in sa1es
containing O. 5- 2 llg of each ame by thin- 1ayer chantogaphy on pol ystyene-
based anion exchagers, microcrysta11ine cellulose or Ce11ex D anion

exchagers, and by e1ectroporesis on po1ystyene-baed anion exchagers
with various solvents (Leri et al., 1974).
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Twimsiona1 thin- 1ayer chantogaphy on si1ica gel G ha be
us to sepaate an identify dye inte:iates, inc1udg l, 2-damo-4-
nitrobezene, with a lit of 0.02% (Kotten, 1966).

3. Bio1ogica1 Data Relevant to the Evuation
of Cacinogenc Risk to Ma

3.1 Cacinogenicity and re1ated studies in an1s 1

Ski application

Mose: Groups of 48 IJ or 52 A young adu1t mice of bath sexes wee

given twice we1y skin applications on the c1ipP dorsal skin of 0.4 ml
reduced to O. 2 ml at 24 \o (DBA mice), or 0.4 ml (A mice), of a 10%
solution of a cacia11y avai1ab1e hair dye, co10urant 'GS', containing,

arg other constituents, 1,2-damo-4-nitrobzene and 1,4-diamo-2-

nitrobzene in 50% aqueous acetone¡ 32 control mice of each strai

received acetone on1y. Wh the exi:t was teited at 80 we,

5 1ymphans an 6 tuis of the fem1e reprcxuctive tract (4 ovaria
cystadenans an 2 uterine fibrosarcas) had deve10P in the treate

DBA mice within 26-80 we¡ in the DB control mice, 1 1ymhan,

1 1i ver tum an 1 1ung tu wee found. No difference oced in
the incidence of 1yman, 1iver or 1ung tuis betw treate an

control A mice. Of th treated anims, 19 DBA mice an 27 A mice surve
60 or rrre we an died without tUlurs (Sele, 1977 ¡ Seale & Jones,

1977 ¡ Venitt & Seale, 1976).

3.2 Oter relevat bio1ogica1 data

(a) Eximtal syste
The oral ID of 1,2-diamo-4-nitrobezene in oi1-in-wate ansion

50
in rats is 3720 m:/kg l:¡ the i.p. ID of the caund in dimthy1-

50
su1phoxide in rats is ).1600 m:/kg l: (Burett et al., 1977).

IThe Workig Group wa awae of cacinogencity tests in progess on

1,2-diao-4-nitrobeene in1ving skin application in mice and oral
admtration in th diet in mice and rats (IA, 1976).
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A casite miure containg 10 dyes used as sem-pernent hair

co10urants, whch contained o. 16% l, 2-diaIo-4-ni trobezene and a total

dye content of 5.82%, was fed in the diet to groups of 6 male an 6 feme
pure-bred begle dogs, 6-8 rrnth of age, at concentrations tht gave doses

of 0.54 and 2.68 ir/kg l:/day, resPetive1y, of the 1,2-diamo-4-nitrobezene.
A control group was maintained on norn1 diet. Haanto1ogica1 tests an urine

anlyses shCMed no signficant changes, oter th a b1ue-brow co10uration

of the urine (Werick et al., 1975).

Six male an six feme adult white rabits received twice weey ski
applications of 1 ml/kg l: of a casite hair-dye prepaation containing

aIng other constituents 0.25% 1,2-diamo-4-nitrobezene (but which a1so

contained 6% 2,4-diaIoto1uene su1phate), mied 1:1 with 6% hydrogen

Peoxide solution for 13 wes. Haanto1ogica1 tests and urine anlyses

shaw no signficat chages (Burett et al., 1976).

The teratogenici ty of the sa: dye fonration was teste in a group
of 20 mate Chles River CD fem1e rats. It was app1ied topica11y to a

shaved site in the dorsoscapula region at a dose of 2 ml/kg bw on days

l, 4, 7, 10, 13, 16 and 19 of gestation; just prior ta use it was mied

with an ega1 volinæ of 6% hydrogen Peoxide. The !Tthers were ki11ed on

day 20 of gestation, and no significant changes were fou in soft tissues

or ske1eta1 e1emts of the foetuses when caed with control groups

(Burett et al., 1976).

1,2-Diamo-4-nitrobezene induced irrpho1ogica1 transforntion in a
mouse ce11 line (C3H/10T!CL8) (Benedict, 1976) (The Working Grou noted

tht the tranfoi: ce11s were not tested for tururigenicity in vivo).

1,2-Diao-4-nitrobezene has be reported to induce reverse mutations
in Salmonella typhirrrium TA 1538 in th absence of 1iver activation.

Adition of 1iver post-mitochondria1 supeatat fraction frcr rats pre-

treated with po1ychlorinted bipheny1 (Aroc10r 1254) or phenobabital

reduced mutagenic activity (Ars et al., 1975; Garer & Nutr, 1977;

Searle et aL., 1975). The cæun induced sex-1ined recessive 1etha1s

in Drosophiia wh fed at a concetration of 1. 2 mM (B1ij1even, 1977).

Resu1ts report in an abstract indicate tht the caund induce mutations
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at the thymdine kinse loc in a dose-epdent maer in a rrse 1ymhan
ce11 line (L51178Y) (no 1iver fraction was added) (Palm et aL, 1976).

No danant 1etha1s ~re induced in Chles River rats injected intra-
peitonea11y thee tis we1y for 8 we with 20 mg/kg hw 1,2-diamo-4-
nitrobezene before mating (no positive control substace was teste)

(Burett et al., 1977).

1,2-Diamo-4-nitrobezene inuced chrantid brea in a hate ce11

line A(T ) Cl-3 (Beedict, 1976) and charsar abations in CH/E ce11s
1

(Kir1an & Venitt, 1976). No chrarsa1 abrrations wee obsered when
this caun was incuted with cu1tured hum peiphera1 lymhoces

(Searle et al., 1975).

Ths caund did not induce micronuc1eated ce11s in bene maCM when

5000 mg/kg hw were admstered ora11y to tw groups of 5 male and 5 fer1e

rats in tw doses sePaated by an intera1 of 24 heurs (Hossack & Richason,

1977) .

(b) Ma

No data ~re avai1ab1e to the Working Group.

3.3 Case reports and epidero1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted and Evaluation

4.1 Anl data

In the on1y avai1ab1e study, a hair-de formation containing 1,2-

dio-4-nitrobezene mied with 1,4-diamo-2-nitrobezene was tested in
mice by ski application. No data on 1,2-diamo-4-nitrobeene a10ne were

avai1ab1e. No eva1uation of the cacinogenici ty of this caund can be

made.

4.2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e to the

Workig Group (se, hover, 'Geeral Reks on the Sustaces Considered' ,
p. 29).
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1,4-DIA2-NITRBENZEN

1. Chca1 and Physica1 Data

1. 1 Synonym and trade nas

Co10ur Index No.: 76070

Co10ur Index Na: OXdation Bae 22

Chem. Abstr. Services Re. No.: 5307-14-2

Chem. Abstr. Na: 2-Nitro- l, 4-bezenediame

4-Amo- 2-ni troai1ine ¡ 2-ni tro- l, 4-pheny1enedame ¡ ni tro-para-
pheny 1enediame ¡ 2-ni tro-para-pheny1enediame ¡ ortho-ni tro-para-
pheny1enediame

Dye GS ¡ Duafur Brow 2R¡ Fouame 2R¡ Fourine 36 ¡ Fourrine

BrON 2R¡ Urso1 BrON RR¡ Zo Brow RR

1. 2 Chca1 fo:r1a and mo1ec1ar VÆight

N02

NH2

C6H7N302 M:1. wt: 153.1

1. 3 Chemca1 an physica1 propeies of the Pue substace

(a) Description: Alst b1ack ne1es with dak-gee lustre
(Prager et al., 1930)

o
Me1ting-point: 137 C (Prager et al., 1930)(b)

(c) Sptroscopy data: Infra-red an nuc1ear magnetic resonance

spetra have be PU1ished (Aldrich Chemca1 Cay, 1974).

(d) Solubi1ity: Soluble in water and etho1 (The Soiety of
Dyers an Co1ouists, 1971a)

73



(e) Stai1ity: Se '(':iera1 Reks on the Substaces Considered' ,

p. 27.

1.4 Tehnica1 prcxucts and imuri ties

1,4-Diamo-2-nitrobEzene is avai1ab1e in the US as a carrcia1

grade with the fo11owing typica1 spifications: assay, 97.0% mi.;

me1ting range, 135- 1380C; 10ss on dring, 1. 0% ma.; iron content,

100 IT/kg ma.; residue on ignition, 0.3% (As1and Chemca1 Cay,
1975) .

1,4-Diamo-2-nitrobezene is avai1ab1e in Japa with a miim
purity of 99% and contains nitroaoacetai1ide isanrs as inurities.

2. Prcxuction, Use, CCence and Anal ysis

For background infonntion on this setion, see prea1e, p. 15.

2. 1 Production and use

(a) Prcxuction

l, 4-Diamo- 2-ni trobezene wa f irst prepaed by hydro1 ysis of

1,4-diamo-5-acetyl-4-nitrobezene (Prager et ai., 1930). A sim1ar

:ithcx is used cccia11y in Japa, whre 1,4-damo-2-nitrbezene is
prepaed by acety1ating para-pheny1enediame (se also IInogaph on
para-pheny1enediame, p. 125) with acetic anydride fo11owed by nitration
and hydro1ysis.

The cacia1 prcxuction of unspeified isans of diamoni trobezene
in th us was first report in 1936 (US Tariff Cassion, 1938) and tht

of 1,4-damo-2-nitrobene, spifica11y, in 1960 (US Tariff Cassion,

1961) . ln 1973, the latest yea in whch inonction wa supp1ied, on1y
one US cay reported an undic10sed arunt (se prea1e, p. 15) (US
Intertional Trade Cassion, 1975). US imrts of 1,4-diamo-2-nitro-

bezene though principal US custan districts wee reprted to be abt

1400 kg in 1974 (US Intertional Trade Camssion, 1976) and 200 kg in

1975 (US Intertional Trade Cassion, 1977).

1,4-Diao-2-nitrobezene was first prcxuce c.cia11y in Japa
in 1971. Th one Japaese maufacturer reprted production of 650-750 kg

74



in 1976. Japaese imrts of 1,4-diaino-2-nitrobezene aite to abut

100-200 kg in 1975 (Japa Tariff Association, 1976).

No data on i ts prcxuction in Euop være avai1ab1e to the Working

Group.

(b) Use

1,4-Diamo-2-nitrobezene is used in dyeing furs brCM and reddish
brCM (The Soiety of Dyers and Co10urists, 1971b) and as a dye inter-
:iiate in sau-peent (Ann., 1976) and peent ha-co10uring

prcxucts. It prcxuces brow and red shades on the hair. It ha be used

in dark-brCM (at 1eve1s of 0.1%) , ræium-brCM (0.15%), meium-red (2.5%)
and ash-b10nd (0.065%) dye formlations. It ca also be used in b1each-

toner formlations for golden-blond (0.008%) and red-blond (0.02%) shades

(Wall, 1972).

ln Japa, 1,4-diamo-2-nitrobezene is used as a dye interiate

in hair dyes.

Its use in hair-dye formlations will be forbidden ln Ita1y after

1977 (Da1 Fa1co, 1976).

2. 2 Occuence

1,4-Diamo-2-nitrobezene 1S not knCM to oc as a natura1 prcxuct.
No data on its occuence in the environmt were avai1ab1e to the Working

Group.

2.3 An1ysis

Various e1uants have be used on si1ica gel plates imregated with

rice stach to sepaate an identify arantic ames and phenols, inc1uding

1,4-diamo-2-nitrobezene (Urquizo, 1969). Si1ica gel G plates have be
used ta sepaate and identify a miure of basic dyes, inc1uding l, 4-diaro-
2-nitrobezene (Ze1azna & I.atow, 1971); a miture of arcmtic ames and

amopheo1s, inc1uding 1,4-diamo-2-nitrobezene, was deterated spetro-

photortrica11y after e1ution fran the plates (Leatowa, 1973). A two-

d.insiona1 th- 1ayer chantogaphic :ithod has be used to sepaate and

identify dye interriates, inc1uding 1,4-diamo-2-nitrobezene, with a

1imt of 0.02% (Kotte, 1966). 'Iin-layer chrantogaphy has be use
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for the analysis of 1,4-diamo-2-nitrobezene in hair-dye cositions.

Miures of arantic diames, inc1uding 1,4-diamo-2-nitrobezene, in

sar1e sizes of 10-500 llg have be sepaated and detened on si1ica
gel plates with a stadard deviation of :t10% (Pinter & Krai, 1967).

3. Bio1ogica1 Data Relevant ta the Evaluation

of Cacinogenic Risk to Han

3.1 Cacinogenicity and re1ated studies in anir1s l

Skin application

Mouse: Groups of 48 DB or 52 A young adu1t rnce of bath sexes were
given twice wee1y skin applications on the c1ipP dorsal skin of 0.4 ml

reduced to 0.2 ml at 24 wee (DBAf mice), or 0.4 ml (A mice), of a 10%

solution of a cacia11y avai1ab1e hair dye, co10urant 'GS', containing,

am:mg other constituents, 1,4-damo-2-nitrobezene and 1,2-diamo-4-
nitrobezene in 50% aqueous acetone; 32 control rnce of each strain

received acetone on1y. When the eximt was tenated at 80 weeks,

5 1ymphans an 6 tuurs of the ferle reprcxuctive tract (4 ovarian
cystadenomas and 2 uterine fibrosarccs) had deve10p in the treated

DBA rnce within 26-80 wæs; in the DB control rnce, 1 1yrhan,

1 1iver turur and 1 1ung tlur were found. No differences ocred in
the incidence of i ymhans, 1i ver or 1ung tururs betw treated and
control A mice. Of the treated anim1s, 19 DBA rnce and 27 A mice

surived 60-80 wees and died without tururs (Seale, 1977; Seale &

Jones, 1977; Venitt & Seale, 1976).

3.2 Oter relevant bio1ogica1 data

(a) Exrimtal system

The oral ID of 1,4-diamo-2-nitrobezene in oi1-in-water emsion
50in Chles River æ rats is 3080 rr/kg li; the Lp. ID of the canund

50

1The Workin Grup was awae of cacinogenicity tests in progess on

1,4-diamo-2-nitrobezene invo1ving oral admistration in the diet in
rnce and rats (IA, 1976).
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in dimthy1su1phoxide in rats is 348 ID/kg l: (Burett et al., 1977).

The oral ID of the car in water in ma1e Nista rats is 2100 ID/kg
50

bN (G10xhubr et al., 1972).

Te ma1e and 10 fan1e rats were fed diets containing 500 ID/kg of
diet 1,4-diamo-2-nitrobezene for 13 wes; no chages in boy weight,

b10c or urine Paa:ters or in the histo1ogica1 apParance of a range of

tissues were foun in caison with contro1s (G10xhubr et al., 1972).

A prePaation containing a miure of 10 carcia11 y availa1e sem-
pennent hair co10urants, inc1uding 0.24% 1,4-diamo-2-nitrobzene, was
fed in the diet to tw groups of 6 ma1e an 6 fem1e pure-bred beagle dogs,

6-8 months of age, at concentrations of 19.5 and 97.5 ID/kg bw/day,

respeive1y. One group, maintained on a nonr1 diet, served as contro1s.

Haemto1ogica1 tests and urine analyses sha. no significat changes,

other th a b1ue-brow co10uration of the urine fran treated anin1s

(Werick et al., 1975).

Six ma1e and six far1e adu1t white rabbits received twice wee1y

ski applications of 1 mljkg of bN of a casite hair-dye prePaation,

containing amng other consti tuents 1. 1 % l, 4-diamo- 2-ni trobenzene,
3% para-pheny1enediame and 2% 2,4-diamoaiso1e su1phate, mixed 1:1

with 6% hydrogen peroxide solution for 13 week. No significat

differences wee found in haemto1ogica1 or urine Paamters or relative

organ weights betwen treated and control groups (Burett et al., 1976).

The teratogenicity of the sa dye formlation was tested ID a group

of 20 mated Chles River CD fem1e ra.ts. It wa app1ied toica11y to a

shaved si te in th dorsoscaula region at a dose of 2 mljkg bN on days

l, 4, 7, 10, 13, 16 and 19 of gestation; just prior to use it was mied

with an eq1 vo1un of 6% hyogen peroxide. The mothers were ki11ed on

day 20 of gestation, and no significat anryotoxic or teratoenc effecs

were found caed with contro1s (Burett et aL., 1976).

The car inuce rrrpho1ogica1 transfonrtion in a mouse ce11 line
(C3H/10T!CL8) (Beedict, 1976) (The Working Group noted tht the transforn

ce11s wee not tested for tumigencity in vivo).
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1,4-Diamo-2-nitrobezene has be reported to induce reverse
mutations in Saimoneiia typhimurium TA 1538 in the absece of 1iver acti-

vation. Adition of 1iver post-mitocndria1 supeatat fraction fran
rats pretreated with p:Jlychlorinted bipheny1 (Aroc10r 1254) or phenoba-

bital reduced mutagenic activity (Gaer & Nuti, 1977; Seale et al.,

1975). Resu1ts reported in an abstract indicate tht the cad induce
mutations at the thymdine kiase locus in a dose-depdent maer in a
!Tuse 1ymhcm ce11 line (L51178Y) (no 1iver fraction was added) (Palm
et al., 1976).

No danant 1eth1s wee induce in Chles River CD rats injeced
intraPeitonea11y thee tims we1y for 8 wes with 20 IT¡kg bw 1,4-

diamo-2-nitrobezene æfore mating (no fXsitive control substace was
tested) (Burett et al., 1977).

l, 4-Diaro- 2-ni trobezene induced chantid breaks an chorsaæ
abations in a hater ce11 line A ('1' ) Cl-3 (Beedict, 1976) and

1charsan abrations in æM/E ce11s (Kirk1and & Venitt, 1976).
Chantid breas and gaps have also be found in cu1tured hum Pei-
phera1 lymhoces after exsure to l, 4-diamo- 2-ni trobzene (Sear le
et al., 1975).

This canun did not induce ITcronuc1eated ce11s in bene mara.

when 2000 IT¡kg bw were admnistered oral1y ta tv groups of 5 male and 5

fan1e rats in tv doses sepaated by an intera1 of 24 hours (Hossack

& Richadson, 1977).

(b) Ma

No data were avai1ab1e to the oorking Group.

3. 3 Case reports an epidauologica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted and Evaluation

4. 1 Animl data

ln th only availa1e study, a hair-dye fonmation containg
1,4-diamo-2-nitrobzene mied with 1,2-diaro-4-nitrobezene \''aS
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tested in mice by skin application. No data on 1,4-diamo-2-nitrobzene
a10ne wee avai1ab1e. No eva1uation of the cacinogenicity of this

caund can be made.
4. 2 Hum data

No case reports or epidauo1ogica1 studies wee avai1ab1e te the

Working Group (see, hawver, 'Geeral Raks on the Substaces Considered 1,
p. 29).
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2,4-DTAMOIID

1. Chca1 and Physica1 Data

i. 1 Synonym and trade nas

Co1our Index No.: 76035

Co10ur Index Nams: Oxdation Base 20; Dee10Pe 14

Chem. Abstr. Services Re. No.: 95-80-7

Chem. Abstr. Nam: 4-M=thy1 - l, 3-bezenediame

3-Amo-para-to1uidine; 5-amo-ortho-to1uidine; l, 3-diamo-4-
:ithy lbzene; 2, 4-diamo- 1 -irthylbzene; diamoto1uene;

2, 4-diamoto1uo1; 4-:ithy1 -meta-pheny1enediame; HID;
to1uene- 2, 4-diame; 2, 4-to1uenediame; me ta-to1uenediame;
2,4-to1uy1enediame; meta-to1uy1enediame; to1y1ene-2,4-diame;
2,4-to1y1enediame; 4-meta-to1y1enediame; meta-to1y1enediame

Azogen Deve10per H; Bezofur l.; Dee10Pe B; Dee1ap DB;

Deve10per DBJ; Dee10per H; Dee10per M:; Dee10Pe MI;

Deve10per l.-c; Dee10per Ml; Dee10per T; Eucaine æ;

Fourame; Fouame J; Fourine 94; Fourine M; Nako 'I;
Pe1ago1 Grey J; Pe1ago1 J; Pontame Dee10Pe TN; Real MD;
Tea1 G; Zoba GK

1. 2 Chemca1 formla and mo1ec1ar weight

NH2

CH3

C7H10N2 MJl. wt: 122.2

1. 3 Chemca1 and physica1 properties of the pue substace

Fran Weast (1976), un1ess otheiise spif ied

(a) Decription: Co10ur1ess nee1es
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(b) Boiling-p:int: 2920C

(c) Me1ting-point: 990C

(d) Spectroscopy data: Àma 294 nm in rntho1; infra-red,

nuc1ea magnetic resonance and mass spectral data have
be tau1ated (Grasse11i, 1973).

(e) Solubi1ity: Very soluble in hot water, etho1, ether and
hot bezene

(f) Vo1ati1ity: Vapour pressure is 1 mn at 106.50C and 10 mn at
o151. 7 C.

(g) Stai1i ty: See' Geeral Raks on the Substances Considered' ,

p. 27.

1. 4 Tehnica1 prcxucts and imurities

2, 4-Diamoto1uene is avai1ab1e in the US as a carcia1 grade;

hCMever, most of ths chemca1 is used as an intei:iate, without

isolation, and is usua11y prcxuce as pa of a miure of abut 80%
2,4- and 20% 2,6-damoto1uene. It is a1so prcxuced in sm11er amunts

as pa of a miture containing abut 65% 2,4- and 35% 2,6-diamoto1uene.

2,4-Diaoto1uene avai1ab1e in JaPa has the fo11CMing speifications:
purity, abve 99%; freezing point, abe 96.50C; rristure content, be10w

0.15%; insoluble rntter in hydroch10ric acid, be10w 0.2%. 2,4-Dinitroto1uene

and diamoto1uene isaærs are present as imurities.

2. Prcxuction, Use, O:ence an Anl ysis

For background inonntion on this section, see prea1e, p. 15.

2. 1 Prcxuction and use

(a) Prcxuction

2,4-Diamoto1uene wa prepaed by Hof in 1861 by reducing
2,4-dinitroto1uene with iron in acetic acid (Prager et aL., 1930). It

is prcxuce cacial1y in the US and JaPa by nitrating to1uee to prcxuce

a dinitroto1uene miure containing approxite1y 80% 2, 4-isa and 20%
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2,6-isaær (with sm11 arunts of 2,3- and 3, 4-dintroto1uene), follCMed

by cata1 ytic reduction to a miure of the corresponding diames.
2,4-Diamoto1uene has be prcxuced ccrcia11y in the US for over

fifty yeas (US Tariff Cassion, 1919). ln 1975, six us caanies
reported prcxuction of 86. 7 million kg (US International Trade Corssion,
1977a); figues for the portion of 2,4-damoto1uene prcxuced as an

unisolated interriate are not avai1ab1e. US imrts of 2, 4-diamoto1uene

though principal us custan districts amted to 35 thousand kg in 1974

(US Intertional Trade Cassion, 1976a) and 20 thousand kg in 1975

(US Intertional Trade Cassion, 1977b). Although son 2,4-diamo-
to1uene is te1ieved ta te exrted fran the US, data are not avai1ab1e.

An estirted 180-200 million kg 2, 4-damoto1uene are produce
anua1l y in wester Euop. Less th 100 thousad kg 2, 4-diamoto1uene

are prcxuce anua11 y in the OK, and 1ess th 25 thousand kg are

imrted .
ln JaPa, 2, 4-diamoto1uene has be prcxuce ccrcia11y for over

thiry yeas. JaPaese prcxuction of 2,4-diamoto1uene during 1971-1975

arunted to approxite1y 120 thousand kg anua11y. One Japese ccy
curently maufactures this chemcal, and thre are no iirts or exrts

(JaPa Dyestuff Inustr Association, 1976).

(b) Use

2, 4-Diamoto1uene is used as an inteniate to rne to1uene diiso-

cyante, which is used in the prcxuction of polyuethe; i t is also us

to rne dyes for teiles, 1eather and fus and in hair-de formlations.

Most of the 2, 4-diamoto1uene prcxce in the us is used as pat of

an uniso1ated miture of 80% 2,4- and 20% 2, 6-diamoto1uene for the mau-
facture of to1uene diisocante (TDI). Sa 2, 4-diamoto1uene is isolated

for conversion to pure to1uene 2, 4-diisocante; a miure of 65% 2,4- and
35% 2,6-diamoto1uene is a1so used for conversion to to1uene diisocanate.

ln 1974, eight US caIanies reported prcxuction of 233.6 million kg

of an 80/20 TDI miure (80% 2,4-isaæ and 20% 2,6-isan) (US Interntional

Trade Cæmssion, 1976b), and in 1975 seen caanes prcxuce 217.4 million

kg of ths miure (US Intertional 'Irade Carssion, 1977a).
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ln 1974, 'II was used in the US for the prcxuction of: flexible and

rigid polyuethe foa (142 million kg 'II consum) ¡polyuethe
cotings (5. 5-7. 3 million kg) ¡cast e1astas, including fabic cotings
(3.6-4.1 million kg) i and polyuethe an other adhesives (0.9 million kg) .

2,4-Diamoto1uene can be used for the prodction of abut 60 dyes

(The Society of Dyers an Co10urists, 1971a), 28 of whch are cuent1y
be1ieved ta be of CCcia1 wor 1d signif icance (The Soiety of Dyers
and Co10urists, 1975). The fo11owing eight dyes, believed to be prcxuced

cæmrcia11y fran 2,4-diaoto1une, være prcxuce in the US in 1975:
C.1. Basic Brav 4 (96.2 thousand kg prcxuced), Baic Orange l, Direct

BrCM 154, Direc Black 4, Direct Black 9, Leco Sulphur Brav 10, Leuco

Su1phur Brow 26 and Sulphur B1ack 2 (US Interntional Trade Cassion,

1977a). Thse dyes are genera11y used to co1ou silk, woo1, paper and

1eather. Son are a1so used to dye cotton, oost fibres and ce11u10sic

fibres, in spirit varishes and woc stains, as indicators, in the mau-

facture of pigmts, and as bio1ogica1 stains (The Soiety of Dyers and

Co10urists, 1971b,c).

2,4-Diamoto1uene 1S used as a deve10p for direct dyes, particu1ar1y
to obtain b1ack, dark-b1ue and brCM shades and to obtain navy-b1ue and

b1ack co10urs on 1eather (The Soiety of Dyers and Colourists, 1971c).

It is a1so used in dyeing furs (The Society of Dyers and Co10urists, 1971d).

ln the US, 2, 4-diamota1uene was used in hair-dye formlations to prcruce
drabbrow, drabb10nd, b1ue and grey shades on the hair (Wall, 1972) i this
use was forbidden in 1971 (Ams et al., 1975).

ln western Euope, alst a11 of the 2, 4-diamnoto1uene prcxuced 1S

used as an uniso1ated intermiate for the prcxuction of TDI.

ln JaPa, 2,4-diamoto1uene is used as a dye intermiate.

2. 2 Occuence

2,4-Diamoto1uene is not know to occu as a natura1 prcruct. Although
the isocanate was detected in air sam1es fran a polyuethe plant, no
2,4-diaoto1uene was detected (ciosek et al., 1969). It is a hydro1ysis
prcxuct of to1uene diisocanate (lie, 1970).

86



2.3 An1ysis

Non-aqueos ti tration :ithods have be used to detenne ames,
inc1uding 2,4-diaoto1uene (Kreshkov et aL., 1966; Shvkova & Buakova,

1974). It has be detered in air after trapping out in acetone at
-140C, fo11aw by diazotization and cop1ing with N-(1-naphthy1)ethy1ene-

diame; th 1imt of detection was 0.02 In/m3 (Ciosek et aL., 1969).

2,4-Diamoto1uene rry also be detered co10riitrica11y by reaction with

thiotrithiazy1 ch10ride (Lein et al., 1967).

Nuc1ear rrgnetic resonace SpeCXtr has be used to detere
the relative anunts of diamoto1uene isans in iSCXric miures, wi th
an error of 2. 5% or 1ess (Mathas, 1966).

Th- 1ayer chæitography has be used to sepate and identify
prim arantic ames, inc1uding 2, 4-diamoto1uene: on si1ica gel

buffered with scxium acetate, usin visu1ization with a para-diithy1-

amocinam1dehyde deve10Pe (Bass1 et al., 1967), on si1ica gel fo11aw
by e1ution with :ithy1 nitrite and absorbace :isue:t at 855 nm
(Bierncka et al., 1974) and on po1ystyene-baed anion exchgers or on
microcrysta11ine cellulose and Ce11ex D anion exchagers (Lepri et al.,

1974). 'l-diisiona1 thin- layer chantoaphy ha be us to sePaate
and identify dye inteniates, inc1uding 2,4-diamoto1uene, in ar1ame
oxidation hair dyes (Kottem, 1966).

Gas chrantogaphy has be used to detere isanic diaoto1uenes

in their miures, using a f1a: ionization detector (Boford, 1968) or a

therl conductivity detector, with an accuacy of :! 0.3% for 2, 4-diamo-

to1uene (Wi11ebrdse et al., 1968). Gas chæitogaphy of isc:ic

diamoto1uenes, inc1uding 2,4- and 2, 5-diaotoluenes, as their N-tri-

f1uoroacety1 derivati ves has be use for qu1ity oontro1 in their

prcxuction, with an accuacy of :! 0.45% (Brydia & Wi11ebrdse, 1968).
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3. Bio1ogica1 Data Relevant to the Evaluation

of Cacinogenìc Risk ta Ma

3.1 Cacinogenici ty and re1ated studies iD anin1s

(a) Oral admistration 1

Rat: 'l groups, each of 12 ma1e Wista rats, were fed diets contain-

ing 0.06% or 0.1% 2,4-diamotoluene for 30-36 wees. For coison, a

third group of 6 anin1s were fed the basal diet alone (10% casein). In

th group fed 0.06%, 11 anims surive for 35 we, an of these 7 had

nntip1e hepatoe11ular cacinans with :itastases in the 1ymh ncxes an

æetum. Of the group fed 0.1%, 9 anin1s suived for 33 we, and a1l
ha multiple hepatoc11ula cacinans; multiple :itatases wee preset

in the 1ymh nodes, artum, 1ungs or epididyms in 6 of the 9 surivors.
No ttlurs wee fou in any of the 6 contro1s. In a sePate exi:t

in rats fed various caintions of 0.1% 2, 4-diamotoluene and 0.25%

ethonine in the diet, there was evidence of an increased incidence of

hepatoce11u1ar cacinans over tht in rats treated with 2,4-diamoto1uene

alone (Ita et al., 1969).

(b) Ski application

Mose: Groups of 28 ma1e and 28 fem1e 4-7-week old SWiss-Webster
mice were given we1y applications on shaved skin in the intrascap1ar

region of 0.05 ml of either a 6% solution of 2,4-damoto1uene a10ne,
har-dye formations contag aIng thir constituents eithr 0.2% or
0.6% 2, 4-diamoto1uene and 3% 2, 5-damtoluene su1phate and 1.5% para-
pheny1enediame, or a hair-dye base without the dye canents; the

treatmt was discontinued after vaious tis, depg on toxicity.

An untreated control group was also inc1uded. The hair dye was mied
with an eq1 vo1ui of 6% hydrogen Peoxide just before use, and the 2,4-

diamoto1uene was rred either with an eq volinne of 6% hydrogen

1The Workig Grup wa awae of cacinogenicity studies in progess

in nuce an rats invo1ving oral admistration of 2,4-diamoto1uene in
th diet (IA, 1976).
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peoxide or with an eqa1 vo1ur of water (Gi1es et aL., 1976) (A large
miniber of anir1s ~re unaccounte for in the finl an1ysis of tumur

incidence, thus maing the pu1ished data inadegte for evaluation of
the carcinogenicity of this chercal¡ se a1so Bridges & Gree (1976) J.

'I groups of 50 ma1e and 50 fem1e 6-8-week old Swiss-Webster mice

received wee1y or fortight1y applications of 0.05 ml of a fresh1y
prepaed 1:1 miture of a hair-dye fonnlation, containg amng its
constituents 0.2% 2,4-diamoto1uene, 3% 2,5-diamoto1uene su1phate and

1. 5% para-pheny1enediame, and 6% hydrogen peroxide. The mixture was

painted on shaved skin in the midscapu1ar region for 18 !Tnths, at which

tim the sui ving anir1s ~re ki1led. The incidence of 1ung tumurs

did not differ significant1y fran tht in untreated control mice

(Burett et aL., 1975) (Th Workig Group noted the high incidence of

tumurs in th mice treated wi th the dye base a10ne, which made up the

greatest pa of the hair-de fonn1ation J .

(c) Subtaeous and/or intramcula admistration
Rat: Twenty rats of mied strain and se ~re injeced subtaeous1y

with O. 5 ml of a 0.4 % solution of 2, 4-diamoto1uene in prop1ene glycol at
wee1y interva1s. E1even rats tht died within 8 Itnths shCMed no rrked

tissue chges. Al1 of the 9 suiving rats, which received 29-44 week1y

injections, deve10Pe subtaeous sacas. No contemrar contro1s
were used¡ hCMever, in another group of 12 rats, s. c. injection of

xathene in propy1ene glycol (11 injections over 10 m:th) did not induce
locl sacams (Um, 1955).

3.2 Oter relevant bio1ogica1 data

(a) Eximtal system

It was reported in an abstract tht when 14C-2,4-diamoto1uene wa

admistered intraPeitonea11y to ma1e Fischer rats, the radioactivity in
b10c and plasm reached a maÍ1 at 1 hour and deceased rapid1 y for 7
hours¡ 98.6% had be excreted after 5 days (76.5% in urine and 22.2% in
faecs) (Granth et al., 1975).
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The irtalxÜism of 2, 4-diamoto1uene has be investigated in severa1
rcxent sPeies: the major urinar :ita1ite was 2, 4-diamo-5-hydroxy-

to1uene; N-acety1 and glucuonide conjugates were a1so found (Waring &

Pheasant, 1976). Data reported in an abstract indicate tht in rats

the major unconjugated rrta1ites in the urine are 4-acety1amo-2-aro-

to1uene, 2, 4-diacety1amoto1uene and 2, 4-diacety1amobezoic acid
(Granth et aL., 1975). An N-acety1transferase, which convers 2,4-

diamoto1uene into its 2- or 4-acety1 deri vati ve, has been fou in the

cyso1 of 1iver fran seera1 spies and to a 1esser exent in tht of
kidney, intestinal rrcosa and 1ung (G1insukon et al., 1975, 1976). When

(7_14C)-2,4-diamoto1uene wa adistered ta rats, 1iver nuc1ea DN,

RN and microsa1 and soluble proteins were found ta be 1ab11ed. There
were indications tht this was due to coalent bining (Hiasa, 1970).

2, 4-Diamoto1uene, when admistered to rats, guea-pigs and rabbi ts ,
prcxuced :ithEm10binaema; the 1evel co1d be correlated with the total
anunt of free aropheno1 excreted in the urine (Waring & Pheasant, 1976).

The cacinogenicity of 2, 4-diaroto1uene in male Wista rats fed
diets containing 0.06% or 0.1% was antagonized by concomtat feeing of
3-:ithy1cho1anthene, a-naphthy1 isothiocante or para-hydroxyropio-

pheone (Ito et al., 1969).

No data an the e:ryotoxici ty or teratoenici ty of 2, 4-diaoto1uene
were avai1ab1e ta the Workig Grou.

It inuce rrrpho1ogica1 tranfonntion in Syrian golden hater

e:ryo ce11s (pienta et al., 1977) (Th Working Grou noted tht trans-

fonn ce11s wee not tested for grow in vivo).

It a1so induce reverse rrtations in Salmonella typhimurium TA 1538

an TA 98 in the presence of a rat 1iver post-mitochondial supetat
fraction fran anim1s pretreated with po1ychlorinated bipheny1 (Aroc10r

1254) (Ams et al., 1975; Sha et al., 1977).

2,4-Diaoto1uene was shaw to be a weak rrtagen in DrosophiZa
melanogaster, inucing se- 1ined recessive 1eth1s when fed a conce-

tration of 15.2 mM (B1i j 1even, 1977).
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(b) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case reports and epidauo1ogical studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted an Evaluation 1

4. 1 Animl data

2,4-Diaoto1uene 1S cacinogenic in rats after its oral admi-

stration, prcxucing hepatocel1ula cacinans, and after i ts subtaeous
injection, inducing locl sarcas.

4. 2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e to the

Working Group (se, havever, 'Geeral Raks on the Substaces Considered' ,
p. 29).

1 See a1so the section, 'An Data in Relation to the Evluation
of Risk to Ma' in the intrcxuction to this vo1ur, p. 13.
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2,5-DIAOILU (SULHATE)

1. Chemca1 and Physica1 Data

2, 5-Diamoto1uene

1. 1 Synonyms and trade nams

Co10ur Inex No.: 76042

Chem. Abstr. Serices Re. No.: 95-70-5

Chem. Abstr. Nam: 2-M2thy1 - l, 4-bezenediame

4-Amo- 2-:ithy 1ani1ine ¡ 2-:ithy1 -para-pheny1enediame ¡ to1uene-
2,5-diame¡ para-to1uenediame¡ to1uy1ene-2, 5-diame¡ para-
to1uy1enediame¡ para-to1y1enediame¡ para..meta-to1y1enediame

1. 2 Chemca1 formla and !T1ecu1ar weight

NH2

1~CH'

NH2

C7H10N2 l"1. wt: 122.2
1. 3 Chemca1 and physica1 propeies of the pure substance

From Weast (1976), un1ess otherwise SPified

(a) Description: Co10ur1ess plates

(b) Boi1ing-point: 273-2740C

(c) Me1ting-point: 640C

(d) Spetroscopy data: Mass SPtral data have be tau1ated
(Grasse11i, 1973).

(e) Solubi1ity: Soluble in water, etho1 and ether¡ slight1y
soluble in co1d bezene but soluble in hot bezene

(f) Stai1ity: See 'Geeral Reks on the Substaces Considered' ,

p. 27.
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1.4 Teliica1 products and imi ties

2,5-Diaoto1uene is avai1ab1e in JaPa with a miin purity of

95% and contag nitroaoto1uen as an imity.

2,5-Diaoto1uene su1phate

1.1 Syonym an trade nas

Co10ur Inex No.: 76043

Co10ur Index Nam: Oxidation Base 4

Ch. Abtr. Seices Re. No.: 6369-59- 1

Chem. Abtr. Nam: 2-M=y1 - l, 4-bezenediame sulfate

2-Methy1 -para-phey1enediae su1phate; t..1uene- 2, 5-diame
su1phate; para-to1uenediame su1phate; to1uy1ene 2, 5-diame
su1phate; para-to1uy 1enediae su1phate; para-to1 y1enedame
su1phate; para.)meta-to1y1enedame su1phate

Fourame ST

1. 2 Eiirica1 fonn1a and rr1ec1ar weight

C7H10N2. H2SO 4 1'l. wt: 220.2

1.3 Cherca1 and physica1 propies of the PUe substace

(a) Description: Off-wte pcer (teliica1 product) (Ash1and

Chauca1 Co., 1975)

(b) Solubi1ity: Soluble in water and etho1 (The Soiety of
Dyers and Co1ourists, 1971a)

1.4 Tehnica1 prcxucts and irities

2, 5-Diamoto1uene su1phate is avai1ab1e ID the US as a cccia1

grade with the fo11owing tyica1 spifications: purity, 95% mi.;

residue on ignition, O. 2 % ma. ; 10ss on dring, 0.5% ma.; and iron
content, 25 rr/kg ma. (As1an Chca1 Co., 1975).
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2. Prcxuction, Use, Ocence an An1ysis

For backgroud infonntion on this section, see prea1e, p. 15.

2. 1 Prcxuction and use

(a) Production

2,5-Diamoto1uene was prepaed by Nietzki in 1877 by reductive
c1eavage of 4-amo-2, 3' -di:thylazobezene (ortho-amoazoto1uene1)
with tin and hydroch10ric acid (Prager et al., 1930); reductive c1eavage

may a1so re caried out with zinc dust and hydrochloric acid (Thir1e,

1968). It can re prepaed by the e1ectrolytic reduction of 2,5-dinitro-
to1uene (Ta11ec & Guegen, 1966) or by condensing 2-amo-1-rthylbzene
an to1uene-4-su1phony1 ch10ride to 4-to1uenesu1phono-2-to1uidide, which

is then cop1ed with diazotized amobezenesulphonic acid and reduce
(W1cxarski, 1971).

2,5-Diamoto1uene was first prcxuced cacial1y in the us in 1920

(US Tariff Camssion, 1921), but cacial production has not be

reported since 1966 (US Tariff Ccssion, 1968). 2, 5-Diamoto1uene
su1phate was first prcxuced ccercia11y in the US in 1927 (US Tariff

Ccssion, 1928). Cacia1 prcxuction of an undisc10sed arunt (see
prea1e, p. 15) was 1ast reported in 1970 (US Tariff Ccmssion, 1972);

havever, i t is re1ieved still to re prcxuced by tw caies.

US :Irts though principal US custan districts were reported to be
1300 kg 2, 5-diaoto1uene and 29.4 thousand kg 2, 5-diamoto1uene su1phate
in 1974 (US Intertional Trade Ccssion, 1976) and 3400 kg 2,5-diamo-

to1uene in 1975 (US Interational Trade Camssion, 1977a).

2,5-Diamoto1uene and its su1phate have be prcxuced ccmcia11y in
Japa since 1955. One Japaese cay prcxuced an estimted 850 kg 2,5-
diamoto1uene and su1phate cained in 1976. Neg1igib1e arunts of these

chemca1s are :Irted and none exrte.

ISee IA (1975).
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No data on their prcxuction in Euop were avai1ab1e to the Working

Group.

(b) Use

2, 5-Diamoto1uene ca be used as an interriate in the prcxuction

of tw dyes, C.I. Baic Re 2 and C.1. Acid Brow 103, which are believed

to be of cocia1 -wrld significace (The Society of Dyers and Colourists,

1971a, 1975). C.1. Baic Re 2 is prcxuced ccrcial1y in the US by one

cay (US International Trade Carssion, 1977b) ~ it is used to dye
cotton, wo1, silk, 1eather and paPe and in pigmts, spirit ins, as a

bio1ogica1 stain, and as a solvent dye. C.1. Acid BrCM 103 is used to
dye 1eather (The Soiety of Dyers and Colourists, 1971b).

2,5-Diamoto1uene su1phate is used to dye furs deep brow (The
Society of Dyers and Co10urists, 1971c).

2,5-Diamoto1uene and its su1phate are used in hair-dye formlations
to prcxuce black, drab and wa-brCM, blond and grey shades on the hair.
2,5-Diamoto1uene su1phate is a1so used in b1each-toner fonn1ations for
si1ver (at 1eve1s of 0.1%), smke (0.04%) and p1atinum-b10nd (0.08%) shades

(Wall, 1972).

ln Japan, toth 2, 5-diamnotoluene and its su1phate are used in hair
dyes.

The use of 2, 5-diamoto1uene in hair-dye fonn1ations will be
forbidden in Ita1y after 1977 (Da1 Fa1co, 1976).

2. 2 Occurence

2,5-Diamoto1uene and its su1phate are not know to occu as natura1
prcxucts. No data on their occurence in the environmt were avai1ab1e

to the Working Group.

2.3 Analysis

The Association of Officia1 An1ytica1 Chemsts has published an
Officia1 Final Action for the detenation of 2, 5-toluenediame in hair
dyes by two :ithods: (1) gravimtric detenation of its diacety1 deriva-

tive and (2) an icxantric titration :ithcx (Horwitz, 1970).
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A simle colorimtrie test for detecion of arantic ames, inc1uding

2,5-diamoto1uene, in hair dyes invo1ves hydrocloric acid an vani11in
in isopropy1 a1coho1 (Lage, 1966).

Nuc1ea rngnetic resonace spectaæ has be used to detene

the relative amunts of diamoto1uene isans in isanic miures, with

an error of 2.5% or 1ess (Mathias, 1966).

Paper chrantogaphy, using thee solvent system and thee deve10pt
system, has be used to sepaate and identify 169 prir arantic ames,

inc1uding 2, 5-diamoto1uene (Cee & Gaspic, 1966).

Thin- 1ayer chrantogaphy has be us to separate and identify

araitic ames, inc1uding 2, 5-diamoto1uene : on silica gel buffered

with scxium acetate, using visualisation with para-dithy1amocinam
a1dehyde (Bass1 et al., 1967), and on po1ystyene-based anion exchgers
or on microcrysta11ine cellulose and Ce11ex D anion exchagers (Iepri

et aL., 1974). Hair dyes have be an1yse for arc.tic ames, inc1u-
ding 2, 5-diamoto1uene, by exaction with :itho1, sepation by th-

1ayer chantography and visualisation with para-dimthy1amobeza1dehyde
(Ieatow, 1973). 'ldimsiona1 thin- 1ayer chantogaphy has be used

to sepaate and identify dye inteniates, inc1uding 2, 5-diamoto1uene,

in ar1ame oxidation hair dyes (Kotter, 1966).

Gas chrantogaphy has be used to detene isciic diamoto1uenes,

inc1uding 2, 5-diamoto1uene, in their miures, using a f1ai ionization

detector (Bofford, 1968) or a thei1 conductivity detector (accuacy,

:!l. 9%) (Wi11ebrdse et al., 1968). Ga chrantogaphy of isanic
diamoto1uenes, inc1uding 2,5-diamoto1uene, as their N-trif1uoroacety1
derivatives, has be used for qu1ity control in their production, with
an accuacy of :!O. 03 (Brydia & Wi11ebrdse, 1968).
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3. Bio1ogica1 Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3. 1 Cacinogenici ty and relate studies in animIs 1

(a) Ski application

M:se: Groups of 28 male an 28 fanle Swiss-Webster mice, 4-7 wes
old, were treated either with hair-dye forations containing 3% 2,5-damo-
to1uene su1phate, 1.5% para-phey1enediame an either 0.2% or 0.6%
2,4-diamoto1uene or with a ha-de base without the dye canents.
Th dye prePaation was mied with an eq1 vo1ui of 6% hydrogen pexide

before application. Bach wee, 0.05 nù of the test solution was app1ied

to shaved skin in the intrascapu1ar region, and the treat:t was discon-

tinued after vaious tis depeing on toxicity. An untreated control

group was a1so inc1uded (Gi1es et al., 1976) (A large numr of anim1s

were unaccounted for in th finl anl ysis of ti incidence, thus

maing the PU1ishe data indeqte for the eva1uation of the cacino-
genicity of ths chemca1 (se a1so Bridges & Gree, 1976) J.

Tw groups of 50 male an 50 feme 6-8-w old Swss-Webster mice

recived we1y or fortnight1y aplications of 0.05 ml of a fresh1y
prePaed 1: 1 miure of hairye preparations, containing 3% 2, 5-to1uene-

diae su1phate and 1. 5% para-pheny1enediae with either 0.2% 2,4-

to1uenediame, 0.38% 2,4-damoaiso1e su1phate or 0.17% meta-pheny1ene-

diai, and 6 % hydrogen peroxde. Th miure was pate on shaved skin

in the midscapul region for 18 rrnth, at which t:i the sui ving

anim1s were ki11ed. 'Ie incidence of 1ung tuurs did not differ signi-

ficant1y fran tht in untreated control mice (Burett et al., 1975) (The

Workig Group noted the high incidence of tmos in the mice treate

wi th th dye base a1one, which made up the greatest pa of the ha-dye

fonnationJ .

1The Worki Group was aware of cacinogenicity stues in progess

in mice and rats invo1ving oral admistration of 2, 5-diaoto1uene
sulphate in the diet (IA, 1976) ~
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Rat: Thee exi:ta1 prepaations in a carboX\.Jth1 cellulose

gel were tested: fonmation l, containing 4% 2, 5-diamoto1uene

(ca1cu1ated as free base but used as su1phate); fonmation 2, contain:ig
3% 2,5-damoto1uene and 0.75% 2,4-diamoaiso1e; and formlation 3,

used as control wi thout added dye intei:iates. Bach formlation was

mied with an eq1 vo1ur of 6% hydrogen peroxide iriate1y before

use, an O. 5 g of the miure was app1ied to the dorsal skin. Thee
groups, each of 50 male an 50 fan1e Sprague-Daw1ey rats, 12 wees old,

wee treated twice wek1y for 2 yeas with either formlation 1 or 2 or
1eft untreated. A four group of 25 male and 25 feme rats were

treated with formlation 3. No statistica11y significat differences

wee obsered in t.ur incidence betw the eximta1 and control

groups (Kie1 & Ho1zm, 1973) (The Working Group noted the absence of
inonntion abut sui val ti:s and the high incidence of tururs in the

contro1s J .

3.2 Oter re1evantbio1ogica1 data

(a) Eximtal syste
The oral ID of 2, 5-diamotoluene su1phate in oi1 -in-wter Emlsion

00
in rats 1S 98 rr/kg lM; the i.p. ID of the cad in dirthy1su1phoxide

50
:i rats 1S 49 rr/kg lM (Burett et aL., 1977).

Groups of 2-4 Sprague-Da1ey rats were gi ven 2, 5-diamoto1uene
su1phate either as a single s.e. injection of 0.75-24 rr/kg lM, or those

doses repeted dai1y for 3-5 days, or as a single i.p. :ijecion of 4-32

rr/kg lM. Even with the highet dose (32 rr/kg hw), no toxico1ogica11y

significant increases in :ither1abin fonntion were report, a1though
a few Heinz l:ies wee foun 2-3 days after severa1 s.e. :ijections
(Kie1 & Ho1zm, 1973).

2,5-Diaoto1uene su1phate 1S absorbe though the skin of dogs and
excreted in the urine. Abut 40 mg of the caund were absorbe fran
50 ml of a 1aur1 su1phate-base gel containing 1. 4 g 2, 5-diamoto1uene
:i 3 heus. Wh 6% hydrogen peroxie was added to the gel iriate1y

before use, the amunt of 2,5-dotoluene su1phate absorbe was 1ess

th 3 rr (Kiese et al., 1968).
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Ibses of 0.5 ml of hair-dye fonnations containing 4% 2, 5-diao-
toluene su1phate or 3% 2,5-diaoto1uene and 0.75% 2,4-diamoaniso1e
su1phates (Pecetages ca1cu1ated as fre base), in caboxythy1 cellulose

gel, mied 1:1 with 6% hydrogen peroxide, were app1ied ta the shaved dorsal

skin of Sprague-Daw1ey rats twice wey for 2 yeas. No differences were

obsered in bcy w=ight gain, foc intae, ræ 1ifespa, mort1i ty ,
hae:to1ogica1 Paarters or 1i ver fuction (brarsu1phth1ein excretion

or seru transamase 1eve1s), and autopsies revea1ed no patho1ogica1

chages (Kine1 & Ho1zm, 1973).

A hair-dye fonmlation, containing arg its constituents 3% 2,5-

diamoto1uene su1phate (and inc1uding 4% 2,4-diamoaiso1e su1phate

an 2% para-phey1enediame) ,was tested for teratogenicity in a grup
of 20 mated Chles River CD fan1e rats. The fonnation was app1ied

topica11y to a shaved site in the dorsoscapu1ar region at a dose of

2 ml/kg l: on days l, 4, 7, 10, 13, 16 and 19 of gestation; just prior

to use it was mied with an eq1 vo1ur of 6% hydrogen Peoxide. The

mothers were ki11ed on day 20 of gestation. On canison with 3 control

groups, ske1eta1 changes wee se in 6/169 1ive foetuses (P~0.05+P~0.01).

In a group of 20 fer1e rats treated wi th a fonm1ation containing 6%

2,5-diamoto1uene su1phate, no increase in abnorn1i ties was found in
foetuses when caed with contro1s (Burett et al., 1976).

2,5-Diamoto1uene induces reverse mutations in Salmonella typhimurium
TA 1538 after addition of a rat 1iver post-mitohondria1 supeatant
fraction obtained fran anins pretreated with po1ych10rinte bipheny1

(Aroc10r 1254) (AIs et al., 1975).

No danant 1etha1s wee induce in Chles River rats injeced
intraPeitonea11y thee ti:s w=1y for 8 w=s with 20 rr/kg l: 2,5-
diaoto1uene before matig (no positive control sustace was tested)
(Burett et al., 1977).

This carund did not induce micronuc1eated ce11s in bone maaw when

120 rr/kg bN were admistered ora11y to two groups of 5 male and 5 fer1e

rats in t- doses sePaated by an intera1 of 24 hours (Hossack &

Richason, 1977).
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(b) Ma

Ten m; 2,5-diaoto1uene su1phate (eqiva1ent to 5.54 m; 2,5-diamo-
to1uene) injected subtaeous1y into 6 adu1t vo1untees were excreted in

the urine as the N"N'-diacety1 derivative, which accounted for approximte1y

ha1f of the injected dose, over 48 hours. Duing the process of hair dyeing
wi th a dye formlation in which a total of 2.5 g 2, 5-diamoto1uene su1phate
wee app1ied in conjunction with 6% hydrogen peroxide added just before

application, it was estimted tht 4.6 m; 2, 5-diamoto1uene su1phate had

be absorbe though the skin of 5 vo1unteers (Kiese & Rauscher, 1968)

(Se a1so 'Geeral Reks on the Substaces Considered' J.

ln two case reports, patients who deve10Pe ap1astic anema were
noted to have been 'using a new hair dye' containing 2, 5-diamotoluene
or its su1phate prior ta the onset of sytan. ln one of these cases,
the use was stated to have be one rrnth prior to onset ('Ihi11 &

Wi1cox, 1976), whi1e in the other case the duration of use was unsPeified

(Hamlton & Sheridan, 1976).

3.3 Case reports and epidemo1ogica1 studies

No data were avai1ab1e to the Working Group.

4. Cants on Data Rerted and Evaluation

4. 1 Animl data

2, 5-Diamoto1uene su1phate in ccmrcia1 hair-dye formlations,

or in exrimta1 miures sim1ar to those used as hair dyes, was
indeqte1y tested by skin application on mice and rats. No data on
2,5-diamoto1uene or 2,5-diamoto1uene su1phate alone were avai1ab1e.
No eva1uation of their cacinogenici ty ca be made.

4.2 Hum data

No case reports or epidauo1ogica1 studies were avai1ab1e to the

Workig Group (see, hoever, 'Geeral Reks on the Substaces Considered' ,
p. 29).
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meta-PHIA (HY:RRIDE)

1. Chca1 and Physica1 Data

meta-Pheny1enediame

1. 1 Synonym an trade riS

Co10ur Index No.: 76025

Co10ur Inex Nam: Deve10pr 11

Chem. Abstr. Serices Re. No.: 108-45-2

Chem. Abstr. Nam: 1,3-Bezenediame

3-Amoai1ine; meta-amoai1ine; meta-bezenediame;

l, 3-diamobezene; meta-diamobezene; l, 3-pheny1enediame

Deve10per C; Dee10Pe H; Dee10p M; Direct Brow BR;
Direct Brow GG

1. 2 Chca1 formla an ir1ec1ar weight

&NH'
C6H8N2 l-1. wt: 108.1

1. 3 Cherca1 and physica1 prapies of the pue sustance

From Grasse11i (1973), un1ess otherise sPeified

(a) Description: Whte crsta1s (Windho1z , 1976)

(b) Boi1ing-point: 282-2840C

(c) M=lting-point: 63-640C

(d) Refractive index: ~8 1. 6339

SPetroscopy data: Àma 240 nm (El = 708); 293 nm (El = 263)1 1
in cyc10hexae; fluorescence spcta have be :iasured

(Inoue et al., 1970).

(e)
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(f) Solubility: Soluble in water, et.h.aol, et.lier and bezene

(Grasse11i, 1973) ¡ soluble in rrthano1, ch10rofonn, acetone,

dimthyl forrde, rrthy1 ethy1 ketone and dioxae (Windho1z,

1976)

(g) Vo1ati1ity: Vapour pressure 1S 1 rr at 99.80C and 10 rr at

1470C (Weast, 1976).

(h) Stai1ity: See 'Geeral Remarks on the Substaces Considered' ,

p. 27.

1. 4 Tehnica1 prcxucts and .lities

meta-Pheny1enediame is avai1ab1e in the us as a techica1 grade

with the fo11awing typica1 sPeifications: purity, 99. S% mi. (as

determed by gas chrantography) ¡ water-inso1ub1e rntter, 0.1% ni. ¡
rristure content, 0.1% ni. ¡ diitrobenzene, 0.1% ni. ¡ para-pheny1ene-

diame (l, 4-diamobezene), 500 I1/kg ni. ¡ ortho-pheny1enediame

(1,2-diamobezene), 200 I1!kg ma. ¡ freezing-point, 62. 70C mi. (E. 1.
du Pont de Neurs & Co., Inc., 1976).

ln JaPa, meta-pheny1enediame 1S avai1ab1e with a mini purity

of 98. S%, a miim iæ1 ting--point of 61. SoC and containina dini trobezene
and pheny1enediame isaners as imurities.

rneta- Pheny 1enediame hydroch10ride

1. 1 Synonym and trade nas

Chem. Abstr. Serices Re. No.: 541-69-5

Chem. Abstr. Nam: 1,3-Bezenediame hydroch10ride

3-Amoailine dihydroch10ride¡ meta-amoai1ine diliydroch10ride¡
meta-bezenediame dihdroc10ride¡ 1,3-diamobezene dihydro-
ch10r ide ¡ me ta-diamobezene dihydroch10ride ¡ l, 3-pheny 1enediame
dihydroch10ride

1. 2 Ehirica1 fonr1a and !T1ecu1ar weight

C6H8Nr2HC1 I'b1. wt: 181. 0
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1.3 Chemca1 and physica1 proprties of th pue substace

From Windho1z (1976)

(a) Description: Vhte crysta11ine poer

(b) Solubi1ity: Soluble in water and etho1

1.4 Technica1 prooucts and i.uri ties

No data ~re avai1ab1e to the WJrking Group.

2. Prcxuction, Use, Occurence and .Al ysis

For backgroun informtion on ths section, se prear1e, p. 15.

2 . 1 Prcxuction and use

(a) Production

meta-Pheny1enediare was prepa by Hofr in 1861 by reducing
1,3-ditrobenzene with iron and acetic acid (Prager et al., 1930). It

is prcxuced carrcia11 y by reducing l, 3-dini trobenzene wi th iron and
hydrh10ric acid or with iron, annium po1ysu1phide an water gas

(Thirt1e, 1968).

meta-Pheny1enedare has been produced carcia11y in the US for

over fifty years (US Tariff Cossion, 1919); in 1975, on1y one US

company reported an undisc10sed arunt (see prear1e, p. 15) (US Inter-

national Trade Comnssion, 1977a). No evidence was found that the hydro-
ch10ride has ever ben prcxuced carrcia11y in the US.

US inrts of meta-pheny1eneiare though principal US custom

districts arunted ta 146. 7 thousand kg in 1972 (US Tariff Cossion,
1973), 90.1 thousand kg in 1974 (US Interntional Trade Cossion, 1976)

and 35.2 thousan kg in 1975 (US Interntional Trade Cassion, 1977b).

It is be1ieved tht at 1east tw coanes prcxuce meta-phenylene-

diamne in ~stern Euope. Bet~en 10- 100 thousand kg are prcxuced

anual1y in the UK and 1ess th 50 thousand kg are irrted. It is

be1ieved tht 100-1000 thousan kg/year are irrted into Swtzer1and.
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meta-Pheny1enediame has be produce cacia11y in JaPa for irre

th thiry yeas, and thee JaPaese caies cuent1y prcxuce it¡

prcxuction arunted to 296 thousand kg in 1974 and 171 thousand kg in 1975.

In 1975, JaPa imrted abut 60 thousa kg meta-pheny1enedame fran

the Federal Repub1ic of Gey an the us. There are no JaPaese exrts
of this chemca1 (Japa Dyestuff Inustr Association, 1976). Sm1 arunts
of meta-pheny1enediame hydroc1oride are sold by mior dye caies in

tht countr.

(b) Use

meta-Pheny1enedia'1e is used for the production of vaiou dyes, as

a canent of hair-dye formlations, as a cuing agent for epoxy resins,
for the proouction of heat-resistat fibres and in may other mior
applications.

meta-Phey1enediame ca be used for the prcxuction of aver 140
dyes, 37 of which are be1ieved to have cccia1 wor1d signficance (Th
Soiety of Dyers and Co10urists, 1971a). Only twe1ve of these are proouced

cacia11y in the us: C.1. Direct Black 38 (US production in 1975 was

984.3 thusand kg), Direct Black 22 (149.4 thousand kg), Basic Orange 2

(120.3 thousand kg), Basic BrCM 1 (9.1 thousand kg), Basic BrCM 2,
Direct BrCM l, Direct BrCM 44, Direc B1ack 9, Direct B1ack 19, furdat

Brow l, M:rdat Brow 12 ar Sol vent Orange 3 (US Inteationl Trade

Cassion, 1977a). Thse dyes are us ta co1ou vaiou teile fibres

an oter materials, e.g., 1eather, paPe, polishes, spirit in, etc. (The

Soiety of Dyers and Co1ouists, 197Th,c,d).

meta-Phey1enediame is a1so used as a diec dye develop to obtain

b1ack, b1ue an brCM shdes (Th Soiety of Dyers an Co1ouists, 1971c) ¡

an i t is inc1uded in ha-de fonrtion to prcuce brow, golden-blond,

b1ue an grey shades on the hair (Wall, 1972).

It is a1so er10yed as a cuing agent to haden ~ resins us in

casting and plastic to1ing, 1amating applications and in adhesives

(Wescher, 1965). It is added to isophth1oy1 chloride to proouce po1y-

meta-pheny1ene isophth1arde resin, a polyamde fibre (~ used in

high-taature applications, e.g., protecive clothing, elecica1
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inu1ation and oter misce11aneos uses, such as ironing-bod coers,

fire hoses and aircraft upho1ster. It is estimted tht US prcxucton

of ~wi11 reach approxirte1y 4.5 nu11ion kg Pe yea in 1977.

meta-Pheny1enedame is a1so us in the maufacture of rube-cuing

agents, ion-exchage resin ¡ à.ec10urizing resins, fonu1dehde condensates,

resinous polyamdes, polyr b1oc, teile fibres, urethes, petro1eum

additives, rur additives and corrosion inibitors; it finds use in

photography and as an ana1ytica1 reagent for brane and gold (Windho1z,

1976) .

ln Switzerlad, it is used as a dyestuf intenate. Its use in

hair-dye formlations will be forbidden in Ita1y afte 1977 (Da1 Fa1co,

1976) .

In JaPa, meta-pheny1enedame is us in the proction of heat-

resistat fibres (80%) and dyes (20%).

meta-Phey1enediame hydroc10ride is used chief1y as an ana1ytica1
reagent for nitrite (Windho1z, 1976). It is a1so used in har-dye formla-
tions to prcxuce golden-blond shades on the hair (Wall, 1972).

2.2 Ocrence
meta-Pheny1enediame an meta-pheny1enediame hydroch10ride are net

known to occu as natura1 prcxucts. No data on their ocrence in the

environ:t wee avai1ab1e to the Working Grup.

2. 3 An1ysis

Arantic ames, inc1uding meta-pheny1enediame, have be deteied

by non-aqueous ti tration (Micheva, 1971). Prim ames, inc1udig ths
caund, have be dete:ied in aIunts greater th 1 mg by atomc

absorption sptrophotaætric deteition of the co-ame can1ex
(Mitsui & Fujuna, 1974). A :ithcx for detecing llg aIunts of aniline
derivatives, inc1udig meta-pheny1enedame, has be suggeste, in which
a ca1ex with 2,4, 7-trinitro-9-f1uorenone is identified by nuc1ea magnetic
resonace or m:ss spa (Hutzinger, 1969).
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It has been identified in e:pXY resin systæi by mass spetrcmtr
(D'Oy1y-Watkins & Winsor, 1970). Ultra-violet spectrophotomtr has been

used to anlyse this cound in air by aspiration though ethano1 and

absorbace :isuremt (Sirnov et al., 1971). meta-Pheny1enediamne has

been detered co10ri:trica11y in hadened epxy coatings, with an error
of :!10%, by :isuing the co10ured ch10rani1 -ame cam1ex (Chapurin

et al., 1971), in solution by reaction with thiotrithiazy1 ch10ride for

1eve1s of 0.2-5 ID/1 (Lein et al., 1967), by oxidation with peroxydisul-

phate (Gupta & Srivastava, 1971), by reaction with scium ch10rite for

1eve1s of 70-700 ID/1 (Pap et al., 1966) and by reaction with a cupric

ch10ride-tripheny1phosphine ca1ex for 1eve1s of 5-100 mg/1 (Hasln

et aL., 1969). Isomrie pheny1enediames have be detected in their

miures as co10ured derivatives with diazotized su1phai1ic acid (I.gradi,
1967) .

Paper chrantogaphy, using six different solvent system and fiftee

spray reagents and ultra-violet 1ight, has been used to separate meta-

pheny1enediame fran other amobezene derivatives (Reio, 1970).

Thin- 1ayer chrantography on si1ica gel has be use to sepaate
and identify meta-pheny1enediame in aqueous extracts of epoxy resins
(Kazarinova et al., 1974), in miures of ames used as e:pXY resin
hadeners (Geerr, 1969), in Em1sified hair dyes by exaction with
di1ute acetic acid after brea dCM of the Emlsion by freezing (Ze1azna

& I.ataw, 1971) and in oxidation hair dyes by a twimsiona1 technique
(Kotten, 1966). Aromtic ames, inc1uding meta-pheny1enediame, have

be sepaated and identified by thin-layer chrantogaphy using si1ica
gel -calcium oxa1ate with tw solvent system and detection by exsure to

nitrogen oxides (Srivastava & Du, 1975). Cabotl1 cellulose and
a1ginic acid have be used as adsrbets for bath thin- 1ayer chrantogaphic
and e1ecophoretic techniques (Cozzi et al., 1969). Po1ystyrene-based

anion exchgers, microcrysta11ine cellulose and Ce11ex D anion exchagers

have a1so be used as adsorbets (I.ri et al., 1974).

Coltnm chantogaphy on an anion-exchge resin ha be used to

sepaate meta-pheny1enedame fran vaiou bezene derivatives (Fuasak
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et al., 1972) and on a su1phonated cation-echage resin for sePaation of

pheny1enediaIe isarrs (Fuasak et al., 1969). Gel perntion chanto-

graphy on a styrene-divinylbzene copo1yr gel has a1so be used to

sePaate arantic ames, inc1uding ths cound (Protivová & Pospí~i1,

1974) .

Gas chantogaphy has be used to sePaate isarric pheny1enediaIes
(Knight, 1971), and meta-pheny1enediaIe has be identified in cued epoxy

resins by pyro1ysis gas chrantogaphy (Inagaki & Hayashi, 1968).

3. Bio1ogica1 Data Relevt to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity an re1ated studies in anir1s

(a) Ski application

Meuse: Two groups of 50 male and 50 fem1e 6-8-we old Swiss-Webster

mice received week1y or fortnight1y applications of 0.05 ml of a fresh1y

prePaed 1: 1 miure of a hair-dye foi:ation, containing aIng i ts

constituents 0.17% meta-pheny1enediaIe, and 6% hydrogen peroxide. The
miture was painted on shaved skin in the midscapu1ar region for 18 IInths,
at which ti: suiving anir1s v.re ki11ed. The incidence of 1ung tururs

did not differ significant1y frcm tht in untreate control anir1s (Burett
et aL., 1975) (Th Working Group noted the high incidence of tururs in the

mice treated with the dye base alone, whch made up the greatest pa of

the hair-dye fonm1ation J .

(b) Subtaeous and/or intramscu1ar admistration

Rat: Fou groups, each of 5 Wista-Kig rats (sex not specified) ,
were treated either with meta-pheny1enediame at a dose of 9 or 18 mg/kg

l: or with meta-pheny1enediaIe hydroch10ride at a dose of 12 or 24 mg/kg

bw. Th cods were each disso1ved in 0.5 ml water and injected subcu-
taeous1y into the back on a1terate days, for 5 !Tnth in the higher dose

groups . and for 11 !Tnths in the 1aw dose groups. In tw control groups,
5 rats were injected with 0.5 ml disti11ed water for either 5 IInths or 11

months. Fibrosarcans wee prcxuce in one rat in the group treated with
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9 rrfkg lM meta-phenylenediame and in one rat treated 'vith 24 rr/kg hw
meta-pheny1enediame hydrochloride. No tus wee foud in any of the

other groups nor in the cotrol groups (observation peicx not spified)

(Sarta et aL., 1962) (The Working Group noted the indeqcy of the

eximtJ .
3. 2 Oter relevant bio1ogica1 data

(a) Eximtal systEm

The s.c. ID of meta-pheny1enediame in DD rnce is 90 rr/kg lM and
50

tht of the hydroc1oride, 120 rr/k lM (Sata et al., 1962). The i.p.

ID of meta-pheny1enediae in dithy1su1phoxide in rats is 283 mg/kg
50

l:; its oral ID in oi1-in-water an1sion in rats is 650 rr/kg lM
50

(Burett et al., 1977).

'Iic effects inc1uded chges in the cetral nerous system, decreaed

detoxifying activity of the 1iver and dermtitis at the site of application

(Burett et al., 1975, 1976; Sata et al., 1962; Taiter et al., 1929).

When 1. 5 g meta-pheny1enediame hydroch10ride in 50 ml of a 1aur1

su1phate-based gel wee app1ied to the dorsal skin of dogs, approxite1y

60 rr were absorbe. Ths was detered by ccing the b100 concentration

of meta-pheny1enediame and the :ithaer10bin 1eve1s with those obtained
after the i. v. injection of 6 mg/kg bw meta-pheny1enediame (Kiese et al.,

1968) .

A cxrcia11y avai1ab1e hair-dye prepaation, containing 1.5% meta-
pheny1enediame and 1% ortho-phenylenediame, aIng other constituents,

was app1ied to the dorsal skin of 6 male and 6 fer1e adu1 t white rabbi ts
at a dose of 1 ml/kg l: twice we1y for 13 wes. The formation was
mied 1:1 with 6% hydrogen peroxide just prior to us. B10cx1 and urine

analyses, bcy weight gain or organ weights were sim1ar ta those in

contro1s, except for a statistica11y significat increase in :ither10bin
in males (P~0.05) (Burett et al., 1976).

The teratogenicity of the sa dye fomn1ation was tested in a group

of 20 mated Chles River CD fem1e rats. It was app1ied topica11y to a

shaved site in the dorsoscapula region at a dose of 2 ml/kg bw on days
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l, 4, 7, 10, 13, 16 and 19 of gestation; just prior to us it was mied
with an eqa1 vo1ur of 6% hydrogen peoxide. The mothers wee ki11ed on

day 20 of gestation, an no evidence of teratogenicity was observed

(Burett et al., 1976).

meta-Pheny1enediame inuce reverse rrtations in SalmoneUa
typhimuriwn TA 1538 in the presence of a rat 1iver post-mtochondria1

supernatat fraction fran anir1s pretreated either with po1ych10rinted

bipheny1 (Aroc10r 1254) or with phenobabital (Ams et al., 1975;

Gaer & Nutm, 1977).

1'10 danant 1eth1s were induced in Ch les River rats inj eced
intrapeitonea1y thee tlis 'W1y for 8 weeks with 20 mg/kg bw meta-

pheny1enediame before mating (no positive control substace was tested)
(Burett et al., 1977).

(b) Ma
meta-Phey1enediame is excreted rapid1y, unchaged, with 1itt1e

absorption (Hanz1ik, 1922).

Workers who ca into contact with meta-pheny1enediame during its

prcxuction have be examed (Orlov, 1974). Their ages ranged from
30-50 yeas, and the duration of potentia1 exsure was 5-10 years.

So -wrkers (13.4%) ca1ained of dysuria. The scratch test with meta-
pheny1enediame a11ergen was positive in 8% of the workers studied;
they a1so disp1ayed eosinophi1uria, and 0.3-40 lJg meta-pheny1enediame
were found per 100 ml urine. Cystoscopy dernstrated oeem of mucosa,

po1yPus swe11ings and infiltration of the area of the triangle and cerix

of the urin b1adder; the eosinophi1ic chacter of these formtions

was confii: cyo1ogica11y.

3. 3 Case reports and epidemo1ogica1 studies

No data were avai1ab1e to the Working Group.
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4. Cats on Data Rerted and Evaluation

4.1 Anl data

meta-Pheny1enediame as a constituent of a hair~ye fonn1ation was

indeqte1y tested in mice by skin painting. meta-Pheny1enediame and

its hydroch10ride w:e inadeqte1y tested in rats by subtaeous inJec-
tion. No eva1uation of the cacinogenicity of this canund or of its

hydroc10ride ca be made.

4.2 Hmn data

No case reports or epidero1ogica1 studies were avai1ab1e to the

Norking Group (se, hoer, 'Geeral Reks on the SUstaces Considered' ,
p. 29).
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para-PHIA (HYRCRI)

1. Chemca1 and Physica1 Data

para-Pheny 1enediare

1. 1 Synonym and trade nars

Co1our Index No.: 76060

Co10ur Index Nars: Dee10per 13; Oxdation Base 10

Chem. Abstr. Seices Re. No.: 106-50-3

Chem. Abstr. Nar: 1,4-Bezenediame

4-Aroani1ine; para-amoai1ine; para-bezenediamne;

l, 4-diarobezene; para-diarobezene; l, 4-pheny 1enediare

BAF Urso1 D; Bezofur D; Dee10per PF; Duafur B1ack R;

Fourare D; Fourine 1; Fourrine D; Fu B1ack 41867;

Fu Brow 41866; Furo D; Fu Yellcw; Futrame D; Nako H;

Orsin; Pe1ago1 D; Pe1ago1 DR; Pelago1 Grey D; Pe1to1 D;

Real PF; Santof1ex Le; Teral D; Urso1 D; Zoba B1ack D

1. 2 Chauca1 fo:i1a and mo1ec1ar weight

~
NH2

C6H8N2 MoL. wt: 108.1

1.3 Chemca1 and physica1 propeies of the pure substace

(a) Description: White crysta1s (Grasse11i, 1973 )

(b) Boi1ing-point: 2670C (Grasse11i, 1973)

(c) Me1ting-point: 1400C (Grasse11i, 1973 )
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(d) Spetroscopy data: À. 246 nI (El = 788), 315 nI (El = 184)-- ma 1 1
(Grasse11i, 1973) ¡ mas (Grasse11i, 1973), fluorescence (Inoue
et al., 1970) and far inra-red sptra (Pomz et al., 1967)

have been recorded.

(e) Solubi1ity: Slight1y soluble in water¡ soluble in etho1,
ether, bezene, ch10rofonn (Grasse11i, 1973) and acetone

(Bautwe11 & Bosch, 1959)

(f) Vo1ati1ity: Vape pressure is -:1 mn at 210C (tecica1
product) (E.1. du Pot de Nes & Co., Inc., 1977).

(g) Stai1ity: Se 'Geeral REks on the Substaces Cosidered',

p. 27.

1. 4 Tehnica1 prcxucts an irurities

One techncal grade of para-phey1enediame avai1a1e in the us
has the fo11owg spifications: puity, 99.2% mi. ¡ !Tisture content,

0.1% ma. ¡ ortho-pliy1enediame (1,2-diamobeene) cotent, 0.1% ma. ¡

and iron content, 50 mg/k ma. (E.1. du Pont de Neurs & Co., Inc., 1973).

ln th OK, para-pheny1eniame ha a miim purity of 99% and
contains traces of 1-amo-4-nitrobezene an 4,4 '-damoazobezene.

ln Japa, para-phey1enediame is avai1ab1e as a cocia1 grade
with a miim puity of 99.5%, miim :i1ting-point of 1390C and contain-
ing 1-amo-4-nitrobezene and 4-amopheo1 as irurities.

para-Pheny1enediame hydroc10ride

1.1 Syonym and trade nas

Co10ur Index No.: 76061

Co10ur Index Na: OXdation Base 10A

Chem. Abstr. Serices Re. No.: 624- 18-0

Chan. Abstr. Na: 1,4-Bezenediae dihydroc10ride

4-Aroai1ine diydocoride ¡ para-amoailine dihydroc10ride ¡

para-bezenedame didrocoride ¡ l, 4-diamobzene dihydoc10ride ¡
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para-diaobezene diydrochloride; l, 4-pheny1enediae dihyd
ch10ride; para-pheny1enediame dihdrocloride

Duafur B1ack æ; Fouine 64; Fauine æ; Pe1ago1 CD;

Pe1ago1 Grey Q)

1. 2 Ehirica1 fonm1a and no1ec1ar weight

C6H8N2.2HC1 l'1. wt: 181. 0

1. 3 Chenca1 and physica1 proprties of the pue sustace

(a) Decription: Whte crystas (windho1z, 1976)

(b) Solubi1ity: Free1y soluble in water; slight1y soluble in

etho1 and ether (Windho1z, 1976)

1. 4 Technica1 products and imuri ties

No data were avai1ab1e to the Working Group.

2. Prcxuction, Use, (Xcuence an Analysis

For backgroun informtion on this section, se preale, p. 15.

2. 1 Prcxuction an use

(a) Prcxuction

para-Pheny1enediame was preped by Rie & zincke in 1874 by
reducing 1,4-dinitrobezene with tin and hydrochloric acid (Prager et al.,

1930). It is prcxuced c:cia11y by redcing 1-ame-4-nitrobezene
with (1) iron an hydrocoric acid, or (2) irn, aritm po1ysu1phide

and hydrogen or (3) iron and ferou choride (Th1e, 1968).

para-Phey1enediae has be prodCE cccia11y in the us for
over fifty yeas (US Tariff Cassion, 1919). Cacia1 prcxuction of
the hydroc10ride in the us was first reported in 1971 (US Tariff

Cassion, 1973a). In 1975, undisc10sed amunts (se prea1e, p. 15)

of para-pheny 1enediame were reprted by tw caies an of the hydre-

choride by one cay (US Intetionl Trade Cassion, 1977).
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US irrts of para-pheny1enediamne though principal us custom

districts arunted to 75.5 thousand kg in 1972 (US Taiff Cossion,
1973b), 12.0 thousand kg in 1973 (US Tariff Comssion, 1974) and 29.2
thousand kg in 1974 (US Interational Trade Comssion, 1976).

It is be1ieved tht at 1east four caanies prcxuce para-pheny1ene-

diame in western Euope. Abut 10-100 thousand kg are prcxuced

anua11y in the OK, with inrts aTting to 1ess than 100 thousand kg.

It is be1ieved tht 10-100 thousad kg/year para-pheny1enediame are

inrted into Switzer1and.

para-Phey1enediame was first prcxuced ccrcia11y in Japa in

1937; four canies curent1y prcxuce it. Japaese prcxuction of para-

pheny1enediame in 1971-1975 was 80 thousand kg, 60 thousand kg, 114
thousand kg, 113 thousand kg and 55 thousand kg pe year, resPeti ve1 y .
There are no imrts or exrts of this chauca1 (Japa Dyestuff Inustr

Association, 1976).

(b) Use

para-Pheny1enediame has ccrcia1 application in dyestuff manu-
facture, in hair-dye formlations, as a !Tnomr for pol ypapheny 1ene

terephth1amde (Fib B), in photographie deve10pers and in a variety of
antioxidants.

It is used as a dye deve10per to obtain b1ack and brCM shades (The

Society of Dyers and Co10urists, 1971a), and both this caund an its

hydrochloride are used in dyeing furs b1ack, grey, du11 violet or reddish-

brCM shades, and for printing on cel1u10sic texile Ilteria1s (The Society

of Dyers and Co10urists, 1971b).

para-Phey1enediame is used as an inteiiate in the prcxuction of

five dyes which are be1ieved ta have cacia1 wor1d significace: C.1.

Direct Orange 27, Disperse Ye11aw 9, Solvent Orange 53, Su1phur Brow 23,
and Leuco Su1phur Brow 23 (The Soiety of Dyers and Co10urists, 1971c);

howver, none of these dyes are prcxuced cacia11 y in the us. It is

a1so an uniso1ated interriate in the prcxuction of ten dyes derived from

4-amoaceta1ide, 4-amforrlide, 4-amooxai1ic acid or 4-nitro-
aniline (The Soiety of Dyers and Co1ouists, 1971c).
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para-Pheny1enedame is used in hair-dye forn1ations an ca

prcxuce a variety of shaes on the hair depding on the fonnlation.
'lica1 1eve1s in hair-dye products range fran 0.20% in golden-blond dyes

to 3.75% in b1ack hair dyes: since rrst hair-dye forn1ations are

proprieta, exct concentrations are not avai1ab1e. para-Pheny1ene-

diame is a1so used as a dye inter:iate in co1ou shais and b1each-

toners. The hydroc10ride is used in hair-dye fonrations to prcxuce a

wan brar shde on the hair (Wall, 1972).

para-Pheny1enediame is used with terephth10y1 ch10ride to prcxuce
po1yPapheny1ene teephth1amde (Fibr B), used pririly as tire cord.

It is estirte tht anua1 us use of Fibr B may reach 11 million kg in

1977.

para-Phey1enediame and its derivatives are a1so used as deve10pers
for b1ack-and-wite and co10ur photogaphy. The derivatives are imrtt

antioxidats in sythetic and natura1 rubers, petro1eum prcxucts, cellu-

lose ethers an a1fa1fa:i1 (Th1e, 1968). para-Pheny1enediame has

a1so report1y be used in vu1canization acceleration an in photochemca1

:isuerts (windho1z, 1976).

The hydrocoride has been used as an an1ytica1 reagent in the testing
of b1oc, hydogen su1phide, am1 alcoho1 an milk (Windho1z, 1976).

ln Swtzerla, para-pheny1enediame is us as a dyestuff and
inustria1 checa1 interiate.

In Japa, it is used as a ccent of hair dyes (60%) and as a dye

interiate (40%).

Accrding to th US Ocpation1 Safety an Hea1th Adistration' s
hea1th stas for air contats, an em10yee' s exsue to para-

pheny 1enediame shou1d not exce O. 1 rr/m 3 in the working atmsphere
in any eight-hou -wrk shift of a forty-hou -wrk wee (US Occupationa1

Safety an Hea1th Adistration, 1976). Th maim a11awab1e concen-

tration in th Federal Reub1ic of Gern is a1so 0.1 rr/m 3 i ths is

also th 1eve1 accepted in Japa as th ma \\rkplace to1erane con-
cetration.
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2.2 Occuence

para-Pheny1enediame and para-pheny1enediame hydroc10ride are not

know to occu as natural prcxucts. No data on thir occuence in th

environit were availa1e to the Worki Group.

2.3 Ana1ysis

'Ie Association of Officia1 An1ytica1 Chemsts has pu1ished an
Officia1 Finl Action for the detenation of para-pheny1enedame in
har dyes by gravimtric detei:ation as its diacety1 derivative or by

an icximtric titration methcx (Ho:rtz, 1970). Titrimtric methcx
have be describ (Ignaczak & Dziegiec, 1975; Ratnikova et al., 1974)
and chonoPOentiaætr has be used for mM concetrations (Bager &
Stroh1, 1969).

Atcc absorpion sptrophotaætr of a caper ca1ex (detection
1imt, abut 1!l) has be used for the ana1ysis of aniline derivatives,

inc1uding para-phey1enediame (Mitsui & Fujima, 1974), and nuc1ea
magnetic resonance and mass sptrartr of the 2,4, 7-trinitro-9-f1uorenone

derivative have be used for detecting llg arts (Hutzinger, 1969).

Colorimtrie :ithcxs have been used ta anlyse arantic ames,
inc1uding para-pheny1enediame, by its reaction with: Peoxdisulphate

(Gupta & Srivastava, 1971), rutheniin trich10ride-tripheny1phosphine (for

1eve1s of 5-35 !l/1) (Hashm et al., 1969), thotrithiazy1 ch10ride (for

1eve1s of 1-20 !l/1) (Lein et al., 1967), scium ch10rite (for 1eve1s of

70-1700 !l/1) (Papa et al., 1966) or 2,6-xy1eno1 (for 1eve1s of 2-10 mg/1

Vlith an accuacy of :\2%) (Corbett, 1975) or by ooup1ing with diazotized
su1phai1ic acid and oter a:unds (Leradi, 1967). A spt test for

the detection of para-pheny1enedame in hair dyes uses a hydroch10ric
acid-vani11in-isopropao1 reagent (Lage, 1966).

Paper chantogaphy has be used to separate and identify ame-
bezene derivatives, inc1uding para-pheny1enediame (Reio, 1970) and to
detect free para-pheny1enediame in the presence of pyoctecho1 in dyed
furs (Ga1atik, 1972) and in dye interrates by the action of brane

vapours (Matrka & Kroupa, 1971).
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Th- 1ayer chantogaphy and electrophoresis have be used to
sepaate ames, inc1uding para-pheny1enediame, on vaious adsorbets
and with various vizua1isation rrthcxs (Bas1 et al., 1967; Cozzi et al.,

1969; Drost & Reith, 1967; Leri et al., 1974; Srivastava & Dua, 1975).

Basic dyes, inc1uding para-pheny1enediame, have be identified in hair

dyes by thin-1ayer chantogaphy (Kottan, 1966; Ieatow, 1973;
Ze1azna & Ieatow, 1971).

Co1um chrantogaphy on an anion-exchge resin (Fuasak et al.,

1972), 1igand-exchge chrantogaphy (Fuasak et al., 1969) and ge1-
perrtion chantogaphy on po1ystyrene have be used to analyse para-
phey1enediame and other arantic ames (Protivov & pospf~i1, 1974).

Gas chrantogaphy has be used to sepaate the isaric pheny1ene-

diames (Knight, 1971); it has also be used to detenne para-pheny1ene-

diame in hair dyes (Pinter & Kra:, 1967). 'Ie N-substituted 2,5-
di:thy1pyro1e derivative has be used to deteie arantic ames,
inc1uding para-pheny1enediame, in amunts as low as 1 ng, using gas
chcrtogaphy Malle, 1968).

3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Rik to Ma

3.1 Cacinogenicity and re1ated studes in anin1s!

(a) Oral admistration

Rat: para-Phey1enediame was adistered orally in dai1y doses
of 0.06, O. 3 an 10 rr/kg b. for 8 iinths to groups: of 10 rats (5 males

and 5 fem1es) for the 0.06 and 0.3 rr/k b. doses and of 5 rats (sex not

sPeified) for the 10 rr/kg b. dose. Fou anin1s \\re given dai1y doses

of 30 rn/kg b., but thee of them died within a 4-rnth peiod. 'Ie strain

1The Workig Grup was aware of cacinogenicity tests in progess on

para-pheny1enediae hydrochloride in mice and rats, involving oral
admstration in th diet, an on para-phenylenede in mice and
rabbits, ino1ving skin application (:r, 1976).
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of rats, suiva1 tiis an the solvent us wee not metioned. No

t1.S wee obseed in any of th treated aninls wi th the 8-m:mth
pericx nor in 5 contro1s (Sarta et al., 1958) (Th Working Grou noted

the indeqcy of the exi:t).

(b) Skin application

r-use: A group of 30 adu1t, albino rnce were treated twice we1y
for 20 wes with one drap of a 5% solution of para-phenylenediame in

acetone app1ied to the backs of the an1s. Nene of th 19 whch su ved
at 20 we had ski tururs (Botw11 & Bosch, 1959) (The Working Group

noted th short duration of ths eximt).

Six groups of 50 male and 50 feme 6-8-we old Swss-Webster mice
recived we1y or fortght1y aplications of 0.05 ml of a fresh1y prepaed

1: 1 mie of thee different ha-dye foi:lations, a11 containg ëlng
their constituents 1. 5% para-pheny1enedame an 3% 2, 5-diamoto1uene
su1phate and either 0.2% 2,4-diaoto1uene, 0.38% 2,4-damoaiso1e
su1phate or 0.17 meta-pheny1enedame, an 6% hydren peoxide. Th

miures were pated on shaved skin in th miscapul region for 18
ITnths, at whch tii th sui ving an1s were ki11ed. The incidence

of 1ung tururs did not differ signficat1y fro tht in untreated control

anin1s (Burett et al., 1975) (Th Working Group noted the high incidence

of t1.S in the rnce treate wi th the dye base alone, whch made up the

greatest Pa of the hair-dye foi:1ation).
Groups of 28 male and 28 feme 4-7-w old Swiss-Webster mice

recived we1y applications en shaved ski in the intrascapuar region
of 0.05 ml of tw different hair-de foi:ations cotaining 1.5% para-

pheny1enediae, 3% 2,5-doto1uee suphte and either 0.2% or 0.6%
2,4-diamoto1uene ai their constituents, or of a hair-dye base without
the dye cannents i an untreated control grou was a1so inc1uded. The

ha dye was mied with an eq1 vo1ur of 6% hydrogen peroxide just before

use (Gi1es et al., 1976) (A large num of anii1s wee unaccounte for
in th finl an1ysis of tu incidence, thus maing the pu1ishe data

ineqte for eva1uation of the cacinencity of ths chemca1 i see

als Bridges & Gree, 19761.
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(c) Subtaeos and/or intrai adistration

Rat: para-Pheny1enediame was injeced sutaeoly into the back

of rats divided into 2 groups, each of 5 anims (strain and se not spi-
fied), at a dai1y dose of 12.5 or 20 rr/kg!:. Fibrosarca were prcxuced

at the site of injection in 2/5 rats tht receive 12.5 mg/kg!: after 7
irth of admistration. No s. c. tus ~e obser in th group tht
received 20 mg/kg !: nor in 5 contro1s (Sarta et al., 1958) (The Workig

Group noted the indeqacy of the exirtJ.

3. 2 Oter relevant bio1ogica1 data

(a) Exrimtal system

The oral ID of para-pheny1enediame is 250 rr/kg !: in rabits and
50

100 mg/kg !: in cats. Th s. c. ID is 170 rr/kg !: in rats, 200 rr/kg hw
5 u

in rabits and 100 rr/kg lM in dogs (Spetor, 1956). The i.p. ID of
50para-pheny1enede in dimthylsu1phoxide in rats is 37 m:/kg!:i th

oral ID of the ca in oi1-in-water er1sion in rats is 80 m:/kg hw
50

(Burett et al., 1977).

Fran studies of the intracutaeos sensitization of guea-pigs using
para-pheny1enediame, hydroqinone, quydrone an bezoqone, it ha

be suggested tht bezoqinone fonntion p1ays an imrtt ro1e in the

allergie action of para-pheny1enediame (Rajka & B10hm, 1970).

A chacteristic oeem of the head an neck is prcxuce by i.p.
injecion of para-phey1enediame hydrochloride in rabbits (190 mg/kg lM)
and cats (120 mg/kg lM) (Taiter & Haz1ik, 1924) i the sa: effec ha

be prcxuced in guinea-pigs (s.e. dose of 350 m:/kg hw) and rats (s.e.
doses of 120-150 mg/kg lM) (Taite et al., 1929). More recet studies

in rats dernstrate that s. c. administration of 3 mg of the hydroc1oride

inuces ske1eta1 IIsc1e 1esions: rhaano1 ysis wi th inf il tration of
rnophages, necrosis with calcifications, acct1ation of neutra1 1ipids

an dilatation of sarcop1asmc reticu1um (Mascrès & Jasn, 1974, 1975).

Four cæmcia11y avai1ab1e hair-de formlations, containing l, 2,
3 or 4% para-pheny1enediae and severa1 arantic ame derivatives aIng

thir constituents, ~e tested by skin application in groups of 6 male
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and 6 fem1e adu1 t white rabbi ts. Al: 1 miure of each formlation wi th

6% hydrogen peroxide was app1ied toica11y twice we1y for 13 wes at a

dose of 1 ml/kg bw. B10c an urine paraiters an organ ~ights of treate

anim1s were not significant1y different fran those of contro1s (Buett
et al., 1976).

para-Pheny1enediame hydroch10ride wa app1ied to the ski of dogs

in gels an f1uids, as they are used in hair dyeing; absorption was

detened by coing b100 concetration wi th that obtained after i. v .
injection of the diame over a coable pericx of tÌI. It was ca1cu-

1ated tht 16 lT were absorbe when 50 ml of a 1aur1 su1phate-base

gel containing 1. 5 g para-pheny 1enediame were app1ied for 3 hous and
free access to air was a110w (the maiml b100 concentration was 0.15

l1g/ml) . Ths amunt rose to 110 lT if the treated area was iriate1y

covered with alumium foi1 (the maim1 b10c concentration was 0.5 l1g/ml).
If hydrogen peroxide was added to the gel iniate1 y prior to application,

no para-pheny1enediame was found in b100 or urine, indicating tht on1y

1ess th 2 1T (miim detecta1e) cou1d have be absorbe (Kiese et al.,
1968) .

Four aJrcia11 y avai1a1e hair-dye formlations, containing l, 2, 3
or 4% para-pheny1enediame an severa1 arortic ame derivatives amng

thir constituents, were tested for teratogenicity in groups of 20 mated

Chles River m fer1e rats. Bach formlation was app1ied topica11y to

a shaved site in the dorsoscapula region at a dose of 2 ml/kg hw on days

l, 4, 7, 10, 13, 16 and 19 of gestation; just prior to its us, each

formlation wa mied with an eq1 volum of 6% hydrogen peoxide. The

mothers were ki11ed on day 20 of gestation. No abnonn1 materna1 or foetal

effects were noted, except that in one group treated with a formlation
containing 2% para-phey1enediame, there were ske1eta1 changes in 9/169
1ive foetuses (Burett et al., 1976).

N, N' -Diacety1 -para-pheny1enediame was identified as a urinar :ita-

bo1ite of para-pheny1enediame in dogs (Kiese et al., 1968). para-

Pheny1enediame is excreted in the urine of dogs (Ishidate & Hashimto,
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1959) an rats (Ishidate & Hahito, 1962: Stevenson et al., 1942) after
oral or s.e. adistration of para-d:llaoazobezene1.

para-Pheny1enediame has be reprted to inuce reverse Imtations

in Salmonella typhimurium ~ 1538 in the presence of a rat 1ive post-

mitondia1 supetat fraction fran a.1s pretreate with phenoba-
bital (Gaer & Nutm, 1977).

This canund did not induce micronuc1eated ce11s in bee maaw when
300 TI/kg bw wee adistered ora11y to tw groups of 5 male and 5 fan1e

rats in t- doses sePaate by an intera1 of 24 hours (Hossack & Richdson,

1977) .

(b) Ma
There have be may reports of hyprsensitivity to para-pheny1ene-

diame. The suject was reviewed by Maer (1954), wh pointe out tht
a1though para-pheny1enediame ccn1y provkes contact sensitization of

the skin, it ca also provoke atopica11y-inuce skin allergies such as

dissemted neurcxertitis. Oter allergies, such as aritis, asth,

conjunctivitis and gastrointestina1 disturbaces, have be noted after
ecopie exsures, paicu1ar1y in the dyeing of fur. The al1ergic
reaction most often prcduce by hair dyes is contact dertitis.

In a study of 'nylon stocking' dertitis, 13 patients were hyp-
sensi ti ve ta azcxyes used in the maufacture of the stockings an to para-
pheny1enediame: none of these subjects were hypsensitive to dyes used
in the maufacture of the stockings that were derivatives of antha-
quinone or acridine. Aditiona11y, 3 out of 5 patients with knCM hypr-
sensitivity to para-pheny1enediae, but with no previous history of
, stocking , dermtitis, ~re a1so hyprsesi ti ve to nylon stockigs contain-
ing the a11ergenc dyes (Dobkevitch & Baer, 1947).

In Stockholm, 2,903 patients diagnosed as suffering fran eczan during

the Peiod 1958- 1961 ~re investigated by patch testing with a 2% aqueous

lse IAC (1975).
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solution of para-pheny1enediae¡ 10.6% rected PQitive1y (~ée & Skog,

1962) . In patch tests made in Blpest on 691 patients with allergie

dentoses duing a 17-rrth ¡:ricx, 6% of the patients responded to para-

phey1enediame (Korossy et al., 1969). Poitive reactions to patch tests
with para-pheny1enediame may, hover, incate previous cotact with

locl anesthetics, suphonade, anline dyes or ruber antioxidats,
thus ir1ying a irre genera1 'Paa-goup' a11ergy (Ma1ten et al., 1973).

para-Phey1enediame poisoning was diagnose in a 51-yea-old wa
wh had reg1ar1 y be dyeing he hair wi th a cccia1 prepation
consisting of ime para-phey1enediae an iron. Liver an splee
en1argert were obsered, and the patient deve10P progessive neuro-

1ogica1 syan prior to he death 11 wes after adssion to hospitaL.
Oter syan of poisoning with para-pheny1enedame inc1ude verigo,

gastritis, dip1opia, asthenia an exo1iative dentitis (Davison, 1943).

Gastrointestina1 and nerus syan wee obsered in a wan who
had used a para-phen1enediane ha-de prepation (Close, 1932) ¡ and
jaundice an subcute atrophy of th 1ive, resu1ting in death, wee see
in a fer1e hardesser wh had use para-pheny1enediae hair dyes over

a peiod of 5 years (Isra~ls & Su, 1934).

3. 3 Case reprt an epideno1ogica1 studies

No data were avai1ab1e to the oorking Group.

4. Ccts on Data Rerted and Evaluation

4.1 Animl data

para-Phey1enediame has be ineqte1y teste in mice by skin

application an in rats by oral an sutaeos adstration. Studies
in rnce in which para-phey1enedame as a constituent of hair-dye
prePaations was teste by skin application caot be eva1uate. No
eva1uation of th cacinogenici ty of this cad ca be mae.
4. 2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e ta the Workig
Group (see, however, 'Geeral Reks on the Sustaces Considered, p. 29).
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ACRIIN ORGE

1. Chca1 and Physical Data

1. 1 SynonyI an trade nas

Co10ur Inex l'.: 46005: 1

Co10ur Index Na: Solvent Orange 15

Chan. Abstr. Serices Re. l'.: 494-38-2

Chan. Abstr. Na: N, N, N' "N' -Tetramthy1 - 3, 6-acridiediame

3, 6-Bis (dithy1amo) acridie; 3, 6-bis-diItllaoacridie;

C.1. 46005B; 3,6-di(dithylao)àcridie

Acidine Orange base;

Orange E; Euchsine;

Waxo1ine Orange A

Acidine Orange ID;

Rhu1ine Orange N;

Bri1liat Acidi
Rhuline Orange ID;

1. 2 Chemca1 forrla an rr1ec1ar weight

(CH3) 2 N N(CH3)
2

C17H19N3 l-1. wt: 265. 3

1. 3 Chemca1 an physica1 prapies of the pue substace

(a) Description : Orange-brCM ne1es (Van Dien et al., 1969)

(b)
o

181-182 C (Van Dien et aL., 1969)M=1 ting-point:

(c) Speoscy data: À 490 nm (El = 1800); pe fluoresceceni 1
at 530 mu (Porro & l'rse, 1965); the nuc1ea ffgnetic resonace

spe has be ta1ated by Kokko & Go1dstein (1963).

(d) Solubi1ity: Soluble in etho1, acetone (0.25%) and bezene;

insoluble in nuera1 oi1; soluble in steic acid (25%) (The

Society of Dyers and Co1ouists, 1971a). The zinc double

choride salt is soluble in water an etho1 (Th Soiety of
Dyers an C01ouists, 1971b).
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1.4 Tehnica1 Drcxucts and ir' urities
f'

No data were avai1ab1e to the Working Group.

2. Prcruction, Use, Ocrence and Analysis

For background informtion on this section, see prea1e, p. 15.

2. 1 Prcxuction an use

(a) Prcxuction

Acridine orange was describ ln 1889 by Beer and ca be prepaed

by nitrating 4,4' -mthy1enebis (N ~ N-di:thy1ani1ine) to 4,4' -:ithy1enebis-

(N~N-d:ithyl-3-nitroai1ine), fo11aw by reduction, cyc1ization and
oxidation (The Soiety of Dyers and Co1ouists, 1971b). This :ithcx has

be used cccia11y in Japa.
The cacia1 prcxuction of acridine orange in the us was first

reported in 1925 (US Tariff Cassion, 1926) i hower, no US mau-
facturers have rect1y reported corcial prouction of ths chemca1

to the US Interntional Trade Cassion. Acridine orange is presum1y
prcxuce during the cacia1 maufacture of its zinc double ch10ride

salt, C.1. Basic Orange 14. On1y one US coy reprted cxcia1

prcxuction of an unisc10se aiunt (se prea1e, p. 15) of this dye in
1973, the 1atest yea in which it was reprted (US International Trade

Cossion, 1975).

In Japa, C.1. Baic Orange 14 was produced cacia11y frcr 1953

to 1973 ¡one cay produce 1800 kg in 1972 but on1y 200 kg in 1973.
Prcxuction cesed after 1973 due to dec1ing de. 'Iere are no imrts.

As of 1975, there wee no countries in th 'Wld in which acridie
orange was knCM ta be prcxuced carcial1 y (The Soiety of Dyers and

Co10urists, 1975).

(b) Use

Acidine orange has be used to colou fats, oi1s and waes a bright

orange (The Society of Dyers and Co10urists, 1971a). It is presum1y

used as an uniso1ated inte.te in the maufacture of its zinc doule
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chloride salt, C.1. Baic Orange 14, which ca be used to dye silk,

cotton, wal, bast fibres, 1eather and spirit ins and in the maufactue
of pigrts (The Soiety of Dyers and Co1ouists, 1971c).

2.2 Occuence

Acridine orange is not know to oc as a natura1 prcxuct~ No
data on its occuence in the environrt wee avai1ab1e to the Working

Group.

2. 2 An1ysis

Cationic dyes, inc1uding acridine orange, have be deteed
(:!2-3% accuacy) by titration with a cacia1 fluorescent brightener.

An insoluble, nonf1uorescent a:und is fonæ, and the end-point is

inicated by the appeance of fluorescence (Schiffner & Borrister, 1964).

A chem1umescent rrthcx of detering organic caunds, including

acridine orange, has a sesitivity of 2 ng (Bc & Alexder, 1966).

A paPe chrantoaphic rrthcx for identifying basic dyes (Taj iri,
1969), a micro, dr-c1um chantogaphic rrthcx for separation of
miures of bio1ogica1 stains (Baum, 1972), an a gel filtration
chantogaphy rrthcx for the ana1ysis and purification of bio1ogica1
stains (Horobin, 1971) ca be used for ana1ysis of the zinc doule

ch10ride salt of acridine orange.

3. Bio1ogica1 Data Relevant ta the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity an re1ated stuies in anim1s

(a) Skin application

MJuse: Acridine orange (0.85 Ir in 0.1 ml acetone) was app1ied to the
skin of 20 fer1e 8-wee-01d ICR/a Swss mice thice we1y for up to 455
days. Skin application of acridine orange alone resu1ted in the deve10pt
in 3/20 mice of tuurs invo1ving the 1iver (1 hepata, 1 haemgian and
1 reticuum11 sarca), suggestig systemc absorption. Tw additiona1

grous, each of 20 or 40 mice, received acridine orange (sigle dose of

0.85 mg in 0.1 ml acetone) as initiator, fo11owed 14 days 1ater by thice
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wee1y applications of 0.1 ml acetone or 25 l.g iiorbo1 nwisty1 acetate in
0.1 ml acetone. Single aplications of acridine orange neither initiate

nor inuce ti.s of the skin. In order te inestigate the prarting

propeies of acridine orange, a fuer group of 20 mice received a

single dose of 150 l.g 7,12-dthylbz(a))anthacee (I:) in 0.1 ml
acetone app1ied to the skin as initiator, fo11CM 14 days 1ater by th
acridine orange applications sted at thice ~ly doses of 0.85 mg in

0.1 ml acetone. The incidence of skin tuurs was rnked1y increaed
when acridine orange was app1ied repeted1y after a single dose of I:

(6 papi11ans an 6 cacinans of the skin), the first papi11an being

obsered after 322 days; application of I: fo11CM by thice we1y
doses of 0.1 ml acetone resu1ted in 3/20 mice with papi11ans. No skin
ti.s occured in 40 acetone-treated conLi:o1s (Van Duen et aL., 1969).

(b) Subtaeos ar/ or intraicu adistration

MJe: A group of 30 fan1e 8-we-old ICR mice recived we1y
s.c. injections of acridine orange (0.26 rn in 0.1 ml tricapry1in) in the

1eft axi11ar area for 442 days. A group of 100 control mice wee 1eft

untreated, and a group of 30 mice received tricapry1in only. Of the mice

given acridine orange, 1 had a fibrosarca an 1 a 1ymhan at the site

of injection. No local ti.s wee obsered in the control grous

(Van Duuren et al., 1969).

Rat: A group of 20 fem1e 6-we-01d Sprague-Da1ey rats ~re given

wee1y s.e. injections of acridinè orange (0.5 ml in 0.1 ml tricapry1in)
in the 1eft ax11ar area for 550 days. A group of 20 rats wee gi ven

tricapry1in a10ne, and a grou of 30 received no treatmt. Of the rats

given acridine orange, 1 had a reticu1umce11 saca at the site of

injection. No local tuiurs wee obsered in the tw control groups

(Van Duuren et al., 1969).

(c) oter exiita1 system

Mouse: A group of 27 10-14-we old Swss/N mice of bath sees

received single i.p. injections of 45 rn/kg l: acridine orange disso1ved

in wate. A 5% solution of croton oi1 in 1iqud paaffin wa app1ied with

a glass rcx to the skin 4 days after the i.p. injecion of acridine orange
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an th twce we1y for 20 wes, at which ti: the suiving an1s

were ki11ed. Single Lp. injecions of urethe (20 nç/1le) wee given

to 25 rnce as a positive control, and a grou of 41 rnce recived the
croton oi1 treatmt on1y. Fifte mice given acridine orange, 16 rnce

given urethe and 39 mice tht did not recive a chemca1 wee still

a1ive at the tetion of the eximt. Ski papi11ans deve10p

on1y in 6 mice gi ven urethe, and not in rnce in the tw other groups.

Lug adenans were obsered in 3/39 control rnce, in 3/15 rnce given
acridine orange and in 14/16 urethe-treated rnce (Trainin et al., 1964).

3.2 Oter relevant bio1ogica1 data

(a) Eximtal system

The s. c. ID of acridine orange in rnce is 250 nç¡kg l: (Ru ,
50

1947) .

This checa1 is a poful ini tor of DN, RN an protin

sythesis, formg non-coalent, tight1y-bound a:1exes with DN by

intercalation of the bases in the dou1e-straned DN rr1ece. Acridies
are a1so 1ight-sesitive cas and fonn radica1s up exsure to
visible 1ight (Le, 1963; Ze1enin & Lipuov, 1964).

No data on its enryotoxicity or teatogenicity were avai1ab1e to

the Working Group.

Acidine orange induce fraishift rrtations in rep1icating bacterio-
phage T4 (Orge1 & Brener, 1961) and reverse rrtations in Escherichia

coli strain S (an iso1ate obtained fran E. coli strain B) (Zamieri &

Greeg, 1965) in the dak. Increased rrtation rates wee obsered
when the rncroorganism was iradiated with visible 1ight whi1e exse

to the cherca1 (Naki & Sai, 1964). Acridine orange inits the gro¡Yt

of an E. coU pol A- rrtat, cced with tht of pol A+ (Rosean &

Ca, 1971).

It inuced reverse rrtations in Salmonella typhimuriwn strain TA 100,

TA 98 an TA 1537 in the presence of a rat 1iver postitocondria1 suPe-

natat fraction fran anins pretreated with po1ychlorinte bipheny1

(Aroc10r 1254) (Mc et al., 1975). Acidine orange a1so inuces rntotic
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gene conversion in Saccharomyces cerevisiae (Davies et al., 1975; Fahig,

1970) .

(b) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case reports and epidemo1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted an Evluation

4 . 1 Animl data

Acridine orange has be tested in rnce by skin aplication, in

mice and rats by repeted sutaeous injection and in rnce by single
intrapeitonea1 injecion fo11CM by ski application of croton oil.
The avai1ab1e data are insufficient for an eva1uation of the cacinogenicity

of this ccpod to be made.

4.2 Hrn data

No case reports or epidemo1ogica1 studies were avai1ab1e to the
Working Group.
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BE VIOL 4B

1. Chca1 an Physica1 Data

1.1 Synym an trade nas
Co10ur Inex No.: 42640

Co1ou Inex Nais: Acid Violet 49; Foo Violet 2
Ch. Abtr. Seices Re. No.: 1694-09- 3

Ch. Abstr. Na: N- (4-1 (4- (Diithylamo)pheny1) (4-tetl1( (3-sulfo-
phey1) iæthy 1) amo )-pheny1 Jiæthy1ene 1-2, 5-cyc10hexdien- 1 -y 1idene) -N-
ethyl-3-su1fobezenenthum hydrde iner salt, soum salt
Acid violet 6B; C.1. .Aid Violet 49, soum salt; D and C Violet

No. 1; PD an C Violet l'. 1
Acid Fast Violet sm; Acid Violet; Acid Violet 4BNS; Acid Violet 5B;

Acid Violet 6B; Acid Violet S; Acilan Violet S4BN; A. F. Violet No. 1;

Aizen Acid Violet 5BH; Aizen Foo Violet l'. 1; Benz1 Violet; Bezy1

Violet 3B; Cacoid Violet 4ENS; Coi10r Violet 411.12; Cossie Violet;

Disprse Violet 12197; Eriosin Violet 3B; Fast Acid Violet 500; Fo:r1
Violet S4BN; Hidacid 'V1 Violet 5B; Intracid Violet 4OOS; Ki ton Violet

4OOS; Pergacid Violet 2B; Pegacid Violet 3B; Po1ax Violet 6B; Solar

Violet 5BN; Teacid Brilliant Violet 6B; 11386 Violet; Violet Acid 5B;
Violet 6B; Violet l'. 1; 'V1 Violet 4BN; Vb1 Violet 500

1.2 Oiemca1 fori1a and rr1ecar \right

50;
H,C_H,c_N-CH,_~

H,c -H,C ~

t + ( )= C
lH2 0

(Ç -503 /N\
H3C CH3

Na+

"

C39H40N306S2. Na M:Ü. wt: 733.9
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1. 3 Chemca an physica1 praies of the pue sustace

(a) Description: Fine pcer (Grasso et al., 1974)

(b) Solubi1ity: Soluble in water an etho1¡ inoluble in
vegeta1e oi1s (Th Soiety of Dyer an Colouists, 1971a)

1. 4 Tehnca1 prcxucts and irities

The grade of bezy1 violet 4B us as a foc co1ou adtive in

Euope has the fo11CMing SPifications: totl dye cotet, 85% mi. ¡

sum of volatile rntter (at 1350C), choride an sulphates, 15% rn.;
suidi dyes, 5% rn. ¡ interiates, 0.5% ma. ¡ water-inso1ub1e

rntter, 0.2% ma. ¡ eth-eact1e rntter, 0.2% ma. ¡ chanum, 20 irg/

kg ma. ¡ 1ead, 10 mg/kg ma. ¡ an arsenic, 3 rr/kg ma. (WHO, 1966).

2. Producton, Use, Oxence and Anysis

For backgroud inonntion on ths setion, se prea1e, p. 15.

2. 1 Prcxuction an use

(a) Prcxuction

The co10uring propies of bezy1 violet 4B wee descib by

Schultz & Ziero1d in 1889 (Th Soiety of Dyers and Co10urists, 1971b).

It is prouced cacia1y by condensing 4--thy1arobeza1dehyde

with a- (N-ethy1ani1ino) -4-to1uenesu1phonic acid, fo11CMed by oxdation
an convesion to th scium salt (Zuckem, 1964). It ca a1so be

preped by condensing a- (N-ethy lai1ino) - 3-to1uenesulphonic acid with
fonn1dehyde, fo11ow by oxidation in the presence of N"N-dthy1an1ine
(The Soiety of Dyers an Co1ouists, 1971b).

Bezy 1 violet 4B has be prcxuced a:cia11 y in the US for over

50 years (US Tariff Cassion, 1927). In 1974, fou us coies
reported prcxuction of over 55 thousan kg (US Interational Trade
Cassion, 1976). US inrts though princiPa us cutan districts in
1972, the 1atest yea in which it was reported, aIunted to 800 kg (US

Tariff Oassion, 1973).
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It is be1ieved tht 10-100 thousand kg/yea benzy1 violet 4B are

prcxuced in Swi tzer lan.

It ha be prcduced cacia11y in Japa for irre th 30 yeas.

Thee Japaese coes arent1y prcxuce it, an prcxuction arted to
20. 5 thousad kg in 1975. Japa exrted 4.9 thusand kg in 1975;
there are no irrts.

(b) Use

Bezy1 violet 4B is used to dye -w1, silk, nylon, 1eather and

ancxized alumium. It is also used as a bi01ogica1 stain, as a wo
stain, in ins an in co1ouring pape (The Soiety of Dyers an Co10urists,

1971b,c) .

Bezy1 violet 4B was used in the US as a co10ur additive for foo,

drgs an cosmtics unti1 10 April 1973, at whch tii the US Foo and

Drg Aàistration terrted its provisiona1 listing as an additive and
cace11ed a11 certificates issued for it (US Foo and Drg Adistration,
1976). Duing the first nine rrnths of 1967, 94.4% of total US sales of

bezy1 violet 4B was used in foc, 4.4% in phceutica1 prcxucts and
1.2% in cosrtics. Foo uses were in iæt ins, sweets and confections,

pet foos, beverages, baery gocs, ice-cea, sherbet, dairy products,
snack foos (Ann., 1968), ge1atine desses an pudings. Pharmceutica1
prcxucts in which it was used wee aqueous drg solutions, ta1ets and

capsules; cosrtics uses wee in 1ipsticks, rouges, hair rinses (Zucken,
1964) an temrar co10ur shs (Mak1and, 1966).

Bezy1 violet 4B does not appe on any 1ists of co10urants petted
for use in foo in the Euope Ecnome Cai ties (The Soiety of Dyers

an Co1ouists, 1975); bowever, sa rr states may its use as a foc

co1ou unti1 1978. It may be used in cosrtics, inc1uding those which may

be in contact with imcous iæranes (BE, 1976). ln Switzer1and, bezy1
violet 4B is used as a dyestuff; and in Japa, it is used to dye 1eather,

pape and ins.

Bezy1 violet 4B was considered by a FAO/WO Ybrking Group on Foo

Additives to be unsuita1e for use in foos (WHO, 1977).
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2.2 Ocrence
Bezy1 violet 4B is not knCM to oc as a natural prcxuct. No data

on its ocence ìn th envirrut wee avai1ab1e to the WOrking Grou.

2.3 An1ysis

A review of clantogaphic an sptrophotatric nethod for th
identification of foc dyes, inc1uding be1 violet 4B, was pù1ished
by the FAO (1963). 'Ie dye content of a sa1e of this co1ou may be

deteied by titration with titaous choride (WO, 1966).

Prior to the cace11ation of the use of bezyl violet 4B in foc, drgs

an cosmtics, th Association of Officia1 An1ytica1 Chemsts, pu1ished

reced nethcxs for us in batch cerifications to rrt spifications
defined by the US Foo and Drg Adistration (Horwtz, 1970).

Nuc1ea magnetic resonace sptroscop has be ev1uate as a rr

of identifying and differentiating foc co1ous (Maon, 1974). In one
:rthcx for the detertion of dyes, inc1uding bezy1 violet 4B, in

strawb jam, they are first adrbe fran the sa1e onto a 1iquid
anion exchager, recered and deteied co10ri:trica11y (Tonogai, 1973).

Pape e1ectrophoresis has be used to sepate dyes, inc1uding bezy1

violet 4B, use in :iicines (Dorecky & De Caev1e Bonino, 1968). Pape

chrartoaphy has be use to sepaate these co10urs fran foo, drgs or
cosmtics, using one solvent system (Dobrecky & De Caevale Bonino, 1972),

tw1ve solvent system (Peason, 1973a) or sixee solvent system (Dorecky

& De Caeva1e Boino, 1967). A phtoe1ecic densitaæter ha be us

to qutitate foc dyes, inc1uding bezy1 violet 4B, sepate by pape

chartoaphy (Sasaki & Iwata, 1972).

Th- 1ayer chartoaphy has be used to sepate an identify
co10urs, inc1uding bezy 1 violet 4B, used in foc, phaceutica1s or

cosmtics on si1ica gel, using one or more sol vent system (Mae11i &
Proserio, 1974; Peason, 1973b), an on microcrysta1line cellulose 1ayers,
'using four solvent syste (Pener, 1968). Diethy1amoethy1-Sehadex may

be use to isolate th dyes fro foc sarles before th- layer cbto-
graphic sepaation (Taeshita et ai., 1972).
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3. Bio1ogica1 Data Relevat to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity an re1ated studies in an1s

(a) Oral admistration

Meus: Groups of 48 ma1e and 50 fan1e SPF-deri ved ASH-C1 mice wee

fed diets containing 0 (control), 70, 700 or 3500 m;,lg of diet bezy1
violet 4B (90% pue) for 80 wes, at whch ti rrre th 60% of the

a.1s in each group wee still a1ive. The daily intae in the higher dos

group was approximte1y 500 m;,lg l:. In the treated fem1e groups, 1/43,

5/42 and 4/48 a.1s at the 3 dose 1eve1s, restive1y, had thymc lymhe-

sarcas, caed with 1/42 mice of the untreate fei1e cotro1s¡ hover,
the increased incidence is net significat (P?0.05) (Grassa et al., 1974).

Rat: Fou groups of 15 ma1e and 15 fan1e 4-6-we old Wista rats

wee fed diets containing 0 (control), 0.03, 0.3 or 3% bezy1 violet 4B

(fcx grade) for 75 wes, at which tir the exi:t wa tented.

Th nurs of suivors at this tir wee 23 (control), 19, 26 an 19

rats in th fou groups, respeti ve1 y ¡ tissues fran 5 male an 5 fem1e

suri vors in each of the groups wee exed histo1ogica11 y . Squs-
ce11 cacinan of the ski wee obsered in 1 fem1e fed th 1CMest dose

an in 1 ma1e an 2 fem1es fed th highest dose ¡ of th latte, one had

a 1iposaca an th oter a 1ung cacinan. One control ma1e ha a

fibrosaca (Mae11 et al., 1962) (The Workig Group noted the inadeqte

histo1ogica1 extion of tissues in this exi:t).

Groups of 20 male or 20 fan le SpraguDaley rats, approxte1 y
7-wee old, wee fed a diet cotaining 5% bezy1 violet 4B (89.1% pue) .

'I exi:t was teted at 364 days. Nine of 18 treate fer1e rats

tht suived irre th 70 days deve10p tururs: 5 ma carcinom
wee detete betw 156 an 196 days an 4 ea-duct cacinan betwee

138 an 345 days. In 10 untreated control fem1es, 1 ma fibroadenan
was see at day 338 ¡ no tus wee obed in 15 treate an 10 control

ma1es tht surived rrre th 70 days. Th average suiva1 tis wee
187 (ma1es) an 210 (fan1es) days in th treated gr and 228 (maes)

an 315 (fem1es) days in contrl grups (Uats & Miyaji, 1973).
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A group of 35 fan1e 6-we-01d Sprague-Daley rats \'e fed a diet

containing 1% benzy1 violet 4B (91. 9% pue) for 1 we, then 3% for 1 week

an thereater a diet containing 5% of the dye for 12 rrths. Duing ths

pericx, 11 rats deve10pe ma cacinClS, 4 ha sqs-ce11 carcinans,
and 7 an1s had bath tys of tuur. The majority of the sqaius-ce11

carcinans deve10pe 'at the ea-duct but a1so appeed at the buccal an
axi11ar regions of the skin'. Th ti:s of appance of the first

ma cacinCl an the first squs-ce11 cacinom were 13 and 27
wee, respetive1y. NJ skin tuurs wee obsered in 35 contro1s (Iked

et al., 1974).

(b) Subtaeous and/or intrarscu1ar admistration

Rat: In an abstract, it was reprted tht 18 young Osbarne-M:de1

rats of bath sexes received we1y s.e. injections of 20 IT bezy1 violet
4B (foc grade) as a 2% aqueous solution for 2 years. Fibrosacas at

the site of injection were see in 14 rats. Sa1ine- and glycerin-injected

control an1s ha no tl.urs at the site of injection (Nelson & DavidCM,

1957) .

(c) Oter exi:ta1 system

Rat: A group of 20 male an 20 fan1e 3-w-01d wista rats had
continua1 ski/fu contact with bezy1 violet 4B (fcx grade) for 100 wees:

the tray of the cage was sprin1ed with 3 g of the dye, an the rats -wre

place direct1y on the tray¡ th tray was c1eaed twice we1y, and the

sa: aiunt of dye was added after each c1eaing. Malignt ski tuurs
\'e net obsered in treate or cotrol rats. 'Ie increase incidence of

begn ma tUIurs in the test group (8/14) cxed with tht in
contro1s (1/14) was statistica11y signficat (P.(0.05) (Mae11 et aL., 1964).

3. 2 Oter relevant bio1ogica1 data

The toxico1og of ma co1auing materia1s, inc1uding bezy1 violet 4B,
has be revi~ by Drake ( 1975).

(a) Exinta1 system

Th acute oral ID of bezy1 violet 4B in rats is greater th
50

2.0 g/kg hw (Lu & Iaval1e, 1964).
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Stuies in rats and dogs with oral admistration of bezy1 violet 4B

indicate tht on1y sm11 arunts of the dye (-(5%) are aborbe and excreted,

rnin1y in th faeces (Gaunt et aL., 1974; Hess & Fitzhugh, 1954, 1955).

Bezy1 violet 4B exits high plasm protein bining (Gango11i et al.,
1972) .

No data on the teatogenicity, anryotoxicity or mutagenicity of bezy1

violet 4B wee avai1ab1e to the Working Group.

(b) Ma

No data were avai1ab1e to the Working Group.

3. 3 Case reports and epidemo1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Reported and Evaluation l

4. 1 Animl data

Bezy1 violet 4B is cacinogenic in rats fo11awg its oral or

subtaeos admistration: i t prcxuced ma cacinans and squaius-
ce11 cacinans of the skin afte its oral adistration to fem1e rats

and locl fibrosacars fo11CMing its sutaeous injecon in mae and
fem1e rats. It a1so increased the incidence of beign mc tl1urs
in fem1e rats fo11CMing amient exsure.

4. 2 Hur data

No case reports or epidemo1ogica1 studies wee avai1a1e to th
Working Group.

ISee a1so the secon, 'Anl Data in Relation to th Evaluation of
Risk to Ma', in the introduction to this vo1ur, p. 13.
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BLU VR

Sa confusion exists in the classification of 1iterature for
b1ue VR: tht cocering the dye patent b1ue V (C.1. 42051, Acid b1ue 3)

has be c1assified uner 'b1ue VR'.

1. Chca1 and physica1 Data

1. 1 SynonyI and trade nas

Co10ur Index No.: 42045

Co10ur Index Nas: kid B1æ 1; Foo Blue 3

Chan. Abstr. Serices Re. No.: 129-17-9

Ch. Abstr. Na: N- (4-1(4- (Diethy1amo)pheny1H2,4-disulfo-

pheny1 J:ithy1ene)- 2, 5-cyc10hexadien- 1 -y 1idene) -N-ethy 1ethamium

hydroxide iner salt, soium salt

Acid b1ue-1; anydro-4,4 '-bis (diethy1amo)tripheny1mthol-2' ,4"--
disu1phonic acid, rrnoscxium salt; C.1. Acid Blue l, scum salt;

(4-t (a- (para-diethy1amo)pheny1J-2, 4-dsuphobezy1idene)-2 ,5-

cyc10hexadien-1-y1idene)diethy1aiium hydroxide iner salt, scum

salt; su1pha b1ue

Acid Blue 1; Acid Blue V; Acid Bri11iant Blue VF; Acid Bri11iant

Sky Blue Z; Acid Iether Blue V; Aien Bri11iant Acid Pue Blue VH;

Alphazurine 2G; Ancid Blue V; Blue 1084; 1085 Blue; Bri11iat

. Acid Blue A Exrt; Bri11iant Acid Blue V Exa; Bri11iant Acid
Blue VS; Bri11iant Blue GS; Buacid Patent Blue VF; Ca Blue VS;
Cae Blue VF; Cosmtic Gr Blue R25396; Disulfine b1ue VN;
Disu1phie B1ueVN 150; Di1suphie VN: :&col Supra Blue VR;

Erio Bri11iant Blue V; Eriog1aucine; Eriog1aucine supra; Fenzo
Blue XF; Fenzo Blue )l; Hexaco1 Blue VR; Hidacid Blue V;

Intracid Pue Blue V; Kiton Pue Blue V; Kiton Pue Blue V.FQ;

Lether Blue G; Lissame Tuquoise \l; M=antine Blue VF; Patent

Blue; Patent Blue V; Patent Blue VF; Patent Blue VF-c; Patent
Blue VF Spial; Patet Blue VS; Patacy1 Bri11iant Blue V;
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Soium Blue VR; Scx:lium Patent Blue V; Sulfacid Bri11iant Blue 6J¡
Sumt. Patent Pue Blue VX; Teacid Cae Blue V; Xylene
Blue VS

1. 2 Chemca1 formla an mo1ec1ar weight

H3C_H2C"-N+=O_C~SO' -/ ~ Na+H3C-H2C - 0
/CH2 -CH3N",
CH2 - CH3

C27H31 N206S2. Na r-1. wt: 566. 7

1. 3 Cherca1 an physica1 propeies of the pue sustace

(a) Decription: Violet pcer (Windh1z, 1976)

(b) Solubi1ity: Soluble in water (5%) and in etho1 (Winolz,
1976)

(c) Suface activity: A 2% aqeo solution show a depression

of suace tesion of water of 38.5% at 370C (Gago11i et al.,

1967) .

1.4 Teica1 prcructs an imities

A grade of b1ue VR prcxuce in the UK ha the fo11owing spifi-

cations: dye content, 82% mi.; volatile matter (at 1350C), 6% ma.;

water-inso1ub1e matter, 0.2% ma.; susidiar dye content, 5% ma.;

scxium choride and su1phate, 10% ma.; arseic, 1 mJ¡kg; 1ead, 10 mg¡kg;

coppe, 10 mg¡kg; chranum, 20 mJ/k (Grasso & Golbg, 1966).
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2. Proouction, Use, CXence and .Anal ysis

For background informtion on this setion, see prea1e, p. 15.

2.1 Production and use

(a) Prcxuction

The co10uring prapies of b1ue VR wee first describ in 1902 by

Steiner. It ca be prepaed by condensing 4-fonn1 - l, 3-bezenedisu1phonic

acid with N~ N-diethy1ani1ine, fo11owed by oxidation and, fin11y, conversion

to the scxium salt (Th Society of Dyers and Co10urists, 1971a).

The cacia1 prcxuction of b1ue VR in th us was first reported in
1946 (US Tariff Cassion, 1948). ln 1975, on1y one us cay reported
an undisc10sed amunt (se prea1e, p. 15) (US International Trade

Cassion, 1977a). US imrts of b1ue VR though principal US custcm

districts were abut 2500 kg in 1974 (US Intertional Trade Ccssion,

1976) and 1700 kg in 1975 (US Intertional Trade Comssion, 1977b).

Th UK exrts 1ess th 10,000 kg b1ue VR anua11y. It is not

prcxuced cacia11y in Japa.

(b) Use

Blue VR is used to dye \Al an silk a greeish b1ue (The Society of

Dyers and Co1ouists, 1971b). It produces a bright b1ue hue on 1eather

(The Society of Dyers an Co10urists, 1971c) and has a1so be used for

dyeing jute (Gantz et al., 1965).

Blue VR is a1so us as a stain for pape ¡ to co10ur phenol -form1de-

hyde resins, mi11ed sops, in an iæthylated spirit wash; for the mass

co10uration of casein¡ an as a bio1ogica1 stain. Heavy :ita1 sa1ts of

the free acid are use as pigits (Th Sciety of Dyers an Colourists,

1971b), an the alumium salt has be used to co10ur phceutica1s
(The Soiety of Dyers an Co1ouists, 1971a).

Less th 10,000 kg b1ue VR are used anua11y in the OK, 90% of

whch are foun in cosmtic an househo1d prcxucts.

Blue VR wa used in the past as a fcx dye (The Society of Dyers

an Co10urists, 1971b) ¡ lier, it does ne app on any CUent lists
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of dyes petted for us in fcx in the US, Japa or the Euop
Ecnanc Caities (Th Soiety of Dyers an Co10urists, 1975). It is
provision11y accepte for us in cotics in whch it does not cc

into contact with rrcous rrranes (EH, 1976).

2.2 Ocence
Blue VR is not know to occu as a natura1 prcxuct. No data on

its ocence in the envirOIt væe avai1ab1e to the Working Grou.

2. 3 Anl ysis

Th PUity of batches of cccia1 dyes, inc1udig blue VR, has

be eva1uated by th-layer chantogaphy and nuclea magnetic resonace

spetrtr (Hiran et aL., 1975). Thin-1ayer chantogaphy has a1so

be used to sePaate an identify dyes, inc1uding b1ue VR, used in focs,
using tw solvent seies on diethy1amoeth1 cellulose (Tuer & Jones,

1971), thee solvents on Sehadex G-25 (Parrish, 1968) or one solvent
system on si1ica gel (Grah & Nya, 1969).

3. Bio1ogica1 Data Relevant to the Evaluation

of Cacinogenic Risk to Më

3.1 Cacinogencity and re1ated studes in an1s

(a) Sutaeous and/or intrarscla adistration

Rat: A group of 10 male and 10 fan1e 5-wee-01d Wista rats recived

weey s.c. injections of 0.5 ml of a 4% solution of b1ue VR (purity not
given) in isotonic saline for 45 wes (total dose, 900 mg). The exrimt
was tente at 71 ~, at which ti: 3 rats were still a1ive¡ an.i1s
tht died were checke for cause of death, and gross1y abnorm1 tissues

fran suiving rats væe exed histo1ogica11y. 'lo feme rats deve10p

rhalanosarccs in the area of the injection site. In 20 control an.i1s
injected with isotonie saline a10ne, 8 of which were still alive at 71 wees,

no injection-site tuurs were se (Mae11 & Grice, 1964).

She11 or Carth Fan E alino rats of bath sexes, weighing 100-150 g,

were given twice we1y s.c. injections of either 0.5 ml of a 2% solution
(20 rats) or 1 ml of a 1% aqueous solution (65 rats) of b1ue VR (82% pure)
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for 55 or 72 wes, resrive1y. Th first t.s wee deteced at 45

an 50 ~s, when 19 an 60 rats wee a1ive, respective1y. Six out of 19

and 8/60 rats dev10Pe sacas at the site of repted injecions.

Another 20 rats received twce we1y s.e. injecions of 0.5 ml of a 2%

aqueo solution of the dye for 65 we, but the inj ecions were distri-
buted aIng four s. c. si tes in tu (dorsal to the scapu1ae and in the

1um region). At 81 wes, no sacas wee observed in these rats at
any of the injection sites (Grasso & C',olbg, 1966; Grasso et al. ,1971) .

A group of 66 male and 66 fan le As/CF rats, weighing abt 100 g,

were given twice we1y s.e. injecions of 0.5 ml of a 2% aqueous solution

(buffered to pH 7.0) of b1ue VR (82% pue) for different Peicxs (24-117

injections per animl). Ninety-eight rats were still a1ive when the first

tumurs appeed at 47 wees, and 21 deve10p injection-site sarcas
(Hooson et al., 1973).

A group of 20 male and 20 fan1e 10-we-01d Wista rats received
week1y injections of 0.4 ml of a 4% solution of b1ue VR (foo grade) in
0.9% saline into the posterior thgh rmsc1es of the right leg. Occasion-

a11y, if a rat beca lam or disab1ed fran the injections, they were given

every tw wes. Five out of 19 males an 9/18 fan1es deve10p rhaano-
sarcas at the injection site. Th first tumurs appeed in males after

25 wes an in fan1es after 35 wes (iæian 1atency period were 30 and

50 wees; average doses adistered were 307 and 414 rr Pe animl, respec-
tive1y). Metastases occued in 1ymh ncxes, 1ungs and 1iver. No tururs

deve10Pe in control anim1s at the site of injections of 0.9% saline

(Grice & Mae11, 1966; Grice et al., 1966).

3.2 Oter relevant bio1ogica1 data

The toxico1ogica1 aSPcts of co10uring materia1s, inc1uding b1ue VR

(Drake, 1975), and th toxico1og and biochemca1 aspets of synthtic

organic foo co10urs, inc1uding b1ue VR, have be reviewed (Dacre, 1969).

(a) Eximental system

The oral ID of b1ue VR in mice is rrre than 5 g/kg li, and tht
50

for rats is rrre th 10 g/kg li. 'Ie i. p. ID in mice is approximte1 y
50

3 g/kg li (Hall et al., 1967).
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Feeing of 1. 5% and 3% b1ue VPB ta rats for 90 days caused retation

of grow in males and occasiona1 fatty chage in the . 1i vers of faues
(Hall et al., 1967).

This dye exibits high plasm protein bining (Gago11i et al., 1967,

1972) .

No data on the anryotoxicity, teratogenicity or mutageici ty of

b1ue VR wee avai1ab1e ta the Workig Grou.

(b) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case reports or epidemo1ogica1 studies

No data were avai1ab1e to the Würking Group.

4. Cats on Data Rerted and Evaluation 1

4. 1 Animl data

Blue VR is cacinogenic in rats fo11owing its sutaeo or

intramscula injection; it prcxuced sacas at the site of repeted

injections.

4.2 Hu data
No case reports or epidero1ogica1 stuies were avai1ab1e to th

Working Group.

1Se a1so the seion, 'Anl Data in Relation to the Evaluation
of Risk to Ma' in the intrcxuction to this volum, p. 13.
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BRILL BI FC
DJ: AN DISælU SATS

The can ri, bri11iant b1ue FC, has ben app1ied to bath the
dianniur and disoiur sats. Sc confusion exsts in th classification
of the 1iterature for these COunds: althgh rrst is c1assified uner
the dianniur salt, the disoiur salt is the one of prir corcia1
imrtace. Th disodiur salt is used in focs, and the dianm:miur salt
apps to have had 1im ted usge on1 y in drgs an cosrtics.

1. Chca1 and physica1 Data

Bri11iant b1ue FC, dianm:miur salt

1. 1 SyonyI and trade nas

Co10ur Index No.: 42090

Co10ur Inex Nas: Acid Blue 9; Fcx Blue 2

Ch. Abstr. Services !€. No.: 2650-18-2

Chem. Abstr. Na: N-Ety1-N- (4-( (4-1ety1( (3-sulfopheny1)ræthy1)-
amo )pheny1) (2-su1fopheny1) rnthy1ene) -2, 5-cyc10hexadien- 1 -y1idene) -
3-su1fobezenerthiur hydroxide iner salt, diarniur salt
Acid b1ue 9; C.1. Acid Blue 9, diamniur salt; D an C Blue No. 4;

ethy1 (t 4- (para-ethy1 (meta-sulphobenzy1) am) -a- (ortho-sulpho-

pheny 1) bezy1idene )- 2, 5-cyc10hexadien- 1 -y1idene) -meta-suphobezy1-
anniur hydroxide iner salt, diarnium salt

1.2 Chemca1 fonnla an rr1ecuar W9ight

sa;
H,C- H'C-ï-CH'-(Q

H,C _ H,C rô

'QY,+ _ =c

rH, ~so;
rm -503

2NH +4

C37H34N209S3.2!~4 Mol. wt: 782.8
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1.3 Chca1 and physica1 propies of the pue sustace
Solubi1ity: Soluble in water (5% at 200C an 980C) and in etho1
(Th Soiety of Dyers and 00lourists, 1971a,b)

1. 4 Tehnica1 prcxucts and irurities

Drug and cosrtic grades of bri11iant b1ue FC diamitm salt use
in the US nnt ræt the fo11owg SPifications: pue dye, 82.0% mi.;

volatile matter (at 1350C), 10.0% ma.; arnitm chorides and sulpltes,
5.0% ma.; wate-inso1ub1e matter, 1.0% ma.; mied oxides, 1.0% ma.;

an eth exacts, 0.5% ma. (US Foc an Drg Adstration, 1976).

Bri11iant b1ue FC, disoitm salt

1. 1 Syonyi and trade nas

00lour IOex No.: 42090

00lour Inex Nas: Acid Elue 9; Fcx Blue 2

Chem. Abstr. Seices Re. No.: 3844-45-9

Chan. Abtr. Na: N-Et1-N- (4-( (4-tethl( (3-sulfopeny1)methy1)-
amo J-pheny1) (2-su1fopheny1) :ithy1ene) -2, 5-cc10hedien- 1 -y1idene) -

3-su1fobezenerthitm hydroxide iner salt, discxium salt

C. 1. Acid Blue 9, disooitm sat; D an C Blue No. 1; D an C Blue
No. 4; ethy1 (4-tpara(ety1 (meta-su1phobezy1)amo)-a- (ortho-

su1phopheny 1) benzy1idene .1-2, 5-cyc10hexien- 1 -y1idene) (meta-su1pho-
bezy1)amnitm hydroxide iner salt, discxitm salt; PD and C Blue

1; PD and C Blue No. 1; FO Blue No. 1

Acid Sky Blue A; Aci1an Tuquoise Blue AE; A. F. Blue No. 1;
Aizen Bri11iant Blue FC; Aien Fcx Blue No. 1; Alphazurine;
Alphurine FG; Alphaurine FG; Amcid Blue FG; Amcid Blue FG

Oonc; 1206 Blue; 11388 Blue; Blue Dye Nu 1 fcx additive;

Bri11iant Blue; Bri11iant Blue FC; Bril1iant Blue Lae; Bucacid
Aze Blue; Cacoid Blue EX; Ca1cocid Blue 2G; Cacer Bri11iant

Blue FC; Coi10r Blue 512.12; Cotic Blue Lae; Dispse Blue
12195; Disulphie Lae Blue EX; Dolk1 Bri11iant Blue; Edico1
Blue C1 2; Edico1 Sura Blue E6; Eriog1aucine; Eriog1aucine A;
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Eriog1aucine E; Eriog1aucine G; Eriosky Blue; Feno Blue XI;
Fenzo Blue XR; Foo Blue 1; Hexaco1 Bri11iant Blue A; Hidacid
Aze Blue; Intracid Pue Blue L; Kiton Blue AR; Kiton Pue Blue L;

Map1e Bri11iat Blue FC; M=antine Blue H:; Neptune Blue BRA;

Neptune Blue BRA Concetration; Patent Blue AE; Patent Blue 2Y;

Peacock Blue X-1756; Usace Blue No. 1; Xylene Blue VSG

1. 2 Ehirica1 fo:r1a and rr1ec1ar v.ight

C37H34 N209S3 . 2Na fuI. wt: 792.8

1. 3 Cherca1 and physica1 propeies of the pue substace

(a) Description: Redish-violet ¡:er or granules with a rrta1ic
lustre (Japaese Unon of Foo Aditives Associations, 1974)

(b) Speoscy data: Àma 630 rn (Japese Union of Foo

Aditives Associations, 1974); the nuclea magnetic resonace

spetr has be published (Maon, 1974).

(c) Solubi1ity: Soluble in water (5% at 200C an 980C) an in

ethano1; insoluble in vegeta1e oi1s (The Soiety of Dyers

and Co1ouists, 1971a,b)

(d) Surface activity: A 3% agueous solution showed a depression of

surface tension of water of 35.0% at 370C (Gago11i et al., 1967).

1.4 Tehnica1 prcxucts and imurities

The grade of bri11iant b1ue FC disoum salt inte for us as a

foc co1ou additive in the US rrst :rt the fo11owing spifications:

total co10ur, 85.0% mi.; su of volatile matter (at 1350C), scium

chlorides an su1phates, 15.0% ma.; suidiar co10urs (isans of

bri11iat b1ue FC, disooium salt), 6.0% ma.; 1euco base, 5.0% ma.;

su of ortho-, meta- an para-su1phobeza1dehdes, 1.5% ma.; N-ethy1-

N-(17eta-su1phobezy1)su1pha1ic acid, 0.3% ma.; water-in1ub1e matte

0.2% ma.; chanum, 50 mg/kg ma.; 1ead, 10 mg/kg ma.; an arsenic,

3 mg/kg ma. (US Foo an Drg Adistration, 1976).
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The foc grade of bri11iant b1ue FC! discium salt tht is avai1ab1e

in 'Wstern Euope coforn to these sar SPifications.

In Japa, the grade of bri11iant b1ue FC, discxium salt used in foo

mets the fo11owg SPifications: pue co10uring matter, 92:!2%; sub

sidiar co10urs (isars of bri11iant b1ue FC, discit:n salt), 6.0% ma.;

10ss on dring, 4.0% ma.; inorganic salt, 3.0% ma.; water-inso1ub1e

matter, 0.1% ma.; iron, 100 mg/kg ma.; chanum, 25 mg/kg ma.;
1ead, 10 rn/kg ma. ; cape, 5 mg/kg ma. ; zinc, 5 mg/kg ma.; arsenic

(as As203), 2 mg/kg ma. ; Àma = 630:!2 nm; and pH = 5.0-7.0.

2. Prcxuction, Use, Ocrence and Anal ysis

For backgroun informtion on this section, see prea1e, p. 15.

2.1 Prcxuction an use

(a) Production

The co10uring propeies of bri11iant b1ue FCF, diarnium and

discxium sa1ts were first describ by Sadrer in 1896 (The Soiety of

Dyers and Co10urists, 1971c). The discxium salt is prcxuced ccmcia11y
in the US and Japa by condensing beza1dehyde-2-su1phonic acid with

bezy1ethy1ani1ine su1phonic acid fo11ow by oxidation and conversion
to the disodium salt (The Soiety of Dyers an Co10urists, 1971c;

Zucke:r, 1964). This :ither was a1so use in the us for prcxuction
of th dianm:mium salt.

Cacia1 prcxuction of bri11iant b1ue FC, dianium salt was
1ast report in the US in 1965 (US Tariff Cassion, 1967). This salt
has never be prcxuce cccia11y in Japa.

Bri11iant b1ue FC, disodium salt has be prcxuced cacia11y in
the US for over fifty yeas (US Tariff Carssion, 1922). In 1975, thee
US caies prcxuced 622 thousand kg of the genera1 dye grade, and another
four coies prcxuced 56 thousan kg of the foo, drg and cosmetic

grade (US Inteational Trade Cassion, 1977).
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An estirted 300-500 thousand kg of unsPeified sa1ts of bri11iant

b1ue FC' are prcxuced anua11y in western Euope. less th 10 thusand kg

of the discxium salt are imrted an exprted anua11y to th UK.

Bri11iant b1ue FC r discxium salt ha be prcxuce cacia11 y in
JaPa since 1941. Fou JaPaese ccies now maufacture it, and prcxuc-
tion duing the yeas 1973-1975 aIunted to 32 thousand kg, 26 thousand kg

and 18 thousan kg Pe yea, resPetive1y. Sr11 arunts are exrted to

easter Asia and the US; none is imrted.

(b) Use

Bri11iant b1ue FC, diamnium salt

Bri11iant b1ue FC, diainium salt ca be used to dye -w1, silk,

nylon, paPe, 1eather, sop an v.stains; it is also used as an indi-
cator and as a bio1ogica1 stain (The Soiety of Dyers an Co1ouists, 1971a).
It was us in the us ta dye aqueous drg solutions an in hair rinses

(Zucken, 1964). It has never had any cacia1 application in JaPa.
Bri11iant b1ue FC r diamnium salt is 1isted in the US, subject to

cerification (see setion 1.4, p. 172), for use in drgs and cosmtics

(US Foc and Drg Adistration, 1976). Hawer, its use as foc co10ur

is not petted in the Us or JaPa, nor is it inc1uded in the 1ist of

co10urants permtted for use in focs in the Euop Econac Caities
(The Soiety of Dyers an Co1ouists, 1975). Bri11iant b1ue FC, di.nium
salt is petted for use in the Euop Ecnanc Caties in cosmtics
whch cc into contact with nnco meranes (EE, 1976).

Bri11iant b1ue FC, discum sat

Bri11iant b1ue FC, discum salt ca be us to dye -w1, silk,

nylon, paPe, 1eather, sop an v.stas; i t is also us as an indi-

cator, as a bio1ogica1 stain (Th Soiety of Dyers and Co10urists, 1971a,b)

an as a dye in toi1et-lx1 c1eaers. 'Ie baium salt of the acid dye,
C.1. Pigmt Blue 24, is used in printig in, ruber and po1yviny1

ch10ride resin, and a1so in the prcxuction of gree pigrts (The Soiety
of Dyers and Co10urists, 1971d), but sepaate prcuction figus are not

avai1ab1e.
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Bri11iant b1ue FC, diso:ium salt is also used in the US as a co10ur

additive for focs, drgs and COSItics. ln 1967, approxirte1y 92% of

the foo grade was us in foo, 7% in drgs and 1% in cosmtics (Anon.,

1968). It occus as a foo co10ur in beerages, swts an confecions,
baer goos, puddig fXers, ice-crea, shebet, dair prcxucts, pet
foo, cerea1s, sausages, maaschio cherries, snack foo an iæt ins

(Anon., 1968). It is used ta co1ou aqeous drgs, ta1ets and capsules,

and its alumium 1ake is used in oinbnts (Zucken, 1964).

Th cositics in whch it ca oc inc1ude bath sa1ts an hair

rinses (Mak1and, 1966), an its alumum 1ake is used in 1ipsticks,
rouges, face poers and ta1et (Zucke:i, 1964).

Less th 10 thousand kg of the foo grade of bri11iant b1ue FC,

discxium salt are used anua11 y in the OK in foo, drgs and cosmtics.

In Swtzer1and, it is use as a dyestuf.

In Japa, bri11iant b1ue FC, disoium sat is used in in an

toi1et-lX1 c1eaers (70%) and as a foo colou (30%).

Bri11iant b1ue FC, disoum salt is provisiona1y 1iste in th US

suject to ceification (se setion 1.4, p. 173), for us in foo, drgs
an COSItics (US Foo and Drg Adistration, 1976). In Japa, it is

approved for use as a foo co1ou in al1 but the fo11owg foos:
bes, fresh fish and she11fish, fresh vegetales, roaste soya be f10ur,

Laiinariales (ke1p), iæts, cued ræts, :m1ade, soya be paste,
noo1es, porphyra, soed fish ræts, soa sauce, spnge cas and tea

(Japaese Union of Foo Aditives Associations, 1974). Bri11iat b1ue FC,

discium salt does not appe on the 1ist of colouants pette for

us in foos in the Euope Ecnac Cai ties (The Soiety of Dyers
an C01ouists, 1975); hoer, ir states may pennt its use in foos
unti1 1978. It is pette for use in cotics which ca into contact

with muco rrranes (EE, 1976).

The Joint FAO/WO Ex Camtte on Foc Adtives ha set an

acctale dai1y intae for ma of 0-12.5 ngjkg lM bril1iat b1ue FC,

discum salt (WHO, 1970). The COex Aliitaius Cassion has 1imted
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its use (singly or in caintion with other co10urs) in tined gree pes
to 100 rn/kg and in tined app1e sauce to 200 rn/kg (Ccex Alimtaius
Comssion, 1973).

2. 2 Occuence

Bri11iant b1ue FCP, diainitn an discxtn sa1ts are not knCM to

occu as natura1 prcxucts. NJ data on their occuence in the eniron-
ment wee avai1ab1e ta the Working Group.

2. 3 Anl ysis

Bri11iant b1ue FC, diaritn salt

Blue fcx dyes, inc1uding bri11iant b1ue FC, diarnium salt, have
be sePaate by th- 1ayer chantoaphy on diethylaoethy1 cellulose
using t- solvent system (Tuer & Jcnes, 1971). Si1ica gel G or

cellulose CC41 cotings have a1so be used (Chpn & Oaland, 1968).
Bri11iant b1ue FC, dianitn salt has be sepaated fran 1ight gree

SF ye110wish on microcrysta11ine cellulose p:er thin-layer plates

(Hayes et al., 1972). M2thcxs of exaction of fcx dyes, inc1uding

bri11iant b1ue FCP, diainium salt, fran variou kins of foc inc1ude

the us of po1yamdé coh:mins for puificaticn of the dyes prior to thin-

1ayer chræitogaphic an1ysis (Gilh1ey et aL., 1972).

Bri11iant b1ue FCP, discxium salt

Chæitoaphic and spetrophotatric :ithod for the identification
of fcx dyes have be review (FAO, 1963). Th Association of Officia1
An1ytica1 Chsts has pi1ished reccmded iæth for use in batch
cerifications of bri11iat b1ue FC, discium salt, sa that it :rt

SPeifications defined by the US Fcx an Drg Adistration (Ho:ritz,

1975), an an Officia1 First Acion for its detection in fcxs by a

solvent exaction iæth (Ho:ritz, 1970) or by co1ur chantogaphy

with sptrophotatric idetification (Ho:ritz, 1975).

Titri:tric iæthcxs can be us for detering the dye content in

sam1es of bri11iant b1ue FC, disoum sat either alone (FAO, 1963;

Rao & Dutt, 1970) or in caintion with spophotatric identification

(Nie1se, 1968).
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Nuc1ea magnetic resonance sposc ha be ev1uated as a

means of identifying and differentiating fcx colaus, inc1uding bril1iant

b1ue FC, discxium salt (Maon, 1974), and for conflig the identity

of dyes considered for use in 1ymhogar, with purity detetion by
th- 1ayer chantogaphy (Hiranak et al., 1975).

A 1iqud anion-exclge system has be used ta iso1ate co10urants,
inc1uding bri11iant b1ue FC, discxium sat, in straw jam prior to

sperophotartric detennation (Toogai, 1973).

Pape chantogaphy, using sixen solvent systan, has be used
to sepaate dyes, inc1uding bri11iant b1ue FC, discxium salt, used in

focs an drgs (Dobrecky & De Caevale Boino, 1967a) an in cabote

beerages (Arino EsPaa, 1970). AdorPion on defatted woo1 has be
er10yed to iso1ate the dyes prior to seation by pape chantogaphy,
e1ution an sPetrophotaætric detention (Takgi, 1968). 'I-

siona1 pape chantogaphy has be used to sepaate dyes, inc1udig
bri11iat b1ue FC, discxium salt, used in fcxs, drgs an cosrtics

(Dobrecky & De Carevale Boino, 1967b) i and pape e1ecophoresis has

be used for those found in iæicines (Darecky & De Caeva1e Boino, 1968).

Fcx co10urs, inc1uding bri11iant b1ue FC, disoium salt, have been

sepaated and detected by th- 1ayer chantogaphy on Avice1 using thee
solvent system (Wang & Tsai, 1973) and on polyamde using one solvent

systan (Takeshita et al., 1972).

Baer' s yeast has be used to iso1ate co1aus, inc1uding bri11iant

b1ue FCP, discxium salt, in confectioner prior ta thin-layer chantogaphy

(Onozaki & Mi, 1971) i an diethylaoe1-Sehadex has been used for

co10urs in fcxs (Takeshita & Sakgam, 1969). SPetrodensitantr ha be
used to qutitate phaceutica1 dyes on thin-layer plates (Peer, 1968).

Sepaation and detection of dyes, inc1udg bri11iant b1ue FC, disoum
salt, in cosmtics and detergents in the presence of large amts of
surface-active agents ha be caried out with thin-1ayer chantogaphy
(Matsurto et al., 1972).
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3. Bio1D9ica1 Data Reevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studes in anii1s

(a) Oral adistration
r-use: Groups of 48 ma1e (20-31 g) an 50 fan1e (19-23 g) ASH/CS1

mice wee fed diets containing 0 (control), 0.015, 0.15 or 1.5% bri11iant

b1ue FC, discium salt (puity, 85%) for 80 \\eks, providing intaes of
approxite1y 0, 20, 200 or 2000 rr¡kg lM/day. At 80 we, 16 ma1e con-

tro1s, 8, 12 and 9 treated ma1es, 17 fem1e contro1s an 13, 16 and 22

treated fan1es had died, in the different groups, respi ve1 y . No

significat increase in tu incidence was obsered in treated mice

caed with tht in oontro1s. On sq-ce11 cacinan of the
stcch was obser in a fan1e treate with the highest dose; 7 kidney
ttnurs (6 adenans an 1 adenoccinan) wee observed aIng 30 ma1es

exed tht had received the 0.15% dose, cxed with 1 kidney adenan

in 44 contro1s exed (p,O. 05) (Rowland et al., 1977).

Rat: Fou groups of 15 ma1e an 15 fem1e Wista rats, 4-6-weeks old,
were fed diets containing 0 (control), 0.03, 0.3 or 3% bri11iant b1ue FC,

discxium salt (fcx grade) for 75 wes, at which time the exri:t was

termte. Th nunrs of suivors at this ti: were 23 (control), 19,
20 and 19 rats in the four groups, resptive1y; tissues fram 5 ma1e and

5 femcÜe suivors in each group wee exed histo1ogica11y. One lymhe-
sarca occued in a ma1e fed the 0.3% dose 1eve1 (Mae11 et al., 1962)

(The Working Group noted the indeqte histo1ogica1 exation of tissues

in this exi:tJ.
Groups of 12 ma1e an 12 fan1e 3-w old Osborne-M:de1 rats recei ved

o (control), 0.5, 1.0, 2.0 or 5% bri11iant b1ue FC, disodum salt in their
diet for 2 yeas. No significant increase in morta1ity or patho1ogica1

chages wee observed in these anim1s when caed with untreated control

rats (Hansen et aL., 1966) (Th Working Group noted the indeqcy of the

exi:t J .
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(b) Subtaeos and/or intrarcuar admistration
Rat: Groups of 48 an 27 rats (se and strain unpeified) received

twice we1y s.e. injections of 1 ml of an aqueos solution of bri11iant
b1ue FC, discxium salt containing 7.4 or 20 m: of the dye (37% pue).

The average period of treabnt was 20.5 IInth, an the average total

dose pe animl was 1.22 or 3.5 g, resptive1y, caculated on the basis

of pue dye. Injection-site fibrosarcas develop in 10 and 20 anim1s.

Thee of 4 rats given twice wee1y s.e. injections of 20 mg bri11iant b1ue

FCF, disodium salt (37% pure) for 9 rrths an obsered for a furer 22

!Tnths deve10pe injecion-site sacas. In grous of 31 an 14 rats

tht served as contro1s and tht wee injected sutaeoly with 0.9%
and 3.4% saline for IIre th 8 IInth (mair, 29 or 27 rrnths), no

injection-site tuurs occued (Gross, 1961).

Groups of 25 and 40 rats (se an strain unspeified) received twce

wee1y s.e. injections of 1 ml of an aqueos solution of bri11iant b1ue

FC, discium salt containing 7.4 or 20 m: of the dye (~90%pure). Th
average peicxs of treabnt w:re 17 and 12.5 rrnths, an the average

total dose per animl was 1.07 and 2.5 g, respive1y, cacu1ated on
the basis of pue dye. Injection-site fibrosacas deve10p in 18 and
25 rats. Al1 of 7 rats given twice w:1y s.c. injections of 20 mg

bri11iant b1ue FC, discxium salt (~90% pue) for 9 rrth an obseed

for a futher 10.5 IInth deve10Pe injection-site sarcas. The contro1s

were the sar as those used in the exri:t with 37% pue bri11iant b1ue

FCF, disodum salt describ abe (Gross, 1961).

Ten male and 10 fem1e 5-we-01d Wista rats recive wee1y s.e.

injections of 0.5 ml of a 4% solution of bri11iant b1ue FC, discxium salt
(foc grade) in isotonie saline for 45 tos (total dose, 900 mg). The

exriit was tenated at 71 w:, at which ti 9 of the an1s were
still a1ive. No fibrosarcas wee obser (Mae11 & Grice, 1964).

Nine male an 9 fem1e Osrne-Medel rats, abt 4-wes old,

received wee1y s.e. injecions of 30 mg bri1liant b1ue FC, disoum salt
as a 3% aqueous solution for 2 yeas¡ 5 rats wee still alive at 18 rrnth.

A total of 16 rats deve10Pe injecion-site sacas, an none occued in
18 sa1ine-injecte control anim1s (Hansen et al., 1966).

180



3. 2 Oter relevat bio1ogica1 data

Th toxico1og of co10uring materia1s, inc1uding bri11iant b1ue FC,
discxium salt, has be review (Drake, 1975).

(a) Eximtal system

The s. c. ID of bri11iant b1ue FC, discium salt in mice 1S 4.6
50

g/kg hv (Gross, 1961). Th oral ID of an unspified salt of bri11iant
50

b1ue FC in rats was nnre th 2.0 g/kg hv (Lu & Lava11e, 1964).

Studies in rats, rabbits and dogs invo1ving oral admistration of
bri11iant b1ue FC, disodium salt inicate tht ony sm11 arunts of the

dye (.(5%) are absorbe and tht it is excreted main1y in the faeces (Hess

& Fitzhugh, 1953, 1955). Fo11CMing its Lv. injecion in rats, over 90%

of the dye was excreted in the bile with 4 heurs (Iga et al., 1971a).

Five and 3 begle dos, 6-7 rrth old, received diets containing

2% and 1% bri11iant b1ue FC, discium salt, respectve1y, for 1 yea,

at which ti: the eximt was teted. No c1inica1 sign an no

gross or TIcroscopic patho1og wee attribted to ingestion of the dye

(Hansen et al., 1966).

Bri11iant b1ue FC, disoium salt exi ts high plasm protein

bining (Gango11i et al., 1967, 1972; Iga et al., 1971a,b).

No adeqte data on the e::rtoxicity, teatoencity or mutagenicity

of these co10urs \\re avai1ab1e to the Woking Group.

(b) Ma

No data wee avai1able te the WOrking Group.

3.3 Case reports an epidemological stuies

No data wee avai1ab1e to the WOrking Group.
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4. Ccts on Data Rérted an Evaluatìon 1

4.1 Animl data

Bri11iat b1ue FC, discximn salt is cacinogenic in rats after its

subtaeous injection: it prcxuced fibrosaca fo11owing repeated

injections. It a1so prcxuce an inc:eaed incidence of ki tururs in

mice after its oral admistration.

4. 2 Hum data

No case reports or epidemological studies were avai1ab1e to the

Working Group.

ISee a1so the setion, 'An1 Data in Reation to th Evaluation

of Risk to Ma' in the intrcxucion to this vol'l, p. 13.
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FAST GR FC

1. Chca1 an Physica1 Data

1.1 Synonym and trade I1S

Co10ur Index No.: 42053

Co10ur Inex Na: Fcx Gree 3

Chem. Abstr. Seices Re. No.: 2353-45-9

Ch. Abstr. Na: N-Ety1-N-(4-( (4--letl( (3-sulfopeny1):ithy1)-
arolphey1) (4-hydroxy-2-sufopheny1) rrthyleneJ -2, 5-cc10hexdien-

1 -y 1idene) - 3-su1fobzenarthium hyoxide iner salt, discxium
salt

Discium salt of 4-t (4- (N-ethyl -para-sulphobzy1aro) phey1J (4-
hydroxy- 2-su1phoniUlheny1 J:ithy1ene J- 1- (N-ethy1 -N-para-su1phobezy1) -

!.2,5_cyc10hexdieniie; etl1( 4- (a-tpara-(ethy1 (meta-su1phobezy1)-

amo Jpheny1 J--4-hydoxy- 3-suphobezy1idene) -2, 5-cc10hedien- 1-

y1ideneJ (meta-su1phobezy1)anium hydroxide iner salt, discium

salt; PD and C Gree No. 3

Aizen Fcx Gree No. 3; Gree 1724; Solid Gree FC

1.2 Chca1 fonm1a an rr1ecla -wight

-
503

H,C-H,C-N-CH'_~

o
H3C - H2C1+0

ï= _ =c

fH2 ~ sa;
~SO- OH3

+
2Na

C37H34N2010S3.2Na fuI. wt: 808.9
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1. 3 Chauca1 an physica1 propeies of the pure substace

(a) Decription: Dak-gee p:er or granules with a :ita11ic
lustre (Japaese Unon of Foc Additives Associations, 1974)

(b) Spetroscopy data: Àma 628 rn (Japaese Union of Foc

Aditives Associations, 1974)

(c) Solubi1ity: SOluble in water an in etho1; insoluble in

vegeta1e oi1s (Th Soiety of Dyers and Co10urists, 1971a)

(d) Surface activity: A 3% aqueo solution shCM a depression

of suface tension of water of 31.1% at 370C (Gago11i et al.,

1967) .

1. 4 Tehnica1 prcxucts and i.i ties

Fast gree FC is avai1ab1e in the US in a grade cerified by the
US Foc an Drg Adistration as suita1e for use as a co10ur additive
in foc, drgs and cosrtics; it rnt Ce at 1east 84.5% pue dye

(detered by titration with titaium trichoride) and contain not more

th: 10.0% volatile natter (at 135°C), 5.0% susidiar dyes, 5.0%

scxium chloride an scxium su1phate, 1.0% mied oxides, 0.5% water-ino1ub1e

natter, 0.4% ether extracts, 1. 4 m;i/kg arsenic (as As203), 100 mg/kg 1ead

an trace quti ties of heavy irta1s other th arsenic an 1ead (US Fcx

and Drg Adistration, 1976). Fast gree FC avai1ab1e in wester

Euope conform to these sa spifications.

ln Japa, fast gree FC is availa1e as a co10ur additive grade tht

contain a mill of 85.0% pue dye (detered by titaium trichloride

titration) an not rrre than: 10% volatile natter (at 135°C), 6% subsi-

èliai: dyes; 5% inorganic ch10ride and suphate, 0.3% wate-inso1ub1e
matter (Japaese Unon of Foc Aditives Associations, 1974), 500 mg/kg

iron, 200 mg/kg zinc, 50 mg/kg chanum, 20 mg/kg 1ead and 2 mg/kg arseic
(as As203) .
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3. Production, Use, Ocence and Ana1ysis

For background infoi:tion on this section, see prea1e, p. 15.

2.1 Prcxuction and use

(a) Prcxuction

Fast gree FC ca be prepaed by condensing 4-hydroxybeza1dehyde

with N-ethy1-N-phenylbzy1ame, fo11awed by su1phonation, oxidation
an isolation as the sodiin salt (The Soiety of Dyers and Co10urists,

1971b) . It is prcxuced cccia11y by the condensation of 4-hydroxy-

bezaldehyde- 2-su1phonic acid wi th a- (N-eth1ani1ino) -4-to1uenesu1phonic
acid (Zuckenn, 1964).

This co10ur has been prcxuce cacia11y in the us since 1927

(US Tariff Cassion, 1928); on1y one US ccy reported an undisc10sed

anunt (se prea1e, p. 15) in 1975 (US Interational Trade Cassion,

1977) .

Less th 10 thousand kg fast gree FC are imrted and exrted
anua11y in the OK.,

It was first prcxuced cacia11y in Japa in 1945, but there has

be no carcia1 prcxuction in recent yeas. Japa imrts 1ess th
1000 kg anua11y, an thre are no eXfrts.

(b) Use

ln th US, abut 88% of the 1400 kg fast gree FC sold in the first

nine months of 1967 were used in foc, 11% in phaceutica1s and abut

1% in cos:tics (Ann., 1968). The products in whch it is used ar

beverages, swts an confections, rnasch chies, puding poers,
baer goo, ice-crea, sherbet an dair prcructs (Anon., 1968). It
is used to dye phacetica1 capsules (Zuckenn, 1964) and as a co10ur

ingredient in terar co1ou shas, at cincetrations of abut 0.5-2%

(Mak1an, 1966). Fast gree FC is a1so us as a histo1ogica1 stain in
a sPeifie test for DN (Parker, 1966).
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Less th 10 thousa kg fast gree FC are used anua1y in the UK;

over 90% of ths is in cosrtics. In Japa, it is used as a foc co1ou

on1y.

Fast gree FC 1S provisiona11 y 1isted in the US for us in focs,

drgs and cosrtics and is suject to cerification tht it cofonn to

the sPeifications set fort by the US Foc an Drg Adistration (see
section 1.4, p. 188) (US Foo and Drg Adistration, 1976).

ln Japa, ths co10ur is not petted for use in bes, fresh fish

and she11fish, fresh vegeta1es, roasted so be f10ur, Laminariales

(ke1p), fresh and cued :it, ma1ade, soy be paste, noc1es, soaed
fish :iat, soya sauce, spnge cae or tea (Japaese Union of Fcx Additives

Associations, 1974).

It is not amng the co10urants petted for use in foc in the

Euope Econanc Caities (Th Soiety of Dyers and Co10urists, 1975);
hawver, it may be used in cosrtics which caæ into contact with mucous

meranes (BE, 1976).

The Joint FAO/WO Ex Canttee on Fcx Aditives has assigned an

acceptale dai1y intae for ma of 0-12.5 TI/kg bw (WHO, 1970). Fast

gree FC has be sPeifica11y approved for use in tied app1e sauce
an tined pes at a maim 1eve1 of 200 mg/kg, singly or in canination
with other co10urs (Ccxex Alintaius Cassion, 1973).

2. 2 Ocence

Fast gree FC is not knCM to occu as a natura1 prcxuct. No data
on its occuence in the envirorit wee ava1ab1e to the Working Group.

2. 3 Anl ysis

Chantogaphic and sptrophotaætric :ithcxs for the identification
of foc dyes, inc1uding fast gree FC, have be review (FAO, 1963).

The Association of Officia1 Anlytica1 Chemsts has pub1ished
recæided rrthcxs for use in batch cerifications of fast gree FC
so tht it met spifications defined by the US Foc and Drug Adstra-
tion (Hoi:itz, 1975), and an Officia1 First Action for the detection of
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synthetic organic co10ur additives, inc1uding fast gree FC, in focs

by selective solvent exactions (Horwitz, 1970) or by colum chramtogaphy
and spetrophotaætric identification (Horwitz, 1975).

The dye content in a sam1e of fast gree FC may be determed by
titration (FAO, 1963). Nuclea magnetic resonace sptroscopy has be
eva1uated as a mes of identifying and differentiating foc colours

(Maon, 1974).

Foc dyes, including fast gree FC, have be sepaated by paper
chrantography and quantitated by photoe1ectric densitatr (Sasaki &

Iwata, 1972). Adsorption onto defatted waal has be used to isolate dyes

used in beverages, inc1uding fast gree FCF, prior to paPe chrantogaphy
(Takgi, 1968). 'Io-dimsiona1 paPe chrantogaphy has a1so be used
to sepaate dyes, inc1uding fast green FC, used in fcx, drgs and
cosrtics (Dobrecky & De Caeva1e Benino, 1967).

Dyes used in focs, inc1uding fast gree FC, have ben sepaated by
thin-layer chrantogaphy on diethy1amoethy1 cellulose using two solvent
series (Tuer & Jones, 1971), an polyamde-silica gel and po1yamde-

diatanceous eath (Hsu et al., 1971) and on microcrysta11ine cellulose

(Hayes et al., 1972). Diethy1amoethy1-Sephadex has ben used to iso1ate

the dye from foc prcxucts prior to thin- 1ayer chantogaphy (Takeshi ta &

Sakgam, 1969; Takeshita et al., 1972), and baker's yeast has been used
for confectionery prcxucts (Onozaki & Miam, 1971). Thin-1ayer chranto-
graphy on si1ica gel has a1so been used to sepaate and identify dyes

in cosmtics (Matel1i & Proserpio, 1974) and in the presence of large

arunts of anionic surface-active agents (Matsumto et al., 1972).

Sepaation on microcrysta11ine cellulose using four sol vent system has
be used with spetrcxensitaætric qutitation (Pener, 1968).
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3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and related studies in anir1s

(a) Oral admistration

Mouse: Groups of 50 ma1e and 50 feme C3HeB/FeJ mice were fed diets
containing 1% or 2% fast gree FC for 2 years; 100 ma1es and 100 fem1es

served as contro1s. After 78 wees, 56 contro1s and 27 an 17 mice in the

two treated groups, respeive1y, were still a1ive. The mmibers of anir1s

with ti.urs were not different in the thee groups (Hansen et aL., 1966)

(The Working Group noted the inadeqcy of the exri:tJ.

Rat: Five groups of 4-wee-01d Osrne-Medel rats, 50 per group
and divided even1y by se, ~re fed diets containing 0 (control), 0.5,

1. 0, 2. 0 or 5.0% fast gree FC for 2 yeas. M0rt1i ty was not higher in
treated groups. Th mnubers of anir1s wi th maignt ti.urs and the

typs of tuurs ~re not different aIng a11 groups when cæied with

controls (Hansen et al., 1966) (The Working Group noted the indeqacy
of the exrimt; on1y 12 anir1s fed 5% dye were exed microscopi-

ca11y in detai1J.

(b) Subtaeous and/or intramscu1ar admistration

Rat: Eightee 3-~ek-01d Osrne-M:de1 rats of bath sexes recei ved
week1y s.e. injections of approxirte1y 30 mg (1 nù of a 3% aqueous

solution) fast gree FC for 1ife. Fou anir1s were still a1ive after
18 months. Fifteen anir1s deve10Pe injection-site fibrosarcas, whch
apped after abut 40 ~s of treatmt. No injection-site ti.urs
were see in 64 control rats injeced with saline (51 a1ive at 18 month

and 19 at 2 years) (Hansen et al., 1966; Nelson & Hagan, 1953).

Tw groups of 16 fem1e Fischer rats, approxirte1y l-!Tnth old, were
given rePeted s.c. injections of 0.5 ml of a 3% or 6% aqueos solution of

fast gree FC (PUity, 92%; solution adjusted to pH 7.1). Initia11y,
injections of 6% were given twice weeky ta one group an injecions of

3% twice wee1y to the oter. After 17 ~s, treatmt in ba groups

was with 3% twice wek1y for 9 ~s. Duing the fo11CMg 22 wees bath
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groups ~e injeced usualy once a we, ocasiona11y twice a wee.

Thiree of 16 rats stared at the 6% 1eve1 and 10/14 of the other group

deve10Pe fibrosarcas at th injecion site; the first tumurs apped
after 7 months. l' injecion-site tus occued in 10 control rats
injec with disti11ed water. Five rats received a single s.e. injection

of 0.5 ml of a 3% aqueous solution of the dye, and no locl tumurs
deve10Pe within the 16-rrth obseration pericx (Hesselbch & O'Gaa,

1960) .

3.2 Oter relevant bio1ogica1 data

(a) Exriita1 systen

Th oral ID of fast gree FC in rats is rrre th 2.0 g/kg bw
50

(Lu & Lava11e, 1964),.

Studies in rats, rabits and dogs invo1ving oral admistration of

fast gree FC indicate tht on1y sm11 amunts of the dye (-0:5%) are

abrbe and tht it is ma1y excreted in the faeces (Hess & Fitzhugh,

1953, 1954, 1955). Fo11CMing its Lv. injecion in rats, over 90% of

the dye wa excrete in the bile within 4 hous (Iga et al., 1971).

Groups of 2 rn1e and 2 fem1e begle dos, 6-9-rrth old, were fed

diets containing 0, 1.0 or 2.0% fast gree FC (reaching dai1y amunts of

512-781 rr/kg bw and 258-288 rr/kg bw at the 2% and 1% 1eve1, respective1y)

for 2 yeas, at whch ti the exi.t waS tented. l' toxic effects

~e recrded (Hasen et al., 1966).

Fast gree FC exits high plasm protein bining (Gago11i et al.,
1967, 1972; Iga et al., 1971).

No adeqte data en the anryotoxcity, teatoenicity or nntagenicity

of this co1ou were avai1ab1e to the Woking Group.

(b) Ma

No data ~e avai1ab1e to the Working Group.

3. 3 Ca report an epidemo1ogical stues

No data ~e avai1able to the l\kig Group.
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4. ~nts on Data Reported and Eva1uation1

4. 1 Animl data

Fast gree FC has been tested in mice an rats by oral admistration

and in rats by sutaeous injection. It was cacinogenic in rats, pro-

ducing sarcans at the site of rePeted subtaeous injections.

4. 2 Hi. data
No case reports or epidauo1ogica1 studies were avai1ab1e to the

Working Group.

1 See a1so the seion, 'Anl Data in Relation to th Evluation

of Risk to M3' in the intrcxuction to this volum, p. 13.
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GUIN GR B

1. Chemca1 and Physica1 Data

1. 1 Synonym an trade nas

Co10ur Inex No. : 42085

Co10ur Inex Nams: Acid Green 3; Foc Green 1

Cher. Abstr. Seices Re. No.: 4680-78-8

Cher. Abstr. Na: . N-Ethy1-N- (4-( (4-tethyl( (3-su1fophenyl)methy1)-

amo ;pheny 1) pheny l:thy 1ene) - 2, 5-cyc10hexadien- 1 -y lidene) - 3-su1fo-

benzenemthamium hydroxide iner salt, scxium salt

Acid gree; C. 1. Acid Gree 3, scium salt; PD and C Gree No. 1;

PD and C Gree Nur 1; FD Gree 1; guinea gree; monoscxium

salt of 4-(4- (N-ethy1-para-su1phobezy1amo)diphenyl:thy1ene)-

(1- (N-ethy1 -N-para-su1phoniumzy1) -~ 2, 5 -cyc10hexdienime)

Acida1 Gree G; Acid Gree B; Acid Green G; Acid Gree 2G;

Acid Gree L; Acid Green S; Acid Lether Green F; Acid

Lether Gree 3G; Aci1an Gree B; A.F. Gree No. 1;
Amcid Green B; Bri11iant Gree 3EML; Bucacid Guea
Gree BA: Ca1cocid Gree G; Fenazo Gree L; Guinea Green;

Guea Green BA; Hidacid :Era1d Green; Hispacid Gree GB;
Intracid Gree F; Kiton Green F; Kiton Green FC; Leather

Gree B; Lissame Gree G; .Mantine Green G; Naphtha1ene

Gree G; Naphth1ene Iae Gree G; Naphtha1ene Leather

Green G; Neran Bri11iant Gree G; Pontacy1 Green BL;

Su1facid Bri11iant Gree lE; Su1pho Gree 2B; Vondacid

Green L
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1.2 Chemca1 formla and mo1ecla weight

-
503

H'C-H'C-ï-CH'_~

~ .H3C - H2C

'0N+ =C
rH, - ~

(Çso,-

+
Na

C37H35N206S2.Na fuL. wt: 690.8

1.3 Chemca1 an physica1 prapies of the pure sustace

(a) Description: A du11, dak-gree :per or a bright,
crysta11ine solid (windho1z, 1976)

(b) Solubi1ity: Soluble in water¡ slight1y soluble in etho1
(Windho1z, 1976)

1.4 Tehnica1 prcxucts an imities

ln Japa, guinea gree B has the fo11owing SPifications: puity,

85% mi. i inorganic salt, 4% ma. ¡ and water content, 10% ma.

2. Prcxuction, Use, CXence and An ysis

For backgroun inonntion on this seion, se prea1e, p. 15.

2.1 Prcxuction and use

(a) Prcxuction

The co10uring propeies of guea gree B \'e reped in 1883

by Schultz and Streng. It may bè prepaed cxcia11y by condening
beza1dehyde with 0.- (N-ethylai1ino) -meta-to1uenesulphonic acid, fo11CM
by oxdation and conversion to the scum sat (Th Soiety of Dyers and
C01ouists, 1971a).
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Guinea gree B has be prcxuce cccia11y in the US for over
fifty yeas (US Taiff Cassion, 1919). Fou US cxies reported
prcxuction of approxite1y 93.5 thousand kg and sales of 74.9 thousand kg

ID 1973 (US Interational Trade Cassion, 1975) i sales of 74.5 thousand
.,~,

kg were report in 1974 (US International Trade Cassion, 1976), but
these dropPe to on1y 32.2 thousand kg in 1975 (US Interntional Trade

Comssion, 1977).

Guinea gree B was first prcxuce cccia11y in JaPa in 1940. It

is be1ieved tht there is one prcxucer cuent1y; ho.ever, no production

has be reported since 1973, when 200 kg were maufactured. There are no

Japaese exprts or ÌIrts of this cherca1.

(b) Use

Guinea gree B is used to dye ~1, silk (The Soiety of Dyers and

Co10urists, 1971b) and 1eather (The Society of Dyers and Co10urists, 1971c).

It is a1so used to dye paPe, in wo stains, as a bio1ogica1 stain and as

an indicator. Its baium and alumium sa1ts are used as pigmts (The

Society of Dyers and Co10urists, 1971b).

ln the past, ths co1ou wa use as a fcx, drg and cosrtic dye to
co10ur ge1atine desserts, frozen dessers (ice-crea and sherbets), sweets

and confections whch did not contain fats and oi1s, baery products and

ceea1s, and drg capsules (Zuckenn, 1964). Ho.er, its use as co1our
additive for foo, drgs and cosrtics was forbidden in the US in 1ate

1966 (US Fcx and Drg Adistration, 1976), and its use as a fcx

additive was forbidden in Jap in 1967 (JaPaese Union of Fcx Aditives
Associations, 1974). It is cosidered to be unsafe for use in foc

thoughout th -wr1d (Ccxex Ali:taius Cassion, 1973).

ln western Euope, guinea gree B ca provisiona11y be used in

cosrtics tht do not a: into contact with rncous rrranes (EE, 1976):

and in JaPa, it is use in exer11y app1ied cosrtics.

2. 2 Occuence

Guinea gree B 1S not know to oc as a natura1 product. No data
on its ocence in the environmt wee avai1able to the Working Group.
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2. 3 Anl ysis

Chantogaphic and spetrophotatric :iths for the identification
of foc dyes, inc1uding guinea gree B, have be reviewed (FAO, 1963).

Prior to its cace11ation for use in foos, drgs an cosrtics, the
Association of Officia1 An1ytica1 Chemsts pu1ished recarded methcxs
for use in batch cerifications of guinea gree B so tht it :iet speifi-

cations defined by the US Foc and Drg Adistration (Horwitz, 1965).

It has sim1ar1y pub1ished Officia1 First Actions for dyes, inc1uding

guinea gree B, in focs by selective solvent exaction (Horwitz, 1970)

or by c01ur chrantogaphy and sptrophotc:tric identification (Horwitz,
1975) .

A titration :ithcx for detering the dye content in a sa1e of
guinea gree B has be pu1ished (FAO, 1963). Nuc1ea magnetic resonance

speroscopy has be eva1uated as a :is of identifying and differen-
tiating foc co10urs (Maon, 1974).

Paper chantogaphy has be used to sePaate and identify dyes,
inc1uding guinea gree B, used to dye paPe (Wallace et al., 1967) and

focs using spetrcxensitaætric quantitation (Sasaki & Iwata, 1972).

Dyes usEr in focs, inc1uding guea gree B, have be sePaated and
identified by thin- 1ayer chrantography on po1yamde-si1ica gel and po1y-
amde-diatanceus earth (Hsu et al., 1971), on polyamde plates (Takeshita
et aL., 1972) and on cellulose MN after isolation of the dyes fran the

foo sa1e by adsorption on WJ1 (de Sousa Caalho & Figueira, 1967).

Adsorption on diethy1amoethy1 -Sephadex has also be used to iso1ate

dyes (Takeshita & Sakgam, 1969).

3. Biologica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studies in anir1s

(a) Oral admistration

M'se: Groups of C3HeB/FeJ mice were fed diets containing 0% (101

ma1es, 101 fan1es), 1.0% (50 ma1es, 53 femes) or 2% (51 ma1es, 49
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femles) guinea gree B for 2 yeas. The nurs of survors at 78 wes
wee 100, 72 and 68 and those at 104 weeks, 23, 23 and 15 for th 3 1eve1s,
respective1y. Th total tUIur incidence in the 3 groups did not differ
(P).O. 05) fran that in the contro1s. In a11 3 groups, neop1asm occured
rnch !Tre often in males th in fem1es. Prll hepatic tuurs were

the rnst can, but no statistica11y significant difference was see amng

the groups (Hansen et al., 1966) (The Working Group noted the inadeqacy

of the exri:tJ.

Rat: Fou groups of 15 male and 15 feme wista rats, 4-6-wes old,

were fed diets containing 0 (control), 0.03, 0.3 or 3% guinea gree B for

75 wees, at which ti: the exi:t was tenated. The nums of
surivors at this ti wee 23 (control), 27, 25 and 20 rats, in the four

groups, respeti ve1 y ¡tissues fran 5 male and 5 fem1e suri vors in each
group were exed histo1ogica11 y . Ma1ignant tuurs deve10Pe in 1 male
(kidney cacinan) of the Ilian dose 1eve1 group and in 3 fem1es fed the

highest dose (1 1iposarcan and 2 sgams-ce11 cacinans of the skin) .
ln addition, 2 fenles at the 3% 1eve1 had beign skin les ions (kerato-

acathans). ln the control group, 1 femle had a fibosarco (Mae11
et aL., 1962) (The Working Group noted the inadeqate histo1ogical exam-

ation of tissues in this exrint J .
Five groups of 4-we-01d Osrne-Medel rats, 50 per group and even1y

divided by sex, were fed diets containing 0 (control), 0.5, 1. 0, 2.0 or
5.0% guinea gree B for 2 yeas. Th numrs of femles still a1ive at

2 yeas were 7 contro1s and 14, 14 and 17 in the treated groups, respective1y.
There were no significant differences in tu incidence, except that pri-

ma hepatic tururs did not occu in contro1s or in anin1s at the 0.5%
dose 1eve1. Six males (2 at 1% and 4 at 5% 1eve1) and 4 fem1es (1 at 2%

and 3 at 5% 1eve1) deve10Pe hepatic-ce11 adenans. Thee males (2 at 2%
and 1 at 5% 1eve1s) and 1 fem1e (5% leve1) had cacinans of the 1iver

(Hansen et al., 1966).

(b) Subtaeous and/or intramscula adistration

Rat: Eightee 4-we-01d Osrne-M:de1 rats of bath sexes received
wee1y s.e. injections of approxinte1y 15 Ir (in 1 ml of an agueous solution)
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guea gree B for 1ife. Fouee ans suived for 18 IInth and 6
for 2 yeas. Fou rats deve1ap injection-site fibrosarcos. No

injecion-site tuurs occued in 64 controls (51 alive at 18 m:mth and

19 at 2 yeas) injected with saline (Haen et al., 1966) (P,O. 01) .

(c) Oter exi:ta1 systan

Rat: A group of 20 ma1e and 20 fer1e 4-we-01d Wista rats had

continua1 skin/fur contact with guinea gree B for 100 weekS: the tray
of the cage was sprin1ed wi th 3 g of the dye, and the rats were p1aced

direct1 y on the tray; the tray was c1eaed twice woody, an the sa
anunt of dye was added after each c1eaing. Thee of 18 fer1es deve10Pe
skin fibrans, as did 3/14 fer1e contro1s. One expsed ma1e develope

an epiderid cacinan, caed wi th 0/12 ma1e contro1s. The increased

incidence of beign ma tlmours in the test group (7/18) caed with
tht in contro1s (1/14) was statistica11y significat (P,0.05) (Mae11

et aL., 1964).

3.2 Oter relevant bio1ogica1 data

(a) Eximtal system

The oral ID of guinea gree B in rats 1S greater th 2.0 g/kg bw50 -
(Lu & Lava11e, 1964).

Studies in rats ino1ving oral adistration shOWed tht on1y sm11

arunts of the dye (-(5%) are absorbe and excreted unchaged in the bile

(Hess & Fitzhugh, 1953, 1954, 1955; Miegishi & Yam, 1974). Fo110Wing
its Lv. injection in rats, abut 75% of the dye was excreted in the bile

within 4 hous (Iga et aL., 1971; Miegishi & Yama, 1974).

Groups of 2 ma1e an 2 fer1e beagle dogs, 6-9-m::mths old, were fed
diets containing 0, 1.0 or 2.0% guinea gree B (reaching dai1y amunts of

205-405 mg/kg hw and 520-714 mg/kg hw at the 1 and 2% 1eve1s, respetive1y)

for 2 yeas, at which tim the eximt was terated. Mi1d 1eucopenia,

weight 10ss an anorexa were obsered in sa dogs (Hansen et al., 1966).

No data on the anryotoxicity, teatogenicity or rntagenicity of this

co10ur were avai1ab1e to the Working Group.
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(b) Ma

No data were availab1e to the Working Graup.

3. 3 Case reports and epidemo1ogica1 studies

No data were avai1ab1e to the Woking Group.

4. Ccts on Data Rerted and Evaluation 1

4. 1 Animl data

Guinea gree B has be tested in mice an rats by oral admistration

and in rats by amient exsue an sutaeos injection. It was carcino-
genic in rats, prcxucing hepatic turs after i ts oral admistration,

local sarcams after its sutaeos injection an beign ma turs
fo11owing arient exsue.

4. 2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e to the

Workig Group.

1 See a1so the setion, 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the intrcxuction to this vo1ur, p. 13.
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LIGH GR SF

1. Chca1 and Physica1 Data

1. 1 Syonym an trade na:

Co10ur Inex No.: 42095

Co10ur Index Nars: Acid Gree 5; Foo Gr 2

Ch. Abtr. Seices Re. No.: 5141-20-8

Ch. Abtr. Na: N-Ety1-N-i4-( (4-( (3-sulfopheny1):ithy1JamoJ-

phey 1) - ( 4-su1fopheny1) methy1ene J -2, 5-cyc10hexdien- 1 -y 1ideneJ- 3-

su1fobezenemthamium hydroxide iner salt, discium salt

C.1. Acid Gree 5, discium salt; D an C Gree No. 4 ;
disoium salt of 4-H4-(N-ethy1-para-sulphobzylao)pheny1H4-
su1phoniumzy1Jmethy1eneJ (1-N-ethy1-N-para-sulphobezy1) _~2, 5_

cyc10hexdienime; ethy1 (4- tpara- (ethy1 (meta-sulphobezy 1) amo J-
a- (para-suphophey1) bezy1idene J- 2, 5-cyc10hexien- 1 -y1idene) (meta-
su1phobezy1)ainium hydroxide iner salt, discium salt; PD and

C Gree No. 2; 1ight gree SF ye11awsh

Acid1 Light Gree SF; Acid Bri11iat Gree SF; Acid Gree;

Acid Gree A; Acid Gree G; Acila Gree SFG; A.F. Gree
No. 2; Amcid Gree G; Fast Acid Gree N; Fenzo Gree 7G;

Lether Gree SF; Light Gree CF; Light Gree G; Light
Gree 2GN; Light Gr Iae; Light Gree S; Light Gree

SFA; Light Gree SF; Light Gree Ye11awsh; Light Gree

SF Ye11owsh; Light SF Ye11avish; Lissae Gree SF;

Lissae La Gree SF; M:antine Gree SF; Penci1 Gree

SF; Sulfo Gree J; Sumt. Light Gree SF Ye11awsh;

Woo1 Bri11iat Gree SF
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1.2 Chemca1 formla an rrlec1ar weight

503
H'C-H'C-ï-CH'-~

H,c -H,C ~

f + ( )= C
fH2 0

~ 50,- 50,

+
2Na

C37H34N209S3.2Na

fuL. wt: 792.9

1.3 Chemca1 an physica1 proPeies of the pure substace

(a) Description: Redish-brCM pcer (windho1z, 1976)

(b) Solubi1ity: Soluble in water¡ alrst insoluble in etho1
(The Soiety of Dyers and Co10urists, 1971a)

(c) Surface activity: A 3% agueous solution shOled a depression

of surface tesion of water of 32% at 370C (Gago11i et al.,

1967) .

1.4 Technica1 products and imurities

No data were avai1ab1e to the Working Group.

2. Prcxuction, Use, Ocrence and Anl ysis

For backgroud inoi:tion on this section, se prea1e, p. 15.

2. 1 Prcxuction and use

(a) Prcxuction

The co10uring properties of 1ight gree SF were reported in 1879 by

Köhler (The Soiety of Dyers and Co10urists, 1971a). Light gree SF is

prePaed camcia11y by condensing ethylbzy1ani1ine with beza1dehyde,
fo11CM by su1phonation and oxidation, an, fin11y, conversion to the

scxium salt (Witterho1t, 1969).
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Light gree SF has be prcxuced cacia11y in the US for over fifty
yeas (US Tariff Cassion, 1919) i in 1975, on1y one us cany report
an undisc10sed amunt (see prea1e, p. 15) (US International Trade ccms-

sion, 1977a). US imrts of 1ight gree SF though principal us custom

districts were reported as 350 kg in 1974 (US Intertional Trade Ccmssion,
1976) an 48 kg in 1975 (US Intertional Trade Cassion, 1977b).

Light gree SF has net been prcxuced ccrcia11y in Japan since

its use as a foo co10ur was forbidden in 1970.

(b) Use

Light gree SF is used to dye -w1, nylon, silk (The Soiety of Dyers

and Co10urists, 1971b) and 1eather (The Soiety of Dyers and Co10urists,

1971c). It is a1so used as a bio1ogica1 stain, and its baium salt is

used to co10ur pape coatin~jS and printing ins (The Soiety of Dyers

and Co10urists, 1971b).

In the past, 1ight gree SF wa primi1y used in foo anèi drgs for
co10uring prcxucts such as ge1atine dessers, maaschino cherries, ice-

crea and sherbets, sweets and confections, baery prcxucts and cerea1s,

and ge1atine capsules for phaceutica1 prePaations (Zucker, 1964) i
hewever, it is no longer be1ieved ta be used in these applications.

Certif ication of 1ight gree SF for use as a co10ur addi ti ve in foos,

drgs or cosmtics was cace11ed in the US in 1966 (US Foo an Drg
Adistration, 1976) and in JaPa in 1970 (JaPaese Union of Foo Addi-

tives Associations, 1974). Light gree SF is not inc1uded in the 1ist of
co10urants penntted for use in foo in the Euope Ecnanc Caities
(The Society of Dyers and Co10urists, 1975), howver, it may provisional1y

be used in cosmtics which ca into contact with ImCOUS iæranes (BE,

1976) .

2. 2 Occuence

Light gree SF 1S not know to occu as a natura1 prcxuct. No data

on its occurence in the environmt were avai1ab1e to the Working Group.
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2.3 An1ysis

Prior to i ts cace1lation for use in fcx, drgs or cotics, th
Assoiation of Off icia1 Anl ytica1 Chsts (AO) pu1ished recded
:ithcxs for use in batch cerifications of light gree SF so tht it irt

speifications defined by the US Foo and Drg Aàstration (Hoi:tz,
1965). A titration ræthod with titaous chloride for detening the
puity of a sa1e of 1ight gree SF has be published (FAO, 1963), and

an Officia1 First Acion has been pulished by the AQ for th detection
of dyes, inc1uding 1ight gree SE, in foo by selective sol vent exaction
(Hoi:tz, 1970) or by sepaating the dyes on a co1ur chantogaph fo11ow
by spetrophotartric identification (Hoiitz, 1975).

Chantogaphic an sptrophotartric :iths for the identification
of foo dyes, inc1uding 1ight gree SF, have be review (FAO, 1963).

Foc dyes, inc1uding 1ight gree SF, have be seated by paPe chanto-
graphy an qutitated by sptrcxensitatr (Sasaki & Iwata, 1972).

Th- 1ayer chantogaphy was used: to sepaate and idetify foo

dyes, inc1uding 1ight gree SE, on po1yamde-ditaceous eath (Hsu et al.,
1971), to sepaate and identify foo dye miures of 1ight gree SF an
bri11iant b1ue FC on microcrysta11ine cellulose pcer (Hayes et al., 1972)
and to sepaate and identify oosmtic dyes, inc1uding 1ight gree SF, on

si1ica gel G with two deve10ping agents (Pinter et al., 1968) an on si1ica

gel with one solvent system (pinter & Krar, 1969). Water-so1ub1e dyes,

inc1uding 1ight gree SF, have be detected in foo by th- 1ayer chanto

graphy using diethy1amoethy1 cellulose to isolate the dyes intia1y

(Takeshita & Sakgam, 1969; Taeshita et aL., 1972).

3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3. 1 Cacinogenici ty and re1ated studes in animl s

(a) Oral adistration
fue: Groups of 50 rr1e an 50 fem1e C3HeB/FeJ mice were fed diets

containing 1% or 2% 1ight gree SE for 2 yeas; 100 rr1es and 100 fem1es
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sered as cotro1s. Afte 78 we, 50 controls an 39 an 22 mice in the

tw treated grous, resctive1y, wee still alive¡ 8, 13 and 3 mice were

still a1ive at 104 wæs. 'le was no difference in th tot incidence
of tus aig the thee groups (Hasen et al., 1966) ('Ie Workig Grou

noted th indeqcy of the exiit J .

Rat: Five groups of 4-wee-01d Osborne-~1ee1 rats, 50 per group and

divided even1y by se, wee fed diets containing 0 (control), 0.5, 1.0,

2.0 or 5.0% 1ight gree SF for 2 yeas. Data on suival rates wee not
reprt. 'l nums of anim1s wi th ma1ignt tus an the tys of

tuis wee Ilt different aig al1 grps wh cced with contr1s

(Haen et al., 1966) (Th Working Grou not the ineqcy of the

exiit J .
(b) Subtaoo and/or intrai1ar adistration
Rat: Seven rats (strai an se not spified) recived once or

twice wey s.e. injecions of 1-3 ml of a 2% or 3% aqueous solution of

1ight gree SF. 'I injecions wee adapted to th condition of the animL.

Tods th en of the first yea, 4/7 rats develüP fibrosaca at the
injection site. Thee untreated rats seed as cotro1s, but no furer
inforration on thse anirs was given (Schller, 1937).

Thiry Wista rats (se not speified) wee given 59 repete s.c.

injections of a 2% aqueous solution of 1ight gree SF (cacia1 sam1e).
Th first injection consisted of 2 ml, then ths was reduce to doses of

1 ml, us11y twce wæ1y¡ afte 1 m:mth (9 injections), the concetration
wa increase ta 3%. At the 33rd we, injecions wee discntinue (total

dose, 1. 7 g dye/animl). Of 24 suriving rats, 15 dev10Pe fibosaccs
at th injecion site (Hais, 1947) (The Working Group noted tht no data

on contro1s wee reported J .

Te 6-month-01d rats received s.e. injections of 15 mg 1ight gree SF

(purity, 75%¡ pH 7.2) in saline twice ~ly for 11l !Tnths (total dose,

1. 4 g): 8 deve10Pe injecion-site saccs. In adition, 10 rats were

treated for a peicx of 3 Ilnth (tota dose, 0.4 g), an one fibrosaca
wa foun 3l rrnth after the en of the treatit. ln another exiit,
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of 12 rats treate with th sa dose schedule, with treatit interted

at various ti:s betw 2 and 9 rrnth, one deve10pe a fibrosarca. In

a total of 59 control rats treated with saline solution an obsered up to
a maim of 29 months, no injection-site sacas were obsered (Gross,
1955, 1961).

Two groups of 16 faue Fischer rats, approximte1y 1-month old, were

given rePeted s.e. injection of 0.5 ml of a 3% or 6% aqueos solution of

1ight gree SF (the dye contained 92% of the disoium sa1t¡ solution

adjusted to pH 7.1). Initia11y, injections of 6% wee given twice or

thice væy for 7 wes to one group and injections of 3% twce we1y

to the other. Treatmt in ooth groups was th continued twce wee1y

at the 3% 1eve1 for a furer 39 wes (total doses, 1. 6 and 1. 4 g/anim1).
Al1 of the rats in ooth groups deve10pe injecion-site fibrosacas¡

rrst of the tuurs appeed betw 12-13 ITnth after the sta of
treatit. lb injecion-site tuurs occured in 10 control rats injected

with disti11ed water. Five fem1e rats received a single s.e. injection
of 0.5 ml of a 3% aqueous solution of the dye, and no tururs deve10pe
within the 16 months' observation peicx (Hessélbch & O'Gaa, 1960).

Thy Wistar rats received week1y s.c. injections of approximte1y
30 IT 1ight gree SF wee1y in 1 ml of aqueous solution. No anim1s

surived at 18 ITnthS¡ 23 deve10pe injection-site fibrosarca, the

first of which appeared after 40 wes of treatit. No injection-site

ti.urs occued in 10 hTista and 54 Osoorne-M:de1 rats (in total, 19

a1ive at 2 years) injected with saline (Hasen et al., 1966¡ Nelson &

Hagan, 1953).

A group of 63 male and 63 fem1e Ash/CF rats, weighing abut 100 g,

were given twice week1y injections of 1 ml of a 2% aqueous solution,

buffered to pH 7.0, for different peicxs (1-112 injections pe animl) .

Ninety-tw rats were a1ive when the first tuurs appeed¡ 29 anim1s
tht received ITre than 28 injections deve10pe injection-site sarcas
afte abut 47 wes (Hooson et al., 1973).
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(c) Intrapeitonea1 admistration

Eightee weing Osborne-M:de1 rats were given thice wee1y Lp.

injections of 20 rr 1ight gree SF as a 2% aqueous solution for 2 yeas;

no tmns wee obsered (Hansen et al., 1966; Nelson & Davidow, 1957)
(The Working Group noted the indeqcy of the exrÍ1t).

3. 2 Oter relevant bio1ogica1 data

(a) Eximtal syem

The s.e.
Th oral ID

50

ID of 1ight gree SF in rnce is 525 rr¡kg l: (Gross, 1961).
50

in rats is rrre th 2.0 g¡kg l: (Lu & Iava11e, 1964).

Adistration of 3.0% 1ight gree SF for 65 we to rats prcxuced testi-
cuar tubular atrophy an incan1ete sprntogensis (All:k et -.Z., 1956).

Studies in rats and dogs invo1vin oral admistration of 1ight gree
SF inicate tht on1y sm11 aiunts of the dye (':5%) are absorbe an

excreted, main1y in the faeces (Hess & Fitzhugh, 1954, 1955). Fo11owing

i ts i. v. inj ection in rats, abut 20 % of the dye was excreted in the bile
within 4 hours (Iga et al., 1971a).

Fo11owing repeted i. v. injections in rats of 2-4 rr/aninl- 1ight

gree SF in saline, scium, potassium and water excretion were increased

(He11er & Horá&k, 1971). Sim1ar effects were obsered in infusion

eximts in dogs (Lynch et al., 1973).
Groups of 2 mae an 2 fan1e begle dogs, 6-9-mnths old, wee fed

diets containing 0, 1.0 or 2. 0 % 1ight gree SF for 2 years. The aiunts
of co10ur cosum wee approxite1y 600 and 485 in males an fem1es
fed 2. 0% in the diet and 315 an 265 rr¡kg pe day in males and fan1es
fed 1. 0%. No toxic effects wee detected during this peicx (Hasen
et al., 1966).

Light gree SF exibits high plasm protein binding (Gago11i et al.,
1967, 1972; Grossm & Frey, 1969; Iga et al., 1971b).

No data on the Emryotoxicity, teratogenicity or mutagenicity of ths

co10ur wee avai1ab1e to the Workig Group.
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(h) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case report an epidano1ogica1 studies

No data wee avai1ab1e to the Working Graup.

4. COts on Data Rerted and Evaluation 1

4. 1 Animl data

Light gree SF has be teste in mice an rats by oral admstration

an in rats by sitaeo and intrapeitonea1 injection. It was cacino-

genic in rats after its sitaeo injecion, prcxucing local sarcas. \
4. 2 HUf data

No case report or epidauo1ogica1 studies wee avai1ab1e to the
Workig Group.

1Se a1so the setion, 'Anim Data in Relation to the Evaluation
of Risk to Ma' in the intrcxuction to this volur, p. 13.
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RHCD B

1. Oica1 and Physica1 Data

1. 1 Syonym an trade nars

Co10ur Inex J:.: 45170

Co1ou Index Nas: Baic Violet 10; Foo Re 15

Ch. Abstr. Seices Re. J:.: 81-88-9

Chan. Abstr. Na: N-(9- (2-Caboxyeny1) -6- (diethlao) -3H-

xathen-3-y1ideneJ-N-ethy1ethum choride

(9- (ortho-Caboxyheny1) -6- (diethy1amo) -3H-xathen-3-y1ideneJdiethy1-
arnium choride; D and C Re J:. 19; 3-ethocoride of 9-ortho-
caboxyheyl-6-diethy1amo-3-ethy1imo-3-isoxathene; PD and C

Re J:. 19; rhcame; rhoe B choride; tetraethylrhcxe
Acid Bri11iant pin B; AD Rhe B; Aizen Rhcxame BH;

Aizen Rhame BIC; Akrik Rhcxame B; Bri11iant Pin B;
Ca1cozine Re EX; Cacozine Rhe BL; Calcozine Rhcxe BX;
Ca1cozine Rhame BX; Ceise 'Ier X127; Ceiqu Rhode;
Coi10r Re 321.10; Cosmtic Bri11iant pin B1uish D oonc;

Diabsic Rhame B; Edico1 Sura Rose B; Edco1 Supra Rose BS;
E1cozine Rhame B; Eriosin Rhe B; Geanium Iae N;

Hexco1 Rhame B Exa; Ikada Rhcxe B; Iragen Re L-U;
Mitsi Rhame EX; 11411 Re; Re J:. 213; Rheonie B;
Rhe BA; Rhe BA Exrt; Rhe B Exa;
Rhame B Exa M 310; Rhe B Exa S; Rhe BF;
Rhame B500 Hyocoride; Rhe BL; Rhe BN;
Rhame ES; Rhe EX; Rhcxame BX; Rhcxe BX;
Rhcxame PB; Rhe Iae Re B; Rhcxame 0; Sici1ian
Ceise 'Ier A-7127; Sy1ex Magenta F; Sy1ex Pin F;

Sym1ex Rhame B 'Ier F; Taoka Rhame B
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1. 2 Chemca1 fornla an !T1ec1ar weight

+/CH2 -CH3N~
CH2 - CH3

Ci

/CH2-CH3N~
CH2- CH3

C28H31 N203. C1 l'lo1. wt: 479.0

1. 3 Chemca1 an physica1 propeies of the pure substace

From Weast (1976), un1ess otherise spified

(a) Description: Gree crysta1s or redish-vio1et pcer

(b) Me1ting-point: 1650C (basic androus form)

(c) Sptroscopy data: À 546 nm (El = 1639) (basic form)¡rr 1
nuc1ea magnetic resonace (Horobin & Mugatroyd, 1969) and
mass sPetral data (Davie et al., 1974) have be pub1ished.

(d) Solubi1ity: Soluble in water, etho1 an bezene

1.4 Tehnica1 prcxucts and irurities

Rhame B, cerified for use as a co10ur additive in drgs and
cosrtics in the us by the US Foo and Drg Adistration, contain at
1east 92.0% pue dye (as detered by titaitn trich10ride titration)

and not !Tre th: 5.0% volatile matte (at 135°C), 2.0% scitn ch10ride

an scxitn su1phate, 1. 0% rned oxides, 1. 0% water-inso1ub1e matter, 0.5%

ether exacts (fran acid solution), 0.2% diethyl-3-amopheno1, 30 mg/kg

heavy :ita1s other th 1ead and arsenic (by precipitation as su1phides),

20 mg/kg 1ead an 2 rrjkg arsenic (as As203) (US Foo and Drg Adi-
stration, 1976).
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2. Prcxuction, Use, Ocence and An1ysis

For background info:rtion on this section, see prea1e, p. 15.

2. 1 Prcxuction and use

(a) Prcxuction

The co10uring properties of rhcxe B vvre reprted in 1887 by

Céréso1e an in 1888 by Hanolk and Baeker (The Society of Dyers and
Co10urists, 1971a). It is prcxuced c~rcia11y by condening N,N-diethy1-

3-amopheno1 with phth1ic anydride, fo11awed by treat:t with di1ute

hydrochloric acid, or by reacting 31 ,61-dich10rof1uoran with dietl1ame
uner pressure (Cesark, 1970).

Rhcxame B has been prcxuced cancia11y in the US for over fifty

yeas (US Tariff Cassion, 1919). In 1974, seven ccies reported its

prcxuction; fou of than prcxuced 9500 kg of a grade suita1e for use in

drgs an cosmetics, and thee ccies prcxuced an undisclosed arunt

(see prea1e, p. 15) of genera1 PUse rhcxe B (US International
Trade O:ssion, 1976a). In 1973, the se sar thee caanies reported

prcxuction of 143 thousand kg of genera1 puse rhode B (US Inter-
national Trade Cossion, 1975). In 1975, five US ccies reported
prcxuction of 5500 kg of the drg and cos.tic grade, and thee other
ccies reported an undisc10se amt (see prear1e, p. 15) of genera1
purse rhoe B (US International Trade Cassion, 1977a). US :irts
though principal US custa districts amted to abut 60 thousand kg

pe yea during 1972-1974 (US Interational Trade Cassion, 1976b;

US Tariff O:ssion, 1973, 1974) and 27.7 thousand kg in 1975 (US Inter-

national Trade Cassion, 1977b).

Rhcxame B is prcxuced cxcia11 y in JaPa by one cay. JaPaese
prcxuction arunted to 44 thousad kg in 1972 and to 18 thousand kg in 1975

(Japa Dyestuff Inustr Association, 1976). Japa exrted 14 thousand kg

in 1972 and Il thousand kg in 1974; there are no JaPaese imrts of this

chemca1 (Japa Tariff Association, 1976).

An estimted 500 thusand kg rhode B are prouce anua11 y in

westeEuap.
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(b) Use

Rhcxame B ca be us to dye silk, cotton, -w1, hast fibres,
nylon, acetate fibres, paPe, spirit ins an 1acqers, soap, wo sta,
feathers, 1eather and distes on chin clay (Th Society of Dyers and

Co10urists, 1971b). In the US, it has be used as a drg and cosmtic
co10ur in aqueous drg solutions, ta1ets, capsues, tothte, soap,

hair-waving f1uids, bath sa1ts, 1ipstick an rouges (Zuckenn, 1964).
Ths co1ou has a1so be use as a trcin agent in water pollution
studies, as a dye for waes and antifreeze (Cek, 1970) an as an ana-
1ytica1 reagent for antiiy, bisrth, cobat, niobitn, gold, maganese,

ræcu, no1ybdentn, tata1tn, th1litn an tungsten (Windho1z, 1976).

Th free hase of rhoe B, C.1. Solvent Re 49 (9-ortho-caboxy-

phenyl-6-diethylao-3-dethy1aro-3-isothene), is used as a dye in
various non-teile applications (e. g., in ins, sol vents, fats, etc.)
(The Soiety of Dyers and Co1ouists, 1971c). In 1975, fou us caries

reported producton of 29 thousan kg C.1. Solvent Re 49 (US Intertional

Trade Cassion, 1977a).

A miure of th phospl1ybdic acid an ¡:osphotungstic acid sa1ts
of rhcxe B is maketed as C.1. Pigmt Violet l, a cccial1y signifi-
cat pigmt us ma1y in printing in (The Soiety of Dyers an

Co10urists, 1971c). In 1975, nie US caes prcxuce over 54.5 thoud
kg of th various form of this pigmt (US Intetionl Trade Cassion,
1977a) .

In Japa an Swtzerla, rhoe B is us as a dye.
In th US, ths colou is provision1ly liste for use in drs and

cosrtics, suject to ceification, by th US Foc an Drg Aàstration.
Ceified rhce B nut ræt the prcxuct spifications as pram1gated

by law (se setion 1. 4, p. 222). Its use in drg prcxucts for inter1
use and in rruthshs, dentrifices and proprieta products is 1im te

to a maim to1erance 1eve1 of 0.75 rr in the arunt of prcxuct reasonab1y
exte to be ingeste in one day. In lipstick, the ma art of
a11 co1ous us, includg rhode B, is 1imted to a ma of 6% pure

dye by weight of each lipstick. It nay be us without to1erance 1eve1s in
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other exer11y app1ied cosmtics and drgs (US Foc and Drg Adistra-

tion, 1976).

ln wester Euope, it may be used in cosmtics, inc1uding those

which may be in contact with mucous rrranes (BE, 1976).

2. 2 Ocence
Rhcxe B is not knCM to occu as a natura1 prcxuct. No data

on its occuence in the envirorit wee avai1able to the Working Group.

2.3 An1ysis

Th Association of Officia1 An1ytica1 Chemsts has PU1ished :ithcxs
reccmed for use in batch cerifications of rhcxame B sa that it :it
sPeifications as defined by the US Fcx and Drg Adistration (Horwtz,
1975). M=thcxs used for detening the arunt of basic dyes, inc1uding

rhoare B, in a sa1e have be review (Burgess et aL., 1973).

Rhcxe B has be detered in arunts as low as 0.1 ng by chem-
lumescence (Bo & Alexer, 1966). Fluorescent dyes, inc1uding
rhoare B, us as hydro1ogica1 tracer sustaces hae be detered
f1uorirtrica11y with a detecion 1imt of 0.004 l1g/1 (Beens, 1971),

and in se water with a detecion 1imt of 0.05 l1g/1 (Bed et aL.,
1972) .

PaPe chrantoaphy has be us to sepaate and identify basic
dyes, inc1uding rhoame B, using tw sa1vent system (Fogg et al.,
1973). ln another study, 160 sa1vents ~re teste (Tajiri, 1969). 'I

d.sion1 paPe chartoaphy using tw sol vent system has a1so be
used (Dorecky & De Caeva1e Boino, 1971).

Th- 1ayer chrantoaphy has be us ta seate an identify

rhoe B as fo11ow: (1) in the presence of oter water-so1ub1e fluo-
rescet ccs on si1ica gel and U1ified cellulose layers with two
solvent syste (Gill, 1967), (2) in the presence of other low-po1arity

dyes using a zigzag deve10pt path en si1ica gel plates (JÌIo de Ossó,

1971), and (3) in the presece of oter red fcx dyes on a po1yare-si1ica
gel mied layer using five solvent system, with a detecion 1imt of
approxite1y 2 l1g (Chang, 1969). Th-1ayer chantogaphy ba a1so
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be used to sePaate rhcxame B an other dyes as pa of a :ith of

an1ysis in whch the sePaated dyes have be: (1) identified by their
nuc1ea magnetic resonace or visible spa (Horobin & M.gatroyd, 1969),

(2) identif ied by their absorption or fluorescence spa and detei:ed
f1uorimtrica11y (Ruedt, 1969), and (3) identified by co1ou under ultra-
violet or ordinar 1ight and detened with a sptrcxensitorter (Pener,
1968) .

3. Bio1ogica1 rata Relevant to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studies in anim1s

(a) Oral admistration

l-se: Fiftee male and 15 fem1e stock mice wee given 0.05%

rhcxare B in the drining-water for 52 wes; the we1y intae per
mose was 17 Ir, and the total dose was 884 mg/anim. Mice wee a11CMed

to surive as long as possible. ': of the male mice tht died betwee

50 and 69 we had intestinal tuurs, one of which was ma1ignant; 3

mice had po1ypsis of the stanch, and 7 had 1ymhans (Bonser et aL.,
1956) (The Working Group noted tht no contæirar contro1s \Vre use).

Rat: Twty-one rats of ooth sexes of a mied Saita strain, weighig
approximte1y 150 g, wee fed a rice diet tht initia11y contaed 0.13%

rhcxe B, increase to 0.2% after 7 rrnth. Eightee rats were al ive
at 300 days, and one surived for 661 days. Nee of the rats develope

tums (Um, 1956) (Th Wokig Group noted the insufficient duration
of the exri:t).

(b) Sutaeous and/or intramcuar admistration
M:e: 'Ity-five mice of ooth sexes of a mied Saita strain,

\Vighig approxinte1y 20 g, wee given twice we1y s.e. injections of
o. 1 ml of a O. 5% aqueous solution of rhode B. The concentration of
th solution wa reduce to 0.25% after 1.5 we and increaed to the
originl cocetration after 4 rrnth; six mice wee ali ve at 150 days,

an 1 suived for 260 days. In a send exi:t, 120 mae and 180

fan1e mice wee gi ven 0.1 ml of a 0.5% solution 2 or 3 tiis a we for
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4 wee ¡ th dose was increased to o. 7 % for one rrnth and then reduce ta
the originl concentration. After 6 rrnth of treatmt, the cocentration

of the solution was gradua11y decrease. Susegent1y, injections were
discontinued for abut 2 rrnths. Thy-seven mice wee alive at 200 days,

an 10 surived more th 280 days. N:e of the mice in either exint
deve10Pe tuurs at the site of injecion (Un, 1956) (The Workig Group

noted th high mort1ity rate arg treated anirs J .

Rat: Alino rats of a mied Saita strai recived s.e. injections,
2-3 tims a we, of 1 nù of an aqeous solution of rhcxe B. ln the

first eximt, with 20 rats, the concentration was gradua11y increased

fran 0.5% ta 0.75% and then ta 1. 5% over one yea, after which the concen-

tration was gradua11y decreased. Six of the 10 rats tht surived 420

days deve10Pe fibrosarcas at the site of injecion betw 420 an 630

days. In a second eximt, 17 male and 13 fem1e Wista-descendant

rats wee injected 2-3 tims a wee with a 0.5% solution for 2 !Tnth¡
the concentration was then increased ta 0.75% and after 5 !Tnths to 1.0%.

Tw of the 11 rats a1ive at 436 days had fibrosarcas at the site of

injection (Uia, 1956) (The WOrkig Group noted tht no data on contro1s

were reportedJ.

3. 2 Oter relevant bio1ogica1 data

(a) Eximtal system

The i. v. ID of rhcxe B in propy1ene glycol in rats is 89.5 mg/kg
50

bw (Webb et al., 1961).

It was reprted in an abstract tht group of 5 male and 5 fem1e

we1ing albino rats ingested diets containing 0, O. l, O. 25, 0.5, 1.0 or
2.0% rhcame B for 18 wes. Grow was retaded in al1 anim1s except
those given the lowt dose ¡ a11 of the rats given the highest dose died

within 6 wes with evidence of 1iver dage (Hasen et al., 1958).

Rhcxame was IIta1ized sim1ar1y in dogs, rats and rabbits, as
evidenced by chantogaphic an1ysis of their urine and faec1 exacts.

The cCIund was extensi ve1 y aborbe fran the gastrointestina1 tract:

of 1% given in the diet, on1y 3-5% was recered unchaged in the urine
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an faeces. Rhod B is de-ethy1ated enzytica11Yi tw of thee
observed :ita1ites wee identified as N..N'-dethyl-3,6-diamof1uoran

an 3,6-diamof1uoran (Webb & Hasen, 1961).

Rhcxe B exibits high plasm protein binding (Gagol1i et al.,
1972) .

No data on the erryotoxcity, teratoenicity or mutagenicity of this

co10ur were avai1ab1e ta the Working Group.

(b) Ma

No data were avai1ab1e ta the Working Group.

3. 3 Case reports and epidero1ogica1 studies

No data were avai1ab1e to the Working Group.

4. Cats on Data Reported and Evluation 1

4. 1 Animl data

Rhcxame B has been tested in mice and rats by sutaeous
injection and, ih inadeqate studies, by oral admistration. It was
cacinogenic in rats when injected sutaeo1y, prcxucing locl
sarcas.
4. 2 Hum data

No case report or epidemo1ogica1 studies were avai1ab1e to the

Working Group.

1 Se a1so the setion, 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the intrcxuction to this volur, p. 13.
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RHCD1I 6G

1. Chca1 and Physica1 Data

1. 1 Synonyr and trade nas

Co10ur Index No.. : 45160

Co10ur Index Nai: Baic Re 1

Chan. Abstr. Services Re. No.: 989- 38-8

Chan. Abstr. Nai: 2- (6- (Ethy1amo) -3- (ethy1imo) -2, 7-di:thy1-
3H-xathen-9-y1Jbezoic acid ethy1 ester, rrnohydroc10ride

Baic rhcxe ye11CM; C.1. Baic Re l, rrnohydroc10ride;

ortho-(6- (ethy1amo)-3- (ethy1iro)-2, 7-dthyl-3H-xathen-
9-y1)bezoic acid ethy1 ester, rrnohydroc10ride

Basic Rhcxic Ye11ow; Cacozine Re 6G; Cacozine Rhcxame

6GX; E1cozine Rhe 6inN; E1jon Pin Taer; Fanal Pin

GF; Fanal Re 25532; He1iosta1e Bri11iant Pin B exa;

Mitsui Rhe 6CC; Nyco Liquid Re GF; Rhe 69DN

Exa; Rhame F4G; Rhame F5G; Rhcxame F5G ch10ride;
Rhe 6GB; Rhame 6GBN; Rhame 6CC; Rhcxame 4GD;
Rhcxame 6GD; Rhame GD; Rhame 5GDN; Rhcxe 6GDN;
Rhcxe 6GD Exa; Rhame 6GE ethy 1 ester; Rhcxame
6G Exa; Rhe 6G Exa Base; Rhe 4GB; Rhcxe
6GH; Rhame 5GL; Rhame 6G lae; Rhame 6GX;
Rhe 6JH ¡ Phoe 7 JH; Rhame Lae Re 6G¡
Rhcxe y 20-7425; Rhe Zh; Rhe 6ZH¡ Rhodne
6Zh-DN ¡ Si10supe Pin B
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l
1

1. 2 Che:ca1 fonn1a an mo1ec1ar weight

N-CH2-CH3'"

. HCI

H3C NH-CH2-CH3

C28H30N203.HC1 MJl. wt: 479.0

1. 3 Cherca1 and physica1 propeies of the pure substace

(a) Sptroscopy data: Àma 535 nm¡ nuc1ea magnetic resonace

(Horobin & Mugatroyd, 1969) and rrss sptral data (Davie

et al., 1974) have be pulished.

(b) Solubi1ity: Soluble in water and etho1 (The Soiety of
Dyers and 00lourists, 1971a)

(c) Stai1ity: Vo1ati1izes at o(2000C (Davie et al., 1974)

i. 4 Teica1 prcxucts an iruri ties

No data wee avai1ab1e ta the Working Group.

2. Prcxuction, Use, Ocence an An1ysis

For backgroud inonution on ths section, see prea1e, p. 15.

2. 1 Prcxuction an us

(a) Prcxuction

Th co10uring propies of rhode 6G wee reported in 1892 by

Bernthen and by Sclnd an Re (The Soiety of Dyers and 00louists,
1971a). Rhode 6G is prepaed cccia11y by condensing 3-ethy1arno-

4-rnthy1pheo1 with phth1ic anydride, fo11aw by esterification with
ethy1 choride under pressue (Cesark, 1970).
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Rhcxame 6G has be prcxuce cacia11y in th us for over fifty

yeas (US Tariff Gassion, 1922). On1y tw us cxies reported an

undisc10sed arunt (se prea1e, p. 15) ID 1975 (US International Trade

Ccrssion, 1977a). US imrts though principal us custan districts
were reported as 69 thousand kg in 1964 (US International Trade Ccssion,
1976a) and 10.4 thousand kg in 1975 (US International Trade Cassion,
1976b) .

Rhcxame 6G is prcxuced ccrcia11y in Japan by one cxy, and

prcxuction arunted to 15 thousad kg in 1974 an 2 thousand kg in 1975.

There are no JaPaese exrts or imrts.

No data on its prcxuction in Euop wee avai1ab1e to the Working

Group.

(b) Use

Rhcxame 6G ca be used to dye silk, cotton, Vv1, hast fibres and
paper (The Society of Dyers and Co1ouists, 1971b). It has a1so be

used as a tracing agent in water pollution studies, in 1eather dyeing

(Cesark, 1970) and as an adsorption indicator, especia11y in very acid

solutions (Matsuyam, 1966).

A miure of the phosphar1ybdic and phosphotungstic acid sa1ts of
rhcrame 6G is maketed as C. 1. Pigit Re 81, an imrtant pigmt

used primi1y in printing ins (The Soiety of Dyers and Co10urists,

1971c). In 1975, 12 US cces reported prcxuction of rrre th 250

thousand kg of this pigit (US Intertional Trade Cassion, 1976b).

The coppe ferrocanide ca1ex of rhoame 6G, C.1. Pigmt Re 169,
is used in printing ins (The Society of Dyers and Co1ouists, 1971c);

however, it does not appear ta be prcxuce cacia11 y in the US. Irrts

of C. 1. Pigmt Re 169 though principal US custan districts arunted to
1124 kg in 1974 (US Interntional Trade Carssion, 1976a) and 25 kg in

1975 (US Interntional Trade Gassion, 1977b).

ln western Euope, rhcxe 6G may provisiona11 y be used in cos:tics
which may ca inta contact with imcous iæranes (EO, 1976).

ln JaPa, rhcxame 6G is used as a dye.
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2.2 Occuence

Rhe 6G is not know to oc as a natura1 prcxuct. tb data on
its occurence in the environmt were avai1ab1e ta the Workig Group.

2. 3 An1ysis

A ITthcx for detecting rhcxe 6G at ver low 1eve1s (.:10-12 to

10-6 M) has be describ in which aqueous or etho1ic solutions of the

dye are excited by a pu1sed nitrogen laser; the resu1ting fluorescence

is :isured (Bradley & Zare, 1976).

Pape chantogaphy has be us to sepaate an identify baic
dyes, inc1uding rhcxe 6G, using two or l1re sol vent system (Fogg
et al., 1973; Tajiri, 1969).

Dyes used in 1ipsticks, inc1uding rhode 6G, have be sepaated
by thin- 1ayer chrantogaphy and identified by their absorption and
fluorescece spetra or detered f1uorimtrica11y (Ruedt, 1969).

Thin- 1ayer chrantogaphy on unacti vated, precte si1ica, using one

solvet system, has be used to sePaate bio1ogica1 stains, inc1uding

rhcrame 6G. The sePaated dyes were then identified by their nuc1ear
magnetic resonance or visible spectra (Horobin & Mugatrayd, 1969).

Gel petion chantogaphy on Sephadex IH-20 resin has been used

to sePaate and identify bio1ogica1 stains, inc1uding rhoe 6G
(Horobin, 1971).

3. Bio1ogica1 Data Relevant ta the Evluation

of Cacinogenic Risk toMa
3.1 Cacinogenicity and re1ated studies in anim1s

(a) Oral admistration

Mouse: Of 40 mice of bath sexes of a mied Saita strain, weighing

abut 20 g, fed a rice met containing 0.05, then 0.01, then 0.02%

rhcxe 6G, 12 suived for 100 days or more and 1 for 223 days (total
dose, 90.6 rn). None of the mice deve1ap tururs (TJa, 1956) (The
Working Group noted th high l1rt1ity and short duration of the exri:tJ.
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(b) Subtaeos and/or intrarcu1ar admistration
Rat: Sixee rats (se unsPeified) of a rn Saita strain,

weighing abt 200 g, received repeated s.e. injections of 1 ml of a 0.02%

aqueous solution of rhcxame 6G tw to thee tÏ1s pe wee. After 4

npnth, the injections were discontinued for one rrnth and then resur,

until a total of 100 injections had be given. Fou of 7 rats tht sur-
vived for 487 days deve10Pe fibosarcas, 2 of whch were transp1ante

and grew in other rats. One rat tht did not have as. c. sarcc had a

spind1e-ce11 sarcan of the 1iver (t., 1956) ('Ie Working Group noted

tht no data on contro1s ~e reported).

3. 2 Oter relevant bio1ogica1 data

(a) Exrimtal system

Rhcxame 6G exits high plasm protein binding (Gago11i et al.,
1972) .

No adeqte data on the anryotoxicity, teratogenicity or mutagenicity
of this co10ur were avai1ab1e to the Workig Group.

(b) Ma
No data were avai1ab1e to the Workig Grup.

3. 3 Case reports an epidemo1ogica1 studies

No data were avai1ab1e to the Working Grau.

4. Ccts on Data Rerted an Evaluation 1

4. 1 Animl data

Rhame 6G is cacinogenic in rats afte its sutaeo injection:

it prodces sarccs. It has be indeqte1y tested in mice by oral
admistration.
4.2 Hum data

No case reports or epidemo1ogica1 studies wee avala1e to the
Workig Group.

1 See a1so th setion, 'Anl Data in Relation to the Evluation

of Risk to Ma' in th intra:uction to ths volum, p. 13.
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5-AMCEHT

1. Chca1 and Physica1 Data

1. 1 Synonym an trade nas

Chem. Abstr. Re. Seria1 No.: 4657-93-6

Chem. Abstr. Nam: 1,2-Dihydro-5-acenaphthy1ename

5-Aceaphthename

1. 2 Chauca1 formla an !T1ec1ar weight

NH2

C12H11 N MJ1. wt: 169.2

1. 3 Chemca1 an physica1 properties of the pure substace

From Weast (1976), un1ess oterwise sPeified

(a) Description: Co10urless nee1es

(b) Me1ting-point: 1080C

(c) SPetroscopy data: À~~~ 321 nm (E l = 429), 240 nm (E l = 1355),.... 1 1
216 nm (El = 2686) in rrtho1; infra-red and nuc1ea magnetic

1

sPetra have be tau1ated (Grasse11i, 1973).

(d) Solubi1ity: Soluble in etho1

(e) Stai1ity: See 'Geeral REks on the Substaces Considered' ,

p. 27.

1. 4 Tehnica1 prcxucts and imuri ties

No data were avai1ab1e to the Working Group.
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2. Prcxuction, Use, Ocence and Anl ysis

For background inorrtion on ths section, se pream1e, p. 15.

2. 1 Prcxuction an us

(a) Prcxuction

5-Amoacenphthene was prepaed by Quincke in 1888 by reducing 5-
nitroacenaphthene with tin and hydrochloric acid or wi th a1coho1ic ainium
su1phide (Prager et al., 1929). It may a1so be prepaed by reducing 5-

nitroacenphthene with a palladium cata1yst and hydrazine hydrate ID 95%

etho1 (Cava et al., 1965).

No evidence was foud tht 5-amoacenphthene has ever be prcxuce

cacia11y in the us or Japa.
(b) Use

No evidence was found tht 5-amoacenaphthene has ever had any

cacia1 applications in the US or Japa.

It has be investigated exi:ta11y for use as a disinfect
(Rotmstrov et al., 1960), as an agent to control ~er mi1dew in
cucus (Ohtsuk et al., 1973), as a diazo canent of insoluble azo
dyes (Tochi1kin & G1ushkova, 1962) and in the synthesis of po1yms suita1e

for use in e1ectrophotogaphic film (Saito & Tsuchiya, 1974).

2. 2 Occuence

5-Amoacenphthene 1S not knCM to occu as a natura1 product. No
data on its occurence ID the envirorit wee avai1a1e to the Workig
Group.

2.3 An1ysis

Although no SPeifie stuies on this caun \ære availab1e to the

Working Group, the accanying !Tnogaphs describ a numr of :ithods

genera11y applicable ta th ana1ysis of arantic ames.
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3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3. 1 Cacinogenici ty and re1ated studies in anii1s

(a) Intrapeitonea1 admistration

Mouse: In an abstract, it wa reported tht a group of 20 fem1e dd

mice received i.p. injections of 5-amoacenphthene in arachis oi1 at a
dose of 6 m~/kg l: twice we1y for a peicx of 18 IInths; a group of

20 fe:1e contro1s wee given arachis oi1 alone. In Il mice tbt suived

treat:t with 5-amoacenphthene, 3 mye10id 1euem and 1 1ymhosaca
wee foud. No tururs wee detected in the contro1s (Taeia, 1970)
(The Working Group note the indeqcy of the study).

(b) oter eximta1 syster
Bladder iilatat.ion: In the sa abstract, i t was reported tht a

group of 90 fem1e dd mice recived single b1adder imlantations of a

Paaffin wax pellet mied with 5-amoacenaphthene, and 123 mice recived

imlantations of Paaffin wa pellets alone. After 40 væs, carcinans
of the b1adder epithe1iur wee obsered in 12/49 suivors tbt had
received 5-amoaceaphthene, cxed with 6/82 contro1s (P'-0.05)
(Takeia, 1970).

3. 2 oter relevant bio1ogica1 data

No data were avai1ab1e to the Working Group.

3. 3 Case report an epidemo1ogica1 stuies

No data wee avai1ab1e to the Working Grou.

4. Ccts on Data Rert an Evluation

4.1 Anl data

Data reported in an abstract inicate tht 5-arcenaphthene
increase the incidence of b1adder cacinan in mice fo11CMg imlan-
tation of Paaffin wa pellets contag ths ca into the b1adder

an tht it produced 1eukemas fo11CMg its intrapeitonea injection.
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No eva1uation of the carcinogenicity of 5-amoacenphthene can be made
on the basis of the avai1able data.

4 . 2 Htm data

No case reports or epidemo1ogica1 studies were availa1e to the

Working Group.
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para-AMENZOIC ACID

1. Chemca1 and Physica1 Data

1.1 Synonym and trade nas

Ch. Abstr. Seices Re. No.: 150- 13-0

Chem. Abstr. Na: 4-Amobezoic acid

1 -Amo-4-caboxybezene; anticai tic vi ta; anti -chc:trichia

factor; bacterial vita H'; 4-cboxyan1ine; para-caboxy-

aniline; para-cboxyheny lame; chartrichia factor; PAB;

PAB; trichochrarenic factor; vita Bx; vita H'

Ar; Paramo1; Parante

1. 2 Chemca1 forn1a and mo1ecar weight

~H

NH2

C~lD2 MJl. wt: 137.1

1. 3 Chemca1 an physica1 propeies of the pue substace

(a) Description: Co1ou1ess crsta1s (Ducker, 1964)

(b) Me1ting-point: 188-1890C (Weast, 1976)

(c) Spetrosco data: À 289 nm (El = 1328), 219 nm (El = 624)ma 1 1
in rætho1; infra-red an nuc1ea magnetic resonace sptra

have be tau1ated (Grasse11i, 1973).

Solubi1ity: Soluble in water (6 g/l at 250, 11 g/l at 1000);

very soluble in etho1 (125 g/l) (Ducker, 1964); and
soluble in ether (20 g/l) (Weast, 1976)

(d)

(e) Stai1ity: Se 'Geeral Raks on the Substaces Considered' ,

p. 27.
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1. 4 Tehnica1 prcxucts and imi ties

para-Anobezoic acid is avai1ab1e ln the us as a technica1 and as
a US Phacopeia (USP) grade. The latter contains 98.5-101.5% pure
sustace an a maim of 2 m~/kg heavy ræta1s and 0.2% :risture. Solu-
tions are avai1ab1e tht contain 5% para-amobezoic acid in 65-75%

etho1 (US Phacopeia1 Convention, Inc., 1975). Tab1ets and solutions
of the soum salt are a1so ava1ab1e (Greegard, 1970).

In weste Euope, techica1 grade para-amobezoic acid contains
a miim of 98.5% pue substace; ash, 0.2% ma.; 10ss on dring, 0.2%
ma.; and a :i1ting-point of 1850C mi.

In Japa, para-amobezoic acid has a miim purity of 98% and

contains 4-nitrobezoic acid and amobezoic acid isans as purities.

2. Prcxuction, Use, Ocrence and Anal ysis

For background informtion on ths section, see prea1e, p. 15.

2. 1 Prcxuction and use

(a) Prcxuction

para-Amobezoic acid was prePaed by Fischer in 1863 by reducing
4-nitrobezoic acid with arrm:mium sulphide (Prager et al., 1931). It is

maufactured cocia11 y by the cata1ytic hydrogenation of 4-ni trobezoic
acid using a platinum or palladium cata1yst or by reduction with tin or

iron and hydroch10ric acid (Ducker, 1964).

para-Anobezoic acid has be prcxuced carrcia11y in the US for
over fifty yeas (US Tariff Carssion, 1919). Thee US coies reported
unisc10sed aiunts (see prea1e, p. 15) in 1975 (US Interational Trade
Carssion, 1977a). us imrts though principa us custan districts
aiunted to 84.4 thousand kg in 1972 (US Tariff Comssion, 1973), 81.2

thousand kg in 1973 (US Tariff Comssion, 1974), 55.7 thousad kg in

1974 (US Interntional Trade Cossion, 1976) and 53.4 thousand kg in

1975 (US Intertional Trade Cossion, 1977b).
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It is estimted that five caies in weste Euop prcxuce a total
of 100 thousand to 1 million kg para-amobezoic acid pe year. Anua1
prcxuction in the Federal Reub1ic of Gey, Ita1y, Scainvia an the
UK is in the range of 10-100 thouand kg. Beelux, the Federal Repub1ic

of Gey, France, Spain and th OK iirt less th 10 thousan kg
anua11y¡ Switzer1ar is be1ieved to imrt 10-100 thousan kg¡ and the

Federal Repub1ic of Gey exrt 1ess th 10 thousand kg. Anua1
prcxuction in easte Euope is in the range of 10-100 thousand kg, wi th

imrt and exrts of 1ess than 10 thousand kg.

para-Amobezoic acid has be prcxuced carcia11y in Japa since

1961. In 1975, tw Japaese maufacturers prcxuced an estimte 30 thousand

kg, and alx:)Ut 6 thousand kg were imrted fran Swen and the US (Japa
Tariff Association, 1976).

(b) Use

para-Amobezoic acid is used at concentrations of 0.5-5% (Haey,
1975) as a topica1 sunscree agent (US phacopeia1 Convention, 1975).
It has a1so be used in conjunction with salicylates, to pro long their

effect, in the treatnt of rheumtic fever (Haey, 1975). Total us

sales of para-amobezoic acid for use in hum rricine are estimted
to be 1ess th 25 thousand kg anua11y.

para-Amobezoic acid is a1so used as a su1phonamde antagonist in
1abratories, and in veterin rricine for the treatit of eczem of

the nose in dogs (Windho1z, 1976).

It ca be used as an inteiate for the sythesis of phaceutica1s
and dyes and for the maufacture of folie acid, a rær of the vita B

ca1ex, and of severa1 para-amobezoic acid derivatives ccn1y used
as locl anesthetics, e.g., novocaine and benzocarne (Ducker, 1964).

para-Amobezoic acid is also used for the prcxuction of tw dyes, c. 1.
Direct Orange 102 and C. 1. Vat Orange 13, be1ieved to have carcial

\or1d significace (The Soiety of Dyers and Co10urists, 1971a). On1y

C.1. Direct Orange 102 is prcxuced ccercia11y in the US, and in 1975,

five us caies sold over 150 thousand kg (US Intertional Trade
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Camssion, 1977a); it is used to dye cellulose fibres (The SoievJ of
Dyers and Co10urists, 1971b).

ln the UK, 10-100 thousand kg para-amobezoic acid are used
anua11y for the maufacture of dyestuffs. In Switzer1an it is us

as a dyestuff inteniate.

In Japa, para-amobezoic acid is prini1y used as an inter-
irte in the maufacte of phaceuticas, an mir arunts are

us as a fee adtive.
2.2 Ocence

para-Amobezoic acid occus natura11y, esial1y in baers' yeast

(5-6 rn/kg) and brews' yeat (10-100 rn/kg) (Ducker, 1964) and as a

:ita1ite in th grCM of a variety of rncroorganism (Greegard, 1970).

It is a1so present in sr11 arunts in ceea, eggs, milk, :it and hum
b1oc, spinl f1uid, urine and swt. l' furer data on its ocence

in the environrt wee avai1ab1e to the Working Group.

2. 3 Anl ysis

A review of chantogaphic neths for deteiing para-amobezoic
acid in phacetica1 prepations has be PU1ished (Ga1ec, 1973), and

the Assoiation of Officia1 An1ytca Chsts has PU1ished an Official
Final Action for the co10riItric deteion an spaphotaætric deter-
miation of para-amoboic acid in ani. fee (Horwtz, 1975).

Prim arantic ames, in1ud para-amobeoic acid, have

be deteed in solution or on th- 1ayer chantoaph plates by dete-
miing th fluorescce spa of tlir f1uorescae derivatives; the

:ithcx has a 1imt of deteon of 3 llg/l when in solution an 0.2 llg
when on chantoaphic plates (de Silva & Strojny, 1975). Visulization
with ultra-violet 1ight afte reaction with glutaco aldelde in pyidine
has a detecion 1imt of 0.1-0.3 llg (Ohk & Sa, 1975).

Th-layer chrtogaphy on we and strong cation and anion exchgers
(Lepri et al., 1972, 1974), on rice stach (Caic & Per~ic-Janjic, 1974)

an on silica gel imregte with cadmum sa1ts using thee sol vet system
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(Yasuda, 1972) bas been use for the seation of para-amobezoic acid

in mies of arantic ames. Si1ica gel thin- 1ayers have a1so be used

to sepaate para-arobezoic acid in phaceutica1 prepaations, with a
detection 1imt of 1-5 llg (Thann & Johnn, 1974), an with suseqent
e1ution and co10riitric detention (Bican-Fi~te & Dra~in, 1973).

Trtaha irta1ites, inc1udin para-arobzoic acid, in urine have

be sepaated and deteced by b.-dimiona thin-layer chantoaphy
(Hawort & Walm1ey, 1972).

High-pressue 1iquid chartogaphy has be use for deteiing

para-amobezoic acid and its irta1ites in urin an ser, with a

1imt of deteion of 5 ng (Brav et al., 1974).

E1ectrophoresis has be use to sepate and identify arantic

carp:)lrids, inc1uding para-amobezoic acid, in miures of organic inte-
irtes (Akina et aL., 1972), in b1cx and urine (Radyu et al., 1971)

an in arantic ame sam1e miures (Lepri et al., 1972). Pape chanto-
graphy has sim1ar 1 y be used, to dete arunts greater th 1 llg by

diazotization an coup1in with 8-hydoxquo1in5-su1phonic acid (Baica
& Stefan, 1973), an te detect arts greater th 100 llg by its ca1ex

with iron III (Fir & Gray, 1974).

Arartic ames, inc1uding para-amoboic acid, may be deteied
co10riitrica1y by their reacton with peoxydisulphate (Guta & Srivastava,

1971). Aniline derivatives, inc1udig para-amobeoic acid, have be
detened in b1cx and urine by titration with N-brarccinimde. The
relative error wa 1ess th 2% for 0.1-10 In sa1es (Baakt et al.,

1973) .

An ultra-violet spophotatric irth for its assay in ta1ets

has be descri. (Paul, 1973); organic cands, inc1uding para-

beozic acid, may be identified by iruring thei ultra-violet spa

in acid, basic an alcoho1ic ræa (Siek, 1974). A irthod for deteing
arantic CCun, inc1uding para-amobzoic acid, in whch the phs-

phorescet spal chaacteristics of the cad are iæsued at roc
taatue ba a detecon liite of 0.1 ng (We110ns et aL., 1974).
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para-Amobezoic acid has be detenined indirect1y by atanc
absorption sptrophotcrtr, ræsurin its tern ca1ex with copp

and bathphenantholin (Kidai et al., 1975).

3. BiolCXica1 Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studies in anir1s 1

Ski application

MJuse: Groups of 50 7-we old fem1e Swiss mice received 0.02 ml of
a l,Sor 10% solution of para-amobezoic acid in acetone app1ied to the

dorsal skin twice we1y for up to 110 wes. A fuer group of 50 mice

were painted with acetone a10ne, and 150 mice were 1eft untreated. At 80

we, 23, 29 and 28 mice in the treated groups, 25 acetone-treated contro1s
and 82 untreated mice wee still a1ive. The Pecentages of tumur-bearing

mice were 44% in acetone-treated contro1s, 42% in untreated contro1s, and

36, 44 and 40% in the treated groups. 'I acetone-treated control mice,

3 untreated mice an 1 treated rruse had skin tumurs. The incidences of

1ymphans, 1ung adenoms and 1iver haemgiat wee sim1ar in para-

amobezoic acid-treated and control mice (Stenck & Shubik, 1974).

3.2 Oter relevant bio1ogica1 data

(a) Exrimtal system

The oral ID. of para-amobezoic acid in dogs is 1-3 g,!g æ, in
50

mice 2.4-3.2 g/kg æ, and in rats greater th 6 g/kg bw (Scott & Rabbins,

1942). It was reported in an abstract tht after oral admistration of

10 g/kg bw para-amobezoic acid, 90% of .iture and 45% of adu1t rats

died (Rabin et a i ., 1947). Th i. v. ID of the scium salt in mice is
50

4.4-4.8 an in rats 2.5-3.0 g,!g li (Scott & Rabbins, 1942). The oral

ID in rabbits is 1. 7-1.9 g,!g li (Cronheim, 1951).
50

1The Working Group wa awae of cacinogenicity tets in progess

on para-amobeoic acid ino1ving ski application to rabbits (IA,
1976) .
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Acute necosis of th 1iver was fotm in dogs gi ven 2-3 g/kg lM

para-amobezoic acid oral1y; acute gastroeteritis with haerrhage
was fou in dogs given 1eth1 doses (Scott & Rabins, 1942). It was
reported in an abstract tht rats maintained on a sythetic diet containg
4% para-ambezoic acid for 2 rrnth exite m:erate 1eucoosis;

of 40-day old rats maintaed on the sa diet containg 6% para-ame-
bezoic acid, 63% died within a rrnth, but no significat chages were

obsered in eroce, leuco or plate let cots (Rain et al., 1947).

Six fem1e rats wee fed diets containing 1% or 2% para-amobezoic
acid fran 23 to 60 days of age, at which t.i they were mated with males

of proven feri1ity. No effecs on reproduction or graw wee obsered
(Ershoff, 1946).

Th :ita1ism of para-amobezoic acid was review by William

(1959). Ver 1itt1e is excrete as such. less th 10% of an i.p. dose

of 18 or 105 rr;kg l: is excreted with 24 hes in the bile of rats
(Abu-e1-Maem et al., 1967). The tw major rrta1ic pathys in a

variety of SPies (guinea-pigs, rabits and rats, but not dogs) are
acety1ation of the amo group and conjugation of the caboxy group, either
with glycine or with glucuonic acid. Acety1ation occus in 1iver, hea,
1ung, b10c an kidneys of rats (Koivu10 & Luuinen, 1959; Koivusa10

et al., 1958; Te, 1951) and in the ilcos rrranes of the gastrointes-

tina1 tract of catt1e (Kusen & l-ravsky, 1967). N-Acety1-transferase

activity in the presece of para-amobezoic acid is sim1ar in 1iver and
1ung tissue of rabits (Gram et aL., 1974). Acty1ation not on1y of para-

amobezoic acid (30-40%) but also of para-amohippuric acid (70%) taes
place in the kidney of rabits (Wan et aL., 1972); acety1ation of para-

amohippate also occus in the kidney of guinea-pigs (Setche11 & Blanch,
1961) .

Acety1ation is dose-dePedent. In rats given up to 5 rr;kg l:, 75%

of the rrtab1ites were acety1ated; with higher doses, the exent of

acetylation decreased do to 40% (Riggs & Hegsted, 1951). An inverse

re1ationship exists betw acety1ation an glycine conjugation: when

acetylation dereases, glycine conjugation increases (Koivusa10 et al.,
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1958); such a decease is see in patothenc acid-deficient rats (Riggs
& Hegsted, 1948). Mae rats excreted a 1arger amunt of acety1ated

conjugate in the urine th fer1es (Lune, 1958).
para-Arobezoic acid ca decease thoid acti vi ty an protect

against 1iver damge associated with chline and cystine deficiencies
(Hand1er & Fo11is, 1948). It is a protective agent in ozone toxicity

(Go1dstein et aL., 1972) an antagonizes the bacteriostatic effect of

su1phonades (Strauss et al., 1941).

A 44-fo1d rrla excess of para-amobezoic acid (8100 mg/kg of diet)
over N-2-acety1amof1uorene (AA) (300 mg/kg of diet) decrease the
toxicity of AA to male Fisher rats but ha on1y a we effec in preve-
ting its cacinogenic effec (Yamto et al., 1970).

para-Arobezoic acid (1000 ~g/ml) did not mutate Escherichia coli
fran streptancin sensitivity to resistace or frau histidine, :ithionine
and tropha reqerts to prototrophy (no 1iver activation was used
in these exi:ts) (Greer, 1958). The ethy1 ester of para-amobezoic

acid did not inuce mutations in Salmonella typhinrrium TA 98 or TA 100

in the presence or absece of a 1iver post-mitoondria1 supetat
fraction frau rats pretreated with po1ych10rinted bipheny1 (Kaec10r 500)

or phenobabital, nor in E. coli WP2 in th abence of a rat 1iver prePaa-
tion (Sugima et al., 1976).

(b) Ma

Of an oral dose of 1 g para-amobezoic acid, 82% was excrete in
the urine of 3 male vo1untees within 4 heus; para-amohippuric acid
an acety1-para-amohippuric acid ~e the principal :ita1ites. Con-

cuent admistration of soium bezoate tota11 y ab1ished the excretion
of these glycine conjugates (Koivua10 et al., 1959).

After oral doses of 500 mg para-amobezoic acid, 88% of the
:ita1ites are acety1ated; this fraction deceases with higher doses

(Geshbg & Kuh, 1950); glycine conjugation is 1CM in the newrn
(Vest & Salzbeg, 1965). para-Amobezoic acid is acety1ate by han
gentes of hum placeta (Jucu et al., 1968).
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3. 3 Case reports and epidemo1ogical studies

No data were avai1ab1e to the Working Group.

4. Cats on Data Rerted an Evaluation

4. 1 Animl data

In the on1y study avai1ab1e, para-amobzoic acid was tested in
mice by ski application; no carcinogenic effects wee obsered. The
avai1ab1e data are insufficient for an eva1uation of the cacinogenicity

of this cad to be rrde.

4. 2 Hum data

No case reports or epidemo1ogica studies were avila1e to the

Working Group.

~
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ANLIC ACID

1. Chca1 and Physica1 Data

1. 1 Synonym an trade nas

Chem. Abstr. Serices Re. No.: 118-92-3

Ch. Abstr. Na: 2-Amobezoic acid

ortho-Amobezoic acid; 1 -ame- 2-cabobezene; 2-carboxy-
aniline; ortho-carboxyani1ine; vita L1

1.2 Chca1 foi:1a an rr1ec1ar weight

¿(NH'
C7H7ID2 MJl. wt: 137.1

1. 3 Chauca1 and physica1 propeies of the pue substace

Fran Weast (1976), un1ess otherse spified

(a) Decription: Whte to pa1e-ye11ow, crsta line ~er
(Windho1z, 1976)

(b) Boi1ing-point: Su1iis

(c) Me1ting-point: 146-1470C

(d) Spetroscy data:
217 nm (El = 2072)

1

resonace and mass

À 335 nm (El = 320), 247 nm (El = 491),ma 1 1
in :rtho1; inra-red, nuclea magnetic

sptral data have be tated (Grasse11i,
1973) .

(e) Solubi1ity: Soluble in water, ethol and eth; slight1y
soluble in bezene

(f) Stai1i ty: Se' Geeral Raks on the Sustaces Considered' ,

p. 27.
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1. 4 Teica1 prcxucts and imities

Anthani1ic acid is availab1e in the US as a 95-98% pure technical

grade an as a 99% p.e 1abratory grade (Haw1ey, 1971).

In Japa, it is avai1ab1e with a miin PUity of 98% an a
rnin of 0.5% rristure and contain phth1ic acid as an imity.

2. Pruction, Use, Ocence an An1ysis

For backgrou inonntion on ths secion, se preale, p. 15.

2.1 Prcxuction an use

(a) Prcxuction

Anthan1ic acid was prePaed by Fischer in 1896 by heating 2-nitro-
sobzoic acid with aqueous arium su1phide at 1000C (Prager et al.,
1931) . It is prcxuce cccia11y by the Hofm reaction, in whch
phth1imde is reacted wi th scium hy10ri te an caustic scxa (Ducker,

1964) .

Anthani1ic acid has be produce cacia11y in th us for over

fifty yeas (US Tariff Cassion, 1919). In 1975, only one US cay
reported an unisc10sed aIunt (se preale, p. 15) (US Inteationl

Trade Cassion, 1977a). us imrt though principa US cuta
district \'re reported as 102 thou kg in 1972 (US Taiff Ccssion,
1973), 7 thou kg in 1973 (US Tariff Cassion, 1974), 105 thoud
kg in 1975 (US Inteatinal Trade Cassion, 1976) an 5 thoud kg

in 1975 (US Intetional Trde Cassio, 1977b).

In the OK, 10-100 th kg anthanlic acid ar produce anua11y.

In Swtzerla, it is be1ieved tht 100-100 thous kg are irrted pe
yea .

In Japa, five caies prouce an estimte 57 thou kg
anthan1ic acid in 1973, 85 thoud kg in 1974 an 44 thusd kg ln
1975. The have be no Japaese irrt or ex of ths chemca1.
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(b) Use

Anthani1ic acid ca be used for the prcxuction of fouree dyes
and four pigmts which are be1ieved to have ccrcia1 wor1d significace

(The Soiety of Dyers and Co10urists, 1971). On1y the fo11owing are

prcxuce cccia11y in the US (US Intertional Trade Cassion, 1977a):
C.1. Acid Ye110w 121, C.1. Direct BrCM 112, lbrdant Ye110w 8, lbrdant Re

9, l'rdant BrCM 40, Vat Violet 13, Vat Blue 1 and Pigrt Re 60.

Anthani1ic acid has a1so be used as a raw materia1 in the maufacture

of sacchain (Beck, 1969) and as a IT1d inibitor in soya sauce; its esters

have foud applications in pefurs, sythetic f1avours, bird and insect

repe11ents, an as fungicides for syps (Ducker, 1964). The cadmmn salt

has be reported to be usefu1 in veterin rricine as an ascaricide in

swine (Wino1z, 1976).

ln the UK, 10-100

dyestuff rrufacture.

stuff intenriate.

thousand kg anthani1ic acid are use anua11y for

In Switzer1and, anthani1ic acid is used as a dye-

In JaPa, anthan1ic acid is used as an interiate in the maufacture

of dyes (70%), phaceutica1s and pefur (20%) and pigmnts (10%).

2.2 Ocrence
Anthani1ic acid occus as a :ita1i te of trtopha, and i t is an

inteiiate in the biosythesis of this amo acid in san microorgansm

(Thanson, 1972). No data on its cxcuence in the environrt were

avai1ab1e ta the Working Group.

2.3 An1ysis

Aniline derivatives, inc1uding anthani1ic acid, have be detered
in b1cx an urine by diect ti tration wi th N-brarsuccinimde. The eror
was 1ess th 2% for 0.1-10 m: sa1es (Barakt et al., 1973).

Arantic ames, inc1uding anthani1ic acid, have be detered
co10rimtrica11y with peroxydisu1phate (Gupta & Srivastava, 1971).
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Antlan1ic acid has be detened inirec1y by the atoc absorp
tion spetropotaætric rrsure:t of its iron ca1ex (Kida et al.,
1972) or of its ter ca1ex with cobalt an bathhentlo1ine (Kidai
et al., 1975).

E1ectrophoresis ha be us to sepaate arantic cauns, inc1ud-

ing anthani1ic acid, with detecion of naogam aits by fluorescece
(Wachter et aL., 1972) or diazotization an co1ing with chantrpic
acid (Aka et al., 1972).

Th- 1ayer chantoaph (TL) bas be us to seate arantic

ames, in1uding anthan1ic acid, on rice stach (Caiê & peri~i6-Janjic,
1974), on cellulose an po1ystyene-ba ion exchagers (Ieri et aL.,
1974) an on si1ica gel irregated with camn sa1ts (Yasuàa, 1972).

TL has a1so be us to sepaate an identify trtaha neta1ites,

inc1uding anthani1ic acid, in urine on ECIA-c11ulose with ultra-violet
1ight visua1ization (H1.1 & Masault, 1973), in urine using a tw di:-

siona1 system (Havrt & Wal1ey, 1972) and in faecs on si1ica gel with
an estimted accuacy of :!LO% in the llg¡kg range (Anderso, 1975). TI
with visua1ization with ultra-violet 1ight after reaction with glutaconic

a1dehyde in pyridie has also be used. The detecion 1imt is 0.1-0.3 llg
(Oh & Saki, 1975).

High-pressure 1iqu chrantogaphy has be us to sepaate and
detere bezenecarboxylic acids, inc1uding anthan1ic acid (Auenge,

1973). It has be detened in urine by gas chantoaphy after

convesion to its trif1uoroacety1 derivative (Hiano et al., 1972).
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3. Bio1ogica1 Data Relevt to the Evluation

of Cacinogic Risk te Ma

3.1 Cacinogenici ty and re1ate studes in an1s 1

Otr expri.ta1 system

B1adder imlantation: Chlesterol pellets containg 20% anthan1ic

acid were im1anted into the b1adders of TIce. Cacinom of the b1idder
were observ in 10/75 suivors with 12-15 rrnth. Of controls tht

recei ve imlants of cholesterol alone, 4/54 TIce deve10Pe b1adder cacin
ma (~0.05) (Bryan, 1969).

3. 2 Otr relevant bio1ogical data

(a) Exriita1 system

Of 12 rats fed a sythtic diet containg 0.2 % anthanilic acid

(dai1y intae, 20-30 rr/anir1). for 33-374 days, b1adder les 
ions were

obsered in 4/11 an1s examed. ~se 1esions inc1uded noerate an

extensive epith1ia1 rrtap1asia as v.11 as pronoiced epithe1ia1 prolifera-
tion wi th a tendency to keratotic papi11ars wi th large cysts (Ek &
str&nck ,1949) .

The main rrtab1i tes of anthani1ic acid in rats, rabi ts and dos

are th glucuonic acid an glycine conjugates (Chcoet-Hading et al.,
1953; Knoefe1 et al., 1959). No acety1ation of anthani1ic acid wa

obsered in rabbits (Bray et aL., 1948); 1.2-2.5% anthan1amde wa foun
in rats injected intraperitonea11y with anthan1ic acid (sutadja
et al., 1972). In rabbits, there is suggestive evidence tht it is hydrxy-

lated in the 3- an 5-positions (Bray et al., 1948; KOe & Shrai, 1953);
hydroxy1ation in th 3-position was obser in rat 1iver haentes

(Wiss & He1li, 1953). Th instai1ity of 3-hydroxyanthanlic acid

maes th detennation of sm11 arts difficut (pipki et aL., 1967).

1in Vbrkig Grou wa awa of cacinognicity tests in progess on
anthani1ic acid invo1ving oral admstration in TIce and rats an s.e.
injecion in TIce (!A, 1976).
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Dirization of the hydroxy1ate derivatives 1eas ta phenoxazinone

(Butendt et aL., 1957), a chrcnhore which is also preset in cacino-

genic funga1 pigIts 1ike the actinOIcins.

Anthani10y1anthani1ic acid (Hagiha & Okazaki, 1956) and 2-mthy1-

1,2,3,4-tetrahydro-4-guinazolone (Ishiguo et al., 1974) have a1so ben

identified as :ita1ites of anthani1ic acid.

less th 10% of a dose (18 or 101 rr/kg bw) of anthani1ic acid given

by Lp. injection wa excreted in the bile of rats (Ab-e1-Maan et al.,
1967) .

Anthani1ic acid and 3-hydroxyanthani1ic acid are :ita1ites of

trtopha and occu norn11y in the urine with other trtop meta-
bo1ites.

A dose of 380 rr/kg bw anthani1ic acid given by s.e. injection on

day 9 of pregcy ta a group of 10 fanle Sprague-Daw1ey rats prcxuced

no teratogenic effects (Koshaji & Schu1ert, 1973).

When anthani1ic acid was added at a 1eve1 of 20 mM (2.75 g) to

5 ml culture meium, the incidence of :i1anocic turs in second

insta 1arae of the tu~ bw ; st su-tu strain of Drosophila melanogaster

was increased (Buret & Sang, 1968). Simlar effects were observed by

Kaehisa (1956) and Plaine & G1ass (1955).

No data on the mutagenicity of anthani1ic acid were avai1ab1e to

the Working Group.

3-Hydoxyanthani1ic acid has be reprted ta inuce chantid

breas in cu1tured hum emryo ce11s at a concentration of 30 rr/1.
One chransan transloction was observed in 338 IItaphase ce11s examed;

none were seen in 300 control :itaphase ce11s (Kuznezova, 1969).

(b) Ma

Anthani1ic acid is a IIta1ite of trtopha.

\
A significant Pecentage of patients with non-occupationa1 1 spontaeous 1

b1adder cacer excrete higher aits of kyurenine, kyurenic acid, acety1-

kyurenine, 3-hydroxykyurenine and 3-hydroxyanthani1ic acid th norn1
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control individua1s, paicu1ar1y after a 10ading dose of trtopha
(Bo1and & Willia, 1955: Brow et aL., 1955). Ths effec was not

see in patients wi th b1adder cancers tht cou1d be trace to industria1

exsue to aramtic ames (Brow et al., 1972).
Leve1s of trtopha rrta1i tes are a1so increased in patients wi th

other diseases, inc1uding sc1ercxen, porphyia and ræta1 disease.
Futhermre, thy are higher in vo who tae oestrogen analoge oral

contraceptives, in patients with bilhziasis an in haitual srkers

(see Arcos & Argu, 1974).

3. 3 Case reprts and epidemo1ogica1 studies

No data were avai1ab1e to the Working Group.

4. Cæts on Data Rerted and Evaluation

4. 1 Animl data

Anthani1ic acid has be tested in mice by bladder imlantation.
The avai1ab1e data do not a11CM an eva1uation of the cacinogenicity of

this can to be made.

4.2 Hu data
No case reports or epidero1ogica1 studies wee availa1e to the

Working Group.

271



5. References

Abu-e1-Maem, M.M., Mi1lbur, P., Smth, R.L. & William, R.T. (1967)
Bi1iar excretion of foreign caunds. Bezene and its derivatives
in the rat. Biocem. J., 105, 1269-1274

Akva, T.G., Deova, V.P. & Savvin, S.B. (1972) E1ecophoretic and
chrantogaphic iæthcxs of an1yzing organic reagents. IV. Identi-
f ication of arantic ames and naphtho1 sufonic acids used in
organic reagent sythesis. Zh. an1it. Kh., 27, 1396-1400

Anderson, G.M. (1975) Qutitation of trtoha iætalites in rat
fecs by th- 1ayer chantogaphy. J. Chant., ios, 323- 328

Arcos, J.C. & Argus, M.F. (1974) Chemcal Induction of Cacer, VoL. IIB,
New York, Academc Press, pp. 65-93

Aurenge, J. (1973) Sépaation et dosage pa chantoaphie liquide
sous haute pression des acides bezènepo1ycaboxy1iques. Uti1i-
sationde 1aprogantiond'é1uat. J. Chant., 84,285-298

Baakt, M. Z., Fayza11a, A.S. & E1-Aasar, s. (1973) Micrcxeteation
of aniline sa1ts and cein derivatives. Microcem. J., 18, 308-323

Bek, K.M. (1969) SWteners, nonnutritive. In: Kik, R.E. & Oth, D.F.,
eds, Encyc10Peia of Chemca1 Teo1og, 200 ed., VoL. 19, Ne York,
John Wi1ey and Sons, p. 598

Boy1an, E. & William, D.C. (1955) Th estimtion of trtophan :ita1ites
in th urine of patients with cacer of the b1adder. Biochem. J., 60,

Bray, H.G., Lae, H.J., Ne1e, F.C., Thorp, W.V. & Wc, P.B. (1948) The
fate of cein orgaic acids and amdes in the rabit. IV. The ame-
bezoic acids an their andes. Biochen. J., 42, 434-443

Brow, R.R., Priee, J .M. & We, J .B. (1955) The iæta1ism of trtopha
in b1adder ttmor patients. Proc. Ar. Ass. Cacer Res., ~, 7

Brow, R.R., Friede11, G.H. & Le1em, J.E. (1972) Trtopha :ita1ism
in patients wi 'th b1adder cacer of octiona1 etio1og. A1 .
industr. Hyg. Ass. J., 33, 217-222

Bryan, G.T. (1969) Ro1e of trtopha :ita1ites in urin b1adder
cancer. Amr. inustr. Hyg. Ass. J., 30, 27-34

Buret, B. & Sang, J. H. (1968) Physio1ogica1 genetics of :i1anotic turrs
in Drosophi la me ianogaster. V. Amo acid iæta1ism and turr
fonntion in the tu hw; st su-tu strai. Geetics, 59, 211-235

272



Butenandt, A., Biekrt, E. & Neubrt, G. (1957) Ubr 3-Hydroxy-5-acety1-

phenoxazon- (2) und 1. 6-Diacety1 -triphendioxazin ein neuer Weg zur
Daste11ung von Phenoxazonen. Liebigs An. Ch., 602, 72-80

Caic, V.D. & Periš'i~-Janji6, N.U. (1974) Seation of a1iphatic and
aromtic organic acids on stach thin-layers. Chomtographie
beaviour and chemca1 strcture. z. an1yt. Chem., 270, 16-19

Chconnet-Hading, F., Da1g1iesh, C.E. & Neubrger, A. (1953) The
relation betwen ribf1avin and trtoph :ita1ism, studied
in the rat. Biochem. J., 53, 513-521

Ducker, C. (1964) Bezoic acid. In: Kik, R.E. & otr, D.F., eds,
Encyc1apia of Chemca1 Tehno1og, 2nd ed., VoL. 3, Ne York,
John Wi1ey an Sos, pp.434-435

Ek, B. & Strömk, J.P. (1949) The effect of sem sp1itprcxucts
of 2,3' -azoto1uene on the urinar b1adder in the rat and their
excretion on various diets. Act path. microbiol. scad., 26,447-471 --

Grasse11i, J.G., ed. (1973) CR Atlas of Sptral Data and Physica1
Constats for Organic COunds, Cleveland, Ohio, Chemca1 Ruber
Co., p. B-278

Gupta, R.C. & Srivastava, S.P. (1971) Oxidation of aromtic ames by
peoxcxisu1phate ion. ir. Identification of aromtic ames on
the basis of absorption maim of co10ured oxidation prcxucts.
z. an1yt. Ch., 257, 275-277

Hagiha, F. & Okazaki, Y. (1956) Isolation of anthani1oy1anthani1ic
acid as the iæta1ic prcxucts of anthani1ic acid. J. phar. Soc .
JaPa, 76, 362-364

Haw1ey, G.G., ed. (1971) The Condensed Chemca1 Dictionar, 8th ed., Ne
York, Van Notrand-Reino1d, p. 66

Haworth, C. & Wal1ey, T.A. (1972) A study of the chomtoaphic
beviour of trtaha iæta1i tes and related cauns by
chrortogaphy on thin 1ayers of si1ica geL. J. Chant., 66, 311-319

Hiano, K., Mari, K., Tsi, N., Kai, S. & Ohno, T. (1972) Gas
chromtogaphy of urin anthan1ic acid an 3-hydroxyanthani1ic
acid by solvent exaction iæthcx. Chan. ph. BulL., 20, 1412-1416

Hum1, R. & Masault, C. (1973) Th-1ayer chomtoaphy of kyurenin
meta1ites. J. Chant., 79, 347-348

lAC (1976) Inonntion Bulleti on the Surey of Che:ca1s Being Teste
for Cacinogenicity, No. 6, Lyon, pp. 113, 161

273



Ishiguo, 1., Nato, J., Shiohaa, R. & Ishika, A. (1974) Isolation
an identification of the 2-mth1-1,2,3,4-tetraho-4-qinazo10ne
as a new :ita1ite in the urine of anthani1ic acid injected rats.
Yakgak Zassh, 94, 1232-1239

Kaehisa, T. (1956) Relation betwee the formtion of rr1anotic turrs
and trtophae iæta1ism invo1ving eye-co10ur in Drosophila.
An. Zool. Jap., 29, 97-100

Kidani, Y., Ingak, K. & Koike, H. (1972) Atoe absorption specto-
photaætric detetion of anthanlic acid. Nagoya Shitsu
Daigak Yakgaku Ken Na, 20, 21-25

Kidani, Y., Osgi, N., Ingaki, K. & Koike, H. (1975) Indiec deter-
mition of anthan1ic acid by atanc absorption SPtrantr.
Buseki Kagak, 24, 218-221

Knoefe1, P.K., Hug, K.C. & Despopoulos, A. (1959) Conjugation and
excretion of the amo and acetado bezoic acids. Am. J.
Physio1., 196, 1224-1230

Koshaji, R.P. & Schu1er, A.R. (1973) Biocerca :iism of sali-
cylate terato1og in the rat. Biocem. Phacol., 22, 407-416

Kotae, Y. & Shirai, Y. (1953) tlr die Entsteung der 5-0-anthani1-
sMure aus Anthani1sMure li tierischen Organism. Hoppe Sey 1er' s
Z. physio1. Ch., 295, 160-163

Kuznezova, L.E. (1969) Mutagenic effect of 3-hydroxykyurenine and 3-
hydroxyanthani1ic acid. Nature (Lond.), 222, 484-485

Iepri, L., Deideri, P.G. & Cos, V. (1974) Chantogaphic beviour
of arautic amo acids on thin 1ayers of anion and cation exchagers.
J. Chant., 88, 331-339

Oh, S. & Saki, 1. (1975) Detecion of arantic prir ames by a
photochemca1 reaction with pyidine. Buseki Kagak, 24, 385-387

Pipki, G.E., Nishima, R., BaCMky, L. & Scegel, J.U. (1967) Stai-
1ization of urin 3-hydroxyanthan1ic acid by oral adistration
of L-ascorbic acid. Pr. So. ex. BioL. (Wash.), 126, 702-704

Plaine, H.L. & Glass, B. (1955) Inluence of trtopha and relate

cas upon the action of a SPifie gene and the inuction of
:i1anotic t'lS in Drosophi la me lanogaster. J. Geet., 53,
244-261

Prager, B., Jacobson, P., Schdt, P. & Ster, D., eds (1931) Bei1stein
Hadbch der Organschen Cheme, 4th ed., VoL. 14, Syst. No. 1885-1S89,
Belin, Springer-Ver1ag, p. 310

274



The Soiety of Dyers and Co10urists (1971) Co10ur Inex, 3rd ed. ,
VoL. 4, Yorkshire, OK, p. 4707

Sutadja, T.M., Ishika, A., Naito, J. & Ishguo, 1. (1972) Studies
on the new :itab1ic pathy of anthani1ic acid in the rat. 1.
Isolation and urinar excretion of anthanilarde as a new :itab1ite
of anthani1ic acid. Chem. pha. BuL., 20, 2694-2700

Thorson, A.R. (1972) Organic nitrogen caunds. In: Cherca1 Techno1og:
An EncycloPeie Treatrt, VoL. 4, Chpter 15, Ne York, Eaes & Noble,
pp. 521 -522

US Interational Trade Ccssion (1976) ~rts of Bezenoid Chanca1s
and Products, 1974, USI'I Pulication 762, Washington OC, US Goern-
met Printing Office, p. 11

US Interational Trade Cassion (1977a) Sythetic Organic Chanca1s,
us Production and Sales, 1975, USI'I Pulication 804, Washington OC,
US Goernt Printing Office, pp. 26, 55, 65, 71-72, 75, 85

US International Trade Cassion (1977b) ~rts of Bezenoid Chemca1s
and Prcxucts, 1975, USI'I Pulication 806, Washigtn OC, US Goer-
met Printing Office, p. 11

US Tariff Ccssion (1919) Report on Dyes and Re1ated Co1-Tar Chancals,
1918, revised ed., Washington OC, US Goert Printing Office, p. 26

US Tariff Cassion (1973) Imrts of Bezenoid Chcals and Prcxucts,
1972, 'I Pulication 601, Washington OC, US Gaert Printing Office,
p. 11

US Tariff Cassion (1974) ~rts of Bezenoid Chemca1s and Prcxucts,
1973, 'l Pulication 688, Washington OC, US Gaert Printing Office,
p. 11

Wachter, H., Grassmyr, K., Guetter, W., Hausen, A. & Sa11ager, G.
(1972) Identification of fluorescent arantic acids by spctal
f1uoraætr in situ after e1ectrophoresis. Mioc. act, 6,
861-875

Weast, R.C., ed. (1976) CR Hadbk of Chanstr and Physics, 57th ed.,
Cleveland, Ohio, Chemca1 Ruber Co., p. C-182

Windho1z, M., ed. (1976) The fuck Index, 9th ed., Raay, NJ, Merck &
Co., pp. 57, 1292

Wiss, o. & He1lm, H. (1953) Ubr die Eintlg pheno1ischer Hydroxy1-
grPPe beim oxydativen Trtopha-Stoffwechsel. z. Naturforsch.,
8B, 70-76

Yasuda, K. (1972) Th-1ayer chrantogaphy of arantic ames on caum
acetate imregted si1ica gel thin layers. J. Chant., 72, 413-420

275



para-QR:ortho-'IWIIN (HYImRIDE)

1. Chemca1 and Physica1 Data

para-Choro-ortho-to1uidine

1. 1 Syonym an trade nas

Co10ur Index No. : 37085

Co10ur Inex Na: Azoic Diazo canent 11, base

Chem. Abstr. Seices Re. No.: 95-69-2

Ch. Abstr. Na: 4-Choro-2-:ithy1bzeneae

2-Aro-5-chloroto1uene; asymtric meta-ch10ro-ortho-to1uidine;

5-chloro- 2-amoto1uene; 4-ch10ro- 2-:ithy 1ani1ine; 4-c10ro-6-
rrthy1ani1ine; 4-ch10ro- 2-to1uidine; 4-chloro-ortho-to1uidine;

2-rnthy 1 -4-choroa1ine

Amol Fast RE 'I Bae; Azoee Fast Re 'I Base; Azogene Fast
Re TR; Brentame Fast Re TR Base; Daito Re Base TR; Deva1

Re K; Deva1 RE 'I; Diazo Fast Re TR; Fast Red Base TR;

Fast Re 5cr Bae; Fast Re TR; Fast Re TR1; Fast Red TR

Base; Fast Re 'IO Base; Kao Re 'I Base; Kae Re TR;
Mi tsui Re 'I Bae; Re Base Cib IX; Re Base Irga IX; Re
Base Nl; Re 'I Bae; Sanyo Fast Re TR Base; Tu1abse Fast

Re TR

1.2 Chca1 formla an rr1ec1ar weight

~H'

ei

C7H8N21 MoL. wt: 141. 6
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1.3 Chemcal an physica1 propes of the pue substace

From Grasse11i (1973), un1ess otherwise SPified

(a) Decription: Crysta11ine, fused, grayish-wite solid

(carcia1 prcxuct) (Pfister Chemca1 Inc., 1975)

(b) Boi1ing-point: 2410C

(c) Me1ting-point: 29-300C

(e)

Refractive index: l£0 1.5848 (Aldrich Cherca1 Cany, 1976)

Spetroscopy data: À 296 mu (El" = 180), 242 mu (El = 939)-- ~ 1 1
in rrtho1 ¡ infra-red an nuc1ea rngnetic resonace spetra

have be taulated.

(d)

(f) Solubi1ity: SPaing1y soluble in water, soluble in ethano1

and di1ute acids (Haw1ey, 1971)

(g) Stai1i ty: Se' Geeral Raks on the Substaces Considered'

p. 27.

1.4 Technica1 products and imurities

para-coro-ortho-to1uidine is avai1able in the us as a tehnica1
grade with a miin puity of 99% (Pfister Chca1 Inc., 1975).

In Japa, para-coro-ortho-to1uidine is availa1e with a miin
purity of 99.0% and contains dichoro-ortho-to1uidine an choroto1uidine
isamrs as irities.

para-coro-ortho-to1uìdine hydroch10ride

1. 1 Synonym an trade nas

Co10ur Inex No.: 37085

Co10ur Inex Na: Azic diazo caent 11

Chem. Abstr. Serices Re. No.: 3165-93-3

Chem. Abtr. Na: 4-Choro-2-:ithylbzene hydoc10ride

2-Amo-5-choroto1uene hydrocoride¡ astric meta-choro-ortho-

to1uiine hyochloride¡ 5-choro-2-amoto1uee hydrocoride¡
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4-ch10ro- 2-mthy 1an 1 ine hydrocoride; 4-coro-6-rthy1ani1ine

hydrocoride; 4-chloro-2-to1uidine hydrocoride; 4-chloro-ortho-
to1uidine hydroch10ride; 2-:ithy1 -4-choroa1ine hydroc10ride

Amo1 Fast Ref TR Salt; Azani1 Re Sat TR; Azoee Fast Re
TR Salt; Brentae Fast Re TR Sat; Dato Re Salt TR; De1
Re TA Salt; Diao Fast Re TR; Diazo Fast Re '!; Fast Re

5Cl Salt; Fast Re Salt TR; Fast Re Sat '!; Fast Re Salt TR;
Fast Re TR Salt; Hindaso1 Re TR Salt; Nataso1 Fast Re TR Salt;

Ofna-Per1 Salt RR; Re Sat Cib IX; Re Salt Irga IX; Re TR
Salt; Sanyo Fast Re Sat TR

1.2 Eìirica1 fo:r1a and rr1ec1ar væight

C7H8NC1. HC1 ~b1. wt: 178.1

1.3 Chca1 an physica1 propies of the pue substace
No data væe avai1ab1e to the Working Group.

1. 4 Tehnica1 prcxucts and imities

No data ~e avai1ab1e ta the VVrking Group.

2. Prcduction, Use, Ocence and An ysis

For backgroun inoi:tion on this section, se prea1e, p. 15.

2. 1 Prcxuction and us

(a) Prcxuction

para-C10ro-ortho-to1uidin wa preped by Be1stein & Kuh in
1870 by reducing 2-nitroto1uene with ti and hydroc10ric acid (Prger

et al., 1929). It bas also be preped by the ring chorintion of
ortho-to1uidine (Sch1pfenig, 1975) an by the chorination of ortho-
acetoto1uidide and saponification to the free ame (Th Soiety of Dyers
an Co1ouists, 1971a).

Cacia1 prcuction of para-coro-ortho-to1uidie in the US wa
first report in 1939 (US Taiff Cassion, 1940), and tht of para-

choro-ortho-to1uiine hydrocoride in 1941-1943 (US Taiff Cassion,
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1945). In 1975, on1y one US ccy reported an undisc10se arunt (se

prea1e, p. 15) of para-chloro-ortho-to1uidine, and thee US cces
prcxuce undisc10sed arunts of para-coro-ortho-to1uidine hydroc10ride

(US Intertional Trade Cassion, 1977a). US imrts of para-ch10ro-

ortho-to1uidine though principal us custan districts aiunted to 86.3

thousand kg in 1973 (tw thousad kg of the free base and hydroc10ride

canined were a1so imrted tht yea) (US Tariff Cassion, 1974), 73.3

thousan kg in 1974 (US Interntional Trade Cassion, 1976) and 2.4

thousan kg in 1975 (US Intertional Trade Cassion, 1977b).

In SWitzerla, para-chloro-ortho-to1uidine and its salts were
prcxuce fran 1956 unti1 th end of 1976. Duing 1976, betw 100-200

thousand kg were produc.

Neith para-choro-ortho-to1uidine nor para-ch10ro-ortho-to1uidine

hydrocoride has ever be prcxuce a:rcia11y in Japa. Japaese
imrts of para-chloro-ortho-to1uidine hydrocoride fran the Federal

Repub1ic of Gey for the yeas 1973-1975 were 14, thousand kg, 3

thousan kg and 4 thousan kg per yea, respeti ve1 y .

(b) Use

para-coro-ortho-to1uidine and its hydrocoride are used to prcxuce

azo dyes for cotton, silk, acetate and nylon (The Soiety of Dyers and

Co10urists, 1971b).

para-c10ro-ortho-to1uidine ca a1so be used as an intenate for

the prcxuction of ~ pigits an one dye tht are be1ieve to be of

cacia1 wor1d signficace (Th Soiety of Dyers an Co10urists, 1971a):

C.1. Pigrt Re 7, C.I. Pigmt Ye11CM 49 an C.1. Azoic Cop1ing Caent

8. On1y C.1. Pigit Re 7 an C.1. Azic Cop1ing Caent 8 are produce
camcia11y in the us (US Intertional Trade Cassion, 1977a).

para-c10ro-ortho-to1uidine is a1so be1ieved to be used in the
prcxuction of chordiifonn (also knaw as chorphenamine (N' - ( 4-ch10ro-
2-ræthy1pheny1) -N, N-diith1fonndineJ) (Sittig, 1977), an inseicide

and acaicide us on coton, deiduous frut and nut tree an vegeta1es,

which was use in th US te th ext of abt 600 thousan kg in 1974.

Al1 of the prcxuct us to date in the US was imrt fran Swtzerlad.
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In Switzerla, para-coro-ortho-toluidine an its sa1ts wee us as
dyestuff intenrtes. para-doroortho-to1uidi wa als used as an

interiate in the proucion of a cotton inicide. para-coro-
ortho-to1uidie and its hydroc10ride are not petted for use in

cotics in th Euop Ecanc Caities (EE, 1976).

ln Japa, para-coro-ortho-to1uidie is us in the prcxuction of
azo dyes.

2.2 Ocence
para-coro-ortho-to1uidine an its hydrocoride are not knCM to

occu as natura1 pro:ucts. HCJ, para-cho:rortho-to1uidine ca be
fo:r fran ch10rdi:foi:, an insecicide an acaicide, by enzys

preset in the 1eaves of app1e se1ings (Sen Guta & Kn1es, 1969) as
we11 as those of cotton plants (Bull, 1973).

No furer data on its occuence in the envirOIt wee availa1e
to the Workig Group.

2.3 Anl ysis

Isaic choroai1ines an their deri vati ves , inc1udg para-
choro-ortho-to1uidine, have be detec co10ri:trica1y in their

mies by cop1ing with diazotized su1phai1ic acid (Iéádi, 1967).

PaPe chantogaphy using six different deve10ping solvent system
and fifte detecting reagents has be us to seate and identify
240 cads of biocca1 interest, inc1uding para-coro-ortho-
to1uidine (Reio, 1970). Ch1oraæthylai1ine isas, inc1udg para-

ch10ro-ortho-to1uidine, have be sepaated by ga chcntoaphy
(Tb1ey et al., 1970).

Methcxs of an1ysis for para-coro-ortho-to1uiine as a ræta1ite

of the systec acaicide, chordi:foi:, in plants an soi1s have be
describ in which the ame is detened either by thin-1ayer chanto-
graphy an co10ri:tr or by gas chantoaphy (Kossm et aL., 1971).
In anth stuy of th peticide chordfoi:, para-coro-ortho-

to1uie was deteied by Uitra-violet reflecce after sepaation by
th- 1ayer chantoaphy on si1ica gel (Kynst, 1970). Thin- 1ayer
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chantoaphy was also us to sepaate and identify pr:i arantic

ames, inc1uding para-ch10ro-ortho-to1uidine, on si1ica gel buffered
with scium acetate (Bass1 et al., 1967).

3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studies 1

Oral admistration

MJe: In an abstract, it was reprt tht in 1ifeti feeing

studies in CD mice of bath sees, para-ch10ro-ortho-to1uidine hydroc10ride
induced 40 haemgiosacas in variou organs in 82 rnce; no such tururs
occued in contro1s (Hanger et aL., 1972) (No furer detai1s were
avai1ab1e to th Working Group).

3. 2 Oter relevant bio1ogica1 data

para-Choro-ortho-to1uidine inibited RN sythesis in HeL ce11s

(Muak & Fu, 1974).
No data on the :ita1ism, anryotoxicity, teatogenicity or muta-

genicity of para-ch10ro-ortho-to1uidine ~re avai1ab1e to the Norkig
Group.

3.3 Case reports an epidemo1ogica1 studies

Ueb1in & P1etscher (1954) studied the ocence of b1adder tururs
in workers at a factory in Switzer1and prcxucing dyestuf int.iates

(for detai1s, se rrnogaph on ortho-to1uidine). The authors distingushe
a group of 35 :i who prepaed para-ch10ro-ortho-to1uidine fran ortho-

to1uidine during the yeas 1924-1953; no bladder tuurs were found amng
the se :i (Insufficient detai1s on peson-yeas at risk or fo11aw-up wee

provided ta eva1uate the significance of this obseration).

ITh Workig Grop was aware of cacinogenicity tests in progess on
para-choro-ortho-to1uidine hydrocoride ino1ving oral admistration
in mice and rats (IAFC, 1976).
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4. Cats on Data Rerted and Evaluation~

4.1 Animl data

The on1y data on para-ch10ro-ortho-to1uiine hydrocoride tht

were avai1ab1e to the Workig Grou wee rePrted in an abstract.

Although the resu1ts of this exiit inicate a cacinogenic effect,

the indeqcy of reporting does not a11CM an ev1uation of the cacino-

genicity of para-choro-ortho-to1uidine or its hydroc10ride ta be made.

4. 2 Hmn data

Insufficient infoi:tion is avai1ab1e to pet the Working Group

to eva1uate the cacinogenicity of para-choro-ortho-to1uidine or its

hydroc10ride.
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CINN ANIATE

1. Chemca1 and Physica1 Data

1.1 Syonym an trade nas

Chem. Abstr. Seices Re. No.: 87-29-6

Chem. Abstr. Na: 2-Aro-bezoic acid, 3-phenyl-2-propey1 ester

Anthani1ic acid, cinam1 ester¡ cin1 a1coho1, anthani1ate¡

cin1 2-amobezoate¡ cin1 ortho-amobezoate¡ 3-pheny1-

2-propey1 anthani1ate¡ 3-phenyl-2-prap-1-y1 anthani1ate

1. 2 Chemca1 fonn1a and ir1ec1ar weight
o
~-O-CH,-CH=CH-\ 0)

cgNH,
C16H15ID2 M:Ü. wt: 253.3

1. 3 Chemca1 an physica1 propeies of the PUe substace

Fran Fuia & Be11anca (1971), un1ess otherse spified

(a) Description: Browish pcer

(b) Boi1ing-point: 3320C

(c) Me1ting-point: ::600C (cccia1 prcxuct)

(d) Solubi1ity: Inoluble in water¡ soluble in etho1 (50 g/l
in 95% etho1), diethy1 ether and ch10rofonn (Catte on
Speifications, 1972)

(e) Stai1ity: Se 'Geeral Faks on the SUstaces Considered',

p. 27.

(f) Rectivity: Rects with vaious a1dehydes, fonng high1y

co1oued caun (Beou, 1967)
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1. 4 Teica1 prooucts an imuri ties

Cin1 anthani1ate is availa1e in the US with a nuim puity
of 96% (Givaud-De1awa, Inc., 1961).

2. Proouction, Use, Ocence an Anl ysis

For backgroud infonntion on this setion, se prea1e, p. 15.

2. 1 Prcxuction and use

(a) Pruction

Cin1 anthan1ate ca be preped by reacting isatoic anydride
(N-caboxyanthan1ic anydride) with cinc alcoho1 (Opyke, 1975) or

by esterifying anthan1ic acid with cin1 alcoho1 (Fuia & Be11anca,

1971) .

Cacia1 prooucton of cin1 anthanilate in the US was first
reported in 1939 (US Tariff Cassion, 1940); prcxuction figues have
not be reported in rect yeas, but thee US cxies reported total
sales of 454 kg in 1975 (US Intertional Trade Cassion, 1977).

No evidence was foun tht cin1 anthanilate has ever be

prcxuce cccia11 y or imrted in Japa.

No data on its prcxuction in Euop wee avai1ab1e to the Working

Group.

(b) Use

Cin1 anthani1ate has be us as a flaveu an fragrance chemca1

in the US since 1940 (O¡ke, 1975). It is us as an ingredient in non-

a1coho1ic beverages (6. 8 mg¡kg), ice-crea an ices (1. 7 mg¡kg), swts

(4.3 mg¡kg), ba gcxs (5.3 mg¡kg), ge1atines an puddigs (28 mg¡kg) an

in chewing gu (46-730 mg¡kg) (Fuia & Be11anca, 1971). It has be us

as a fragrane ingrerient in various cosmtic prcxucts, inc1udg soaps
(at an average concentration of 0.01%), detergents (0.001%) an crea and
lotions (0.005%) (Opyke, 1975). As a peur ingredient, cin1 antha-

ni1ate is us in orange b10ssan, nero1i, cologe and other floral b1ends

(Givaud-De1awa, In., 1961) at an average cocentration of 0.08%
(Opyke, 1975).
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Th US Foo an Drg Nhstration has classified cin1 anthan-
late as a GR (genera11y recized as safe) sustace whch may be safe1y

us as a flavouing sustace in foo if used in the miim qutity
reqired to prcxuce its intened effec (US Foo an Drg Aàistration,
1976). ln 1974, Th Coci1 of Euop 1isted cin1 anthanlate as an
arificia1 f1avouing sustace tht may be us in foc without hazard

to pulic hea1th at 1eve1s of 25 nq/kg (Opyke, 1975).

2. 2 Occuence

Cin1 anthan1ate is not kn to occu as a natural product.
No data on i ts ocence in the enviroIit were availa1e to the Working

Group.

2.3 Anysis
Th Catte on SPifications (1972) has pub1ished a puity test

for cin1 anthan1ate in which a sa1e is hydro1yse with alk1i, the

excess alk1i is titrated, and th Pe cet of ester in the originl sa1e
is then ca1culate.

Although no other SPifie stuies wee availa1e ta the t'lrkig

Group, the accying ITnogaphs describ a m:nuber of :ithod genera11y
aplicale to arantic ames.

3. Bio1ogica1 Data Relevant to the Evaluation

of cacinogenic Risk to Ma

3.1 Cacinogencity an related studies in an1s1

IntraPeitonea1 adstration

lose: Fiftee mae an 15 fem1e A/e mice wee given Lp. injections

of 0.1 ml cin1 anthan1ate in tricapry1in thice we1y for 8 we
(tol dose, 12 g/kg tM). At 24 we after th sta of treatmt, 13

males an 15 fem1es wee still a1ive, and 11 males and 10 fem1es had

1The Workig Group was awe of cacinogenicity tests in progess on

cin1 anthanlate invo1ving oral adstration in mice an rats
(IA, 1976).
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1ung tuurs (2.7 an 2.1 1ung tus/rruse). Of 25 fem1e contro1s

injected with tricapry1in alone, 22 wee still alive at 24 wes, an 10
had 1ung tumurs (0.59 1ung tumurs/rruse) (P.(0.05). These resu1ts were
confli in a second seies of eximts using the sam total dose

(12 g/kg l:) (Stoner et al., 1973).

3. 2 oter relevant bio1ogica1 data

(a) Exìmta1 system

Th oral ID in rats an the den1 ID in rabbits of cin150 50
anthani1ate was greater th 5 g/kg l: (~yke, 1975). Al1 of 5 mice

surived six Lp. injections of 0.5 g/kg l: given over a 2-we peiod
(Stoner et al., 1973).

No data on the i:ta1ism, anryotoxicity, teratc:enicity or muta-

genicityof cin1 anthani1ate wee avai1ab1e to the Working Group.

(b) Ma

No data wee avai1ab1e to the Working Group.

3. 3 Case reports and epidauo1ogica1 studies

No data wee avai1ab1e to the Vkrking Group.

4. Cats on Data Rerted and Evaluation

4. 1 Animl data

ln th on1y avai1ab1e study, cin1 anthanlate increaed the
incidence of 1ung tumurs in mice fo11awing its intrapeitonea1 injection.

These data are insufficient for an eva1uation of the cacinogenicity of

ths cad to be made.

4.2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e to the

Vlorking Group.
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N~ N' -DIAENZIDIN

1. Chca1 and Physica1 Data

1.1 Syonym an trade nas

Ch. Abstr. Seices Re. ~. :613-35-4

Chan. Abstr. Na: N~N'-(1,l-Bipheny1)-4,4'-dylbisacetade

4' ,4" '-Biacetai1ide¡ N~N'-4,4'-biphey1y1enebisacetade¡

4, 4' -diacetadobiphey1 ¡ diacetylbzidine ¡ 4,4 ' -dacety 1-
bezidine

1. 2 Cherca1 forna an rr1ec1ar weight

CH3-CO-NH~NH_CO-CH3

C16H16N202 ~i. wt: 268.3

1.3 Chca1 an physica1 propies of the pue sustace

(a) Decription: Whte nee1es (Calin & Swon, 1955)

(b) Me1ting-point: 327-3300C (Calin & Swn, 1955)

(c) Sposc data: Àma 293 ru (E~ = 1355) in 96% etho1

(Zhe1tov et al., 1975)

(d) Solubi1ity: Soluble in eto1 (La et al., 1970) and

ethy1 acetate (Sciaini & Megs, 1961)

(e) Staility: se 'Geeral Reks on the Sustces Considered' ,

p. 27.

(f) Polaaphc data: 'l oxtive po1arogaphy of N~N'-

diacetylbzidine ha be studed (Be1is, 1970).

1. 4 Teica1 prcxuct an irities

No data wee avai1ab1e to the hbrking Group.
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2. Production, Use, Ocence and Anlysis

For background information on this secion, se prea1e, p. 15.

2.1 Prcxuction an use

(a) Prcxuction

N~ N-Diacetylbzidine was preped by Strakosch in 1872 by reacting

bezidine with acetic acid (Prager et al., 1930). It can a1so be prepaed

by treating bezidine with acetic anydride (Calin & Swon, 1955).

No evidence was foud tht N~ N' -diacetylbidine has ever be

prcxuce cacia11 y in the US or JaPa.

(b) Use

N~N'-Diacetylbzidine ca be used to prepae 3,3'-dichorobezidine,
which was forrly used principa11y as an interate in the production

of pigmts (for rrre detai1ed infonution, se noogaph on 3,3' -dchoro-
bezidine (IA, 1974), an 3,3'-dinitrobzidine, whch was fonn1y used

in the prePaation of C.1. Sulphur Brow 13 (Luie, 1964); howver, it is
not knCM whether i t is nCM used in the c:cia1 maufacture of these

ccmuns.
N~N'-Diacetylbzidine has be investigated in JaPa for use as an

inteniate in th maufacture of diamoazobezidine, a raw materia1

for azo dyes; hover, the prcxuction of bezidine an i ts deri vati ves
has be prohited in Japa since 1973.

2. 2 CXcuence

N~N'-Diacety1bzidine is not know to oc as a natural product.
No data on its ocence in the envirort wee avai1ale to the ~rking

Group.

2.3 An1ysis

Pape chrantoaphy using 10 solvent system and five spray reagents
has be used to sePaate and identify bezidine, 4,4 '-dinitrobiphey1,
an thir rrst imrtt rrtalites, inc1udig N~N'-dicetylbide

(La et al., 1970).
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3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Rik to Ma

3. 1 Cacinogenicity and re1ated studies in anirs

(a) Oral adistration
Rat: A group of 10 male and 10 fer1e H01tzm rats (190-210 g)

received a diet cotaining 429 mg/kg of diet (1. 6 rrg of diet) N~ N'-

diacetylbzidine for 8 rrnths, during whch ti. 8 males and 8 femes
died fran severe glanonephritis. Th exi.t was ternated at

10 rrnth. 'J males deve10p sqanus-c11 cacinans of the ea duct

after 5 an 7 rrnths. Th authrs reported tht in another eximt
such ttiurs were foud after 4-7 !Tnth in 4/20 male rats fed N~ NI -di-

acetylbzidine. No ea-duct tus occued in 45 untreated contro1s

tht surived up to 8 rrnth (Miller et al., 1956).

(b) Sutas and/or intramcu adistration

Rat: Of 17 male an 23 fer1e rats of the Ra1ov nurser (110-
140 g) given we1y s. c. inj ections each of 15 mg N~ NI -dcety lbzidine

for 9 !Tnths (total dose, 870 mg/animl), 13 (10 males and 3 fem1es) were

still a1ive at the appeance of the first tuur; 2 males had hepatan,

an 3 males an 1 fer1e had cacinans of bath the 1iver and Zym1 gland.
Of 25 contro1s injected with su10wer oi1, one deve1ap a sarca con-
nected with th wa11s of a paasitic cyst located in the 1iver (P1iss,

1962, 1963).

Of 6 fer1e Wista rats (100-120 g) injeced once sutaeo1y with
100 mg N~ NI -diacetylbzidine in aqueous suspsion, 3 dev10pe tuurs

of the ma glad and one a ski ttiur (average sui val ti., 12
rrnths). No ttiurs wee see in 30 contro1s (average surival ti., 9

Irnth); necropsies wee pefor: on 23 anim1s (Brerer & Tage, 1966).

(c) Intrapeitonea1 adistration

Rat: AIng 18 fer1e rats (100-120 g) given one i.p. injection of
100 mg/animl N~ N'-dacetylbzidie, 12 tuurs of the exer1 auditory

caal, 6 ma tus (inc1udg adenoccinan) and 2 ski cacinans
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oced in 11 anirs (average suri val t:l, 8.5 !Inth). l' turs

wee se in 30 cotrol rats whch ha an average suiva1 tir of 9
!Tnth; necropsies wee pefonæ on 23 anim1s (Brerer & Tage, 1966).

3.2 Oter relevant bio1ogica1 data

(a) Exiita1 systEm

Mice given diets containing 4 g/k of met N.,N'-dcety~nzidie
had kidn les ions but no damge to the 1iver (Yangid, 1969). Lipaem
an glaæ1ar les ions with may fat-fil1ed spces deve10P within 2-4.5
irth in Bufalo rats fed diets containing 2.5 g/kg of diet N.,N'~iaceb.l1-

bezidine (Du et al., 1956).
In 6 rats given single i.p. doses of 200 mg N~ N' ~iacetylbzidine

in aqueo susion, the average sui val tin was 5 rrnth; one rat
ha 1iver necrosis, and 3 had seere glaæ1oneposis (Bremer & Tage,
1966). Chonic glaæ10nephritis was se in 110 ferle an 50 male

Sprague-Daw1ey rats fed 430 mg/kg of diet N~ N'~iacetylbzidine. The

les ions dev10Pe more rapid1y in fem1e th in male rats (Har, 1971;

Bar et al., 1952).
N~ N' -Diacetylbzidine was a :ita1ite present in the urine of male

Sprague-Da1ey rats fo11awg 4 i.p. injecions of 50 mg 4,4'~initrobipheny1

an of male guea-pigs fo11CMing 4 i.p. injecions of 35 mg (Iaam, 1972).

No data on the anryotoxicity, teatoenicity or mutagenicity of

N~N'-dacetylbzidine ~re avai1ab1e to the Working Group.

(b) Ma

No data wee avai1ab1e to the Workig Group.

3.3 Case reports an epidero1ogica1 stuies

No data were avai1ab1e ta the Working Group.
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4. Cats on Data Rerted an Evaluation 1

4.1 Anii1 data

N,N'-Diaætylbzidine is cacinogenic in rats after its oral,
subtaeos or intrapeitonea1 admistration; it prcxuce cacinan
of the 1i ver, ea duct and ma gland.

4.2 Hum data

No case reports or epidemo1ogica1 studies wee availa1e to th

Workig Group.

iSe a1so th seion, 'An Data in Relation to the Evluation

of Risk to Ma' in the intrcxuction to ths vo1ui, p. 13.
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4,4 '-DIADIPHE El

1. Oica1 an Physica1 Data

1.1 Syonym and trade nas

Chan. Abstr. Seices Re. t'.: 101-80-4

Chan. Abstr. Na: 4,4' -Dbisbezene
Bis (4-amopheny1) ether; bis (para-amopheny1) ether; 4,4'-

diamobipheny1 ether; 4,4' -damobipheny10xide; diame-
dipheny 1 ether; 4,4 '-diamo dipheny1 ether; 4,4 ' -damcxi-
pheny1ether; para" para' -diamcxipheny1 ether; 4,4 ' -dame-
dipheny 1 oxide; 4,4' -diamcxipheny10xide; 4,4' -damopheny 1
ether; oxybis (4-amobezene); para" para' -oxyis (aniline) ;
oxyiai1ine; 4,4 ' -oxydian1ine; para" para' -oxydiai1ine;

oxyi -para-pheny1enedame

1.2 Chemca1 foi:a an rr1ec1ar weight

H2N NH2

C12H12N20 t-1. wt: 200.2

1. 3 Chcal and physica1 propies of the pue sustace

Fran De (1973), un1ess othse spified

(a) Decription: Co10ur1ess c:sta1s

(b) Boi1ing-point: ::3000C (Kainik et aL., 1971a)

(c) Me1ting-point: 186-187oC

(d) Solubi1ity: Inoluble in water, etho1, bezen an
cabon tetrachoride; soluble in acetone

(e) Stai1ity: See 'Geeral REks on the Substaces Considered',

p. 27.
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1. 4 Tehnica1 products and iiuri ties

In Japa, 4,4'-diaodipheny1 ether is avai1ab1e as a 99.9% pue

cacia1 grade (ræ1ting-point, 1900C), which contains inorganic sa1ts
as imities.

2. Production, Use, Ocence an An1ysis

For backgrou infoi:tion on ths section, se prea1e, p. 15.

2. 1 Pruction an use

(a) Prcxuction

4, 4 ' -Diacxipheny 1 eter was prepaed by Haeusser & Teich
in 1896 by treating 4,4'-dinitrcxipheny1 ether with tin and hydoc10ric
acid in the presence of etho1 (Prager et al., 1930). Oter ræthcxs
are vaiations of the hydrogention of 4,4' -dinitrcxipheny1 ether, using
various cata1yst system (Jameson et al., 1973; Spieg1er, 1965).

The cacia1 prcxuction of 4, 4 ' -diamipheny 1 ether in the US
was first reported in 1959 (US Taiff Cassion, 1960). On1y one US

cay reported an undisc10sed aIunt (se prea1e, p. 15) in 1975
(US Intertional Trade Cassion, 1977). US imrts though principal
us custan districts wee reported as 90 kg in 1974 (US Intertional

Trade Cassion, 1976).

4,4' -Diacxiphey1 ether has be prcxuced carrcia11y in Japa
since 1968; in 1975, one maufacturer prcxuced an estinted 15 thousand

kg. 'le are no Japaese exrts or imrts.

No data on its production in Euop wee availa1e ta the Working
Group.

(b) Use

4,4' -Diamcxipheny1 ether 1S used in th US an Japa as an inter-

meiate in the maufacture of high-teature-resistat, straight po1yìmde

an po1y(esterìmde) resins (Anon., 1973; Seyur, 1968) capale of with-

staing taatures of up to 4800C for short Peicxs or 2600C for pro-

10nged Peicxs of ti. Straight po1yime resins are used in the fo11CMing
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applications: as a film (for insu1ation tape for vaious e1ecic wires
an ca1es), in rr1ding an nachined pa (piston rings, sea1s, geas,
beings, valve sets and grinding whee1s), in adesives (for bonded-

strctures in aerospace eqii:t), in lating (variou 1amtes,

printed circuits and honeycan strctural pas) and in coted fabrics

an pape. Po1y (esterimde) resins are priri1y- usecl as magnt wire
e.1s for e1ectric rrtors, generators and switch eqi:t.

Po1yimde and po1y (esteimde) resins base on 4,4' -diamcxipheny1

ether do not appe te be produced in western Euop.

2. 2 Occurence

4,4' -Diacxipheny1 ether is not know to occu as a natura1
prcxuct. No data on its occurence in the environrt were avai1ab1e to

the Working Group.

2. 3 Anl ysis

A :ithcx for detering the PUity of 4,4' -diamcxipheny1 ether by

thin-1ayer chrantogaphy has be describ (Eu1enoefer & Bauer, 1969).

Thin-layer chantoaphy using four different solvent system has been
us to sePaate and identify a group of arantic diaes, inc1uding

4,4' -diacxipheny 1 ether, and N-bezaldes (prcxucts of the therml
degadation of po1Yaldes in vacuo) (Krasnov et al., 1970).

A co10ri.tric llthcx for detecing as 1itt1e as 0.2 mg 4,4' -diamo-

diphey 1 ether invo1 ves reaction wi th for:1dehyde in formc acid azorthe
(Sheak & Ze1enin, 1968).

Pape chrantogaphy has be us to seate and idtify a group

of arantic 4,4'-diames, inc1uding 4,4'-diamcxipheny1 ether (Gaspic

& Snob1, 1971).

Gas chrantogaphy with f1am ionization detection has be used to
sePaate and identify one group of high-lxi1ing arantic ames, inc1uding
4,4'-diamcxipheny1 ether, with an eror of not rrre th 10-12% (Kazinik

et al., 1971a) and anothr group with an error of not !Tre than 5.8%

(Kazinik et al., 1971b).
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Bio1oqica1 Data Relevant to the EvaluationJ

of Cacinogenic Risk to Ma

3. 1 Cacinogenicity and re1ated studies in anii1s 1

3.

(a) Oral adistration
r.use: A group of 16 ma1e an 24 fan1e CC57W mice received 5 mg

4,4'-diamcxipheny1 ether/anii1 in 0.2 ml su1ow oi1 on 5 days pe
we (toal dose, 440 mg/anii1); anii1s wee obsered up to 472 days.

Aing 14 mice suriving at the appance of the first tuur (212 days) ,

8 deve10pe 10 tuurs (6 1ymhans, 2 haemgians of the avaries and 2
1ung adenans). Th incidence of 1ymhans was 6.8% in untreated mice
of tht strain (Dzhioe, 1975) (The Workig Group noted tht no conterrar

contro1s were us).

Rat: A group of 15 ma1e an 33 feme whte, co10ny-bred rats received
25 mg/anii1 4,4' -damcxpheny1 eth in O. 5 ml sunf1CMer oi1 5 tims pe
we (total dose, 4.12 g/anii1); anii1s were obseed for up to 826 days.

Of 16 rats suiving at the appeance of the first tuur (540 days), 7

deve10pe 9 ti.s (1 kidney cacinan, 3 reticu1umce11 sarccs, 1 1i ver

fibrosacc, 1 neurogenic sacc, 2 semans and 1 ma glad fibre-
adenan) (Dzhioev, 1975) (The Working Grup noted tht no cotro1s wee

usedJ .

4,4' -Diamcxipheny1 ether wa adisteed by stach tub to 20

fem1e 40-dy old Sprague-Da1ey rats; 10 eq1 doses of 40 reg/rat, which
was the maim to1erated dose, wee gi ve at 3-dy inter1s. The exi-

met was terted at 9 IInth. No ma tts but 1 squs :ita-
p1asia of th uters were obsered; 11 anii1s wee autosied. Arg
132 contro1s given su10w oi1 tht were autoied, 3 ni cacian

were obsered (Gris-1d et aL., 1968) (Th Working Group note the short

duration of th study).

1The Working Group was awe of cacinogenicity tests in progess on

4,4' -damcxipheny1 ether invo1ving sutaeo injecion in rats
(IA, 1976).
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(b) Sutaeos and/or intramsc1ar admistration
M:e: A group of 15 rn1e an 18 feme CC57W mice recive s.e.

injections of 5 rr/anin 4,4' -dcxphen1 ether in 0.2 ml sun10wr
oi1 we1y (total dose, 175 rr/anim1); anim1s wee obsered for up to
316 days. Of 9 mice alive at the apance of the first tui (271

days), 3 deve10Pe 3 tuurs (2 1ymhas an 1 1ung adenan). The inci-

dence of 1ymhas in untreated mice of ths strain was 6.8% (Dzhioe,
1975) ('Ie Working Group noted tht no concuent contro1s wee use).

Rat: A group of 30 rn1e an 32 feme whte, co10ny-bred rats

received s.c. injecons of 25 rr/anir1 4,4'-diaiphen1 eth in
0.5 ml su10w oi1 ~y (total dose, 2 g/anin); anins wee
obseed for up to 949 days. Anng 39 rats alive at the apance of
the first turur (529 days), 7 deve10p 7 tus (2 1 ym , 1 reti-

cuumce11 sarco, 1 1i ver f ibosaca, 1 cacinan of the kidney an
2 ma glan fibroaenans) (Dzhioe, 1975) (The Working Group noted

tht no contro1s wee usJ.

3.2 Otr relevt bio1ogica1 data

(a) Exiital system

In mice and rats given oral or s.c. injecion of 5 an 25 rr 4,4'-

diamcxpheny1 ether we1y or 5 tis pe we, sc1erotic and necotic
darge ta tl kiys was noed. Hylasia of th bile duct a1so
oced (Dzhioe, 1975).

Th ccd inibte the grCM of SPntaeo ma tus
and tran1anted tuns in mice (Bola, 1946).

No data on th rætalism, emotacity, teatoenicity or rrta-

genicity of 4,4' -diaphey1 etÍer wee avala1e to th Workig
Group.

(b) Ma

No data wee avlab1e to the Worki Group.

3.3 Ca rep an epid.o1ogica stues

No data were avai1a1e to tl Workig Gr.
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4. Cats on Dëta Rerted an Evaluation 1

4. 1 Animl data

4,4' -Diamipheny1 ether has be tested in rats an mice by oral
an subtaeous admistration, prcxucing tuurs at vaious sites. The
results suggest cacinClenic acti vity, but in the absence of conterrar
contro1s, an ev1uation of th cacinogenici ty of ths ca could net
be made.

4.2 Hur data

No case reports or epidero1ogica studes wee ava1ab1e to the
WOrking Group.

lSUeqent ta th finization of ths evaluation by the Workig

Group in June 1977, the Secetaiat be awe of a paper by Steiff
(1977), in which a grup of 20 mae an 20 faæ1e wista rats receive
wee1y s.e. injecons of 100-300 rr/kg lM 4,4'-diamcxipheny1 ether
in saline, up to a tota dose of 14.4 g/kg li, during 670 days. A grou
of 50 control rats received s.e. injections of salin a10ne for 907 days.
Twenty-tv (55%) treated rats died with malignt tus, caed with
13 (26%) in controls. Beign tms oced in 22 treate rats an in
10 cotro1s. Te (25%) treated rats ha ma1ignt tms of th 1iver
(3 nntip1e), an 12 ha begn live tuS¡ nosuch tl.S wee
foun in contrIs.
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3,3' -DICHRO4, 4 '-DIAIP El

1. Chca1 an Physica Data

1. 1 Syonym an tre nas

Ch. Abstr. Re. Seia1 No. : 28434-86-8

Chem. Abstr. Na: 4,4 ' -0bis (2-cloro-bezene)

Bis (4-amo- 3-coropheny1) eter; 4,4' -oxyis (2-coroa1ine)

1. 2 Chemca1 fonm1a an rr1ecar weight

CI CI

H2N NH2

C12H10ON2C12 rb1. wt: 269.1

1. 3 Chca1 an plisica1 prapies of the pue substace

(a) Me1ting-point: 128-1290C (Farbeabriken Bayer A.-G., 1970)

(b) Stai1ity: See 'Geeral Reks on th Substaces Considered' ,

p. 27.

1.4 Teica1 prcxucts an imuri ties

No data wee avai1ab1e to the ~rking Group.

2. Prcxuction, Use, Ocence an An1ysis

For backgrun inonntion on ths secon, se prea1e, p. 15.

2.1 Production an use

(a) Production

In 1970, a patent was issued coering a IIth of preping 3,3'-

dichloro-4,4 '-diampheny1 ether, by treating a suspsion of 4,4'-
diacetadcxpheny1 eter in acetic acid with chorine to give N~ N'-
diacety1 - 3,3' -dchoro-4, 4 ' -diamodpheny 1 eter, which is hydro1ysed
with IItho1ic potassium hyoxide or etholic hydrogen chloride

(Farbefabriken Bayer A.-G., 1970).
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No evidence was foud tht 3,3' -dchoro-4 , 4 '-damcxipheny1 ether

has ever be procuced cacial1y in the US or Japa.

No data on its prcxuction in Euop wee avai1ab1e to the Workig
Group.

(b) Use

No evidence was foun tht 3,3' -dichloro-4, 4' -damodipheny1 ether
has ever had any cæicia1 application in the US or Japa.

2. 2 Occurence

3,3' -Dich10ro-4, 4' -danociphey1 ether is not know to oc as a
natura1 procuct. No data on its occuence in the environmt were
avai1ab1e to the Workig Group.

2.3 An1ysis

Al though no speif ic studies on this cCIun wee avai1ab1e to the
Workin Group, the accanying monogaph describ a num of iæthcxs
genera11y applicable to th an1ysis of arantic ames.

3. Bio1ogica1 Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity an re1ated studies in anir1s

Subtaeous and/or intramscu1ar adistration

Rat: 3,3'Dich10rO-4,4'-diamcxipheny1 eter sugpded in isotonic

saline was injected subtaeous1y into 20 ma1e an 20 fei1e Wista rats.
Doses of 250-1000 mg/kg l: pe injection were adnsteed once we1y
over 190 days (total dose, 10.5 g/kg li). Within a rnian inuction tir

of 300 days, 37 rats had a total of 65 ma1ignant an 2 beign tururs ¡
51 wee ea-duct cacinans and 16 occued at other unspified sites.
The 1ast treated rat died after 545 days, at which ti 4/50 contro1s

injected with saline alone had a1so died¡ no tururs wee found in cotro1s
(Steinoff & Grdm, 1970).
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3,3' -Dichloro-4, 4 '-diaTodiphey1 ether suded in water was
injeced sutaeous1y into 20 male ýlista rats at a dose of 400 mg/kg
tM pe we. Betw the 200th and 340th day, the anims were ki11ed
seria11y, an setions of the ea duct sho mitip1e circucrib areas
with a high alk1ine phosphatase content. After 390 days, th 4 remining
rats had papi11ans, papi11ar cacinan, squs-ce11 cacinans and
cacin and adenans of the Zym1 glan. lb such turs were found

in 20 untreated male contro1s (Her et aL., 1973).

3.2 Otr relevant biologica1 data

Th s.e. ID in rats is ?10 g/kg tM (Steinff & Grdm, 1970).
50

No data on the iæta1ism, an:rotaxcity, teratogenicity or nuta-

gencity of 3,3' -dch10ro-4 , 4 '-diamcxipheny1 ether were avai1ab1e to
the Workig Grup.

3. 3 Case report an epidemo1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted and EValuation

4.1 Anl data

3, 3 ' -Dichloro-4 , 4 '-diaodipheny1 ether is cad noenic in rats i
it prcxuced cacinans of the ea duct afte its sutaeous injection.

4.2 Hu data
lb cas reprts or epidemo1ogical stuies wee avila1e to th

Workig Group.

lSe a1so th seon, 'An Data in Reation to th Evuation

of Risk to Ma' in th introduction to ths vo1ur, p. 13.
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2,4 ' -DIPHEIA

1. Chemca1 an Physica1 Data

1.1 Synonyn an trade nas

Ch. Abstr. Re. Seia1 No.: 492- 1 7- 1

Chem. Abstr. Na: (l,l' -Bipheny1) -2,4' -diae

ortho ~ para' -Bia1ine; 2,4 ' -biphey1diame; 2,4 ' -damobipheny1;
ortho ~ para' -diamobipheny1; 2,4 1 -diamcxipheny1; ortho ~ para' -
diani1ine; dipheny line

1. 2 Chemca fo:mla an rr1ec1ar weight

H2N

C12H12N2 l'1. wt: 184. 2

1. 3 Chemca1 and physica1 propies of the pue susta

From Weast (1976)

(a) Description: Ne1es

(b) Boi1ing-point: 3630C

(c) ~lting-point: 54. SoC

(d) Speoscay data:
in eth1

À 300 nm (E! = 431), 235 nm (El = 861)ma 1 1
(e) Solubility: Inoluble in wate, soluble in ethol an ether
(f) Stai1ity: Se' Geeral REks on the Sustaes Cosidered' ,

p. 27.

1. 4 Tehnica1 prcuct and imi ties

No data were avai1ab1e to the Working Group.
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2. Pruction, Use, CXence an Anlysis
For backgroo informtion an this setion, se preale, p. 15.

2. 1 Prcxuction an use

(a) Production

2,4'-Dipheny1diame was preped by Schultz in 1876 by treating
2'-nitro-4-amodipheny1 with tin and hydrochloric acid (Prager et al.,
1930). It is not maufactued a:cia1y, as such, in the us.

(b) Use

2,4' -Diphey1diame has reprtedy fou use in the pat as an an1y-

tica1 reagent for th detection of tugsten an tugstate (Iuie, 1964).

2. 2 O:cuence

2,4' -Dipheny1diae is not knCM to occu as a natual prcxuct.

It is fonr in qutities of 3 to 25% (deping on taatue an
acid concentration used) duing the maufacture of bezidine. The reported
average concentration in bezidine prcxuced in rrst factories is abt 12%.

l'st technica1 grades of bezidine contain abut 1% 2,4' -dipheny1diame

as an imurity, wh1e inerior grades contain up to 4% (Iuie, 1964;

Maho1d et al., 1968). Bezidine is not knCM to be maufactured ca-
cia11y, except as an uniso1ated interiate, in the us. Its prcxuction

has be prohibited in Japa since 1973, in Ire1and, in the OK and in the
USSR (MJntesao & Tatis, 1977) (For fuer inonntion on bezidine,

see IA, 1972J.

No data on the occuence of 2,4' -dphen 1die in the environrt

Wlre avai1ab1e to the WJrkig Group.

2.3 Anl ysis

Arantic substaces, inc1uding 2,4'-dpheny1diame, have be
identified by pape e1ectrophoresis (Franc & Ková1, 1965). Pape chranto-

graphy, using thee sol vent system an four spray reagents, has be
us to sepaate an identify 169 ames, inc1uding 2,4 '-dipheny1diame

(Ce & Gaspi~, 1966). PaPe and thin-layer chantogaphy have be
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used to sepaate an identify arantic arnines, inc1uding 2,4' -diphey1-

diame (Wiesner, 1973).

Gas chrantogaphy has be used ta sepaate and identify 2,4'-
diphey1diame in the presence of iscic 2,2 '- an 2,3 '-dpheny1-
diames (Knight, 1971).

3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk te l'1a

3.1 Cacinogenicity and re1ated studies in anim1s

Oral adistration

Rat: A group of 50 male Wista rats (100 g) recei ved 2 mg 2,4'-
diphenyldame dai1y in the diet for life (average total dose, 852 mg);
50 males sered as untreate contro1s. Th average sui val tirs wee

378 days for the contro1s an 426 days for the treated groups. No tururs

were see in either group (Maho1d et al., 1968) (The \'Vorkig Group noted

th indeqcy of the eximt J .
~: One fe:1e and 1 male m::mgre1 dog were fed 5 mg/kg l: 2,4'-

dipheny1diame dai1y 6 tims per we for 7 years. The fem1e deve10Pe

a basal -cel1 cacinan of the skin afte 4l yeas, and a bronchiola
carcinan wa found at death at 8l yeas. The male had ncxu1ar hyp-

p1asia of the splee at death at 8 yeas 10 ffnths. Anothr fem1e dog
dev10p ncxu1ar hyplasia of the splee at 8 years 10 ffnths after
receiving 5 It/kg lM bezidine and 5 ng/kg li 2,4 '-dipheny1diame dai1y

for 7 yeas (the 2,4' -dpheny1die was accidentally contated with
dinitrobipheny1 during 3 wes in the third year of th ex.lt)

(Maho1d et al., 1968).

3. 2 Oter relevant bio1ogica1 data

(a) Eximtal systen

The oral ID of 2,4' -dipheny1diame in male rats is 311 It/kg li
50

(Maho1d et al., 1968).
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No data on Llie rrta1ism, erryotoxicity, teatogenicity or rmta-

gencity of ths cc were avai1ab1e to th Workig Grup.

(b) Ma

No data wee avai1ab1e ta th l"lrkig Grup.

3.3 Case reports an epidemo1ogical studies

No data wee avai1ab1e to the Woking Grou.

4. Cats on Data Rert an Evaluation

4. 1 Animl data

2,41-Dipheny1diae has be ineate1y tested in rats an dos

by oral adistration. No ev1uation of the cacinogenicity of this

ca ca be mae.

4. 2 Htn data
No case reports or epidemological stues wee availa1e to the

W'orkig Group.
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5-NITRAc:..HT

1. Chca1 an Physica1 Data

1. 1 Syonym an trade nas

Cher. Abstr. Re. Seices No.: 602-87-9

Cher. Abstr. Na: 1,2-Dihydro-5-nitro-acenphth1ene

5-Nitronaphth1ene ethy1ene

1.2 Chauca1 fonn1a an mo1ec1ar weight

N02

C12H9ID2 rbL. wt: 199.2

1.3 Chca1 an physica1 propies of the pure substace

(a) Me1ting-point: 102-1030C (Mitogch, 1969)

(b) Sptroscopy data: À 262 nm (El = 755), 314 mu (El = 145),~ l 1
376 mu (El = 361) in ch10rofoi: (Webb & Wells, 1975); strong1 -1
infra-red bad at 776 an (Dedy et aL., 1974). Mas SPtral
data have be report (Tc et al., 1973).

1. 4 Tehnica1 prcxucts an imities

No data wee avai1ab1e to the v10rking Group.

2. Prcxuction, Use, Ocence an An ysis

For background inor:tion on ths setion, se preale, p. 15.

2. 1 Prcxuction an use

(a) Prcxuction

5-Nitroacephthene ca be sythsized by the nitration of aceph-

thene in acetic anide solution using co or zinc nitrate at 300C
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(Mitogchi, 1969). It is be1ieved to be produce carcia11y in Japa
by the nitration of aceaphthene with nitric acid in su1phuric acid

solution.

No evidence was foud tht 5-nitroacephthene has evr be

prcxuce in th US for ot th research pues. Its production in
wester Euope is estimted to be 1ess th 10 thousand kg anua11 y .

ln JaPa, 5-nitroacenaphthene has be produce cacia11y since
1963. Prcxuction in 1976 by the tw .Tapaese prcxucers is estimted to

have be 220 thusad kg, dow fran a 1eve1 of 290 thousand kg in 1973.

(b) Use

5-Nitroacephthene has not be used cccia11y in the us.

In JaPa, it is us as a chemca1 intenate, withut isolation,

to prcxuce naphth1iide dyes, whch are used as fluorescent whitening
agents. A sm11 arunt of 5-nitroacephthene is a1so used to prcxuce a
paPe dye.

2. 2 Ocence

5-Nitroacephthene is not know to occu as a natura1 prouct.
No data on its ocence in th environmt wee avi1a1e to the
\oVorking Group.

2. 3 Anl ysis

Po1arogaphy of 5-nitroacephthene has be inestigate (Guta &

Kishore, 1970). No other data on its anysis wee avai1able to the
Workig Grp.
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3. Bio1ogica1 Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and re1ated studies in anii1s 1

(a) Oral adistration
Rat: Thy we1ing fem1e Wista rats wee fed a 25% protein diet

containing 1% 5-nitroacenphthene for a total of 4 rrnth (average dai1y

intae, 200 m. Pe animl), with tw interptions, each of 3 we,
beause of toxicity. 'I1ve rats suived rrre th 200 days, and the

first tu was found arg these 280 days after the sta of the exi-

met. Betwee the 280th and 500th day, a11 suiving rats deve10p

ma1ignt turs, as fo11ow: 1 rhaanosarca, 2 cacinan of the

ea duct, 5 ma cacinans and 10 adenoccinan of the sm11 intes-

tine. lb neop1asm wee obseed aIng 29 contro1s tht suri ved !Tre
th 500 days. In anoth exi:t, in whch 20 male Wista rats were

fed th 25% protein diet with 1% 5-nitroacephthene continuous1y for

6 month, ans suived 500 days, and no rnignt tuurs were obseed
Takema et al., 1974).

Hate: Of 24 we1ing fem1e an 10 male Syian haters tht

received 1% 5-nitrceaphthene in their diet contiuous1y for 6 iinth,

13 fem1es sui ved 270 days after the sta of the test, an 7 deve10p

ch1angians. lb tuns wee obseed in the 20 control fem1es or in
7 treate male haters tht surived rrre th 270 days (Taema et aL.,

1974) .

(b) Intrapeitonea1 adistration

l'use: ln an abstract, it wa reprted tht 20 fem1e dd mice were

given twce we1y i.p. injecions of 6 rrg/kg bv 5-nitroacephthene in
arachis oi1 for 18 iinth. Of 15 sui ving mice, 4 deve10p mye10id

1eukeras, 2 deve10Pe reticu1umce11 sacas, an 1 a ma cacinan.

1The Workig Group was awe of cacinogenicity studies, in progess

or ca1ete, on 5-nitroacenphthene ino1ving ski application in mice
an oral adistration in mice and rats (!A, 1976).
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NJ tuiurs wee observed in 20 fan1e contro1s (Taema, 1970) ('!e
Workig Group noted tht suiva1 t:is in the contro1s wee not stated).

3. 2 Oter relevant bio1ogica1 data

(a) Exriita1 system

ln a cacinogenicity study (see secion 3.1), treatmt with 1%

5-ni troacenaphthene in the diet shortened th suri val t:i of fem1e

rats and significant1y irired weight gain (Takema et al., 1974).

No data on th :ita1ism, teratoenicity or emryotoxicity of

5-nitrcephthene were avai1ab1e ta the Working Group.

Reerse rrtation fran streptcmcin depdence to inepedence in
Escherichia coli was net increased by 5-nitroacenphthene (Szy1ski, 1968).
The caund induce reverse rrtations to histidine inepedence in
Salmonella typhimuium ~ 98 and ~ 100. Adition of rat 1iver post-

mitocndia1 supeatat fraction fran po1ych10rinted bipheny1 (Aroc10r

1254 or Kaech10r 500)-treated anim1s increase the rrtagenic activity

(Mc et al., 1975; Yahgi et al., 1975).
(b) Ma

No data were avai1ab1e to the Working Group.

3. 3 Case reports and epidemo1ogica1 studies

No data wee avai1ab1e to the Working Group.

4. Cats on Data Rerted and Ev1uation1

4.1 Animl data

5-Nitroacephthene is cacinogenc in fem1e rats and fem1e haters
fo11awg its oral adistration; it produce main1y adenocarcinans

of the sm11 intestine and ma cacinans in fem1e but not in male

1 Se a1so th seion, 1 Anl Data in Relation to th Evluation

of Risk to Ma' in th introduction to this vo1ur, p. 13.
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rats and cho1angians in fem1e but net in mae haters. In addition,

it prcxuce 1eukem and reticu1urce11 sacas in mice fo11owing its
intraPeitonea1 injection.

4.2 Hu data
No case reports or epidemo1ogica1 stuies wee avai1a1e to the

Norkig Group.
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N-PH- 2-NAPH

1. Chca an Physica1 Data

1.1 Syonym an trade na

Che. Abstr. Seices Re. No.: 135-88-6

Chan. Abstr. Nam: N-Phenyl-2-naphth1ene

Ani1inonaphth1ene; 2-ani1inonaphth1ene; N- (2-naphthy1) aniline;
2-naphthy1pheny1ame; ß-naphthy1pheny1ame; 2-pheny1amo-

naphth1ene; pheny 1- 2-naphth1ame; pheny 1 ( ß-naphthy1) ame;
pheny1 - ß-naphthy1ame; N-pheny1 - 2-naphth1ame; N-pheny1 -ß-
naphthy1ame

Acto PBN; Agerite Paer; Age Rite Paer; Antioxdat 116;

Antioxidant PBN; Nesone D; Nezon D; Nezone; Neozone D;

Ni10x PBNA; Noox D; PBNA; Stai1izator AR

1. 2 Chca1 fonn1a an rr1ec weight

H
1

OONiQ
Ci6H13N r-1. wt: 219.3

1. 3 Oierca an physical propies of the pue sustace

(a) Deription: Grey to ta flakes or IXer (B.F. Goich
Chca Cay, unted)

(b) Boi1ing-point: 3950C (Kehe & Kouis, 1965)

(c) Me1ting-point: l080C (Keh & Kouis, 1965)

(d) Speoscy data: 'I ultra-violet, fluorescet an
phosphorescent spa have be studied (Se1iska & Bran,

1971) .
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(e) Solubi1ity: Inoluble in water¡ soluble in etho1 (50 g/l) ,
bezene (27 g/l) and acetone (640 g/l) (B.F. Goich Chemca1
Cay, indated)

(f) Rectivity: May be oxidized to 7-phenyl-7H-dibzo(c-,g)carbazo1e

(Kehe & Kouis, 1965)

(9) Stai1ity: See 'Geeral Raks on the Substaces Considered',

p. 27.

1. 4 Tehnica1 prcxucts an i.ities

unti1 recent1y, N-phenyl-2-naphthylame was avai1ab1e in th US

as a cacia1 grade with the fo11awg tyica1 SPifications: purity,
97.0% mi. ¡ set-i:int, 106.00C mi. ¡ ash content, 0.5% ma.; 2-naphtho1

cotent, 0.5% ma.

It has be rei:rt tht cacia1 N-phenyl-2-naphthy1ame is

contated with 20-30 rr/kg of the cacinogen 2-naphth1ame (NIæH,

1976) (See a1so iinogaph on 2-naphthylae (:(, 1974)). N-Phenyl-2-

naphthy1ame has be avai1ab1e in the US in a vaiety of fonm1ations,
caed with other antioxdats, e. g., para- isopropoxydipheny lame

an dipheny1-para-phey1enediae (Anon., 1975).

In Japa, cacia1 grades of N-phenyl-2-naphthy1ame contain

anline, 2-naphtho1 and 2-naphth1ame as irurities.

In the UK, N-phenyl-2-naphthlae has in the past be contated
with 15-50 rr/kg 2-naphthy1ame¡ in rect yeas 1eve1s of 1ess th
1 rr/kg have been reprted in one cccia1 prcxuc (Veys, 1973).

2. Pruction, Use, CCence an An1ysis

For backgrou infonntion on this seion, se prea1e, p. 15.

2. 1 Prcxuction an use

(a) Prcxuction

N-Pheyl-2-naphthy1ame was preped by Graeb in 1880 by heatig

2-nath1 with anline hydrocoride (Prager et al., 1929). The :ithod
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of cccia1 prcxuction cuent1y being used in Japa (The Chemca1 Dai1y

Co. Ltd., 1976) and in the us (Kehe & Kouris, 1965) is condenation of

2-naphth1 an aniline in the presence of a catayst. It is be1ieved tht

th condensation of 2-naphthylae an anline wa us for the cccia1

prcxuction of N-pheyl-2-naphthy1ame by at 1eat one US maufacturer prior
to a decision by the cay in 1956 to abon the use of 2-naphthy1ame
as an interiate.

The ccmcia1 prcxuction of N-phenyl-2-naphthy1ame in the US was
first reported in 1928 (US Tariff Cassion, 1930). Thee US caies
report th prcxuction of over 2.24 million kg in 1973 (US Intertional

Trade Cassion, 1975), 1.37 million kg in 1974 (US Inteational Trade
Cassion, 1976a) and 708.7 thousd kg in 1975 (US Intetional Trade
Cassion, 1977a). It is be1ieved tht no us caies are cuent1y
prcxucing ths caun cccia11y due to the peing regatory action
which -wld limit em1ayee' exSure to it. US .irts of N-phenyl-2-

naphthy1ame though principal us custa districts arted to 53.6

thousa kg in 1974 (US Intertional Trade Ccssion, 1976b) and 75.8

thousan kg in 1975 (US Interational Trade Cassion, 1977b).

N-Phenyl-2-naphthy1ame is prcxuced ccci11y in Euop, but

prcxuction figues wee not availale to the Workig Group.

ln Japa, the anua1 prcxuction of N-pheyl-2-naphthy1ame dec1ined

fran 5. 06 million kg in 1971 to 2.25 million kg in 1974. Four Japaese
cces cuent1y prcxuce it; .irts are neg1igib1e, and there are no

exrt (The Chca1 Da1y Cay, Ltd, 1976).
(b) Use

N-Pheyl-2-naphthylae is us prinily as an antioxidat (genera11y

at 1eve1s of 1-2%) in ru processing (Kehe & Kois, 1965) to im
heat, oxidation an f1ex-crackig resistace in natural rube, synthetic
rubes an latexes (Anon., 1975). It has also be used as a stai1izer
in e1ectrica1-inu1ating silicoe en1s (Kehe & Kouris, 1965) an as an

antioxidat in ot po1yis, in greases an in 1ubricating and trans-

fori oi1s. It has be desci. as an effecive heat and 1ight stai-
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1izer in a nur of applications, as we11 as a vu1caization acce1erator,

cata1yst an po1yrization inibitor.

It has be used as a conent of racket fue1s since the mid-1950's

(MJssbeg, 1976). Oter misce11aneous uses reprted in the 1iterature

inc1ude its use in surgica1 p1asters (Brzezicka-Ba, 1973) and in tin-

e1ectrop1ating baths (Ths & Hais, 1973).

N-Pheyl-2-naphthy1ame has be used as a cherca1 inter:ate in

the prcxuction of the ruber antioxidat, N-phenyl-2-naphthy1ame-acetone

condensate, an in the prcxuction of seven dyes (The Soiety of Dyers and

Co10urists, 1971), of whch on1y one, C.1. Acid Blue 98, apps to be of

carcia1 \\r1d significace (The Soiety of Dyers and Co10urists, 1975).

No evidence was foud tht C.1. Acid Blue 98 is prcxuce cxcia11y in
the us.

Al1 of the N-phenyl-2-naphthy1ame prcxuced in Japa is use as an

antioxidant in ruber pracessing (The Chemca1 Dai1y Co. Ltd, 1976).

In th US, th National Intitute for Ocpationa1 Safety an Hea1th

(NIOSH) has recamed tht an aægency temrar staard to reg1ate

occupationa1 exsue to N-phenyl-2-naphth1ame be issued, in 1ight of
recent findings indicating that it is :i1ized in the hum boy to
fo:nn the cacinogen, 2-naphthy lame i . NIOSH estirtes tht 15,000 workers

in the US are potentia11y exsed to N-phenyl-2-naphth1ame during its
maufacte an use (NIOSH, 1976).

2.2 Oxence
For may yeas, N-phenyl-2-naphthy1ame wa detecte in exacts

fran a wide variety of anir1, plant and microbia1 1ipids. It has be

show, liver, tht it was a cotat of the solvents use to exact

than, which ha ca into contact with rube containing the antioxidant

(Brow, 1967).

lSe !A, 1974.
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Wh sa1es of 1,3-butadiene ru were heted to 2200C, the evo1ved

fmæs contained 0.012 irg/g (12 mg/kg) of air N-phenl-2-naphthy1ame
(Staseova, 1968). Stuies conducted in seera1 sythetic ruber plants
in the USSR deteced N-phenyl-2-naphth1ame in the air (Dvryaninov &

Khrobrykh, 1969; Mazanv & Maova, 1973; Mirzoyan & Tsai, 1972;
Tsai, 1971).

2.3 An1ysis

Ultra-violet sptrophotaætr has be used to detect N-phenyl-2-

naphthy1ame in ru and ruber prcxucts (Ko1dunovich & B1yu, 1973;
POPQici et al., 1968) and in foc rrteria1s (Hofm & Ostrcm, 1972).
Ultra-violet and rrss sptrcitric :ithcxs have be describ for the
identification and deteration of N-phenyl-2-naphthy1ame in synthetic

1ubricating oi1s, without prior sepaation, in a concentration rane of
0.05-2.4 weight Pecent (Kinder & Nee1, 1969).

Paper chrantogaphy, using eight sol vent system and tw spray
reagents, has be us for the sepaation and detection of seconda

ames, inc1uding N-phenyl-2-naphthy1ame, in solution (Shimzu, 1976).

High-pressure 1iquid chrantogaphy rry be used to sepaate miures
of arantic ame-typ antioxidats, including N-pheny 1 -2-naphthy lame;

as 1i tt1e as 5 l1g cou1d be detected (l'1aj ors, 1970).

Gel petion chrantogaphy in caintion with thin-1ayer chrcmto-

graphy has be us to sepaate and identify antioxidats, inc1uding
N-phenyl-2-naphthy1ame, and oter additives, in exacts of vu1canized

rube san1es and in miures of vu1caization ingredients (Proti vovà
et aL., 1974).

Th- 1ayer chantogaphy has be used for the sepaation and identi-
fication of antioxidants, inc1uding N-phenyl-2-naphthy1ame, in vu1caized
ruber fo11owg thern1 exaction (McSweney, 1970), in plastics used as
foc wraps (Woggon & Jeh1e, 1968), in 1iquids which had can into contact

with stai1ized rurs, with a sesitivity of 2-5 l1g N-phenyl-2-naphthy1-

ame (Sluzewka, 1974), in rube (less th 10% eror) (Solcxova et al.,
1970) an in transform oi1s (Dogopo1yi, 1972).
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Gas chrantoaphy has be used to detee antioxidants, inc1uding
N-phenyl-2-naphthy1ame, in vu1caized rubes (Styskin, 1973). In a

review of detectors suita1e for use in gas chrantogaphic an1ysis of
organonitrogen cads, inc1uding N-phenyl-2-naphthy1ame, the Coulson

conductimtric detector was the prefered ræthcx of detection (.A1ard &

Matthew, 1974).

3. Bio1ogica1 Data Relevant ta the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicit~ an related studies in anim1s1

(a) Oral adistration
~e: Groups of 18 rre and 18 fem1e (C57BL/6XC3H/Anf) F ßUce and

1

18 male and 18 fem1e (C57BL/6xA)F mice received N-phenyl-2-naphthy1ame
i

according ta the fo11CMing dose schedule: the ma to1erated dose ( 464

mg/kg l:) was given in 0.5% aqueos ge1atine by stcich tub at 7 days of

age an the SaI ait (net adjusted for increaing bo weight) dai1y

up ta 28 days of age; sueqt1y, the mice were given 1206 mg/kg of

diet. The exi.t was tenate when the mice wee abt 78 wees of

age, at whch tim 13, 18, 18 and 17 mice were still ali ve in the respive

groups. Th tota m.mibers of mice wi th tus aIng thse necroied were
7/17, 1/18, 7/18 and 3/18, in the four group. In males of the first strain,

the freqency of turur-being anim1s was signficat1y greater in cc
paiso with the control group given 0.5% ge1atine (7/17 versus 0/16,

O. 01o(Po(O. 025) , this increa being due main1y to hetas (5/17 versus
0/16, 0.05,P,0.10 an 5/17 versus 8/79, 0.05o(Po(O.10, when th caison

was mae with a control group fonæ by a11 untreated anim1s) (see Table 1)
(Ines et al., 1969; NTIS, 1968).

~: Thee dogs wee fed N-phenyl-2-naphthlae in dai1y doses

of 540 mg on five days a we for a peicx of 4~ yeas. No bladder turs

wee obseed afte ths peicx (Ge et al., 1949).

ITh Wokig Grou wa awe of cacinogenicity stues in progess on
N-phen1-2-naphth1ame ino1ving oral admistration in mice and rats
(IA, 1976).
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Table 2a

Subtaeos admistration of N-phenyl-2-naphthy1ame

8train Toal num of mice wi th tl.urs Hepatans

(C57BL/6 x treated 4/17 treated 2/17
C3H/AN) F

total contro1s DMO controls total contro1s DMSO contro1s1 mae
27/141 2/24 9/141 1/24

bn.s. n.s. n.s. n.s.

treated 5/18 treated 1/18

totl contro1s lMO controls total contro1s DMSO contro1s
femle

9/154 1/23 0/154 0/23

P~O. 01 n.s. n. s. n.s.

(C57BL/6 x treated 3/18 treated 2/18
AK) F

totl controls lMO contro1s total contro1s DMSO contro1s1

male
8/161 1/24 1/161 0/24

n.s. n.s. P~O . 05 n.s.

treated 1/18 treated 0/18

total cotro1s IMO controls total contro1s DMSO contro1s
fem1e

17/157 3/24 0/157 0/24

n.s. n.s. n.s. n.s.

%fram NTIS (1968
not signficant



(b) Sutaeous and/or intrancula adistration
M:se: Groups of 18 male and 18 fau1e (C57BL/6xC3H/An)F rnce

1

an 18 male and 18 fem1e (C57BL/6xA)F mice were given single s.e.
1

injections of 464 m:lkg lM N-phenyl-2-naphth1ame in dithy1 suphoxide
(DMO) on the 28th day of 1ife an obsered up ta 80 to of age, at

which ti: 16, 17, 16 an 18 rnce in the four group, resive1y, were
still a1ive. Th total m.nibers of rnce with tuurs amng those necropsied

were 4/17, 5/18, 3/18 and 1/18, in th four groups. In feres of the

first strain, the freqency of tu-bein an1s was significat1y
great:er in canison with cotrol anii1s (untreated or given DM by

injection): 5/18 versus 9/154, P-c0.01¡ there was also a statistica11y

significant increae in the freqency of heptans in maes of the send
strain (2/18 vers us 1/16, P-c0.05) (se Tale 2) (Ines et al., 1969¡

NTIS, 1968).

3. 2 Oter relevant bio1ogica1 data

(a) Exrimtal system

The oral ID in rnce is 1450 m:lkg lM, and tht in rats 8730 m:lkg
50

00, wh N-phenyl-2-naphthy1ame is admistered in veeta1e oi1

(Kelr, 1966).

RePete intragastric adistrations of N-phenyl-2-naphthy1ame to

rats cause a fal1 in lxy -wight, depression of the nerou system and

disturbace of 1ive function (Kelr, 1966). Da1y intragastric
adistration of 100 m:/k lM to rats caus decreases in urinar hippic

acid an adren1 ascrbic acid after 6 rrth and a drap in urin
function afte 18 rrth¡ urinar protein was higher after 1 moth.

Lung an 1i ver -wights increased wi th 1 an 12 rrnths, respti ve1y ¡

chages wee obsrved in the gastrointestina1 tract after 6 rrnths, and
reprcxuctive function was imed. J:ses of 20 m:lkg lM cause no signi-

ficant taxie effects (Shikaya et al., 1971). Dai1y inlation by rats
of N-phenyl-2-naphthy1ame aeroso1 (900 m:/m3) for 14 days cause weight
105s, slight erocopia and puna e:hyse (Kranig, 1964).
Mice exse dai1y for 4 hes duing one rrth to an atispere contain-
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ing 12 rr~/m3 N-phenyl-2-naphthy1ame and 339 In/m3 1,3-butaiene show

slight 1eucopeia and irritation of the respiratory tract (Staenova, 1968).

In dogs given single oral doses of 5 ff¡kg l: (1,4,5,8-14CFN-pheny1-

2-naphthy1ame a10ne or fo11CMg repted doses of 400 In/anim1 un1ab1-

1ed N-phenyl-2-naphthy1ame on 5 days a we for 4 we, rrre th 90%

of the radioactivity was excreted over 3 days, main1y in the faeces. On1y

2.8% of the radioactivity was excreted in the urine. Arunts ranging fran

0-10 llg 2-naphthy1ame were deteced in the urine of dogs given a single

dose of 5 mg¡kg hw N-phenyl-2-naphthy1ame, indicating rana1 of the

N-pheny1 group. No increased excretion of 1ab11ed 2-naphth1ame wa
obsered fo11CMg 4 wes' pretreatit with 400 In/anim un1ab11ed

N-phenyl-2-naphthy1ame before admistration of 1ab11ed caund.

Metalites of 2-naphthy1ame, e.g., 2-naphthylhdroxy1ame an 2-amo-
1-naphthy1 su1phate, were not detected in ether exacts or 1yophi1ized

fractons of urine (Batten & Hathy, 1977).

No data on the emryotoxicity, teratogenicity or nntagenicity of

N-phenyl-2-naphthy1ame wee avai1ab1e to the Working Group.

(b) Ma

Lecop1akia, acne and hyrsensi ti vi ty to sulight were observ in

36 v.rkers exed for pro10nged peicxs to N-phen1 -2-naphthy1ame

(Sie1icka-Zubr, 1961).

In 19 vo1unteers given 10 In N-phenyl-2-naphthy1ame contag
8 ng 2-naphthy1ame (O. 8 In¡kg), fran 0.4-3 llg 2-naphthy1ame were
foun in 24-hour urine sa1es fran 7 sujects, 6 of whch wee non-

srkers. ln 4 v.rkers exse to N-phenyl-2-naphthy1ame dusts (esti-

mated intae, 40 mg), which were estimted to contain 32 ng 2-naphthy1ame,

3-8 llg 2-naphth1ame were found in 24-hou urine sa1es (Kur & 'Irdoir,

1975) .

2-Naphthy1ame was found at a 1eve1 of 3-4 llg in 24-hour sam1es of
urine fran tw vo1untees who ingested 50 m; N-phenyl-2-naphthy1ame

containing 0.7 llg 2-naphthy1ame and fran v.rkers (unspeified num)
estimte to have ined 30 mg N-phenyl-2-naphthy1ame (~bore et al., 1977).
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3.3 Case repJrts and epidemo1ogica1 stuies 1

Veys (1973) studied the incidence of b1adder tuiurs aIng rn1e

-wrkers at a large rube-tire factory in the UK. He darnstrate a risk
for workes exse ta rnteia1s tht contained 2-naphthlae (a knCM

cacinogen), which were withdrawn fran us in tht factory in 1949; aIng

2081 me observed betw 1946 and 1970, 23 tuiurs were observed versus
10. 3 exted on the basis of locl rates. Duing 1946-1960, 4177 other

me worked at the factory but had no knCM contact with these carcinogenic

sustaces; hONever, 3301 of these:r (79%) had know exe to N-

phenyl-2-naphthy1ame containing 15-50 rr/kg 2-naphthy1ame. No 2-
naphthylae was deteced in th atmsphere of the rube-cuing area
of th factary (sensitivity, 0.7 llg/m3 air) at tht ti:. Duing 1946-
1970, there were 9 cases of b1adder cacer aIng these 4177 me, versus
10.0 excted. Of the se workers, 1331 (inc1uding 1088 exse to N-pheny1-
2-naphth1ame) first worked at the factry before 1950 and thus had

a fo11owup pericx of over 20 yeas; arng this suroup, 3 b1adder

ti.urs occued during 1946-1970, versus 5.5 exed (The \-orking Group

was unc1ea abut exct1y hON exsure was defined for ce job cate-

gories) .

Fox & Collier (1976) studied rrrt1ity during 1968-1974 aIng so
40, 000 -wrkers at a numr of ruber and cale factories in the UK. They
distingushed a large group of -wrkers not exsed to know carcinogenic
rnteria1s; 33 deaths fran b1adder cacer occued in ths group versus

22.7 exed at national rates, a statistica11y significat excess (This
group of -wrkers would have had mied exsures to rny ruber additives,

but it rny be assu tht a considerable numr of me wou1d have be

exse to N-pheyl-2-naphthy1ame).

1 Th Working Group was awe of studies in progess on the ruber

industr in bath the US and the OK, in whch exsue to spifie substaces
an/or by job categories is being investigated but for which resu1ts are not
yet avai1ab1e (Mu & Wagner, 1977).
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4. Cats on Data Rerted an Evaluation 1~

4. 1 Animl data

N-Phenyl-2-naphthy1ame has be tested in mice by oral and single

sutaeous admistration and in a sm11 num of dogs by oral
admistration. Resu1ts of the exi:t by oral admistration in

iice indicate a statistica11y significant increase in the incidence of

a11 tururs, and in paicu1ar of heptans, in males of one of th tw
tested strains. In addition, sutaeos adstration of this caund
prcxuced a significant increase in the tol incidence of turs in fer1es

of one strain and of hepatans in males of the oter strain. These f indings

suggest tht the cad is cacinogenic but do not al1ci a conclusive

eva1uation of the cacinogenicity of this caun to be mae.

4.2 Hum data

ln one stuy, in one factry, of ræ with knCM exsue to N-pheny1-

2-naphthy lame in ru procssing uner contro11ed conditions, there
was no indication of an excess incidence of b1adder tururs. Hawver ,

a broader studyof rube \Irkers who ha no exsure to 2-naphthy1ame

has shaw an increase risk of b1adder tus. In the latter study,

exsue was mied but proba1y inc1uded exsure to N-phenyl-2-naphthy1-

ame for mey \Irkers.

These findings do not pet an assessmt of the presece or
abce of an e1evated risk for cacer of the urin bladder in pesons
exse to N-pheny 1 - 2-naphthy lame.

1Subseqent to the fin1ization of ths eva1uation by the t.vrkig

Group in June 1977, the Seretaiat be awae of an abstract of a pape
by Chkoy et al. (1977) describing a retrosptive cort IIrtitystudy of bladder caces in 4 major US ni caies betw 1964-1973;
:ter, th stud caot be eva1uated on th bais of the data preseted.
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4,4 ' -THIODIA

1. Cherca1 an Physica1 Data

1.1 Synonyn an trade nas

Chem. Abstr. Seices Re. No.: 139-65- 1

Chem. Abstr. Na: 4,4 ' -Thobisbezename

Bis (4-amophey1) su1phide¡ bis (para-amopheny1) su1phide¡

4,4-diacxiphey1 su1phide ¡ 4,4 ' -diamcxipheny 1 su1phide ¡

4, 4-diacxiphey1su1phide ¡ 4,4 ' -diamodipheny1su1phide ¡

para" para' -diamcxipheny1 su1phide¡ di (para-amopheny1)-
su1phide ¡ thioai1ine ¡ 4,4 ' -thoai1ine ¡ para" para' -thod-

aniline ¡ thiodi -para-pheny1enediame

1. 2 Chca1 forn1a and rr1ec1ar weight

H,NnSnNH,
C12H12N2S l'1. wt: 216.3

1.3 Chemca1 an physica1 propeies of the pue sustace

From Prager et al. (1930)

(a) Description: Ne1es

(b) Me1ting-point: 1080C

(c) Solubi1ity: Spaing1y soluble in co1d water¡ slight1y soluble

in hot water ¡ soluble in etho1, ether and hot bezene

(d) Stai1ity: See 'Geal Raks on the Substaces Considered' ,

p. 27.

1.4 Teica1 prcxucts an ini ties

No data wee avai1ab1e to the Working Group.
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2. Prcxuction, Use, Ocence and F..n1ysis

For backgroun inonntion on this setion, see prea1e, p. 15.

2.1 Production an use

(a) Production

4,4' -Thcxiani1ine was prepaed by Mez and Weith in 1871 by boi1ing
su1phur with aniline for severa1 days (Prager et al., 1930). Informtion

on the methcx use for cccia1 prcxuction of 4,4' -thicxiani1ine is not
avai1ab1e.

The camrcia1 prcxuction of 4,4' -thiodiani1ine was first reported
in the us in 1941-1943 (US Tariff Cassion, 1945). ln 1974, the latest

yea in which prcxuction was reprted, on1 y one US ccy reported an
unisc10se aIunt (see prea1e, p. 15) (US Interational Trade Ccssion,
1976) .

No evidence was foud tht 4,4' -thicxiani1ine has ever be prcxuced

cacia11y in JaPa.
(b) Use

4, 4 '-Thcxian1ine ca be used as an inteniate in the prcxuction
of thee dyes: C. 1. MJrdant Ye110w 16, Mi1ing Re G and Mi11ing Re FR

(The Soiety of Dyers and Co10urists, 1971); hCMever, on1y the first is

be1ieved to be of cacia1 significace in the US (US Interational

Trade Cassion, 1977).

4,4' -Thcxiai1ine has be investigated exri:ta11y for a variety

of bio1ogica1 activities (Go1~rt & Get1er, 1949; Guta et aL., 1959;
Kaj & Ka, 1966; Mlerjee et al., 1961).
2.2 Occuence

4,4' -Thcxiani1ine is not know to occu as a natura1 prcxuct. No
data on its occurence in the environt were availa1e ta the Working

Group .
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2. 3 An1ysis

Thin-1ayer chrantoaphy using four different solvent system ha
be used to sepaate and identify a grOlp of arantic diames, inc1uding
4, 4 '-thicxiani1ine, and N-bezamdes (Krasnov et aL., 1970); paPe
chrantography has been used to sepaate and identify a group of arantic

para~ para' -diames, inc1uding 4,4' -thodiani1ine (Gaspic & Snob1, 1971).

Gas chrcmtography has be used ta sepate and identifyone group

of high-boi1ing arcmtic ames, inc1uding 4,4 '-thicxiani1ine, with a
relative error of not rrre th 10-12% (Kainik et al., 1971a), an

another group of arantic ames, wi th a relative eror of not rrre th

5.8% (Kain et al., 1971b).

3. Bio1ogica1 Data Relevt to the Evaluation

of Cacinogenc Risk to Ma

3.1 Cacinogenicity and re1ated studies in anim1s 1

Oral admistration

Rat: 'Ity fan1e Sprague-Daw1ey rats, 40 days of age, wee given

10 doses of 40 mg/animl 4,4 '-thicxiani1ine in 1 ml sesam oi1 ever 3
days by gastric intubtion; 140 control rats received the vehic1e a10ne.

Anim1s wee ki11ed after 9 ITnth; of 12 suiving rats autopsied, 3

had deve10Pe rn cacinans. Wh the total dose was reduce to
300 mg/animl, 1 ma cacinan was foud in 10 rats (7 suived 9
rrnths, 8 wee autopsied). A:ng 132 cotr01s autopsied, of whch 127

suri ved 9 rrnth, 3 ha ma cacinan and 1 a ma fibroaenan.
The increase incidence of tuurs of the ma glan in treated an1s
tht received the higher dose is statistica11y significat (Grisw1d

et aL., 1968) (p-c0.01).

lThe WOrkig GrOlp wa awe of cacinencity tests in progess on

4,4'-thodi1ine invo1vin oral admistration in mice and rats (!A,
1976) .
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3. 2 oter relevant bio1ogica1 data

4,4'-Thcxia1ine given ora11y to nuce on days 1-5 of pregcy at

doses of 100 an 150 rr/kg l: ca1ete1y prevented f()ta1 imlantation;

a dose of 50 rr/kg l: slightly reduce the num of imlatation sites
(Kaj & Ka, 1966).

No data on the toxcity, :ita1is or mutagenicity of 4,4'-thicxi-

aniline were avai1a1e to th Working C'iLOUp.

3. 3 Case reports and epidemo1ogica1 studies

No data wee avai1ab1e to the \"brkig Group.

4. Ccts on Data Rerted an Evluation 1

4.1 Anl data

4,4'-Thcxiai1ine is cacinogenic in rats after its oral adistration;

it prcxuce an increased incidence of m: cacinans.

4.2 Hum data

No case reports or epidemo1ogica1 stuies were avai1a1e to th

Working Group.

1 See a1so th setion, 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the intrcxuction to this vo1ur, p. 13.
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ortho-'IWIDIN (HYRCRIE)

1. Chca1 an Physical Data

ortho-'I1uidine

1. 1 Syonym an trade nas

Cher. Abstr. Serices Re. No.: 95-53-4

Chan. Abstr. Na: 2-l'.~thylbzename

1 -Amo-2-rnethylbzene ¡ 2-amo- 1 -mthylbzene¡ 2-amoto1uene¡
ortho-amoto1uene ¡ 1 -:ithy 1 - 2-amobezene ¡ 2-mthy 1 - 1 -amobezene ¡
2-:ithy 1ani1ine ¡ ortho-mthy 1ani1ine ¡ ortho-:ithylbzene ¡

2-to1uidine¡ ortho-to1y1ame

1. 2 Cherca1 form1a an rr1ec1ar weight

&H'
C7H9N MJ1. wt: 107.2

1. 3 Chemca1 an physica1 propeies of the pue substace

Fran Weast (1976), un1ess otise spif ied

(a) Description: Light-ye11ow 1iquid (Wi.o1z, 1976)

(b) Boi1ing-point: 200.20C

(c) Me1ting-point: -14.70C (ß-foi:)

Deity: d~O 0.9984

Refractve inex: ;;0 1.5725

SpeSC data: À 232.5 nm (El = 758.6), 281.5 nmrr 1
inra-red, nuc1ea rngntic resonace and

(d)

(e)

(f)
(El = 144.5) ¡

1

rnss SPal data have be ta1ated (Grasse11i, 1973).

(g) Solubi1ity: Slight1y soluble in water¡ miscible with ethano1,

ether an cabo tetrachoride
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(h) Vo1ati1ity:
o

81. 4 c.

o
Vapeur pressure 1S 1 mu at 44 C and 10 mu at

(i) Stai1ity :
p. 27.

Se 'Geeral Raks on the Substaces Considered' ,

1.4 Technica1 products and imurities

ortho-To1uidine is avai1ab1e in the US as a tehnica1 grade, with a

miimum purity of 99.5% (as detered by gas chrantogaphy). It contains

meta (0.4% ma.) and/or para (0.1% rn.) isams, 1 ~thy1 -2-nitrobezene

an moisture (0.1% rn.) as imurities (E.1. du Pont de NEs & Co. Inc.,
1974). Stai1ized tehnica1 grade ortho-to1uidine may also contain 1ess

th 0.5% of an unidentified stai1izing ingredient which prevents daken-

ing upon storage.

ln -wster Euope, ortho-to1uidine has a miim purity of 99.5% and

contains a maim of 0.5% para-to1uidine and aniline and 0.05% :ithy1-
ni trobezene isams.

ortho-'I1uidine is avai1ab1e in Japa with a miim puity of 99%,
a maim moisture content of 0.2%, and may Cbntain para-to1uidine and
1-methyl-2-nitrobezene as Lmities.

ortho-To1uidine hydroch10ride

1. 1 Syonyr an trade nas

Chem. Abstr. Seices Re. No.: 636-21-5

Chem. Abstr. Na: 2-Methylbename hydroch10ride

1 -Amo- 2-:ithylbzene hydroch10ride; 2-amo- 1 -:ithy lbene
hydroc10ride; 2-amoto1uene hydroc1oride; ortho-amoto1uene

hydrochloride; 1 -:ithy1 -2-amobezene hydrochloride; 2-:ithy1-
1 -amobezene hydroch10ride; 2-rthy 1ani1ine hydroc10ride;
ortho-mthy1ani1ine hydroch10ride; ortho-my lbename
hydrochloride; 2-to1uidine hydroch10ride; ortho-to1ylae
hydrocoride
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1.2 Eiirica1 foiia and rr1ec weight

C7H9N. Hel M:Ü. wt: 143.6

1. 3 Chcal an physica1 properties

Fran W=st (1976), un1ess othrwse spified

(a) Description: r-oc1inc prism

(b) Boi1ing-point: 242. 20C

(c) M=lting-point: 2150C

(d) SPoscop data: À-ma 284 ni, 266 nm, 258 nm in Ittho1;
infra-red and nuc1ea magnetic resonace spal data have

be ta1ate (Grassel1i, 1973).

(e) Solubi1i ty: Soluble in wate an etho1; inluble in
ether and bezene

1.4 Teica1 proucts and i.i ties

No data wee avai1ab1e to the W)rkig Gr.

2. Pruction, Use, CCence an An ysis
For backgroun infonition on ths setion, se prea1e, p. 15.

2.1 Prcxuction an us

(a) Pruction
ortho-'1uidie was prepa by Muratt & Hoffm in 1844 by th

reduction of 1 -Itthy1 -2-nitrene with alcoholic arum suphide
(Prager et al., 1929). It is be1iev to be mmufactured cut1y by
th cata1ytc hydrtion of 1-rthyl-2-nitrobeene. ln th OK, th
staard Itthcx of production has be th reduction of 1-rthl-2-nitrcr

beene with iron fi1ings.
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ortho-T01uidine has be prcxuce cccia11y in the US for over

50 yeas (US Tariff Cassion, 1922), an cccia1 production of ortho-
to1uidine hydrocoride was first reprted in 1956 (US Taiff Cassion,
1957). In 1975, tw US cces reported an undisc10s arunt (see

prea1e, p. 15) of ortho-to1uidine, and one reprted an unisc10se

amunt of ortho-to1uidine hydroch10ride (US Interntional Trade Cassion,

1977a) .

US imrts though principal US custan districts were reprt as

11. 8 thousad kg ortho-to1uidine an 21.9 thous kg ortho-to1uidine
hydroch10ride in 1974 (US Intertional Trade Cassion, 1976a) and

one thusand kg of the hydrochloride in 1975 (US International Trade

Cossion, 1977b).

ortho-'I1uidine was first prcxuce cccially in the OK in 1880.

:nt is be1ieved tht at 1east nine ccies cuently prodce it in
wester Euope, inc1uding fou ccies in the UR. Total prouction in

wester Euope arunts to 1-5 milion kg pe yea. Les than 10 thousan

kg are prouced anua11y in Beelux an in Austria~ 10-100 thousan kg

in Spain~ 100 thousan-1 milion kg in Frane, in Ita1y an in Switzer1an~

an 1-5 million kg in the Fe.eral Reub1ic of Ge an in the UK. Less
than 10,000 kg are :iported anua11y into the Federal RePu1ic of C:e
an into the OK~ 10-100 thousan kg into Austria, into Beelux, into

France, into Ita1y an in Scainvia~ an 100 thousan-1 million kg

into Spain and ino Switzer1and. Les than 10 thous kg are exrted

anua11y fro Bee1ux~ 10-100 thousan kg fran Frane, frc Ita1y, fro

Spain an from Switzer1an¡ an 100 thousan- 1 million kg fran the Federal
Repub1ic of Cey an fro the OK.

ortho-'I1uidine was first produced oocia1y in Japa in 1926.
Production during the peio of 1971-1975 arunted to abut 1 million kg

pe yea, an thre are curent1y thee carrcia producers (Japa Dystuff

Industry Association, 1976). Japaese irrts of ortho-to1uidin in 1971

an 1972 wee neg1igib1e rot arunted to 80 thousan kg in 1973 an 202

thousan kg in 197 4 ~ no iirts were report in 1975. Japase exprts of

ortho-to1uidine arunted to 38 thousan kg in 1973 an 10 thousand kg in
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1974; oone wee relXrted in 1975 (Ja:p Taiff Association, 1976). Sm11

aruns of ortho-to1uidine hydroch10ride are sold by mir Japaese dye
maufacturing copaies.

It is be1ieved tht in sae countries ortho-to1uidine has fregent1y

be produced in the sa plant area as tht used for prouction of other
artic ames, esPeia1y aniline (Biæ, 1946).

(b) Use

A rnjor use for ortho-to1uidine an ortho-to1uidine hydrochloride

apPs to 00 as inteniates in the maufacture of dyes. They can be

used to produce rrre th 50 dyes (The Soiety of Dyers an Cb10urists,

1971), of \fich 17 are ro oolieved to be prouced coercia11y in the
US (US Intertional Trade Ccission, 1976b). Of these, six are prouced

fra ortho-to1uidine (The Soiety of Dyers an Cb10urists, 1971); the

rrst significant cocia11y in the US is C.1. Vat Re l, of which over

38.6 thousa kg \\e rei;rtedy sold in 1975 (US Intertiona Trade

Ccsion, 1977a).

ortho-'I1uidine an ortho-to1uidine hydrochloride are be1ieved to be

used as inteniates in the production of 4-ortho-to1y1azo-ortho-to1uidine

(ortho-aminazoto1uene1) an 4- (4-amin-meta-to1y1azo) -meta-to1uenesu1phonic

acid, \fich are be1ieved to be used as raw rnterias for the production of

11 dyes in the US. 'Ie irst :Irtan of these are: C. 1. Acid Re 115

(1974 us sales, 12.7 thousan kg), C.1. Direc Re 72 (1975 US production,

62.6 thusan kg) an C.1. Solvent Re 26 (1974 US saes, 58.1 thous kg)

(US Intertional Trade Ccission, 1976b, 1977a).

It is oolieved tht ortho-to1uidine is also used to prouce SPeial

dyes for use in co10ur i;otograi;y, as an anioxida in the maufacture
of rube an as an ingredient in a c1inica1 1abratory reagen used to

test b100 sar1es for glucose. oter raorted uses inc1ude the printing

of texiles b1ue-b1ack an rnking co10urs fast to acids (Wino1z, 1976).

ISee IA (1975).
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It is estiIte tht 1-5 million kg ortho-to1uidie are us anua11y

in wester Eu in th maufacte of antioxidats, dyes an pigrts.
In Swtzer1and, ortho-to1uidine is us as an agricutual and inustrial

chca1 intei:ate.
In Jap, ortho-to1uidine is us in th maufacte of dyes (50%),

pigrts (20%) and antioxidats (20%) an in ot applications (10%).

According to th us O:tion1 Saety an He1th Adstration 's
hea1th stas for air contats, an ei1oy' s expsure to ortho-

to1uidi should not exce an eight-hour ti-vighted average of 5 pp

(22 mg/m3) in th ~rkp1ace air in any eight-ho ~rkshift of a fort-

hour ~rk we (US Occupationa1 Safety and He1th Adstration, 1976).

Th ~rk environrt hygiene stads for ortho-to1ui in tenu of

an eight-hour ti.weighted average are 10 rr/m3 (1973) in the Federal

Repub1ic of Germy, 22 mg/m3 (1974) in th Ge raratic F.ublic

and 5 mg/m3 (1969) in Czechos1ova (Wine11, 1975). Th acctale

cei1ing concetration of ortho-toluidie in th USSR (1972) (wine11,

1975) an in Ruia (as reported by the Institute of Hygiene and Pulic
Heath in Buchaest) is 3 mg/m3 (Go1dstein, 1973). In Japa, th ~rkp1ace

to1erance concetration of ortho-to1uidie is 5 pp (22 mg/m3) .

ortho-'I1uidin an its hydrocoride are no penntte for use in
cosrtics in the Euop Ecnanc Ccities (EE, 1976).
2.2 Occuence

ortho-'I1uidi has be report to be a caent of th ta

prouce by low-teratur cabonization of co1 (Pichler & Heenrger,

1969). It ha also be deteted in the gaso1ine fraction of hydr-cracked

Ar1an petr1eum (Be'kovskii et al., 1972), in tobacco sre (Pai1er et al.,

1966), in the ste volatiles fro the distillation of 1eaves of rataa
tobacc, whch is be1ieve te be wide1y us in pipe tobaccos (Irvine &
Sax, 1969), an in th volatile aran canents of b1ack te (vitzthum

et aL., 1975).
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Th conctration of ortho-to1uie rrsur in th ai of th

workig environrt in a to1uidie maufacting plant was in th range
of 0.5-28.6 mg/m3 (Khebnikov et al., 1970).

2.3 An1ysis

Prir ames, inc1udg ortho-to1uidie, have l: detened in

arunts greater th 1 mg by atoc abrpion sptrhoaætr of th

copper-ame cc1ex (Mitsui & Fujina, 1974).

Nu1ea magnetic resoce spsco has l: us to detene
ortho-to1uidie an its isaærs, with an err of 1ess th 1.3% (Yasuda

& Kaiyam, 1974).

Sptrophotaætr has be us to anlyse artic ames, inc1uding
ortho-to1uidie, in prepaed rrxtures by rrsuring the ni absorbace
of the 1,3, 5-trinitrbeene-ame cxlexs i exmcentrations of 2-35 g/l

ortho-to1uidie have be detend (Sha & Tiwai, 1972). It ha ben
rrsured co10rirtrica11y by oxidation with peroxydisulphate (Guta &

Srivastava, 1971) i in natura1 waters as th 4-amoatipyine-ame
ca1ex, with a detection 1imt of 0.1 mg/1 (El-Dib et al., 1975) i and
by diazotization ooup1ing with a pho1ic ca, with a 1im t of

detetion of 0.1 rn/1 (El-Dib, 1971).

Th- 1ayer chtoaphy ha be us to seate artic ams,
in1udg ortho-to1uiin, espeial1y fra thir isaærs: on film .ireg-

nate with 1,1 '-diazido4,4 '-dsuphostilbe an visuaization by ultra-
violet 1ight (The1em, 1972) i on si1ica ge1-ccium oxaate with tw

solvet syste an visualization by exsue to nitren oxdes (Srivatava

& Du, 1975) i on silica gel using se differt solvets an visua1iza-

tion with possium pexydisuphate (Srivastava et al., 1972) i on si1ica
gel containing silve oxide using tw solvet syste an visuaization
by Uitra-violet irradation or with niydrin reaget (Tab et aL, 1970) i

on si1ica gel .irete wi th cadnum suphte wi th fi ve sol vet syste

using thee detecon rrth (Yasud, 1971) i an on silica gel ÍIregte
with caum acetate with fou solvet syste (Yasud, 1972). Visua1i-
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zation with ultra-violet light after reaction with glutacoic a1dehyde iD

pyidie has also be used. Th 1im t of detetion is 0.1-0.3 llg (Oh
& Sai, 1975).

Co1ui chrantogaphy on anon-echage resiD (Funasak et aL., 1972)
an gel penætion chrantogaphy (Proti vová & Posp!Ši1, 1974) have ben
use to sepaate arantic ames, inc1udig ortho-to1uidi.

Gas chrantogaphy using porou- 1ayer op-tu co1uis has be us

to sepaate a miure of ortho-to1uidie, pyidie, pico1ins and 1utidies

(Franen et al., 1971) i and gas chantoaphy on baium ch10ride ha be
used for sepaation of ni trogen-suti tuted bezene ca, inc1uding
ortho-to1uidine (Grob et al., 1970).

A rrthod for sa1ing an anl ysing air for anilie cas, inc1udig
ortho-to1uidine, has be describ. Th carp:)Und is adorbe on si1ica

gel tubs, desorbe wi th ethol and detenned by gas chtoaphy. Th
1imt of detection for ortho-to1uidie is 1.03 mg/m3 (W: & Anerson, 1975).

Th 1iqud crystal material, 4,4 '-bipheny1y1en bis (para- (hepty10xy)-

bezoate J, has be us as agas chtoaphic station phe for the
sepaation of isaric to1uidies (Riclnd, 1971).

3. Bio1ogica D3ta Relevant to th Evuation

of Cacinenc Risk to Han

3.1 Cacinogenici ty an re1ated studies in an1s 1

(a) Oral adstration
l-us: In an abtract, it wa rep tht mae an feme Chles

River (HAICR) CG1 mice give ortho-toluidie (pro1y as th hydr

chloride) at ~ dose 1eve1s in the diet de10p vaar tur
(Rusfie1d et aL., 1973a) (No fur detai1s \\re ava1a1e to th

vibrkig Group J .

lTh ~rkig Grou wa awe of carcincity studes iD proess on
ortho-toluidie hyhloride ino1vig oral adstration in mice an rats
(IA, 1976).
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Rat: In ths and anothr abstract, it was reported tht feeg of

ortho-to1uidine (proba1y as the hydrocoride) to 50 nie Chles River
(Sprague-Daw1ey derived) m rats at tw dose 1eve1s in the diet for tw

yeas increased th incidence of sutaeo fiboms and fibrosarcos
to 83% fro 16% tht oc sPntaeo1y in 111 cotrol rats. Urinary
b1adder cacers an hepatoms ~re a1so present in treated anim1s
(Russfie1d et al., 1973a,b) (No futher detai1s were avai1ab1e to the

Vbrking Group).

(b) SUtaeous and/or intram adistration

Various sPeies: Fifte rabits an 10 gua-pigs were injected

subtaeous1y with 1.0 an 0.5 ml, respetive1y, of a 2% solution of
ortho-to1uidine in olive oi1 6 tis a we. An1s tht surived ITre
th 100 days deve10pe papi110rs in the b1adder (numr of anims not

speified) (MJrigam & Nisiia, 1940). Papi110m in the b1adder were

fou in 2/2 rats, 4/5 rabits and 5/8 guea-pigs injeced subtaeous1y
with ortho-to1uidine (dose an duration unsPified) in olive oi1 or

a1coho1 (Satai et aZ., 1941) (Th Vbrking Group noted the inadeqte
reporting of the se expri.ts).

3. 2 Oter relevant bio1ogica1 data

(a) Exri.ta1 syste
Th oral ID by intubtion in young mae Sprague-Daw1ey rats of

50
un1ute ortho-to1uidie is 900 rr¡1g lM (Jacobson, 1972). 'Ie oral ID

50of ortho-to1uidine hydrochloride aàstered to young nie Osborne-M:de1
rats as a single dose in water by stach tub is 2951 rr¡kg lM (Lidstr
et al., 1969). Fo11owg oral admstration of ortho-to1uidine in oi1
solutions, the ID values in mice, rats and rabits were 515, 670 and

50
843 mg¡1g lM, respetive1y (Lun, 1967). The ID for male rabits by

50skin application is 3250 mg¡kg bw (Sr et al., 1962).

Al1 mice give one fifth of the intragastric ID dai1y for 20 days
50surved. Wh rats wee give one-twtieth of the intragastric ID

50for 2! rrnth, th ans sh reticuocsis, nether10binem an
erypeia (Lunin, 1967).
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ortho-'I1uidine was fed te 6 na1e an 6 fer1e alino rats in intial

dosages of 2 g of a 7.5% solution in peut oi1 (reuce after 64 days to

ha1f th dose) added te a sythetic diet for up to 91 days; it proce
epith1ial chages in th b1adder, whch inc1uded keratosis, rætap1asia

an, in 3 cases, a tendency to incipient papi11a:tosis (Ek & Strörk,
1947, 1949).

No data on the emryotoxicity or teratogenicity of ortho-to1uidie

were avai1ab1e to the Working Grup.

ortho-'l1uidie did not induce revrse imtations in Salmonella typhi-

muiwn TA 1535, TA 1537, TA 1538, TA 98 or TA 100 in the presece or

absence of a rat 1iver prepaation (Gaer & Nutm, 1977; ~ et aL.,
1975) .

(b) Ma

ortho-'l1uidine is absorbe via th respiratory tract and skin (lID,
1971). C1inica1 signs of intoxication inc1ude physio1ogica and pschca
disturbaces and maked irritation of th kidneys and b1adder (Ha1in,

1963; Sa, 1968). Acte poisoning with ortho-to1uidie rry be accaed
by :ither10binera and haerturia (IID, 1971).

3. 3 Case reports and epidero1ogica1 studies

Cae & Pearson (1954) and Case et al. (1954) reported a historica1

cohort study of b1adder turs ang v;rkers in the British cherca1

inustr engaged in the maufacture of dyestuf intenrates. Grous were

defined in tenu of exsure to anline, bezidie, 1- and 2-naphthy1ame,

aurame an rrgenta. In fact, may anline v;rkers 'Wre a1so exsed

te te1uidies prcuce in the sa plant. 'I 21 firr in th sury

inc1ude th rrjor British prcuces of anlin, and the grs at risk

'Wre obsrv from 1921-1952. Thre were 812 rr c1assified as having
expsure to anline but rot te the oter sued caciogens. The death
certificate for one of these rrtioned a b1adder turur, althgh 0.52 was

expted at national rates (Th Vbrking Group noted tht expsue of these

v;rkers to ortho-to1uidine is Ilt speified in ths paper but can be

inferr fran know1edge of aniline prcxuction prosses, see 2.1 (b), p. 353).
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Ue1in & P1etscher (1954) studied th occe of bladder turs

in vvrkers in a facto:r in Swtzer1an proucing dyestuff intemeates.
.Ang 300 workers exse to 2-naphthy1ame an/or bezidine a10ne or with
other arantic ames for nnspified period duing 1924-1953, 97 caes

wee found. A furer 650 vvrkers ha be exsed only to anline or othr

artic ames but rot te 2-naphthylame or bezidie; 3 of thes irn
deve10pe b1adder tis, but thir exct exsues v;re uncertin. The

authors distingushed a suou of 35 iæ wh preed para-chloroortho-
to1uidie fra ortho-to1uidie; no b1adder tus were foud aIng these
iæ (Th WJrking Grup noted tht inficient detals v;re proided con-

cerng person-yeas at risk or fo11ow-up to ev1uate th signficace of

ths observtion J .

Gropp (1958) describ 98 cases of b1adder tuis tht occued from

1903-1955 aIng vvrkers at a Germ factory, and Oette1 (1959, 1967) and

Oette1 et aL. (1968) have reported bath thse an sa fur cases.

Ì'Dst of Grpp' s cases are reported as havig had expsure to 2-naphthy1-
ame a10ne (23 iæ) or with oter ames, inc1uding benzidie, anline and
to1uidines (45 iæ). ~ver, 11 cases were reported as having had expsure

on1y te ani1ine/to1uidie; the population at risk is not know. These 11

cases v;re al1 diagnose æt: 1905 an 1935 an had their first expsure

betwen 1874 and 1905; they had longer latent pericxs and 1ater ages at
onset th the cases associated with exsure to 2-naphthy1ame and benzi-

die (The Working Grup not tht ths wa a period when th aniline

proæd was a crue sustace, and the proess residues were sho to
conta 4-amobiphey1 an naphthy1ame derivatives (Walpole et al., 1952) J.

Khebniova et aL. (1970) reported b1adder tuiurs in -wrkers engaged
on th production of ortho-to1uidie and/or para-to1uidie in the USSR

during the 1960' s. Th concentration range of ortho-te1uidine irured in

the air of the vvrkig enviroI1t was 0.5-28.6 rr/rn3. 'I cases of b1adder

tururs (papi11om) v;re foud when 75 out of 81 curent to1uidie workers

were exaed cystoscopica11y. 'Ie 81 vvrkers corised 19 \\ and 62

me, aged 22-55; 35 v;re aprators, 18 v;re fitters, and 10 were c1eaners.

Nine had vvrked on ortho-to1uidine producton for 1ess th one yea, and
31 for 1-5 yes; th reing 41 vvrkers had longer exsure and had a11
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be in cotact with para-t1uidi as æl1 as ortho-toluie, as had

the fitters an c1eaers. Che -wrker with a b1adder tu, age 26, ha

be exse only to para-to1uidie an ony for 20 m:th¡ th otr
worker wi th a b1adder tur, aged 49, ha \\rke in cotact wi th ba

isæers for 23 yes. Six oter cases of bladder tu, of whch 4 were

cacinans (1 wa fou te te a papi11om an 1 a nutip1e papi11an), had

be fou ea1ier, upn cystoscie extion of 16 fonær workers who

had -wrked with th to1uies for peiod ranging frcm 12-17 yeas (The

W)rkig Group note tht th ino:ition cotaed in th paper with

regard te peson-yeas of exsue an to th ot sutaces to whch
these 'Irkers may have had prior or cocotat exsure is inufficient

to evaluate th signficace of thse obsrvtions J .

4. Cats on Data Rert and Evluation

4.1 Anim data

Th data ava1ab1e te the W)rkig Grou concernng ortho-to1uidie
was frcm exrirts tht have be insufficient1y describ. Although

ttmurs have be reported at vaious sites after admstration of th
canun by vaious routes, the ineqcy of rertg does net a110w

an evaluation of the cacinogencity of ths c:d to be mae.

4. 2 Hun data

Th epidemo1ogica1 studes ava1able to the WJrkig Grou dea1t with

workers wh had mied exsures. Th resul ts of one study in Genny were
eqvo. A seond, in Swtzerla, had negative results an was inade-
qute in ten of persons-yeas exsue. A thd, proba1y representig

a large propeion of a11 \\rkers in the UK wh ære exse to ortho-
to1uidie during th prouction process, detrate one observ case
versus 0.52 exted. A fou, in the USSR, apPed ta invo1ve oc_
tiona1 exsur speifica11y ta to1uidines¡ it was suggestive of a

cacinogenc effect, but info:ition was inca1ete.

These finings, taen together, did not alow the W)rkig Grou to
drawany fin conclusion abut th cacinogencity of ortho-to1uidi

to hums.
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2,4-XYDIN (HYRORIE)

1. Clca1 an Physica1 Data

2,4-Xy1idine

1. 1 Syonym an trade i-s

Chem. Abtr. Servces Re. :tb.: 95-68- 1

Ch. Abstr. Nam: 2, 4-Diithylbzene
1 -Amo- 2, 4-dithylbzene ¡ 4-aro- l, 3-dthylbnzene ¡

4-aro-3-ræthy1to1uene¡ 4-amo-1,3-xy1ene¡ 2,4-dthy1 aniline;
2,4-dthy1ani1ine¡ 4-:ithy1 -ortho-to1uidie ¡ 2--thy1 -para-
to1uidine ¡ meta-xy1idine ¡ meta-4-xy1idine

1.2 Chemcal fonm an no1ec1ar weight

~CH'

CH3

C8H11 N tcb1. wt: 121. 2

1. 3 Chca1 an physica1 prorties of th pue subtace

Fr West (1976), uness othrwse spified

(a) Deription: Co1ou1ess liqud at ro taratue

(b) Poi1ing-point: 2140C at 760 nr¡ 910C at 10 nm

(c)

(d)

(e)

(f)

~lting-point: 160C

Deity: d~O 0.9723

Retractive index: r£0 1.5569

SPscopy data: À 290 (El = 132) in et1¡ infra-red,ma 1
ultra-violet, nuc1ea nagnetic reso an mas spal data
have be taate (Grasse11i, 1973).
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(.s) Solubi1ity: Slight1y soluble in water¡ soluble in etho1,
ether an ænzene

(h) Vo1ati1ity: Vapour pressure is 1 nr at 52.60C an 10 nr at

930C.

(i) Stai1i ty: Se 1 Geeral Reks on the Sutaces Considered 1 ,

p. 27.

1.4 Teca1 products an imi ties
ln the OK, 2,4-xy1idie is avalab1e in a miure of xy1idie

(essentia11y 2,4- an 2,6-isas) tht catas a mi of 99.5% diazo-

tizab1e ame, with a distillation range of 90% withn 30C.

2,4-Xy1idie is ava1ab1e in Jap in a grade with a miii purity

of 99% and 0.2% ma. rristure cotet. oter xy1idie isars are

preset as iruri ties.
2,4- Xy1idine hydrocoride

1.1 Synym an trade nas

Cher. Abstr. Seces Re. lb.: 21436-96-4

Ch. Abstr. Na: 2, 4-Di:thylben hydrocoride

1 -Amo- 2, 4-dithylbzene hydrocoride ¡ 4-amo- l, 3-dithy1 -

bezene hydrocoride¡ 4-amo-3-ræthy1to1ue hydrocoride¡

4-amo-1,3-xy1ene hydrocoride¡ 2,4-dthy1 aniline hydroride¡

2,4-dthylai1ine hydrchoride ¡ 4-rrthy1 -oritho-to1uidi hyd
chloride¡ 2-ræthy1-para-to1uidine hydoride¡ meta-xylidie
hydrhloride¡ meta-4-xy1idie hydrochloride

1.2 Ehirica fonna an rr1ecar ~ight

C8H11 N. Hel lbl. wt: 157.7

1.3 Oica1 an physica1 praprtes of th pue substace
From Prager et al. (1929)

(a) Desciption: Prism
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(b) Boi1ing-point: 253.10C at 728 nr, 255.10C at 760 nr

(c) ~lting-point: 23SoC

(d) Solubi1ity: Practica11y inoluble in cold water

1.4 Tehnica1 prcxucts an iii ties

No data ~re avai1ab1e ta the W:rkig Gr.

2. Production, Use, CXence an Anl ysis

For backgroun inorntion on ths seion, se prea1e, p. 15.

2.1 Prcxuction an use

(a) Production

2,4-Xy1idie wa prepaed by Bei1stein & De1ant in 1867 by th
reduction of asytrica1 2, 4-dthylni trobezene wi th iron and acetic

acid (Prager et al., 1929). It is produced carcia11y by nitrating
an reducing cccia1 xy1ene an is seate fram the resutig

isaric miure of xy1idies by forntion of th acetate salt (Kouris &

Nortcott, 1963).

Th carcial prcuction of an unSPified xy 1idine isoir and its
salt in th us was first report in 1917 (US Taiff Cossion, 1919),

an tht of 2,4-xy1idine, spifica1y, in 1920 (US Taiff Cassion,
1921) . In 1975, only one US cay reprt an unsc10se art (see
prea1e, p. 15) of 2,4-xy1idi (US Interntional Trade Cassion, 1977).

US imrts though principa US cuta district wee report as 64.3

thusan kg in 1974 (US Interntionl 'lde Cossion, 1976).

2,4-Xy1idie was first prouce ccciay in th OK in 1910. It

is be1iev tht at 1east 6 caes cut1y prouc ths caun in
western Eu. Anua prouction of a miure essential1y of 2,4- an
2,6-xy 1idine arts to 10-100 than kg, respei ve1y, in France, Ita y,

-
Sw tzer1an an th UK an 100 thou to 1 nu11ion kg in th Federal
Repub1ic of Gey. Les th 10 thd kg ar imrt anua1 y,
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resPetive1y, into Autria, th Federal Re1ic of C..nny, Ita1y and

Scvia and 10-100 thousa kg, respive1y, into Beelux, France
and Swtzer1and. Th OK exrts 10-100 thd kg anua11y.

2,4-Xy1idie has be prcxuced carcia11y in Japa since 1969. In

1975, one JaPaese cay produced 20-30 thand kg, al1 of whch wa
us as an intei:iate without isolation.

No evidence was fou tht 2, 4-xy1idie hydrocoride has evr ben

prcuce ccrcia11 y in the US or JaPa.

(b) Use

2,4-Xy1idie ca be us as an interate in the prcuction of 8
dyes whch are be1ieve to be of cocia1 ~r1d signficace (The Soiety
of Dyers an Co10urists, 1971). 'lee of thse ar produce ccrcial1y

in th us (US Interntional Trade Cassion, 1977): C.1. Acid Re 26,

C.I. Direct Violet 14 an C.I. Solvent Orange 7.

Less th 10 thusd kg of a nuure essetia11y of 2,4- and 2,6-
xy1idie are us anua11y in Autria, in Spin and in Scadivia, 10-100

thousad kg in Beelux, in Swtzer1and an in the OK and 100 thoud to

1 million kg in France and in the Federal Relic of Genny. In Sweden,
i t is use for th prcxuction of 1eathr dyes an in the OK for the prcuc-

tion of antioxidats (85%) and pigmts (15%).

In JaPa, 2,4-xy1idine is us in the maufacture of a diazo ye11o.

pigrt.
2,4-Xy1idine an its sa1ts are be1ieve ta be us as dyestuff inte-

iæiates in Swtzerla. Th are Ilt penntte for use in cosrtics in
the Euope EcnaTc Caties (E&, 1976).

Th cuent work environrt hygiene stads for xy1idie (unPei-

fied isamr) are 5 pp (25 mg/m3) (1974) in th USA, 25 mg/m3 (1974) in

the Federal Repub1ic of Gey, 10 mg/m3 (1973) in the Genn D:ratic
Repub1ic and 5 n~/m3 (1969) in Czechos1ovia (al1 in te:r of 8-hour

timweighted average values). The acceptle cei1ing concetration of

xy1idine in th USSR is 3 mg/m3 (1972) (Wine11, 1975). In Japa, the

workplace to1erance concetration of 2,4-xy1ide is 5 pp (25 mg/m3) .
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2.2 Occurence

2,4-Xy1idie an 2,4-xy1idie hydrochloride are Ilt kn to occu

as natura1 prcxucts. l' data on thir occuce in the environmt were
avai1ab1e to the Ybrkig Group.

2.3 An1ysis

Arantic aies, inc1uding 2, 4-xy 1idi, have be dete:r co10ri-

iætrica11y by reaction with potassium peroxydisuphate (Guta & Srivatava,
1971), in natura1 waters at concentrations of 0.1 mg/1 by fo:rg a co10ured
4-aio-antipyrine co1ex (El-Dib et aL., 1975) or by diazotization an
co1ing with resorcino1 or 1-naphtho1 (El-Dib, 1971).

Th- 1ayer chrantoaphy has be us to sepate an identify

arantic aies, inc1udig 2, 4-xy1idie, on vaiou adsorbents such as

si1ica gel bufered with soium acetate (Bass1 et al., 1967), si1ica gel
an a1um containing zinc, cadmum and nickel nitrates (Shiia &

t'la1ton, 1968) and si1ica gel 1ayers imregnted with cadmum acetate
(Yasuda, 1972).

A :ithcx for th sa1ing an an1ysis of arantic amnes, inc1udig
2, 4-xy 1idine, in air has be describ. Po11utats are adsorbe on si1ica
gel, desorbe wi th etho1 and dete:red by gas chrantoaphy. Cocen-
trations as 10W as 1. 05 mg/m3 ~re detecte (Woo & Anderson, 1975). Gas
chrantogaphy has a1so be us to sepaate an identify prim and

seond aies, inc1udig 2,4-xy1idie, as their trif1uoroacety1 deri-
vatives (Ib, 1967; Irvine & Sa, 1969). Ga chrantogaphy has a1so

be us to sepaate an deterre aiS, inc1udig 2,4-xy1idie, as
their N-substituted 2,5-diithy1py1es, with a sensitivity of 0.1 g/l
(Wa11e, 1968).
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3. Bio1ogica1 Data Relevant to th Evaluation

of Cacinogenc Risk to Ma

3.1 Cacinogenici ty and re1ated studes in anIs 1

Oral admstration

Rat: In an abstract, i t was reprted tht in a 2-year feeg study
with 50 male Chles River (Sprague-Da1ey) rats, subtaeo fibrar

or fibrosacos occured in 39% of anIs fed 2,4-xy1idie an in 16%

of contro1s. An exess of hepatos also occu in treated rats
(Russfie1d et aZ., 1973) (li fuer detai1s ~re avala1e to the W:rking
Group) .

3.2 Otr relevat bio1ogica1 data

(a) Exrimtal system

'Ie oral ID of 2, 4-xy1idie hydrochloride in ma1e Osborne-Me1
50

rats is 1259 mg/kg hw (Lidstram et al., 1969).

A single i. v. injection of 20 m:/rat 2, 4-xy1idie increse the
b100 :ithei10bin 1eve1 fro 1.5% to 3.5% after one ho (Lidstr

et al., 1969). Dieta concetrations of 2500 m:/kg 2,4-xy1idie reduced

the weight gain of rats, an 10,000 mg/kg cause cho1angiofibrosis, bi1e-

duct proliferation, hepatic-ce11 necrosis and hy1asia and kidney
damge, inc1udig tubar atrophy, intersti tia1 fibrosis, inflation

an papi11ar oeem (Lidstram et al., 1963).

Dos admistered dai1y oral doses of 50 mg/kg hw 2, 4-xy1idie ora11 y
for 4 we had slightly en1arged 1ivers with fatty degeneration (Magnusson

et al., 1971).

It was reported in an abtract tht mice gi ve a single oral dose of

158 mg/kg lM 2, 4-xy1idine hydrochloride ha acidophi1ic granules in hepa-

toces¡ e1ectron microscopie extion of these ce11s sli increase

ITl W:rking Grp was awe of cacinogencity studies in Press
on 2,4-xy1idin hydoride in1ving oral admstration in rats
(IA, 1976).
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numrs of 1ysosas an focl deeneration. 2,4-Xy1idie an N-hydroxy-

2,4-xy 1idie re1ease 1 ysosa1 enzys fro the large-granule fraction of
1iver (Takshi et al., 1974).

Mae Osborne-M:de1 rats give 200 m:/kg l:/day 2,4-xylidie hydr

choride by gastric intubtion excreted srl1 arunts of unchge xy1idie
an th correspndg sulphate and acetailide. Th predant rrta-

bo1ite was 3-rrthyl-4-amobezoic acid, whch wa excreted to a sm1
extt in the unconjugate form an as its glycine cojugate, but mainy

as 3-:ithyl-4-acetadobezoic acid¡ no amhen1s were detect
(ListD, 1961).

N; data on the enryotocity, teatoicity or mutagenicity of

2,4-xy1idie or 2, 4-xy1idie hydr10ride væe avai1ab1e to th WJrking

Grup .

(b) Ma

N; data v.re avai1ab1e to the WJrking Grup.

3. 3 Case reports an epidemo1ogica studies

N; data v.re ava1ab1e to the WJrkig Gr.

4. Cats on Data Rert an Evuation

4.1 An data
Data reprt in an abtract incate tht 2,4-xylidie prouce an

increa incidence of subtaeo an 1i ve tus in rats fo11owg

its oral admstration. ir incy of reg dos Ilt al10w an

evuation of th cacinci ty of ths ca to be made.

4.2 Hu data
N; case report or epidemo1ogica1 studes were avala1e to th

WJrkig Grup.
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2,5- XYIN (HYRíE)

1. Chca1 an Physica1 Data

2, 5-Xy1idine

1.1 Syonym an trade nas

Ch. Abstr. Services Be. No.: 95-78-3

Cher. Abstr. Nar: 2, 5-Di:thylbzene
1 -Aro- 2, 5-thylbzene; 3-am- l, 4-clthy llnzene; 5-am
l, 4-d.thylbzene; 2-amo-4-rrthy1 to1uene; 2-amo- l, 4-xy1ene;

2,5-dthy1 anline; 2, 5-di:thy1ani1ine; 3, 5-dthylbzene;
5-rrthy1 -ortho-to1uidine; 6 ""thy1 -meta-to1uidie; para-xy1idine

1.2 Chemca1 fonna an ir1ec1ar ~ight

nCH'
CH3

C8H11 N MJ1. wt: 121. 2

1. 3 Chemca1 an physical proprties of the pue substace
Fro W6st (1976), un1ess otherwse spified

(a) Description: Co10ur1ess to ye11aw oi1 (Kouis & Nortcott, 1963)

(b) Poi1ing-point: 2140C at 760 mm;
o

97- 101 C at 10 mm

(f)

tæ1ting-point: 15.50C

Desity: d¡l 0.9790

Refractive index: ~1 1.5591

SPtroscopy data: À 236 mu (El = 632), 288 mu (El = 204);~ 1 1
infra-red and nuc1ear magnetic resonace sptra have ben
taulated (Grasse11i, 1973).

(c)

(d)

(e)
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(g) Solubi1ity: Slight1y soluble in water an etho1, soluble in
ether (Kouis & Nortcott, 1963)

(h) Stai1ity: Se 'Geeral Reks on the Substaces Considered' ,

p. 27.

1.4 Tehnca1 prcxucts an iIurities

2,5- Xy 1idine is avai1ab1e in the us as a 1abratory grade of at 1east
98% purity (Aldrich Chemca1 Ccy, Inc., 1976).

In the OK, it is ava1ab1e with a puity of 98% an contais 2,6-
dithy1ani1ine and other isaærs as imities.

2, 5-Xy 1idine hydroch10ride

1. 1 Syonym an trade nas

Chem. Abtr. Services Re. No.: 51786-53-9

Chem. Abtr. Na: 2, 5-D:ithylbzene hydrocoride

1 -Amo- 2, 5-d:ithy lbzene hydrochloride ¡ 3-amo- l, 4-dthy lbzene
hydrochloride ¡ 5-amo- l, 4-dithy1bnzene hydrochloride ¡ 2-amo-4-
methy1to1uene hydroc10ride¡ 2-amo-1,4-xy1ene hydroc10ride¡ 2,5-

dithy 1 aniline hydroch10ride ¡ 2, 5-dthy1an1ine hydroc10ride ¡
3, 5-d:ithy lbzename hydroc10ride ¡ 5-methy 1 -ortho-to1uidie
hydroch10ride ¡ 6-methy1 -me ta-to1uidie hydrocoride ¡ para-xy1idie

hydrochloride

1.2 Eiirica1 fonna an rr1ecar w=ight

C8H11 N. æ1 l'b1. wt: 157.7

1. 3 Oiemca1 an physica1 propertes of the pue sutace

Fro Prager et aL. (1929)

(a) Poi1ing-point: 247.40C

(b) Me1ting-point: 2280C

378



1.4 Teca1 proucts an imi ties
2,5-Xy1idie hydrochloride is avai1ab1e in the us as a 1abratory

grade (Pfa1tz & Bauer, Inc., 1976).

2. Production, use, Ocene an .A ysis
For background inorrtion on ths setion, se prea1e, p. 15.

2.1 Prcxuction and use

(a) Prcxuction

2,5-Xy1idie wa prepaed by Jansch in 1875 by th reducton of

1,4-di.thylntrobezen with tin an hydrocoric acid (Prager et aL.,
1929). 2,5-Xy1idine is prouced cccial1y by th fo11CMg :ithcx:
(1) nitrating and reducing corcial xy1ene to an iSQlric miure of
xy1idiesi (2) after 2,4-xy1idie is rered by forrtion of th acetate
salt, 2,5-xy1idine hydrocoride is preipitate by th addtion of hydr-
choric acid (Kouris & Nortcott, 1963), and ths ca be conver to 2,5-
xy1idine by the addition of base.

Th cacial prcxuction of an UIspified iSQlr of xy1idie and its
salt in th US was first report in 1917 (US Tariff Cbssion, 1919).

Corcia1 production of 2,5-xy1idie, spifical1y, wa first reported
in the us in 1927 (US Tariff Cassion, 1928) and tht of 2,5-xy1idine
hydrocoride in 1930 (US Tariff Cassion, 1931). Ccrcia1 prouction
of 2,5-xy1idine hydrocoride ha not be reprted in the US since 1958

(US Tariff COssion, 1959). In 1971, th lat yea in whch cxcial

prouction was report, on1y one US CXy report th maufactu of
an unsc10se art (se prea1e, p. 15) (US Taiff Ccssion, 1973).
US irrts of 2, 5-xy1idie thugh principa US cuta districts were
report as 3700 kg in 1974 (US Interntional Tre Ccssion, 1976).

In th OK, 10- 100 thusan kg 2, 5-xylidie are irrt anua11y.

It has been prcxuced in neg1igib1e qutities in Japa.
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(b) Use

2,5-Xy1idie ca be us as an intei:ate for the prouction of 6
dyes whch ar believe to be of carcia1 world significace (Th Soiety

of Dyers an Co10urists, 1971). 'I of these, C.1. Direct Violet 7 an

Solvet Fe 26, are produce cacial1y in the us (US Interntional Trade
Cbssion, 1977).

In th OK, 10-100 thousan kg 2,5-xylidine are us anua1y for
dyestuff maufacture. In Swtzer1and, 10-100 thous kg 2,5-xy1idin

an its sa1ts are us anua11y as dyestuff interrates. 2,5-Xy1idine

and its salts are net penntted for us in cositics in th Euop
Ecnomc Caities (Eæ, 1976).

The curent 'Mrk environt hygiene stads for xylidie (unspecified
isar) are 5 pp (25 mg/m3) (1974) in the USA, 25 mg/m3 (1974) in the Federal

Repu1ic of Gei:y, 10 mg/m3 (1973) in the Genn Iaratic Repub1ic and

5 mg/m3 in Czechas10via (a11 in te of 8-heur tii~ighte average

valæs). Th acceptale cei1ing concentration of xy1idie in the USSR is

3 mg/m3 (1972) (Wine11, 1975).

2. 2 Cccuce

2,5-Xy1idie has be dete in the stea disti11ate of cu rataa

tabacc, whch is us in pipe tobaccos (Irvine & Sa, 1969a). No data

on the occuence of 2,5-xy1idin an 2,5-xy1idine hydrochloride in th
environit were avai1ab1e ta th WJrkig Gr.

2.3 Anysis

Artic ames, inc1udig 2,5-xy1idie, have be detenned colori-

:itrical1y by reaction with potasii. pedisuphate (Guta & Srivatava,
1971), in natural wates at cocetrations of 0.1 mg/1 by fonng a co10ur
2-antipyrine co1ex (El-Dib et aL., 1975) or by dizotzation an
cop1ing with resorcino1 or 1-naphth1 (El-Dib, 1971).

Anline an 16 of its alk1 and alkox derivatives, including 2,5-
xy1idie, have be sepaated using pape chtoaphy an 10 solvet
syste (Prboro, 1971).
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Th- 1ayer chrtogaphy has be used to seate and identify
aromtic ames, inc1udg 2, 5-xy1idie, on vaiou adsorbents such as
si1ica gel bufered with scum acetate (Bass1 et al., 1967), si1ica gel
1ayers imregte wi th cadnum acetate (Yasuda, 1972) or alum to

sepaate organic proucts of the cokig inustr (M=.vedev et al., 1973).

Gas chromtoaphy has be us to sepaate an idetify prir

an secnd ames, inc1udig 2, 5-xy1idie, as their trif1uoroacety1
derivatives in 1abratory miures (Iivine & Sa, 1969b), in volatile
ames fran cued Iataia tobacc 1eaf (IIine & Sa, 1969a) an in

carrcia1, mied xy1idie (Da, 1967).

3. Biologica rata Relevt ta th EVuation 

of cacinogenc Risk to Ma

3.1 cacinogenici ty and re1ated studies in an1s

Oral admstration

Rat: In an abtract, it was report tht in a 2-yea feeg study,
50 ma1e Chles River (Sprague-Da1ey) rats treated with 2,5-xy1idi

deve10Pe hepatas. Sutaeous fibrans or fibsarco \ære a1so

see in 24% of treate ans and in 16% of controls (Rus field et al.,
1973) (No fuer detai1s \ære ava1ab1e to the Workig Gr).

3.2 otr relevant bio1ogica1 data

(a) Exriita1 system

A single i. v. injection of 20 rr/rat 2, 5-xylidie increa th bloo
methar10bin 1eve1 fra 1.5% to 3.5% afte 3 00 (Lidstr et al., 1969).

Wh doses of 200 rr/k lM/day 2,5-xylidie hydrocoride -wre give by
stach tub to mae QIrne-M:e1 rats, th urins cota 4-hydroxy- 2,5-

c1thy1an1ine an its conjugates as th main ræta1ites¡ sa unched
ame, 4-rthyl-2-anbezoic acid an 4-rthl-3-amobezoic acid -wre

a1so fou (Listr et al., 1963).
No data on th emtacity, tetogencity or mutageicity of 2,5-

xy1id or its hydrocorie we av1ab1e 1: th Wxki Gr.
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(b) Ma
No data ~re avai1ab1e to the V'rkig Gr.

3. 3 Case reports an epidemo1ogica1 studes

No data VÆe avai1ab1e to th W:rking Gr.

4. UJts on Data Rerted and Evluation

4.1 Animl data

Data report in an abstract incate tht 2,5-xylidie prcxuce an

increaed incidence of sutan and li ver tuurs in rats fo11owg

i ts oral admstration. '1 indeqcy of th reprting does net
a110w an eva1uation of th carcinenicity of ths co to be imde.

4. 2 Hi data
No case reports or epidemo1ogica studes ~re avai1ab1e to the

V'rkig Group.
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SUPPLE CORRGE 'I VOLU 1 - 15

Corrigenda coverin Vo1urs 1 - 6 apPed in Vo1ur 7, others

appeed in Vo1urs 8, 10, 11, 12, 13 and 15.

Vo1ur 10

p. 256 9th line replace "ln addition to its natua1
occuence in coffee and tea, tac
acid ..." by "ln addition to the natual
ocence of tains in coffee and tea,
taic acid ...".

Vo1ur 12

p. 209 Ti t1e of rep lace SEMCAIDE (HYRCRIE) by
ITnogaph SEMCAIDE HYRCRIDE

Vo1ur 13

p. 229 3. 1 Rat replace adeqte1y by indeqte1y
lst line
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CUTIV INEX 'I IA MJOSHS ON TH EVATION
OF CAINC RISK OF CHCA 'I MA

Nus under 1ined indicate vo1ur, and mmibers in i ta1ics indicate
page. References ta corrigenda are given in paentheses.

Acetade
Acridine orange

Acrif1avinium ch10ride
Actinancins
Adiarcin
Af1atoxins

7-,197
16,145

13 ,31

10,29
10,43

1,145 (corr. 7.-,319)

(corr. 8,349)

Aldrin
Amanth
5-Amoacenphthene
para-Amoazobezene
ortho-Amoazoto1uene
para-Amobezoic acid
4-Amobipheny1
2-Amo-5- (5-nitro-2-fu1) -1,3, 4-tl1iadiazo1e
4-Amo- 2-nitropheno1
Ar tr1e
Anesthetics, volatile
Anthani1ic acid
Aniline
Apho1ate

Aram te (R)

Arsenic an inorganic arsec caunds
Arsenic (inorganc)
Arsenic Petaxide
Arsenc trioxide
Calcium arsente

Cacium arsete

Potasium arsete

10,51

5,25
8,41

16,243

8,53

!i,61
16,249

l-, 74
7,143

16,43

7,31

11,285

16,265

4,27

2.,31
5,39
2,48

(carr. 11,295)

(corr. 10,343)

(corr. 2,320)
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Potassium arsei te

Scxium arsente

Scxium arsei te

Asbestos ~,17 (corr . 2,319)
14 (corr . 15 ,341)

Arsite
Anthophy11ite

Chsotile
Crocido1ite

Aurame 1,69 (corr . 2,319)
Aurothog1ucose 13,39

Azaserine 10 , 73

Aziridie 2.,37
2- (1-Aziridiny1) etho1 9,47

Aziridy1 bezoqinone 2.,51
Azobezene .!, 75
Bez (c J acridine 3,241

Benz (a J anthacene l,45
Bezene 2,203 (corr. 11,295)

Bezidie 1,80

Bezo L b J f1uoranthene l,69
Bezo (j J f1uoranthene l,82
Benzo (a Jpyene l,91
Bezo( e J pyene l, 13 7

Bezy1 ch10ride 11,217 (corr . 13,243)

Bezy1 violet 4B 16,153

Beryllium an be11ium caun 1,17

Bel ore

Bellium oxide

Beryllium phosphate

Beryllium su1phate

BHC (technica1 grades) 5,47

Bis (1 -aziridiy1)norpho1inophosphine su1phide 9,55
Bis (2-choroethy1) ether 9,117
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N ~ N-Bis (2-choroethy1) - 2-naphthy1ame

l, 2-Bis (chloranthoxy) ethe
l, 4-Bis (choranthoxythy1) bezene
Bis (ch10raæthy1) ether
Blue VR
Bri11iant b1ue FC diamniinn an discxiur sa1 ts
1,4-Butaedio1 dimthesu1phonate
ß-Butyrolactone
y-Butyo1actone
Cadnum and cadnum cas

Cadnur acetate
Cadnum caboate

Cadnum ch10ride
Cadnum oxide
Cadnum paer

Cadmum su1phate

Caum su1phide
Cathidin
Caba1
Cabon tetrach10ride
Caisine
Catecho1

Chorarci1
Ch10ramhenico1

Chorinted dibzcxioxis

Ch10i:dinone acetate
Ch10robezi1ate
Ch10rofonn

Chloranthy 1 :ithy 1 ether
Ch10ropropha
Ch10roqe
para-coro-ortho-to1uidine (hydroc10ride)

Cholesterol

4,119
15,31

15,37
4,231 (carr. 13,243)

16,163

16 , 1 71

4,247

11,225

11,231

2,74

11,39

10, 79

12 ,37

l,53
8,83

15 ,155

2-,125
10 ,85

15,41

6,149

5,75
1,61

4,239

12 , 55

13 ,47

16,277

10,99
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Chanum and inorganic chanum caun
Baium chrante

Calcium chrante

Chanc chrante
Chanc oxide
Chanum acetate
Chanum cabonate
Chanum dioxide
Chanum phosphate
Chanum trioxide
Iead chante
Potassium chante
Potassium dichante

Scium chrante

Scium dichante

Strontium chante
Zinc chrante hydroxide

Chsene
Chsoidie
C. 1. DiSPese Ye11aw 3

Cin 1 anthani1ate
Ci trs Re No. 2
CopPe 8-hydroxyquo1ine
Coumin
Cycasin

2,100

Cyc1ocorotine
Cyc10phosphade
2, 4-D an esters
D & C Red No. 9

3,159

!i,91

!i,97
16,287

!i, 101
15,103

10 ,113

l-,157 (carr. 2,319)

10,121

10 , 139

9,135
15 ,111

!i, 1 07
10,145

~,83 (corr. 7,320)

Daunancin
DDT an associate sustaces

DDD (IDE)

DDE
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Diacety1amoaoto1uene
N 3 N' -Diacety 1bzidine

Dia11ate
2,4-Diaoaiso1e (su1phate)
4,4' -Diamcxipheny1 ether
1,2-Diamo-4-nitrobezene
1,4-Diamo-2-nitrobzene
2, 6-Diamo- 3- (pheny1azo) pyidi.'1e (hydroc10ride)

2,4-Diamoto1uene
2,5-Diamoto1uene (su1phate)
Diazepa
Diazanthe
Dibz(a3 h)acridine
Dibz (a3 j) acridie
Dibz(a3 h)anthacee
7H-Dibzo( c 3 g ) cabazo1e
Dibzo(h3 rst )petaphene
Dibzo( a3 e )pyene
Dibzo( a3 h) pyene
Dibzo (a3 i )pyene
Dibzo(a3 L )pyene

l, 2-Dibræn 3-choroprope
ortho-Dichorobzene
para-Dichorabzene
3,3' -Dichorobzidine
trans- l, 4-Dichorotee
3,3' -Dichoro-4, 4 '-damodphey1 ether
Die1drin
Diepoxybutae
1,2-Diethylhydrazine
Diethylstilbstrol
Diethy1 su1phte
Dig1ycidy1 resrcin1 eter

Dihydosaro1e

!!,113
16,293

12,69

16,51

16,301

16 ,63

16 , 73

!!, 11 7

16 , 83

16,97

13 , 57

7.-,223

2,247
2,254
2,178
2,260
2,197
2,201
2,207
2,215
2,224

15,139

7.-,231

l,231
!,49

15,149

16,309

5,125

11,115

!,153
~,55

!,277
11,125

1,170
10,233
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Dihydroxybezenes
Dimthisterone
Dimthoxae
3,3' -Dimthoxyzidine (o-Diasidine)
para-Dimthy 1amoazobezene
para-Dimthy 1amobezenedazo scium su1phonate
trans-2 ( (Dimthy1amo) methy1imo) -5- (2- (5-nitro-

2-fur1) viny1) - 1,3, 4-oxadiazo1e
3,3' -Dimthy1bzidine (o-To1idine)

Dimthy1cabay1 chloride
1,1 -Dimthylhydrazine
1,2-Dimthylhydrazine
Dimthy 1 su1phate

Dinitrosopetathy1enetetrame
1,4-Dioxae
2,4' -Dipheny1diame
Disu1firam
Di thano1
Du1cin

Endrin
Eosin (disodum salt)

Epich10rohydrin
1 -Epxyethy 1- 3, 4-epoxycyc10hexe

3, 4-Epxy-6-:ithy 1cyc10he l:thy1 - 3, 4-e-
6-methy1cyc10hexe caboxylate

cis-9,10-Epxysteaic acid

Ethiny1oestradio1
Etionade
Etylene dibrande

Ethylene oxide

Ethylene su1phide

Ethy1enethiouea
Ety1 :ithesu1phonate
Ethy1 se1enc
Ety1 te11urac

394

15, 155

~,167

15,177

!,41
!i,125

!i,147

2,147
1,87

12,77

!,137
!,145 (carr. 2,320)

!,271
11,241

11, 247

16,313

12,85

13 , 75

12,97

5,157
15 , 183

11,131

11, 141

11,147

11,153

~,77
13,83

15 ,195

11,157

11,257

2,45
2,245

12,107

12 , 115



Etyncxio1 diacetate ~, 1 73

Evans b1ue ~,151

Fast gree FCP 16 187-'
Ferba 12 , 121 (corr . 13,243)
2- (2-Forrlhydrazino) -4- (5-nitro-2-fur1) thiazo1e 2,151 (corr . 11,295)
Fusarenon-X 11, 169

G1ycida1dehyde 11, 175

G1 ycidy 1 oleate 11 , 183

G1ycidy1 steaate 11,187
Griseofu1 vin 10,153
Guinea gree B 16,199
Haertite l-,29
Heptach10r ( epxide) ~, 173

Hexamthy1phosphoramde 15,211
Hycathne (ræy1ate) 13,91

Hydrazine !,127
Hydroqone 15 ,155

4-Hydroxyazobezene 8,157
8-Hydoxyguo1ine 13,101
Hydoxysenirkie 10,265
Indeno (l, 2, 3-cdJ pyene 1,229
Iron-dexan ca1ex ?:,161

Iron-dexin ca1ex ?:,161 (corr . 7,319)
Iron oxide 1,29
Iron sorbitol -citric acid ca1ex '5,161
Isatidine 10,269
Isonicotinic acid hydrazide !,159
Isosaro1e 1,169

10,232
Isopropy1 a1coho1 15,223
Isopropy1 oi1s 15,223
Jacoine 10,275
Iasiocine 10,281

Led sats 1,40 (corr . 7,319)

(corr . 8,349)
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Led acetate
Led arsete

Led cabonate
Led phosphte

Led sucetate
Leate 12 , 131

Light gree SF 16,209

Lidae ~,47

Luteoskyin 10,16.3

Magenta !,57 (corr . 1-,320)

Ma1eic hydrazide !, 173

Maeb 12,137

Maantine (diydroc10ride) 'l,157
Mephala 'l,167
Meoxyrogesterone acetate ~,157

Melphlan 'l,167

Meha1an 'l,167
Mestranl ~,87

Methoxych10r 5,193

2-Methy 1aziridine 'l,61
Methy1azoxytho1 acetate l,164

10 , 131

Methy1 carbate 12,151

N-Methy 1 -N, 4-dintrosoai1ine 1,141

4,4' -Methylene bis (2-choroai1ine) !,65
4,4' -Methylene bis (2-methy1ani1ine) !,73
4,4' -Methy 1enedia1ine !, 79 (corr . 1,320)
Methy1 icxide 15,245

Methy1 :ithesu1phoate 2,253
N-Methy1 -N' -nitro-N-nitrosogidie !,183
Methy1 red ~,161

Methy1 se1enac 12,161

Methy1thouaci1 l,53
Metrondao1e 13,113
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Miex 5,203
Mitancin C 10 ,1 71
Monocrot1ine 10,291
Monuron 12,167
5- (Morpho1inanthy 1) -3- ( (5-ni trofurur 1idene) -

amo J - 2-oxazo1idinone
2-, 1 61

Muta gas
2.,181 (corr . 13,243)

1 -Naphthy1ame 4,87 (corr . ~,349)
2-Naphthy lae !,97
Native caragees 10,181 (corr . 11,295)
Nickel and nickel ca

2:,126 (corr . 'l,319)
11, 75

Nickel acetate

Nickel cabonate
Nickel cabony1
Nicke10cene

Nickel oxide

Nickel pcer
Nickel susu1phide
Nickel su1phate

Niridazo1e 13,123
5-Nitroacenaphthene 16,319
4-Nitrobipheny1

!,113
5-Nitro- 2-fura1dehyde secarbazone

'l,171
1 ( (5-Ni trofurfur1idene) amo) - 2- imdazo1idinone

'l,181
N-( 4- (5-Nitro-2-fur1) -2-thiazo1y1Jacetade 1,181

'l,185
Nitrogen musta (hyoc10ride) 2.,193
Nitrogen mustad N-oxide (hydroc10ride)

2.,209
N-Nitrosoi -n-buty1ame

!,197
N-Nitrosoiethy1ame 1,107 (corr . 11,295)
N-Nitrosothy lame 1,95
N-Nitrsothy1urea 1,135
N-Nitrosathy1urea 1,125
N-NitrsoN-mthy1urethe

!,211
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Potassium bis (2-hydroxyethy1) dithiocbate

Progesterone
Proneta101 hydrocoride

6,179
6,191

§.,201

10 ,191

§.,99

2.,217
6,117

6,123
~,165

8,173
~,181

13,58

13,131

13 , 185

10,199

10,205

10,211

13 , 141

12 ,1 77

13,157

13,159

9,223

13,183

16 ,111

16,125

16,325

13,201

13 , 202

7...261
~,189
~,199
~, 207

12,183
§., 135

13,227 (corr. 16,387)

Norethsterone (acetate)
Norethynode1
Norgestre1
Ochratoxin A
Oestradiol - 17 ß

Oestradiol mustad
Oestriol
Oestrone
Oi1 Orange SS

Orange L

Orange G

OXzePa
OXth010ne
Oxhentazone
Parasorbic acid
Patu1in
Penici11ic acid

Phenacetin
Phenicabazide
Phenobabital
Phenobabital scxium

Phenoxybezame (hydroch10ride)
Phenylbtazone
meta- Pheny 1enediame (hydrocoride)

para-Phey1enediame (hydroc10ride)
N-Phey1 -2-naphthy1ame

Phenytin
Phenytin scxium

Po1ych10rinted bipheny1s

Ponceau MX

Ponceau 3R

Ponceau SX
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1,3- ProPae su1tone !,253 (corr . 13,243)
Proph 12 ,189

ß-Propio1actone !,259 (corr . 15 ,341 )

n-Propy1 cabate 12,201
Propy1ene oxide Il, 191

Propy1thouaci1 !-,67
Pyimthe 13,233
para-Qinone 15,255
Quintozene (Pentach10roni trobezene) ~,211
Reserine 10,217
Resorcinol 15,155
Retrorsine 10,303
Rhame B 16,221
Rhame 6G 16,233
Ridde11iine 10 ,313
Sacchated iron oxide ?:,161
Safro1e 1,169

10,231
Sca let red ~,217
Selenium and selenium caunds 2-,245
Saucabazide hydroc10ride 12 , 209 (corr . 16,387 )
Seneciphy11ine 10,319
Senirkie 10,327
ScÜ:nu diethy 1dithiocbate 12 ,21 7

Sot, tas and sha1e oi1s 3,22
Sterigrtocstin 1,175

10,245
Streptozotocin !,221
Styene oxide 11,201
Succinic anydride 15,265
Sudan L ~, 225
Sudan II ~,233
Sud III ~,241
Sud brCM RR ~, 249
Sud red 7B ~,253
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Sunset ye11aw FC
2,4,5,-T and esters

Tanic acid
Tanins
Tere po1ych10rintes (Strobae (R))
Testosterone

~, 257

15 , 273

10,253 (corr. 16(387)

10,254

5,219
~, 209

'¿,150

2,150

7.-, ? ?

16,343
7,85

2,95
12,225

16,349
11, 263

~,229
11,209

~,67
~,75
~,85
~,95

15,301

~,107
~,26?
~,235

2, 111

2,291
11, 27?

16,367
16,377
8,279

~,287
12,237

12,245

12,259

Tetraethy11ead
Tetramthy11ead
Thoacetade
4, 4 ' -Thiodiani1ine

Thiouraci1
Thiourea
Thiram

ortho-'I1uidine (hydrochloride)

Trich10roethy 1ene

Trich10rotriethy1ame hydroc10ride

Triethy1ene glycol dig1ycidy1 ether

Tris (aziridiy1) -para-bezoqone
Tris (1 -aziridiny1) phosphie oxide
Tris (1-aziridiny1)phospe su1phide

2,4, 6-Tris (1 -aziridiny1) -s-triazine
1,2, 3-Tris (ch10raæthoxy) propae
Tris (2-:ithy1 - 1 -aziridiny1) phosphine oxide

Tr b1ue
Uraci1 mustad
Urethe
Viny1 chloride

4-Viny1cyc10hexene

2,4- Xy1idie (hydrocoride)
2, 5- Xy 1idine (hydroc10ride)
Ye11aw AB

Ye11aw OB

Zectran
Zineb

Ziram
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