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mm 'I THE RFER

Th te 'cacinogenic risk' in th IA r.ogaph series is taen
te ne the probility tht exsure to th chemcal will lead te cacer

in hums.

lnclusion of a chca in th nnnogaphs do not iml y tht i t is
a cacinen, only tht th pulished data have be exed. Eqlly,
th fact tht a chemca ba Ilt yet be evuated in a nnnoaph does

not ne tht it is Ilt cacinogenic.

Anyone wh is awe of published data tht may alte the evalùation

of the cacinogenic risk of a chemcal for hmn is encouraged te mae

ths inoi:tion available te th Unt of Oical Cacinogenesis,

Intetiona Agency for Reeach on Cacer, I¥on, France, in order tht

th chemcal may be considered for revaluation by a futur WJrkig Grup.

Although evei effort is mae te prepae the nnnographs as accuately

as ¡:ssible, mistaes may oc. Reders ar reqested te cacate any
errors te th Unt of Chcal Cacinogenesis, so tht corrections ca be

re¡:rt in futur volurs.
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IA M:RAH PRC CN TH FNTloo OF TH
CAINo:IC RISK OF CHCA 'I HUS

PRLE

BAGR
In 1971, the International Agecy for Reseadi on Cacer (IA)

intiate a progam on the evaluation of th carcinognic risk of
diemcals te hums cetred on th prouction of criticaly evaluate
nnnogaphs on indi vidul chcals. Since 1972, th proam has under-

gone considerable exion, primily with th scientific collarration

an fincial support of the US National Cacer Institute.

The criteria estalished in 1971 te evaluate the cacinogenic risk

of chcals te hums were adopte in essece by all th working groups

whose delibeations resulte in th first 16 voli.s of the IARC Monograph

series. In ~teber 1977, a joint !AjWO ad hoc WJrking Group net te

reevauate thse gudig criteria; tliis preale reflects the results of
their delibations 1 .

OBJ AN SCOPE

Th objective of th nnnograph progai is te collect all available

relevant exriItal an epidanologica data arut grups of diemcals

te whdi hum are know to be expse, te evaluate thse data in tenn
of hum risk wi th the help of interntional 'Yrking grups of exrt
in chancal cacinogensis an relate fields, an te publish and dissem-

nate th conclusions of those WJrking grups as a series of nnnogaphs.

Th critica evaluations of exrintal data given in the se nnno-

graphs are inteded te assist national an international authrities in

fonmating decisions concerning prevetive nesues. Th WHO publications

on foo additives 
2 , drgs3, pesticides and contamts4 and occutional

cacinogss are parcularly inoi:tive.
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Since the progaI began in 1971, 17 vol"ls have been published6-22

in the IARC Monograph series, an 380 sepaate chemcals have be evalu-

ate (see culative index to the nnnogaphs, p. 353). Each vol"l is

printed in 4000 coies and distributed via th World Health Organization

(WHO) publications service (se inside covers for a listing of !A publi-

cations and back outside cover fòr distribution an sales servces) .

Th IARC Monographs are recoized as an authoritative source of

infoi:tion on the cacinogenicity of environrta chemcals. The first
users 1 surey, made in 1976, indicates that the m::mogaphs are consulted

routinely by various agencies in 24 countries.

SEIION OF CHCA FOR IDffRAHS

The chemcals (natura! an synthetic, nuxtures and maufacturing

procsses) are selected for evaluation on the basis of tw main criteria:
(1) there is evidence of hum expsure, and (2) there is sar exrirntal

evidence of cacincxenicity and/or there is sar evidence or suspicion of

a risk ta hums. Inciusion of a chemicai in a voiume does not impiy that

the chemicai is carcinogenic~ oniy that the pubiished data have been

examined. The evaiuations must be consuited to ascertain the conciusions
of the Working Croup. Equaiiy~ the fact that a chemicai has not appeared

&n a monograph does not mean that the chemicai is not carcinogenic.

The scientific Ii terature is moni tored for published data relevant

to the nnnogaph prcxraI. Addi tionall y, the !A Sury of Chemcals
Being Tested for Cacincxenicity2 3-29 often indicates those chemcals
that are to be scheduled for future rretings. The major aim of the
surey are ta prevent unecessar duplication of research, to increase
conmication amng scientists, and to mae a census of chemcals that
are being tested and of available research facili ties.

When new, relevant inforrtion becorrs available ooncerning a

chemcal (s) which has already been evaluated, or when new princip les for

evaluating carcincxenic risk receive acceptace, reevaluations may be made

at subseqent rretings, and a moncxraph (s) may be revised and published.
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WJ~ PRO
Aproxitel y on year in adce of a 'Yrkin grup iætig, a list

of ~ subtace te be oonside is prep by !A in consultation
with ~r exrt. Sutly, all relevat biologcal data ar

oollec by!A; in ths cote, us Pulic Heth Sece Pulication

No. 14930-.35 ha be paculy valuale an ha be us in oonjunc-

tion with oth recze sources of inonntion on chca cacin
gensis. Th major effort in th collecion of data and the prepaation

of first drafts for th seons on chcal and physica proies, on
prouction, us am oce an on anlysis is ma by SRI Intetiona
urer a sepaate contrct wi th th US National Cace Inti tute. MJst of

the data they prode on prouction, us an ocence oonce th Unte
States an Japa; SRI and IA tr te supleit ths inoi:tion with

tht fran other sources in Eu. Inrtt bibliogaphical sources for

mutageicity an teatoencity data are th Environital Mutagen Infor-

national Cete and th Environital Teratelog Infoi:tion Ceter, bath
locte at the ca Ridge Nationa Laratoi:, USA.

Six te nine nnnth before th neting, reprints of aricles oontain-

ing relevat biological data are set te an ext (s), or are used by

th !A staff, for th prepaation of first drafts of th nnnogaphs.

Thes drafts are ed te by IA staff an are set prior te the neting

te all paicipats of the WJrkin Group for their cots. Th Working
Group th ræets in Lyon for seven te eight days te discuss an finize

th te of th nnnoaphs an to fonrlate the evaluations. After th

neting, th maste cc of eadi nn~Jraph is verified by consulting th
original literatur, thn edte an prepaed for reproduction. The

nnnogaphs app in print within six IOths after adjourt of the

Working Group metin.

DATA FOR EVAlTION

With regar te biological data, generally only reprts tht have been

publishe or acæpte for publication are reviewe by th workin grups.
Th nnnogaphs do not ci te aIl of the literature on a paricuar chencal:

13



only thse data considered by th Ý'brkig Grup te be relevat te th

evaluation of th cacinoenic risk of the chcal te hums are included.

Anyone who is awae of data that have ben published or are in press

whch are relevt te the evaluations of th cacinogenic risk te hums
of chemcals for whdi nnnogaphs have appared is urged te mae th
available to the Unt of Chca Cacinogenesis, Interntiona Agency

for Resech on Cace, Lyon, Frane.

TH V\RK GRO

Duing a ræting the tasks of th Ý'brking Group are generally fivefold:

(1) te confirm tht aIl relevant published data are incluied; (2) te

ensur tht the suries of data enale the reader te follCM th reasonig

of the ccmtte¡ (3) to judge the signficance of th exprirtal and
epideiological resul ts ¡ (4) te select and SUize the data on whidi to
base an evaluation; and (5) te fornlate an evauation of th cacinogenc
risk of th dieical.

Working Group paricipants who contributed te the consideration an

evaluation of chemcals withn a paicular volui are liste, with their

addresses, at the beginning of each publication (see p. 3). Each nar

serves as an indi vidual scientist an Ilt as a representati ve of any

organization or govei:t. In addition, observers are often invite

from national and interntional agencies, organzations and industries.

GE PRIIPLF FOR EVTIN TH CAINC RISK OF CHCA

The widel y accepted neg of th term 'chca cacinogenesis',

and tht used in these nnnographs, is the induction by diemcals of

neoplasm tht are not usually observed, the earlier inuction by chemcals
of neoplasm tht are usually observ, and/or th induction by chemcals

of nnre neoplasms th are usual1y foun, although fuartally different

rransm rry be involved in these thee phenorna. Etylogicaly, the
ter 1 cacinogenesis 1 nes the induction of cacer, tht is, of rrlignt

neolasm; hCMever, th conly accepte neing is the induction of
vaious typs of riplasm or of a cointion of maignt an begn tUIurS.
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Wi th the rrnoaphs, the word 'tuiur' an nelasr' ar us inte-

digeal Y (ln scentific Ii terature th te 'tumige', 'oncoen '
an 'blasto' have aIl be us syusly with 'cacinogen',

althugh ocsionaly 'tuig~' ha be us spcificaly te denote
the inuction of begn tururs).

The tenu 'cacinogenic risk' in this IARC Monograph series is taen

te ne the probaility tht exsur te th chemcal will lead te cance

in hrns.

Exrintal Evidee

Qualitative aspects

Both the interpretation an evaluation of a parcular stud as weIl
as th overall assesSIt of the carcinogenic acti vity of a chcal
involve seveal qulitatively imrtt considerations, includng:

(1) the exrinta condtions uner whidi th chemcal was teste,

includig route of admstration an exure, s¡;cies, strain, sex, age,
etc. ¡ (2) the consistency with whdi the chemca has be shaw te be
cacinc, e.g., in hc rry spies an at whch tuur sites (s) ¡

(3) the spetr of neolastic respnse, fro beign nelasia te multiple
malignt tururs (this consideration warrants spcial attetion) ¡
(4) the stage of turur fonntion in whch a chemcal may be involved:

SO chemcals act as cælete cacinogens an have intiating and prart-
ing activity, whle others are prarrs only¡ an 5) the possible role
of m:ifying agents.

Ma chemcas induc lx:rt:h begn an malignt tturs ¡ few insta-

ces are recorde in whch only benign neplasr are induce by diemcals
tht have be studied exsi vely . Begn tUlur may represet a stage

in the evolution of a malignant neplas or thy may be 'end-points'

whdi do not real y unergo tranition te malignt nelasr. If a

substace is foun to induce onl y beign neplasr in exprintal ans,

the chcal shul be sued of being a cacinoen an reqires fuer
investigation.
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Ho:mona i carcinogenesis

Honrnal cacinensis presets cein distictive featurs: the

chcals involve oc roth naturally an exenously; in nnst intaces,
long exsure is reed; tus oc in the taget issue in association
with a stimation of non-nelatic gr, but in sa cases, honrnes

pi:te th proliferation of tuur cel1s in a taget organ. Honrnes

tht occu in excesive anunts, honrne-nutic agents an agents tht

caus hypactivity or i.lance in th enocine syste may rere eval-

uative nethods caable with those us te identi:f checal cacinogen;

paricular enhasis rrt be laid on qutitative aspes and durtion of

exsure. Sa chcal cacinogen have signficat side effects on th
endocrin syste, whch may also result in honrnal cacinogenesis. Sy-
thtic honrnes an anti -honrnes ca be exed te possess other phar-

macological an texicological actions in adtion te those on the endocrine

system, an ln ths respt they nut be treated like any other chemcal

with regard te intrinsic cacinogenc potential.

Quanti tative aspects

I:se-respons studies ar i.rtt in th evaluation of carcino-

genesis: the confidence with whch a cacinoenc effect ca be estalished
is strengtened by the observation of an increasing incidence of neoplasm

with increasing exsure.

The assessrt of cacinogenicity in anIs is freqently calicated

by reogized differences arng the test animIs (speies, strain, sex, age),
in route (s) of admstration an in dose/duration of expsure; often,
taget organ at whidi a cacer occus and its histelogica typ may var

with these conditions. Nevertless, inces of cacinogenic potecy in
paricular expr.intal syste (for instance, the dose-rate reqired under

continuous expsure te hal ve the probaili ty of the animIs remnig
tur less 3 6) have l:en formlated in the hope tht, at least arng categories

of fair 1 y sinlar agents, such indices may be of sone prective value in
other system, includig hums.

Chcal cacinogen differ widely in the dose reqre te produce a
gi ve level of tmrur inuction, al though may of them shae COn
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biologica proes whch inlud netalism te reactive (electro
philic 37 - 3 9) intenriates capale of interacting with DN. 'Ie reaon
for ths vaiation in dose-res is Ilt midersto but may be due either

te differces withn a cxn ætalic pross or to the opation of

qualitatively distinct nehasm.

Statistical analysis of animal studies

Tus whch 'Yuld have arise had an anl Ii ve longer may not
be obsrved beus of the deth of th an frc unelated causes, an

proper allowce nut be made for ths possibility. Various analytical

teiqæs have be develope whdi use th assuition of independence

of coting risks te allci for th effects of intercuret nnrtli ty on
th finl numrs of tuur-being anIs in paicuar treatint groups.

For exrnlly visible tuurs and for neoplasm tht cause death,

æth such as Kalan-Ivier (i. e., , Ii fe-tale " 'product-lim t'or

, actuaial ') estimtes 3 6, wi th assoiate signficace tests 4 0 , 4 1, are
reced .

For internI neoplasm whch are discovered 'incidentally' 40 at
autepsy but whch did net caus th death of the host, different estirtes42

and signficace tests 4 0 , 4 1 may be necessar for the uniased study of the
numrs of t1.ur-being anIs.

AlI of thse æthods 3 6 , 4 0 , 4 1 , 4 2 ca be us te anlyse th numrs
of anIs bearing paicuar t1.ur tys, but thy do not distingush

betw anIs wi th one or may such t1.urs. ln expriints which end
at a paicular fixed ti with th simtaus sacrifice of may animIs,

anlysis of th tetal mmirs of internI neoplas per animl found at

autepsy at the en of th exrint is straightfoi:rd. HClever, there

ar no adeqte statistical æthod for anlysing the numrs of paicular
neoplasm tht kill an anl hosto

There are problem not only of differential surival but of differen-

tial texici ty, which may æ rnfested by uneql gr and weight gain
in trte an control anIs. Thse c:lexi ties should also be considered

in the interpretation of data, or, bet.ter, in the exrintal design.
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Evidence of cacincity in Hu

Evidence of cacinencity in hums ca be derived fran thee tys

of study, the first tw of whch usually provde only suggestive evidence:

(1) reports concerng invidual car patients (cae reports), includg
a histei: of exsure te th supose cacinc agent; (2) descriptive
epidemological stues in whch th incidence of cacer in hum popula-

tions is found te va (sptially or terally) with exsure te th
agent); an (3) anlytical epideological studes (e.g., case-control
or cohort studies) in whch invidual exsure te the agent is found te
be assoiated wi th an increase risk of cacer.

An anlytical study tht shc a positive assoiation betw an
agent an a cacer may be intei:reted as inlying causlity te a greater

or lesser exent, if the follawg criteria ar irt: (1) 'lere is no

identifiable positive bias (By 'positive bias' is net the operation of
facters in study design or extion whch lead erroneously to a nnre

strongly positive association betv an agent and disease th in fact
exsts. Exles of positive bias include, in cae-control studes, nnre
nealy cclete ascrtinit of exsure te the agent in cass th in

controls an, in cort studes, nnre nely colete detetion of cancer

in indi viduals exsed te th agent th in indi viduals Ilt expsed).
(2) Th posibility of positive confoudig bas ben considered (By 'posi-

tive confounng' is net a sitution in whch th relationship betwee

an agent an a disease is rendered nnre strongly posi ti ve th it trly

is as a result of an association betv tht agent and anther agent
whch eithr causs or prevets th disease. An exle of positive
confoung is th association betv coffee constmtion and lung cacer,

whch results fro thir joint assoiation with cigarette snking).

(3) Th association is unikely te be due te chce alone. (4) The asso-

ciation is strong. (5) 'lre is a dose-resnse relationship.

ln sa instaces, a single epidemological stud may be strongly

incative of a caus-effect relationship, howver, the Irst convincing

evdence of causality cos when several indepeent studes done under

different circutaces result in 'positive' findgs.
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Anlytcal epidemological studes tht sho no association betw an
agent an a cacer (' negati ve' studes) shuld be interete accrdig
te criteia anlogous te those liste abve: (1) The is no identifiable
negative bias. (2) Th possibility of netive confoundig ha be
considered. (3) Th posible effects of TIsclassification of exsure or
outc have be considered.

ln addtion, it nut be reczed tht in any stud thre are

confidence lints arund th estite of assoiation or relative risk.

In a study regarded as 'neative', th upper confidence lint may inicate

a relative risk substatially greater th unty¡ in tht case, the study
excludes only relative risks tht are ab ths upr lint. This usually

nes tht a 'neati ve' study nut be large te be convincing. Confidence

in a 'negative' result is increased when severalindepeent studes
caried out uner different circutaces are in agrt.

Finlly, a 'neative' stud may be cosidere te be relevant only te

dose levels wi thn or belCM th range of thse obser in the study and

is peent only if sufficient li has elase since first hun exsur
te the aget. Exrience with hum cacers of kn etiolog suggests

tht the period fra first exsure te a diemcal cacin te developt
of clincally obsered cace is usual1y neured in decades and may be in

excess of 30 years.

Exrirtal Data Relevant te th Evuation of Cacinogenc Risk te Hu
No adeqte criteia are presetly available te interpret exrirta

cacinencity data direcly in tenu of cacinogc potetial for hum.
Nonethless, utilizing data collect from appropriate tests in anIs,
poitive exapolations te possible hum risk ca reasonaly be aproxite.

Infoi:tion cailed fra the first 17 voluis of th Mo nographs4 3-4 5
sho tht of abut 26 chercals or maufacturing procsses now generally

accepte te cause ca in hum, all but possibly tw (arsenc and
bezen) of thse whch have be teste appropriately produce cacer in
at least one anl spcies. For several (aflatexi, 4-amobipheyl,
diethylstilbstrl, nelphalan, nutad gas an vinyl diloride), evidence
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of cacinogcity in exiItal ans pre evde cbta
fra epidemologica studes or ca rert.

In geral, th evde tht a chca proces ttur in exri-
neta ans is of tw des: (1) sufficient evidenee of cacincity
is incate by th prodcton of magnt tturs; an (2) Zimited

evidence of cacincity reflec th quitative and/or qutitative

lintations of th exintal reults.
For may of th chcals evuate in th first 17 voluis of the

IARC Monographs for whdi th is sufficient evidence of cacincity

in anls, data relatig te caciienci ty for hur ar ei thr in-

ficient or nonestet. In th abce of adeqte data on hums, i t is

renale te rear for practca puses sudi diemcas as if thy \Ve

cacinenc te hu.
Sufficient evidence of cacincity is proided by exrita

studes tht sh an increa incide of rnignt tururs: (a) in
nntiple spies or strai,' an/or (b) in nntiple exints (routes
an/or doses), an/or (c) te an unusual de (with rear te incidence,
site, ty an/or preity of ont). Mdtiona evidence may be proided

by data concrng dose-resp, mugencity or strctur.
In th preset state of k:ledge, it 'Yuld be difficut te defin a

prectle relationsp be1: th dose (nq/kg l:/day) of a pacu
chcal reed te prouce ca intest an an th dose whdi
wo prouce a simlar inciden of car in hur. 'Ie avalable data
sugges.t, hove, tht sudi a relationsp may exst46, at leat for ce
clases of cacienc chca. Data tht prode suffiaient evidenae
of cacinenci ty in tet a:ls may thefore be us in an approxite

qutitative evauation of th hum risk at so gi ve exure level,
provide tht th nature of th chcal conceed an th physioloca,
phacologica an texicologica differens be1: th tet ans an

hums are ta inte accunt. Hcve, no acceptale neth are cuently

avaIale for qutifying th possible errs in sudi a pro, wheth
it is us te geeralize be1: spies or te exaplate fran high te low

doses. Th nethodolog for sudi qutitative exaplation te hur

reqres fur developt.
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Evidence for th cainogencity of sa chemcals in exrinta

anls may be lite for tw rens. Firstly, ~intal data may be

restrict te such a ¡:int tht it is Ilt ¡:ssible te dete a causal
relationsp betw adstration of a chemcal an the developt of a

parcuar les ion in th anls. Sendy, thre are ce nela,
includig lung tis an hepata in mice, whch have be considered of

lesser signficace th neplas occuing at other sites for the purse
of evaluating th cacinenic risk of chcals te hmn. Such ttnurs
oc spntaeously in high incidence in thse anims, and their rnligncy
is ofte difficut te estalish. An evaluation of the signficace of these

tuurs fol1owng adstration of a chemcal is the res¡:nsibility of th
paricuar Workig Gr prepaing the in vidua nnnogaph, and it has Ilt
be possible te set do rigid gudelines; the relevace of these turs

mut be detered by considerations whch include exrinta design and

canleteness of reporting.

Sa chcas for whch thre 1S Hmi ted evidence of cacinenicity
in ans have also be studied in hum wi th, in general, inconclusi ve
resuts. Whle sudi chcals may indee be cacinogenic te hum, nnre

exrintal and epidemologica investigation is reqred.

Hence, 'sufficient evidence' of cacinenicity and 'limited evidence'

of cacinogenicity do not incate categories of chemcals: the inerent
defintions of those te indicate varing des of exrita evidence,
whdi may chge if an wh ne data on the chemcas be avlable.

'I ma drawck te any rigid classification of chemcals with regard te
thir cacinenc capacity is th as yet incalete knCMledge of the

rnsm (s) of cacinogensis.
In recent yeas, seeral short-te tests for the detection of pote-

tial cacinogens have be develope. t.v onl y inadeqte expintal

data are avalable, positive resuts in validated short-tenu tests (see

p. 25) are an incation tht the c:un is a potential cacinen and
tht it should be teste in anIs for an assessnnt of its cacinogencity.

Neative results fran short-tenu tests ænt be considered sufficient

evidence te rue out cacinogencity. t"lther short-tenn tests will
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eventually attain a stature simlar te tht of long-tei: tests' in predct-

ing cacinogci ty in htm will deped on fur d.nstrations of

consistecy with long-term exriInts an with data fran hmn.

EXIATORY NO ON TH M:H CXS
Chemca and Physical Data (section 1)

The Chemcal Abtract Sece Reistr Nu an th latest Clemcal

Abstracts Prin Na ( 9th Collective Inex) are recrded in setion 1.
Oter syonym an trade nas are gi ve, but ths list is often net
corehensive. Fuer, so of the trade nas are those of nuurs
in whch the cnun being evaluated is onl y one of the ingredients.

The strctural an nnlecar forilae, nnlecar weight and chemcal

and physical properties are given. Th properties liste refer te the pure

substace, unless other:se speified, and include, in paicuar, data tht

might be relevant te cacinogencity (for e.le, lipid solubility) and

those tht concern identification. A sepaate description of th casition

of teccal products includes available infoi:tion on inuri ties and

forilate products.

Prouction, Use, CXcuence an Arlysis (Setion 2)

The purse of section 2 is to pravide indications of the extent of
past and present hin expsure te this chemcal.

Synthesis

Since cacer is a delayed toxic effect, th dates of first synthesis

and of first carrcial production of th checal are pravided. In
addition, irthods of synthsis us in past and preset cOIrcial produc-
tion are describd. This informtion allow a reasonable estirte to be

made of the tin before whch no hin expsure could have occued.

Production

Since Euop, Japa and the United States are reasonaly representative
industrialized areas of the \\rld, nnst data on production, foreign trade

and uss are obtained from those countries. It should not, howver, be
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infered tht thse nations ar ~ sole or ev th major soces of

usrs of any in vidual cica.

Pruction an foreig trde data ar obtned fra bath goverrtal
and trade publications by chca ecnats in the thee gehica
ar. ln sa cass, sepate proucon data on orgac chcals nau-

factued in th Unte States ar ne avalable becaus thir pulication

could disclose confidential inoi:tion. In sudi caes, an indcation of

the mi quti ty prouce ca be obta fra ~ num of a:ies
reporting cacial production. Each ooy is reqre te rert on

in vidual cicas if th sales value or the weight of th anua prouc-

tion of a diemcal exæe a spcified mi level. 'Ise levels va

for chemcals classified for different uses, e.g., nedicinls, plastics;

hover, the mini anual sales vaue is betw $1000 an $50,000 and

the mil anual weight of production is be~n 450 an 22,700 kg.

Data on production in sar Euopan countries are obtaid by ne of

general questionnres set te cxanes thought te pi:uc the caun
being evaluate. Infonntion fr the cxlete qustionnres is coiled

by countr, and th resulting estites of prouction are includ in th

in vidual nnnographs.

Use

Infoi:tion on uss is net te se as a gude onl Y an is not

colete. It is usually obtaed fra pulishe data bu is ofte cxle-

nete by diret contact wi th naufacturers of the diemca. In the ca
of drgs, netion of their theraputic uses dos ne nessarily represet
cuent practce Ilr dos it iily judgaæt as te their clinca efficacy.

Statets concerng regations and stads (e. g., peticide
registrations, ma levels pei: tte in foo, octional stadads
an allCMle liits) in spifie cotries ar netioned as exles only.

They may not reflec th nnst rect situation, since such legislation is

in a constat state of dige; Ilr should it be ta te inly tht otber

countries do Ilt have siilar reations.
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Occurrence

Inonntion on th oc of a chcal in th enirt is
obta fra published data, inludg tht deive fr th nntering

and surilla of levels of th chcal in oction environits, air,
wate, soil, foo an tissues of ans an hmn. Wh avalable,
data on the geration, persistece an bioation of a diemcal are
also included.

Anaiysis

Th purse of th setion on anysis is te gi ve the reder an indi-
cation, rathr th a calete review, of neth cite in th literature.
No attet is made te evaluate criticaly or te re any of the nethod.
Biological Data Relevat te the Evluation of Cacinoc Risk te Hu
(Setion 3)

In general, the data rerde in secion 3 ar sumized as gi ve by
th authr¡ hover, certin shortcags of rertng, of statistica
anlysis or of exrintal deign ar a:te up by the ~rking Grup

in sq brackets. '1 nature an ext of inurities/contats in

th diemcals being teste ar gi ve men available.

Carcinogenicity an reiated studies in animais

Th nnnoaphs are Ilt inteed te cor aIl rert studes. Sa

studes are pursely _antte (1) beus thy are indate, as judged

fra previously describ criteia47-SO (e.g., to shrt a dution, to

few anls, por surival) ¡ (2) beus they only confinn finngs tht

have aidy be fully describ¡ or (3) becaus thy ar judge irrle-
vant for the purse of th evaluation. In ce cas, l1r, suc
studes are netioned briefly, pacularl y wh th inoi:tion is consi-

dered te be a usful suplert te oter report or wh it is the only

data available. Thir inclusion dos Ilt, hor, irl Y acctace of

th adeqcy of thir exriIntal design an/or of th anlysis an

interpretation of thir results.

~ntion is made of aIl rotes of adstration by whdi th CCun
ha be adeqtely teste an of all spies in whdi relevt tets ha
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be done 't'50. ln nnt caes, anl strain ar gi ven (general diac-

teristics of nnuse strais have ben review 51). Quti tati ve data are
given te incate th order of magntude of the effective cacinogenc

doses. ln general, th doses an schedules are incated as they appear

in th originl par¡ satins unts have be convert for easier

conarison. Exrinnts on th cacinogenci ty of know irtali tes,
chercal precusors, anloges and deri vati ves, and expirts on factors

tht m:ify the cacinogenc effect are also report.

Other reievant bioiogicai data

Iethlity data ar given wh available, an other data on toxicity

are included when considered relevant. Th netalic data are restricted

to studes tht show the irtalic fate of the chercal in anIs and
ni, and ccisons of data fran anls and hum are made when possible.

Infoi:tion is also given on absorption, distribution, excretion and pla-

cental transfer.

Embryotoxici ty and teratogenici ty

Data on teratoenicity fran studies in exriIntal ans and obser-
vations in hums are also included. Thre appes te be no necssar
causal relationship be~en teratoenci ty 52 and cacinogenici ty, but
chercals often have bJth proprties. Evdence of teratoenici ty suggests

tranplacental tranfer, which is a prereqsi te for transplacental carcino-

genesis.

Mutagenicity and other short-term tests

Data fran indirec tests are also included. Since nnst of thse tests

have th advantage of taing less ti an being less exsi ve th

malian cacinogenicity studies, they are generally knaw as 'short-tenu'
tests. They corise assay procures whch rel y on the induction of
biological an biodemcal effects in in vivo and/or in vitro syste.

The end-point of the majority of these tests is not th production of neo-

plasm in anIs but diges at the nnlecuar, cellular or imticellular
level: thse include the inuction of DN dage and repair, mutagenesis

in bactia an other organsm, tranfoi:tion of malian cells in
cuture, an othr system.
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'I short-tei: tests are prose for use (1) in predcting poential

cacinogencity in the abce of cacinencity data in a.s, (2) as

a contribtion in deidig mich chcals should be teste in ans,
(3) in identifying active fractions of cxlex miures containg cacino-
ges, (4) for rezing actve netali tes of knaw cacinogen in hum

an/or anl bo fluids an (5) te help elucidate nesm of cacino-
gensis.

Although the theory tht cacer is induced as a result of sctic

mutation suggests tht agents mich dage IN in vivo ma.y be cacinogen,

th precise relevance of short-te tests te the ræsm by mich caær
is inuce is Ilt know. Prctions of potetial cacinogencity are

cuentl y base on correlations betw responses in short-tei: tests and
data fra an cacinogencity an/or hum epidemologica studies.

'Is approach is lim te beuse the numr of chercas knaw te be
carcinogenc in hu is inufficient te proide a bais for vaidation,
an nnst vaidation studies involve chemcas tht have be evluated
for cacinenicity only in anIs. 'I selection of chercas is in

tur lited te thse classes for whch data on cacinogencity are

available. Th results of validation studies cod be strngly inluence
by such selecion of chemcas and by the proportion of cacinoens in the

series of chcas teste; ths shd be kept in nud when evaluating

the predctivity of a pacula test. 'I usefuless of any test is

reflec by its ability te clasify cacinogens an noncacinogens, using

the anl data as a sta; ~ver, anl tets may Ilt always provide

a perfec sta. 'I attale level of correlation betwee short-tei:

tests an an bioasays is still uner inestigation.
Since rr chcas reqe netalism te an active foi:, test system

, tht do Ilt tae ths into acct may fail te detect ce potential
cacinogens. 'I netalic actvation syste used in short-tei: tests
(for exle, the cell-fre syste us in bacterial tests) are net te
simate the intact hum. Ea ba its adantages and limtations; thus,
nnre confidence ca be place in the conclusions when negative or positive

results for a diemca are confin in several such test syste. Defi-
ciencies in nelic cxte may lead te misclassification of chemcals,
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which ne tht Ilt aIl tests are su tale for assessing the potential

carcinenci ty of aIl classes of cxuns.

The preset state of knowledge does Ilt pennt th selecion of a

specifie test (s) as th nnst appropriate for idetifying potetial cacino-
gencity. Before th results of a pacular test ca be considere te be

fully acceptale for predcting potential cacinogenci ty, certin criteria

should be met: (1) the tet shou1d have be validated with respet te

know anl cacinogens and foun te have a high capacity for discrimn-
ating betw carcinoen an noncarcinogens, and (2) when possible, a

strcturall y relate cacinogen (s) and noncacinoen (s) should have ben

teste simltaeously with the chemcal in question. Th results should

have been reproduce in different labrateries, and a predction of car-

cinogenicity should have ben confirr in additional test system.

Confidence in positive results is increased if a ræhanism of action ca

be deduce an if appropriate dose-respns data are available. For
optim usefulness, data on purity nut be given.

The short-tenu tests in cuent use tht have be the nnst exteni vel y
validated are the Salmonella typhimuriwn plate-incorpration assay53-57,

th X-lined recessive lethl test in Drosophila meZanogaster58, unscheduled

DNA synthesis 59 an in vitro transfo:mtion 57,60 . Each is corratib1e with

curent concepts of th possible ræchsm(s) of cacinogenesis.

An adeqte assessit of the genetic acti vi ty of a chercal depeds
on data frcm a wide range of test system. Th IInogaphs include, there-

fore, data not only frcm those already iætione, but a1so on the induction
of point mutations in other syste 

6 1-66 , of strctura167 and nurrical
ChrOIsa abrrations, includg domnat lethl effects68, of mitotic
recomination in fungi 6 1 and of sister chromtid exchages 6 9 , 70 .

The existece of a correlation betwee qutitative aspects of muta-

genic and carcinogenic act vi ty has ben suggested 4 , 6 8 - 74, but i t is not
sufficiently weIl estalished te allow genera1 use.

Fuer inoi:tion abut mutagenicity and other short-tenu tests

1S given in references 71-77.
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Case reports an epidemiological studies

Cbsei:tions in hum are suized in ths seion.
Sui of Data Report an Evluation (Setion 4)

Setion 4 surizes th relevat data fra anIs and hum an
gi ves th cri tical views of. th 'Çrkig Grup on thse data.

Experimental data

Data relevat te th evaluation of th caciiienici ty of a chanca

in ans ar surized in ths seon. Reults fran validate rrta-
gencity an other short-te tests are report if th Workin Grup

considered th data te be relevant. IXe-respnse data ar given whn

available. An assessnt of th caciiiencity of th chemcal in anIs

is made on the basis of aIl of the available data.

The anl spies nentioned are those in whidi th cainogenici ty
of th sustae was clealy denstrate. 'I route of admnistration

used in exrintal ans tht is simlar te th possible hum exsur

is given paicular netion. Tuur sites are also inicated. If the
substace ha produce tuurs after prenatal exsure or in single-dose
exprints, ths is indcate.

Hwnan data

Hum exsure te the chemcal is surized, and the signficance of
data on prouction, us an occurence and othr relevat biological data
is discuse. Ca reports an epidemological studies tht are considered

to be pertinent te an assessmt of hum cacinencity ar describ.
Adeqte doseresponse data are gi ve when avalable. An assessnt of

th cacinogencity of th chcal in hum is made on the basis of aIl
of the available evidence.

Eva luation

Ths section cærises th overall evaluation by th Working Group

of the cacinogenic risk of th diemcal te hums. AlI of the data in
the nnnoaph, an paicuarly the surized infoi:tion on exprintal

an hum data, are considere in order te mae an evaluation. In addition,
recdations are made regarg ars in whdi fuer investigation
is considere to be necessary.
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GE RE 00 TH SUTA cnSIDER

In ths seventeth volui of the IARC Monograph series, certn N-

nitroso COunds ar evaluate. Arng these ar a mnnber of N-nitrosanes

tht have been teste for cacinogenci ty and tht have ben shaw te oc
in the environit¡ the nitrosamdes, N-nitroso-N-ethylura and N-nitroso-

N-irthylurea¡ and the anticacer drg, streptezotoin, whch is relate

struturally te the latte nitrosamde. M:ogaphs on N-nitrsoethylame,
N-nitrosodthylae, N-nitroso-N-ethylurea and N-nitroso-N-nethylura

apped in volur 1 of th IARC Monographs, and nnnoaphs on N-nitrosod-

n-butylamne an streptezotoin -vre pulished in volur 4¡ new data on

thse cauns have be included in the present volur.

ln addition, a nnnogaph on polychlorinate bipheyls, publish in

volur 7 of th IARC Monographs, wa re-eed and upted te include

recet obrvations on the effects of ths class of chcals on hum.
Th resul ting rrogaph will be cained wi th a future one on pol ybran-

ate bipheyls, an thse are te be published as a sepate voltme.

Followng the observation in anIs of the texic (Bas & Magee,

1954) and cacinogenc effects of N-nitrosodthylame (Magee & Baes,
1956), studies -vre made of th biological act vi ties of a vaiety of

N-nitroso carunds. Th hepatotexic effect of N-nitrosodthylame in
hrns was report in 1937 by Frun (1937), who describ clinical and
autopsy findngs in ~ chsts accidentally poisoned with ths coun.
Th cacinenci ty of several N-nitroso caun wa extnsively investi-
gate an report by Drckey et aL. (1967) and wa review by Magee &

Baes (1967). M)re recetly, review on their texicity (Magee & SW,
1969), cacinogencity an iætalism (Magee et ai., 1975, 1976), terato
gencity (Druckrey, 1973a,b) an mitagencity (l-teano & Basch, 1976¡

Nele, 1976) have also appared. Th cacinencity studies have den-
strate tht these N-ni trso COunds have a high degree of spifici ty

in inducing ttnurs in various spies and anng taget organs wi thn th
san spies. Ths group of cacinogen has provide a unqu reseadi tol

for elucidatig th possible iæsm(s) of car inucon by diemca
substaces at cellular an noleclarlevels (Magee et ai., 1976; Pegg, 1977).
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'l obtion of sere live dise in sh fed a diet cata-

in fishl pre with nitrite (Kc et al., 1964) an th ideti-
fication of N-nitrthla as th toc priniple in suc pro
(Enr et al., 1964; Sasbug et al., 1965) le te widerea effort te

evauate levls of N-ni tr cx in foc desti for hui an
anl COtion.

Hu riy be exse te N-nitrso cx in several ways:

formtion in th enviroimiet an subt abi:tion fra foc, wate,

ai or inustrial an ronsuir prouc; formtion in th hum bo
fra presors ineste sepaately in foc, wate or air; fra th

ronsmption or snin of toCC; an fra natually occuing cx.

It bas be kn since 1865 tht th recton of dithlam
hydroride with soum nitrite at an acidic pH yields N-nitrthl-

am (Fridn et al., 1971). It ha be sugete (Drck et al., 1963;
Lijin & EPstein, 1970; Sa, 1967) tht ths recton cod oc in
th acid rondtions of th ma1ian sta betw ingete nitri te and
ames, an thre is no sutatial evdece tht N-ni trsa ca be
fonr in ths way. 'l phn wa first detrate by Sade et al.

(1968) .

Nitrite an nitrate ar ad te sa foo, pacuarly nets an
fish, as prossin aids an as agents te pret foi:tian of botumn
texi. ~te (1975) estite tht abut 80% of th tetal nitrate inste

daly (106 rr) origintes fra veeta1es, an abt 70% of nitrite tht
ente th stadi (12.8 rr) cx fra th sava. Peation exst in
may rountries te cotrl th adtion of nitrate an nitrite te foc

proct. In ord te pret th posible formtion of N-nitram
fra, for exle, miurs of spices with nitrite anor nitrate us

in cacial net an poultr cuing (k as cuing pre), th US

Fo an Dr Mnstration ba ma a :rtion tht allow th use of
th prem ony if the nitrites an/or nitrate ar page sepaately
fra th spice with intrtion on the lal tht th ar Il te be

cæin until just prior te us (US Foc an Dr Mnstrtioo, 1973).
Nitrate rEucon by bactria rould al lea te th formtion of N-nitr-
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ams eith in vivo (Haswrt & Hill, 1971) or in th envit

(Ayan et al., 1973).
Little is kn abut th netalism of nitrate in ma. Nitrite is

fonæ in th oral cavity by bactrial reucon of nitrate, an the noi:
concetration range in inviduas wh do not coui lage anunts of
nitrate is 6-10 ng/l of saliva (Taium et aL., 1974). ~ foo tht
contain nitrate, such as cert rot an lea veeta1es, ar consui,
sa1ivai nitrate an nitrite levels ar e1evte te hundr of ng/1
(Spieglh1der et al., 1976; Taum et al., 1976). Unr noi:
con tions, ni trite arise in th stach fra th swllCMng of saliva

(Klein et al., 1978), but bactria1 reucon of nitrate rry continue in
tæ stach of indviduals wh have low gatric acidityor ancidity;

low gastric acidity has be relate te th etiolog of gastric cacer

(Cue110 et al., 1976).

Nitrosatale subtaces tht oc in th envirornt inc1ud secon-

da an tertai ames, qutern arnium c:un, urea, cabates
and gudines. Sc of thse caunds are found ubiquteusly in nature;
nitrosation of a numr of agricutural chca1s ha ben sh te occu
(Eiseran et aL., 1974; Elespur & Lijins, 1973; Prussma, 1975;

Sen et al., 1974), an vaious drgs ca nitrosatale al.l am or

ando groups (Lijin, 1974; Lijin & Grlatt, 1972). 'I diemcal

kintics of nitrsation have been review rently by Mii:ish (1975).

The drg andopyin ca react rapid1y with traces of nitrosating
agents (even gaseous nitrogen oxides), resulting in th foi:tion of

N-nitrsothy1ame; a wide vaiety of c:rcial drgs containg
andopyin have been fou te have traces of ths cacinogen (Eiseran
et al., 1978).

Evidence tht N-nitroso caunds are fo:i in the bo fro ame

precusors is base on: (a) their detecton in gastric juices in vitro
an in the nilian or hum stanch in vivo; an (b) the obsi:ation
of acute toxic and cacinogenic effects as weIl as dage to cellular

macrarlecules after sii1taus admstration of nitrite and vaious

ams and andes (Magee et aL., 1976; Prussm, 1975). Recetly,
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N-nitrosoethyl- an -dthylames have be detecte in hum blc:
after the consumtion of a ræal oonsisting of noi:l dieta item (Fine

et al., 1977a).

'larunt of N-nitroso coun fo:r by nitrosation is affected by
rry factrs, such as baicity of th amne, pH and substrate concentration.

Nucleophilic ions such as thocante increase the rate of N-ni trosame
foi:tion (Boland et al., 1971; Fan & Tanenbaum, 1973). C-Nitrosophenols,

th product of the nitrosation of phenols, catalyse N-nitrosamne foi:tion
(Da vies et al., 1978); othr naturally occuing phenols may either inhibit

or prarte foi:tion under different oonditions (Walker et aL., 1975).

Nitrosation may be prarted in certn environits by the presenæ of

bacteria (Archer et aL., 1978; Klubs et al., 1972). Ascorbic acid

(Mirvsh et al., 1972) and a-tocphero1 (~rgens et al., 1978) inhit

the foi:tion of N-ni troso oornunds.

Oter, as yet unexlored possibi1ities for the foi:tion of N-nitroso

caunds are: trannitrosation reactions (Singer et aL., 1978); nitro-
sation in organc solutions of strongly baic amnes even by inorganic

nitrite (Angeles et al., 1978); an nitrosation even under strongly

alka1ine conditions with nitrogen oxides (Challis et al., 1978).

Hum expsure te N-ni troso counds can a1so occu from contact
with exogenously fo:r N-nitroso corunds. The occurrence of nitros-

amnes in fcxstuffs has been reviewe recent1y (Crosby, 1976; Crosby &

Sawyer, 1976). Signficat levels of N-nitrosamnes have a1so been found

in oosmtics (Fan et al., 1977a).

'Ie possible foi:tion of N-nitrosames in cigartte snke was ori-

gina11y suggested by Druckrey & Preussm (1962), since tobacoo contans
several nitrosatale amnes and nitrosating agents. Subseqently, nitros-

ames were found in tebacc and tebacoo snke (Bruem & Hoffm,
1978; Hoffm et al., 1974, 1976) and in indoor atmspheres under conditions

of excessive tobacco snking (Bruem & fuffm, 1978).

The occutional hazards associated with the use of N-nitroso cornunds
in industr have been outlined by Magee (1972). Soræ are used as organic

acælerators and antioxidats in the production of :rber (Boy land et al.,
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1968). N-Nitrosothylame wa dete as a pollutat in th air of a
factery producing dithylae¡ its concetration corrlate with th

concetrations of nitrogen dioxide an second ame in th air
(Bretsdieider & Matz, 1974, 1976). N-Nitrsodthylamne an th
tmdentified N-ni trso COuns ære also detect in sar1es of air in
th vicinty of a plant rrufacturing 1,1-dthylhydrazin, a roet
prope11ant of whch N-nitrosothylame is a precusor, and in th

vicinty of a factry rrufacturing amnes (Fine et al., 1976a,b,c).
Another source of hum eJqsure te N-nitrso cCIunds may be the nitrite

sa ts used as corrosion inhi tors in packaging materia1s (Ardier & Wislmok,

1976), in synthetic cutting fluids (Fan et al., 1977b¡ Rape & Zingnk,
1978¡ Zingnk & Rappe, 1977) an in scr wide1y use herbicides (Fine
et al., 1977b) (see also nnnogaphs on N-nitrosod-n-butylame, N-nitroso
dithylame and N-nitrsodetholame).

There is considerable evidence tht nitrosation reactions ca occu

in soils, organic waste or water in areas where industrial or other wate

dischges conta lage arunts of ames (Ayan et al., 1973¡ Tate &

Alexader, 1975).

Th relevance of these traces of N-nitroso caunds te a possible risk
te huns has yet te .æ estalished. Hcver, a large variety of animl
speies and organs are susceptile te their cacinogc action, and sa1es
of hin liver and lung ar caable of fonng allating (Hais et al.,

1977¡ Montesano & Magee, 1970) and rntagenic (Basch et al., 1976¡

Czygan et al., 1973) ræta1ites. Th exæegly difficut question of

whther a proporton of hin cacer or transsible genetic dage could

be attribute te thse groups of cacinogen has not so far be answred,

althugh SO studies have indirectly exaed the possible role of N-
nitrosames in the etiolog of a numr of hum cacers (Correa et al.,
1975¡ Cullo et al., 1976¡ Hill et al., 1973¡ Joint Iran-IA Study

Group, 1977¡ ZaldIvar & wetterstrand, 1975).

At present, haver, it may be difficut, if not iissible, te

detrate in the general population a cause-effec relationshp betw

expsure te low levels of N-nitrosaes and the incidece of certn hin
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cars, al though th exste of such a corrlation rems a workig

hypthsis.
l-st of the chca and physica prortes of th nitrosames

describ in these nnnoap were taen fra Druey et al. (1967).
Th principa techques eiloyed for th anl ysis of volatile N-ni trs-
ames have be describ in a ret publication (Prussm et al.,
1978). '1 relative nerits of high- and lowresolution mass sptrti

are discuse, since us of mas 5ptrartr as a confirtei: tequ

is pacularly inrtt. ln ths respct, thse data report in th

seion on ocence whch have not be confii: by this technque have

be maked with a foote. 'ls does not neessaily inly tht the data
are uneliable, but, in assessing "t signfica of sudi data, erhais

should be place on thse that have ben confinæd by mas 5ptrartr.

ln cert instas, N-nitroso CCunds may be foi: as arfact

duing an anlytica procure; in thse cases mas sptr adds
little to the vaue of the data (Fiæ et al., 1977b).
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N-NITROOI -n-BU

Ths subtace was considere previously by an !A Vbrking Group,
in June 1973 (!A, 1974). Since tht ti new data have be available,
and these have been inrprate inte the nnnogaph and taen inte account
in the present evaluation.

1. Clemcal and Physical Data

1.1 Syonym and trade n.s

Chem. Abtr. Servces Re. No.: 924-16-3

Cl. Abtr. Nar: N-Butyl-N-nitrosO-l-butane

DBNA; DBN; N-,N-d-n-butylnitrsaine; di-n-butylnitrosaine;

NDBA

1. 2 Strctural and nnlecular formlae and weight

/CH2 - CH2-CH2 -CH30= N-N..
CH2-CH2-CH2-CH3

CSHiSN20 fuI. wt: 15S.2

1. 3 Clemcal and physical properties of the pure substace

(a) Description: Yellaw oil

(b)

(~)

(d)

Boiling-point: 1160C (14 rr) (Drckrey et aL., 1967)

Density: d~O 0.9009

Refractive index: ~O 1.4475

Spectroscopy data: À 233 and 347 ri (El = 441. 7 and 5.6) inma 1
water (Druckrey et al., 1967); mass spectroscopy data are given

by Pensabne et aL. (1972) and Rainey et aL. (1978).

(e)

(f) Solubility: Soluble in water, 0.12% (Druckrey et al., 1967),

organc sol vents and vegetale oils
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(g) Volatility: Ca be stestilled qutitatively (Eisera
et al., 1970)

(h) Staility: Stale at ro teatu for nnre th 14 das
in neutral or alkin aq solution in th da (Dry
et al., 1967); slightly less stale in acidic solutions; .

light-seitive, esially te ultra-violet light
(i) Rectvity: Str oxidats (peacids) oxidize it te th

correspnd nitram; ca be re te th oorrg
hydrazin aI/or am; relatively resistat te hydrlysis,
but ca eaily be split by hydr brade in acetic acid
(EisenbraI & Prussm, 1970). Photocaly rectve
(Fridm et al., 1971). Th prepation of vaiou deivatives

ha be discuse (Prussm et al., 1978).
1.4 Tecal pro an inurities

No data were avalale te th tbrking Group.

2. Pron, Use, Ocen an Anysis

2.1 Pruction an us
For backgrou inoi:tion on ths setion, se preale, p. 22.

(a) Proucon
N-Nitroso-n-butylamne (NDBA) was first preped by Linner in

1872 (Prage et al., 1922). It ca be imde by th reaction of ditylane
with nitrus acid (Druckey et al., 1967).

Althugh NDBA is availale in smll qutities for resdi puses,

lX eviden was foun tht it ha be rrufactured carcially.

(b) Use

NDBA has be us in th sythsis of di -n-buty lhydrazine (Derr,
1960; Joffe, 1958), althugh thre is no indcation tht it has be

us cxrciall y in ths way.
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2.2 Qx
(a) Tocc sr
An ysis of the sne fran Il differt kin of cigarttes frcm 2

COUttries reved 3 ng/cigatte NDBA in th SI codete (M:ick

et aL., 1973).

(h) Wate

Co & Bacl (1978) rert 0.82 llg/11 in th effluet fra 1/18
chca factries (a coe plant) .

(c) Fo an fee
IDBA ba be fou at a levl of 290 llgjkg1 in soa be oil (Heer

et ai., 1972); an 20-30 llgjkg1 have be foun in chese (Cetti et aL.,

1975), altOugh Allisten et ai. (1972); Eiseran et al. (1978) an Se
et ai. (1978), anng othrs, did Ilt dete NOBA in ch.

less th 1 llgjkg1 wa fou in perk 1unn iæat (Allisto et al.,
1972). Stephy et ai. (1976) foun 0.4-3.9 llgjkg in saam-like sausges,

0.2-0.7 ll9jkg in coed an sned ha, 0.4-0.6 llgjkg in baco-lik proct,
0.0-0.09 llgjkg in sned ha an bef net, 0.0-1.1 llgjkg in fried nuce
net an 0.0--2.1 llgjkg in lunchn iæat.

Q)ugh (1978) foun 0.2 an 0.5 llgjkg1 NDBA in 2/30 ti and po

soup an 0.04 an 0.3 llgjkg1 in 2/6 tin nes, but no in a fu

228 foo sales. Have et aL. (1978) did Ilt fin NDBA in 106 foo
sales, an Eiseran et ai. (1978) fou no in 34 cu neat prouc.

levels of O. -4.1 llgjkg have be foun in expiIta an fee
(IA, 1977).

(d) Vap-phae corrosion ini ters
Ardier & Wisl (1976) foun 100 ir/kg NDBA in a carcial corrsion-

resistat film of ur source an ooI1i tion.

ITh resuts ~ Ilt confii by mas spco (se also
'Ge Raks on th SUstaces Considered', p. 40).
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2.3 Anlysis

An IA Maual gives selecte iæthod for the anysis of volatile
N-nitrosarnes, includig NDBA (Preussm et al., 1978).

3. Biological Data Relevat te the EValuation

of Cacinenic Risk te Ma

3.1 Cacinogenci ty an relate . studes in a.ls

(a) Oral admistration

MJus: N-Nitroso-n-butylarne (NDBl) was adrstere at a concen-

tration of 50 mg/kg of diet te 39 mae ICR mice for 12 nnnth ¡ 30 mice

recivOO the basal diet only for 15 nnnths. Of the 33 a.ls tht lived

for nnre th 12 nnnth, 27 develop squs-cell carcinois and 6,
paillois of the forestodi¡ 15 anIs also develope liver tinurs

(5 trabar hepata an 10 adenan). Papillan of th oesophagu

an adenom of the lung være observOO in 4 an 8 mice, respecti vel y .
Arng th 28 control anirs tht Ii vOO nnre th 15 nnnth, lung adenoms

develope in 2 an a lyrhatic leukema wa observed in 1 other (Takayam

& Imzum, 1969).

ln 2 groups of 50 male and 50 femle CS 7BL/6 mice, continuous adri-

stration of 29.1 and 7.6 mg/kg lM/day te males and 30.9 and 8.2 mg/kg bw/

day to femles in the drinking-water 100 te the developt of squs-
æl1 cacinom an papillom of the oesophagu in alnt aIl anls,

toether wi th so tiurs of the tengue an th soft palate. wi th the

larr dose, 5 cacinom of the forestodi occu also. No Ii ver
tiurs være se in ths stuy¡ howver, 44/90 mice give th higher

dose level and 19/89 gi ve the lowr dose level develop paillom
and mu tifocl squs-cell cacinan of the urina bladdr. Male

ans were nnre sesitive te bladder cacinogenesis th were femles
(Beam & Craig, 1970).

The different senitivity of b. strai of mice, BTO and C57BL/60,

te NDBl cacinencity was report in an abstract (Akartsu, 1975).
A single gastric intution of 300 ir/kg lM in salin caus papillan
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an cacin of the forestach in 3/39 BT mice, but tunurs of the
intestine in 2/11 CS7BL/60 mice.

Rat: Th cacinogencity of NOBA in rats was first dennstrated

by Drckey et al. (1962, 1967). Four concentrations were admnistered

in the diet te ID rats. ln thse receivig 75 ir¡kg bN/day, liver

cacinars w=re induced in aIl 4 sUli ving rats. ln those recei ving the

lovr doses (37.5, 20 or 10 rr¡kg bN/day), the incidence of liver cacer

was lower, but malignt tunurs were obser in the oesophagu and

pha. Squs-ce11 cacinois of the urin bladder occured in
5/16 and 7/10 anIs tht receive 37.4 an 20 ir¡kg bN/day.

In Wista rats, bladder tunurs occued after the admnistration of
0.01 or 0.05% NOM in th drinking-water¡ 1iver cancers were seen only

in those given the higher dose (Okaji. et al., 1970). ln 30 ferle

Wista rats given 20 rr!kg li/day NOBA in th drinking-water, 16 papillan

and 2 cacinars of the urina bladder were found (Kunze & Schauer, 1971) ¡

Kunze et al. (1969, 1971) obtane simi1ar results.

Bladder tunurs induce by admnistration of 0.05% NOBA solution in

the drinking-water for 28 w=eks in 12/12 male adult Wista rats were

classified histo1ogically as transitional-ce11 cacinom (Ito, 1973).

Hater: Groups of 100 Syrian golden and 66 Chnese mae hamters

given weekly doses of 300 rr¡kg hw NOM in olive oil by stamch tub for

1ife show a low incidence of papi11an and carcinams of the bladder

(11-14%). Syian haters had high incidences of papillars and carcinars
of the trachea (41/100) and of the lungs (14/100). Chnese hamters
develop papil1ams (39/66) and cacinars (21/66) of the forestarch
but 00 tunurs of the trachea or 1ungs (Althoff et al., 1971). Sim1ar
results were obtained by MJhr et aL. (1970).

Single doses of 400, 800 or 1600 rr¡kg hw given by stOIch tub to

Syrian golden haters produced hinnurs of the respirato:r tract in 3/10,

SiiO and 7/10 animIs, respetively¡ the first tunur appered after 31

wes (Althoff et al., 1973).
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Gu-pig: A dos of 40 ng/k li/da NDBA give 5 tis a væ in

th dring-wte for life inuce hepatol1ul cacin in 15/15

an tht lived longer th 550 days. Cllangian \Vre also se in

a few ans; an 3 ans had pail1an and 4, squs-cll cacinans

of th urin blad (Ivaovc & Btchler, 1968).

(b) SUtaus an/or intramcu adnstration
M:: 'l1 ve-w old IF x CS 7 rnce (30 na1es and 30 femles) \Vre

given s.e. injecion of 10 lil pure NDBA evei: tw væs for 40 we.
Of femes tht lived 54 W3s, 7/17 had cacinan of the bladder; and
of mas tht 1ive 46 ~, 6/12 had cainan an l, a papil1an of
th urin b1addr. Cacinans \\re maly of th trani tiona-cll ty

(WO et al., 1970).

Feme (A x IF)F mice \'e give 13 fortightly s.e. injections of
1

5 lil pu NDBA (average surval tiI, 486 days); bladder cacinan

develop in 12/44, lung cacinans in 19/44, lung adean in 21/44 and

ma cacin in 19/44. Ma cacinan \\re a1so observed in
13/40 untreate contro1s (Flas et al., 1973).

Nern nnus: Begn an maignt Ii ver-cll tunurs develop in
36/37 nale an 20/24 fem1e IF x C57 miæ give 1 lil pue NDBA in 0.05 ml

aqeous gelatine subtaeously on days l, 8 an 15 of 1ife. A few lung

adenan and cacinan \Vre observed, but no urin bladder tunurs.
No liver or lung tunurs were observ in the controls (Wx et aL.,

1970) .

In COF mice injecte subtaeously with 158 lig NDBA in 0.03 ml of a
1

1 % gelatine solution on days l, 8, 15 an 22 of life hepatollu1ar adean

were foun in 20/26 nales an 5/22 femles, 1 hepatoæl1ular carcinan was

found in 1 nale, and lung tunurs were found in 38/48 mice (Fujii et aL.,
1977) .

Rat: væly s.e. injecions of 200 or 400 I1¡kg bw NDBA to BD rats

for 1ife resulte in the deve10prt of cacinans of the urina bladder
in 18/20 rats, cacinan of the oesohagu in 3/20 and carcinan of the
Ii ve in 2/20. S. c. adstration thus led te a greater incidence of

urin bladder cacer th did oral admstration (Drckrey et aL., 1967).
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'1 histoenesis of NDBA-inuc bladder tunur in rats wa rert

in an abtract of an electon micr08 stud (I., 1973).
Wæly injecons of 200 mg/kg lM NDBA in sunlow oil \Vre give

te 60 mae an 30 femle 1 no-br 1 rats for IL nnnth. Of 25 mae an
6 feme rats still alve at the apance of the first tunur (a lung
adenoccinan), th tetal nums of ans wi th tuns we 17 maes
an 4 femes¡ th average latet period for tun inducton was 472

days. Papillan of th bladder oced in 11/25 males an 3/6 femes,

pu1enoccinan in 9 males an squs-cell paillan of th oeso
phagu in 3 nales an 1 feme (Vlaov et al., 1973).

Lu tuurs (aden, adenoccins, squs-æll cacin)
\Vre induce in 23/24 mae SIV-50 rats given wely s.e. injectons of

200 or 400 mg/kg lM NDBA in 0.5 ml dithylsuphoxide for 26 we.

Tus of the urin bladdr \Vre also observed in 18 anls. in

anls died or \Vre killed with 420 days (Saer et al., 1974).

Hate: Of 25 Syian golde haters give wely s.e. doses of
300 ng/kg lM NDBA in olive oil, 21 delopd tradil paillan an ca-

cin, 4 develop urin bladr papillan an 6, bladr cainan.

Of 16 Chse hates trte simlaly, 9 devlop forestadi paillan

an l, a forestoch cacinan. cne paillan an tw cacin of th
urin bladde \Vre foun, but 11 tuurs develop in th respiratei:

tract (Althff et al., 1971). l-hr et al. (1970) obne simla results.
Single s.e. doses of 150, 300, 600 an 1200 ng/kg hw give te 4 groups of
10 Syian golden hates prouc tus of th respiratei: tract in 3,
4, 5 an 7 anIs, revely¡ th first tun ap afte 19
we (Althff et al., 1973).

Afte treatrt of 55 Eu hates with 1/50-1/3 of th ID
50

(ID 2500 in maes an 1900 ng/kg lM in femles) once wely for life,
:l 0

all ans tht suve longer th 20 wes develop begn an mag-

nat tuurs in nnre th on organ. '1 majority of neola (pailla
pol yps, paillan, squs-æll cacin, adinan) \Vre fou
in th respiratery tract (up te 100% at high do levls), in th digetive

syste, nay foretadi (20-60%), and in th urin blad (20-60%).
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'I aveage latet period wa 36 wes. A dose-respons relationsp with

regard te su val tis an te weight was obsei: in both sexes. 'I

tranitional-cell cacinan of th urin bladder wee found te have

netastasized te the lungs an one te the liver (Althff et al., 1974).

An electon microsco stu of pul adencinos inuce in
Euop haters by NOM show cells tht resemled a1veolar epithelia1
cells ty II. A possible broncholar origin of the neola wa suggeste
(Rezni-Sdid11er & M:, 1975). 'Ie ultrastrctura1 diacteristics of

NOBA-inuce adenocarcins an squs--11 cacinans of the naal

cavity in Euop haters suggest tht the adenoccinans originte

frar goblet cel1s and th squs-cell cacinan frar squs netalastic
or adenamtous area (Rezni-Scül1er & M:, 1976). An ultrastrctural

study of trani tional-ce11 an squs-ce11 cacinau of th urin
b1adder inuce in Euop haters by s.e. injection of NDBA suggests

tht these tuiurs represent developta11y different stages of the sar

ty of tuur rather th tw fud.nta11y different tys of neola
(Rezni-Scd11er & M:, 1977).

Win NOM in carcia1 vegetale oil was injec subtaeously

into groups of 20 male an 20 fem Clnese haters at severa1 different
dose levels (1/5, 1/10, 1/20 ID 284, 142, 71 nq!kg hw), wely for 18

50
~s, a simlar organotropy te tht se in Syian golden and Euopean

haters was produce: rnnl y begn lung tuiurs were foun. In contrast
te th controls, whch recei ved vegetale oil a1one, and to the other

exri.tal groups, 7/19 male anirs whidi rei ved the highest dose

level develope fibrosarca at the injecion site (Rezni et al., 1976).

Rabit: S.e. injections of 400 nq!kg hw NOBA twce wely, then once

wely, in male rabbits for a peiod of 21 nnnth resulte in 7/14 b1adder

tuiurs (2 papi11an, 2 haemgian, 3 tranitional-cellcacinan) an
2/14 pulna adocarcinans with 8-26 nnnth after the sta of
treatrt (Cohen et al., 1975).

(c) Intrapeitenea admstration
Hate: Single doses of 200, 400 and 800 mg!kg lM NDBA given te 3

grups of 5 mae an 5 femle Syian golden haters produce tuiur of
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th respiratery tract in 4, 6 and 7 anIs, resptivelYi th first

turur apped afte 17 wes. Sa papillar tururs of the forestanch
were also obsed (Althff et al., 1973).

(d) Intravenous adnstration

MJus: 'lce-\\ekly injections of 6 llg/ani. NDBA in 0.1 ml saline

for 25-30 \\eks te 43 male and 46 femle CB-T6T6 mice resulte in
acute leukera of the reticulmncell typ in 13/39 males an 17/37 femles

withn 92-218 days. No leukeras were observed in 51 control anIs
(Era, 1970).

(e) Oter exriIntal system

Caati ve routes

After treabrnt with single Lp., s.e. or Lg. doses of 150-1600

II/kg hw, mainly papillar tururs of the trachea were observed in groups

of 5 mae an 5 femle Syian golden haters. The average suri val tiIs
were 74 \\eks for males and 53 weeks for femles. Tuur incidence was
dependent onl y on the adrnistered dose an not on the route of application

or sex of the animl (Althoff et al., 1973). A comination of tu:urs in
th urina and respiratory syste was observed after weekl yi. g. or s. c.

adnistrations of 22-464 rr/kg hw NDBA to groups of 10 male and 10 femle

Syian golden haters (Althoff, 1974).

Prenatal expsure

'! groups of 40 and 45 femle Syrian golden haters were injected

subtaeously 2-8 tiIs or with a single injection of 30 rr/kg hw NDBA

betwn days 8-15 of pregcy. Postntal nnrtality in th offspring was
high: effective numrs of animls/nurr of animIs at birt were 212/357

and 202/282 after several and single admstrations, respectively. Single-

dose treatrnt induced no respiratory tract neoplasms in the paental

generation, but a low incidence of tu:urs of the respiratory tract (7%,

14 tuurs) was seen in the F generation. Mul tiple adrnistrations led
1

to a higher incidence of respiratory tract tu:urs in the parental genera-

tion (22%, 24 t:urs) th in the F generation (6%, 17 tu:urs) (Althoff
1

et al., 1976).
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Caciris in plats
Se of hyrids of Nicotiana -wre soed in 10 ir solution of NOBA

in wate for 1 or 2 days; 20 days later, tUlS were fou on 10.8% of

gete selings, but on none of th oontrIs (Ansen, 1973).

(f) Cacircity of netalites (se al seon 3.2 (a))

N-Nitrson-butyl -N- (4-hydxybutyl) ame

(i) Oral admstration
Trt:t of 50 nale an 50 ferle C57BL/6 mice with 35 ngjkg tM/day

N-nitrson-butyl-N- (4-hydroxytyl)am in the dring-wte for life

iruc anplatic cacin of the urin bladder in aIl anIs
rediing autepsy, with average tunur inucion tis of 190 days for

nales an 253 for ferles (Bertam & Craig, 1972).

Daly oral doses of 40 an 20 rrjkg tM N-nitrso-butyl-N- (4-hydroxy-

but yI) am give te 5 an 20 BD rats in the dring-wter selectively
inuc nutiple cacin of the urin bladdr in all anIs (Drrey
et aL., 1964). ldetical reults we dJtaed by Ito et al. (1969) in
Wista rats and by Hahite et al. (1972) in ACI/N rats.

l' inlue of lengt of treat:nt ha be investigate in groups

of 9-18 mae Wista rats given 0.05% N-nitroson-butyl-N-(4-hydroxybutyl)-
am in the drinking-wter for 2, 4, 6, 8 and 12 we. At the ti. th

anIs -wre sacrifice (40 we), a clea dose-respns effect wa

cb in th inciden of bladder papi11an (33-100%) an cacins

(0-100%) (Ite et al., 1972).

Histelogical classification of 613 urina bladder caces inuce
in rats by N-nitroson-butyl -N- (4-hydrxybutyl) am sha- tht th large
najority (nnre th 95%) -wre tranitional-cell cacinas. The othrs
-wre squs-cell cacinan, undifferentiate cacins and cacino-

saa:. Th norphological diacteristics of thse bladder carcinas
aped te be simla te those se in hums (Fuushir et al., 1976).

l' histois an prossion of th vaious prenlastic and

nelastic lesions of th bladder in rats have be describ by Kunze
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et ai. (1976). Elec micr intigation of N-nitr-n-butyl-
N- (4-hyxytyl) am-treate rats reveed chctistic surace

ch of th prelatic epithlium of th urin b1adr, in addtion
to h;laia. Siila ch ære ob in trte mice an haters
but not in gu-pigs (Shra et ai., 1977).

Signficat differen in th inuction of urin b1adder tunurs

by N-nitrson-butyl-N-(4-hydrxytyl)ame ære see in differet strai
of male rats. 'I tuur inidece vaied fran 0% in Ies rats to 100% in

ACljl rats, with inteate vaue in Spragu-Daley, BDIX an Wista

rats (Ite et ai., 1972).

'l effec of se an age an of th do an period of admstrtion

of N-nitrn-butyl-N-(4-hydrxbtyl)am on th inide of urin

bladd tus in rats ha also be invetigate. No se differece wa
foun; ~r, th inide of cacer an of sq netalasia in
ar of ca tissue wa mu high in older rats th in youger

one. 'I mi cainc do wa 0.005% admstere in th
drinin-wte for 12 \\ (2/13 caci.); wh this dose wa ad-
ste for 4 æe, 1 paillan wa proce in 15 rats. wi th a 0.1%

solution, th mi peiod of adstration before bladder cace

ære pro was 4 \\ (4/12 caci.) (Ite et al., 1973, 1975).
(ii) Stitaus and/or intrcu admstration

'l inucton of reiratei: an chlagiocllul tuns, in addtion

te cain of th urin b 1 adr, wa report in Syian golde hates

afte s.e. adstration of N-nitrosn-butyl-N- (4-hydrxyutyl)am

(Althff & Krge, 1975).

(iii) Intrvesicu inllation
'ls of th urin bladder wee produce in feme ACI/N rats

give intravesicu intillations of N-nitrso-n-butyl -N- (4-hydroxyty1)-

am (Hate et al., 1974, 1976).
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(iv) !bute unp=cified

In an abstract, production of blader cacin was report in ~
give 10 rr¡kg l:/day (total dose, 80 rr) or 15 rr¡kg bw/day (tetal dose,

160 rr) N-nitrso-n-butyl-N-(4-hydroxybutyl)amne and observed for 4 or
2 yeas, resptively (Okjir et aL., 1975a).

N-Nitroso-n-butyl -N- (3-cboxyropyl) ame

'Is cound is the principal urinai: netali te of NDBA and N-

nitrso-n-butyl-N-(4-hydroxybutyl)ame (Okada & Ishidate, 1977).

(i) Oral admnistration

A tetal of 8 rrle ACI/N rats were treate with 0.06% N-nitroso-
butyl-N- (3-caboxyropl) amne in the drinkg-wter for up te 20 we.
'lee anIs killed at 14 wes shCM papillans of the urina bladder¡

th reg 5 ans, whch were killed at 28 wes, aIl shov transi-

tional-cell cacinoms of the urina bladder (Hashito et aL., 1972).
Th histelogical ty of tur induced by N-nitrosn-butyl-N-(3-cboxy-

propyl)amne was simla te tht abtained with NOBA an N-nitroso--butyl-

N-(4-hydroxybutyl)amne (Okda et al., 1975, 1976).

Otr urina netalites of NOM. and N-nitroson-butyl-N-(4-hydroxy-

but yI ) ame did Ilt produce bladder tururs after their oral admstration

in rats (Okada et al., 1975, 1976).

(ii) Intravesicu intillation

Tuurs of the urina bladder were produce by intraveicuar

intillation of N-ni troso-n-butyl -N- (3-caboxyropyl) ame in ferle
ACI/N rats (Hahite et al., 1974, 1976).

(g) Facters tht m:fy cacinogcity in anIs
N-Nitrso -n-butylamne

A coination of X-irradiation with 1000 rads and 13 fortghtly s.e.

injections of 5 lil NOBA in ferle (A x If)F mice makedy reuce the1-
incidence of ni cacinom (3/41, coared with 19/44 in mice tht
recive NOM. alone) (Flaks et al., 1973).
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Wh wey s.e. injecons of 200 mg/kg hw NDBA were given in

conjuntion with a lipotrop (cholin)-deficient diet te Sprague-Dawley

rats for 15 ~, th incidece of hetoarcinar was ence: 16/25,
caed with 6/25 in anIs given a noi:l diet (FDers & Nerne, 1973;

Roers et al., 1974).

A CClete inition of NDBA tunrigenesis in the Ii ve, but not in
th bladder and oesohagu, wa acheve in Wista rats by simltaeous
admnistration of 1.4% DL-trtoha in th diet and 0.05% NDBA in the

dring-wter (Hiramtsu, 1974; Okjin et al., 1971).
Indole (1.6% in th diet), given either ad libitum or contrlled by

pair-feeing, toethr wi th 0.02 or 0.05% NDBA in the drining-wte te

75 rrle an 69 femle or 68 mae an 68 femle Syrian golden haters
signficantly suppresse blader tUlur incidence (Matsurte et al., 1977).

N-Nitroso-n-butyl -N- (4-hydroxybutyl) ame

Th sex difference obsrv in C57BL/6 rnce in tle average induction

t. for anaplastic cacinas of the urinary bladder after treat1nt with

35 mg/kg l:/day N-nitrso-n-butyl-N-(4-hydroxybutyl)amne in th drining-

water (190 days for rrles and 253 days for femles) can be ablished by
castrating rrles or by treating femles with testosterone (Bertam &

Craig, 1972).

Th incidence of tUlurS of the urete, whch were seen occasionall y

in Wista rats treated with N-nitrso-n-butyl-N- (4-hydroxybutyl) amne, was

greatly increase after ligation of one ureter; ths suggests tht the
concentration of the cacinogen is an inrtt factor in the induction

of tUlurS in th urina syste (Ite et al., 1971).
Th incidence of urina bladder tUlurs, but not of papilloms and

hyprplasia, induce by N-nitroso-n-butyl-N-(4-hydroxyutyl)amne in

Wista rats was inibite by treat1nt with N-nitrosopiperidine, N-nitroso-

rrrpholine, N-ni trosoethy lamne or N- 2-fluoreny lacetade. Pretreatrt

with various hepatetoxic and nephrotoxic substaces, such as 4-cloroacet-
anlide and l-naphthylisothocanate, was found to inhi t ooth urina
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blader cace an prenlatic alteration of th urin blaer

epithlium (hylasia an pai11an) (Ite et al., 1972, 1975).
A reuction in th incidece of bladder ttmurs in both catrate

an no-ctrate na1e wista rats wa obrv afte s. c. i.lantation
of diethy1sti1.strl with or afte oral admstration of 0.05% N-

nitrson-butyl-N-(4-hydroxtyl)am in th dring-wter for 6 ~s.

In contrast, admstation of testoterone in femles, with or withut
ovaiec, with or after N-nitroson-butyl-N- (4-hydxytyl)am
treatit raise th incide of bladder ttmurs (Ckajim et al., 1975b).

3.2 Otr relevat biological data

(a) Exrintal syste
'!xic effects

'l acute ID of NDBA in rats wa 1200 rr¡kg bw after eithr oral or
50

s.e. admstration (Drckey et al., 1967). ln Syian golden haters it
was 1200 ng¡kg bw (Lp.), 1750 rr¡kg bw (s.e.) an 2150 rr¡kg bw (Lg.)

(Althff et aL., 1973). In Euop haters, th s.e. ID wa 2500 rr/50
kg bw in nales and 1900 rr¡kg bw in femles (Althff et aL., 1974). In

Cles hates, th s.e. ID in nales and femles wa 1420 rr¡kg bw
:i 0

(Rezni et al., 1976).

Haturia wa obse at 28 væ in 3/30 mae mice give 10 l1l
pur IDBA sutaeously every 2 ~s for 40 væ (Vb et al., 1970).

A dose of 500 rr¡kg bw NDBA induce a 56% inition of thymdie

inrpration inte 1E of nnus testis 3.5 heurs after admstration of

th cacinoen (Fried & Staub, 1976).

Eni:otexici ty an teratoencity

No teatoenc effec \Vre obrv in rats whn a single ma
telerate dos of 1000 rr¡kg bw NDBA was give intrapitenel1y or wh

1200 rr¡kg bw \Vre give orally during preg. An increa in foetal

nnrtli ty was l'te, wi th pes of suceptii1i ty on days 3 an 9 an of
high susptiility on days 10 an 12 of gestation (Napalkov & Alexdr,
1968) .
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lætalism
Avalale evdece sugests tht NDBA reqes neta1ic actvation

te fonn th proxite an/or ultite cacinen (Drcky et al., 1967;
Magee & Bas, 1967; Ck et al., 1975). Th na netalites tht

have be identified in th urin of rats trte with the cacinogen are

N-nitrosn-lityl -N- (4-hydrxyutyl) am an N-nitrso-butyl -N- (3-
caxyrol) am; also foun ar N-ni tr-butyl-N- (2-hydrxy- 3-
caboxyrol)ame, N-nitroso-butyl-N- (caboxythyl)am, N-nitro-
n-butyl-N- (2-hydroxyrol) ame, N-nitrso-butyl-N- (2-oxorol) ame,
N-nitrn-lityl-N- (3-hydroxyropl) ame, N-nitrso--butyl-N- (3-oxo
propyl)am, N-nitroson-butyl-N-(2-caxyethy1)amne an th glucunides

of the hydrxy caun (Blattm & Prussm, 1974, 1975; Ckda &

Ishdate, 1977; Ck et al., 1975). 'le tw major netalites \Vre a1so
excrete by mice, haters, gu-pigs an dos after oral admstration

of NDBA; in guea-pigs, th glucunide of N-nitroso-n-butyl-N- (3-hydroxy-
butyl)ame and traces of N-nitrso-butyl-N-(2-hydroxy~3-cboxyro1)-
am wee also excete (Ckda & Ishdate, 1977).

It ha be suggeste tht th inuction of blade tururs by NDBA

or by N-nitrosn-butyl-N-(4-hydroxyutl)amne may be due te thir can

major urin netali te, N-ni trso-butyl -N- (3-caboxyrol) am
(Ok et al., 1975); abt 45% of a dose of th latte cx give

orally te rats was reced undiged in th urine afte 48 hours (Ckda

& Suuk, 1972).

NDBA is oxidize te fonn n-butyaldede an sml anunts of propion-

alehde an actaldede in vitro in rat liver microl fracon
(Blattm & Prussm, 1973, 1977).

Incution of NDBA with a rat li ve microsan syste an 3, 4-ddioro
thopheol as a traping agent yields nethl- an butyl-thoethrs
(Preussm et al., 1976).

FollCMg adstration of di(1-14C)-NDBA, rat liver RN conta
lalled 7-n-butylgu an 7-lthlgu (Krer, 1971, 1972).
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Mugenci ty an oth shrt-te tests

NDBA, in th prese of a live IIcrl fracton fran Kaedor

500- or pheobbi ta-treate rats, inuc revse nutations in Sa lmone L la

typhimrium strai TA 100, TA 1530 an TA 1535 an in Escherichia coli

(Basc et al., 1976; Nagao et al., 1977; Najim et al., 1974). No

nutagec effect was dete in S. typhimuium strai TA 1530 with

IIcrol fractons fran hum liver biopsies (Basc et al., 1976).

N-Nitroso-n-butyl-N- (4-hydroxybutyl)am, N-nitrso-butyl-N- (3-

caboxyroyl)am, N-nitroso-n-butyl-N- (2-oxorol)am an N-nitrso-
n-butyl-N- (2-caboxyethyl)amne were rrtagenic in S. typhimium TA 100

an TA 1535 in the presce of a live IIcros fracton fran rats

trte with Kaecor 500 (Nagao et al., 1977).

N-Nitrso-n-butyl-N- (a-acetexy-n-butyl) amne, a sythtic nol

cx whch is readily conve inte th untale a-hydrxybutyl
deivative, is mitagenc in S. typhimuium strai TA 1530 in th abce
of IIcrosan activation (Ca et al., 1978).

In th presece of a Ii ve IIcrso syste fra pheni ta-
treate rats, NDBA induce 8-azagu resistat nutats in Cl

hate V79 ælls (Kuroki et al., 1977).

Epithlial cells of th bladder of adult rats were tranfome
in vitro when treate with urea an N-nitrso-butyl-N-(4-hydroxybutyl)-
ame or N-nitroson-butyl-N- (3-caboxyrol)am. Afte thir s.e. or

Lp. injection, or their injecton inte th bladder wal of rats, th

tranfome cells develop into tranition-cll cacin (Hate
& Kitagawa, 1974).

(b) ll

No data were avalable te th ~rkg Gr.

3. 3 Ca reports an epideologica stues

No data were avalable te the Vbrkig Grou.
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4. Su of Data Rert an Evuation

4.1 Exrimta data

N-Nitrso-n-butylam is cacinenic in all animl sr;cies teste:
mice, rats, Syian golden, Clese an Euop hamters, raits and
gua-pigs, after its oral, subtaeous, intraperitonea or intravenous

admstration. It prouces benign and malignt tuurs in the urin

blader, oesophagu, liver, respiratoi: tract, starch an intestine, and

also leukema¡ it is paricularly effective as a bladder cacinogen.
It is cacinogenic folla.ing its admstration pretally an in single
doses.

The two netali tes, N-nitroso--butyl-N- (4~hyxytyl) am an
N-nitroso--butyl-N-(3-cboxyropyl)am, are also cacinogenc, the
first in mice, rats, hates an dogs an the second in rats. Wh given

orally te mice, N-nitrson-butyl-N-(4-hydroxyutyl)am prouces cacino-
mas of the urin bladder¡ men given orally or intravesicuarly te rats,
it produces papillors and carcinors of th urin bladder¡ when given

subtaeously te hates, it prouces tmours of the urinar bladder

an respiratery trct an cholangiocllul tmourS¡ an men given

subtaeously te dogs, it produces urin bladder tuurs. N-Nitrso
n-butyl-N- (3-caboxyropyl)ame produces tuurs of the urin bladder

in rats after i ts oral admistrtion or intravesicuar intillation.
4.2 Hu data

No cae report or epidemologica studies wee avlale ta the

Workig Group. Avalale inoi:tion on occuence suggests tht th

general population may be exse spradicaly te la. levls of N-nitroso

di -n-butylame ¡ haevr, no exed grup sui tale for an epiderologica
investigation has yet be identified.

4.3 Evaluation

There is sufficient evidence of a cacinenic effec of N-nitraso-
n-butylame in several exi.tal anii spies. Althugh no epidemo-

logica data ware availale, N-nitrso-n-butylam should be regarded

for practca puses as if i t wee cainenic te hur.
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N-NITrIEIIA

1. Oica an Physica Data

1.1 Syym an trad na
Ch. Abtr. Seces Fe. No.: 1116-54-7

Oi. Abtr. Na: 2,2 · - (Ni trosii) bis-ethl

Diethlntros¡ NDEI¡ N-nitrsobis (2-hydrxythyl) am;

nitrin diethl

1.2 Strctural an irlecar fonm an \\ight

/CH2-CH20HO=N-N "-
èH2-CH20H

C 4Hl0N203 l-1. wt: 134. 1

1. 3 Oical an phsical proes of th pue subtace
(a)

(h)

Descripton: Yellow, viscous oil
oIbilig-pint: 114 C (1.5 nm); des at approxitely

2000C (14 nm)

Refractve in: n;0 1. 4540

Spos data: À 234 an 345 nm (El = 470.7 an 5.3) inrr 1
wate (Dney et al., 1967) ¡ rrs sptrartr data are give
by E' et al. (1977a).

(c)

(d)

(el Solubility: Miscible wi th water in aIl prortions; soluble
in pola orgac solvets ¡ inoluble in non-polar organc

solvents

(f) Volatility: Not stevolatile
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(Ð Staility: Stale at ro teratue for nnre th 14 days

in neutral or alkine aq solution in th dak; slightly
less stale in acidic solutions; light-seitive, espeially
te ultra-violet light

(h) Recti vi ty: Ca be reuced te the correspndg hydrazine

an/or ame; cyclized by sulphuric acid at 1550C te foi:
N-nitrosarpholine (Fan et al., 1977b)

1.4 Tecal proucts an inuri ties
No data ~re available te the Working Group.

2. Production, Use, O:curence an Anlysis

2.1 Pruction and us

(a) Prouction

N-Nitrosoetholame (NDEI) has be prepaed by the reaction of
soum nitrite with diethlame dissolved with dilute hydrocloric acid
(Jones & Wilson, 1949). J: evide was found tht NDEI has be produce
corcially; it is difficut te prepae an purify.

(b) Use

No data ~re availale te the Workig Group.

2. 2 ()ence
(a) 'Ibacc

Scltz et al. (1977) foun 0.1-173 llg,lg NDEI in tebacc. The

source was believe te be a maleic hydrazide herbicide fo:rate as the

diethlam salt, whdi had ben us on th tebacc.
(b) Cuttig fluids
Cutting fluids are widely used te reduce th terature of the

rætal -tol interface duing :rtal cutting or grindig. The may be

sythtic (water, soum nitrite and trietholame), se-sythtic

(water, oil, amlsifier) or pure oil (Bueau of Nationl Affairs, 1976).

In Euope an th US, nnst cuttig fluid concetrates are sythetic,
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contanig up te 45% trietho1am an 18% soum nitrite in water, an
are dilute for finl us (Fan et al., 1977b).

Zingmk & Ra (1976) report intially tht NDEI was Ilt found
in a freshly preped nitrite-triethlamneba cutting fluid;
hover, on stag for 5-7 nnnth, th fluid was foud te cota
400-800 ng/1 NDEI (co1or:itric and ga chomtoaphie qutification)

(Rape & Zingmk, 1978; Zingmk & Rapp, 1977). Fan et al. (1977b)
foun tht eve when th pH of the fluids was in th range of 9-11, aIl
cutti f1uids ex contain NDEI at concentrations va.ing fra

0.02-3%.

(c) Pesticides

An atrazine fo:rtion eisified wi th trietholame wa reported

te conta 0.5 ng¡kg NDEI1 (Cohen et al., 1978).

(d) Cosrtics

NDEI wa foun in aIl of 7 facial cosrtic fo:rtions at levels

of 42-49,000 llg¡kg an in 12/13 ha and bo lotions (~10- 140 llgjkg)
an in 8/9 hair shs (~10-260 llg¡kg) (Fan et al., 1977a).

2.3 Anlysis

For th anlysis of NDEI in cutting fluids, pesticides and cosrtics,
sales are exacte with ethyl acetate in th presence of annitn
suphate, wash off a silica colum with acetene an anlyse by thi:l
engy anyse-high-pressure liqud chtoap using a ll Porasil
colum with 2 rr/m of 40% acetene an 60% hex (Coen et al., 1978;

Fan et al., 1977a,b).

Ga chomtoaphy ca also be us for anlysis of NDEI in pesticides
(Co et al., 1978) i for cuttig fluids, conversion to th O-nethyl ethr

foll00 by gas chomtoaphy (Fan et al., 1977b) or a color:itric ræthod
(Rape & Zingmk, 1978) ca be us. Anysis of NDEI in tobcc is

describ by Scltz et al. (1977).

l'ls result wa no confinn by mass spctsco (se also 'Geeral
Feks on th Sutaes Coidere', p. 40).
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3. Biological Data Relevant te th Evluation

of CacinoencRisk te Ma

3.1 Cacinogencity and relate studies in ans

(a) Oral admstration
Rat: A group of 20 ID rats was gi ven N-ni trosodietholame (NDEI)

in the drining-water at concetrations eqvalent to 600-1000 mg¡kg

l:m/day, up te a total dose of 150-300 g¡kg lM. AlI 20 animIs developed
hepatol1ular cacinonas betw 242-325 days after the sta of treat-
ræt; 4 rats aIse had renl adenorr (Druckrey et aL., 1967) (The Working

Group noted tht the dose reqred te prouce the effects was very rnuch

higher th tht of other cacinogenc ni trosames J .

(b) Subtaeous admstration
Hater: 'T groups of 15 nale and 15 ferle Syrian golden haters

recive either 7 twce wely s.e. injections each of 2260 mg¡kg bw

NDEI (1/5 of the ID ) or 27 injections of 565 ir¡kg lM (1/20 of the ID )50 50
over 45 wes; in the latter case, several injecion-free intervals of
1- 2 we ~re rered due te local necrosis. Total doses were approxi-

nately 15 g¡kg lM; aIl suriving animIs were killed at 78 weeks. ln

the first group, 28/30 anIs ~re still alive at the appearance of the

first turur (33 wes), and 20 develope tururs, including 10 adenoc-

cincms of the nasal cavi ty, 8 papillar tuurs of the trachea and 3

hepatocellular adenom. ln the second group, 27/30 animIs surived 33

wees, and 19 develope tururs, including 12 adenoccinors of the nasal
cavity, 7 papillar tururs of th trachea and 3 fibrosarcos at th
injection site. Of 27 effective controls, 3 developed 1 thyroid carcinor,

1 haergioendothelior of the splee and 2 adenonas of the adrenal gland

(Hilfrich et aZ., 1978) (The Secretaiat becai aware of this paper subse-

qunt to the irting of the Working Group J .
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3.2 Oter relevat biologica data

(a) Exiita syste
'Ie s. c. ID of NDEL in Syia golden haters wa Il.3 g¡kg l:

:; 0

(Hilfrich et al., 1978). NDEL was not leth when give as a single
oral dose of 7.5 g¡kg l: te rats (Druckey et aL., 1967).

No data on th netalisr, rmtagenici ty, eri:otexici ty or terato-
gencity of ths a: væe available te the ibrkig Grup.

(b) Hu
No data ære available te the W:rkig Group.

3.3 Cae reports an epideological studies
No data wee avalable te th ~brking Grup.

4. Sui of Data Rerted and Evuation

4.1 Exrinntal data

N-Nitrsoethlame is cacinogenic in rats after its oral admi-
stration an in hates after its subtaeous injection. It produces

hepatocel1ula cacins an renal adenas in rats, and adenocarcinoms

of the nasal cavity, pail1a tuurs of the trachea, hepatollular
aden and loc fibosaa: in haters.
4.2 Hum data

No case rert or epide:ologica studies were availale te the
'Vibrkin Group. N-Nitrosoeth1a has be found in variable concen-
trations in tebacco, one pesticide forrtion, sa cosmtic prepaations
an, in rmch higher concentrations (0.02-3%), in cutting fluids. These

report shoud pennt th identification of exsed grups.
4.3 Evuation

The is sufficient evidence of a cacinogenic effect of N-nitrso-
diethlame in Th exiita animl spies. ln view of the widespread

exsue te appreiable concentrations of N-nitrosoetholamri, efforts
shuld be made te obtan epidanologica inonntion. Although no epide:o-

logical data wee available, N-nitrosoethlame should be reged
for practca pures as if it wee cacinenic te hums.
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N-NITRI.
Ths sustace was considered previously by an IA Working Grup,

in Der 1971 (IA, 1972). Since tht ti new data have beca
available, and these have be incorprate inte the nnnogaph and taen
inte account in th present eva1uation.

1. Oical and Physical Data

1. 1 Syonym an trade nas

01. Abtr. Seces Re. No.: 55- 18-5

01. Abtr. Na: N-Ety1-N-nitroso-th
DEN; DE; N.J N-dethyln trosame; diethyln trsamne;
ni trosodethylame; NOEA

1.2 Strctural an nnlecla fonnae and væight

/CH2-CH3O=N-N"
CH2-CH3

C 4Hl0N20 M:Ü. wt: 102.1

1.3 Oica1 an physical proprties of th pure substace

(a) Decription: Ye11ow, volatile liqud

(b) Boiling-point: 1770C (760 rr); 64-650C (17 rr) (Drckey
et al., 1967)

(c) Desity: d~O 0.9422

(d) Refractive inx: l-0 1. 4386

(e) Sptroscopy data: À 230 and 340 nm (El = 726.7 and 8.3)ma 1
in water (Druckey et al., 1967); nass spectroscoy data are

give by Pensabe et al. (1972) and Rainey et al. (1978).

Solubi1ity: Soluble in water (approxitely 10%) (Drckey
et al., 1967) an in organc solvents an lipids

(f)
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(~ Volatility: Ca be stesti11ed qutitative1y (Eisenran

et ai., 1970)

(h) Staility: Stale at ro teratur for nnre th 14 das

in riutral or allie aq solution in th dak (Dr
et ai., 1967); slightly less stale in acidic solution;

light-seiti ve, esially te ultra-violet light

(i) lèctvity: Strong oxidats (peracids) oxdize it te th

corrspnd nitram; ca be re te th correspndg

hydrazine an/or am; relatively resistat te hydrlysis
but ca easily be split by hydr brande in acetic acid
(Eiseran & Prussm, 1970). Photoancaly reactive
(Fridm et ai., 1971). A descipton of th prepation of
vaiou derivatives is avail.le (Prussm et ai., 1978).

1.4 'lhncal prouc an inuri ties
No data ære avalable te th WJrking Grou.

2. Pruction, Use, O:ence an An1ysis

2.1 Production an us

For backgr inoi:tion on ths seon, se pre1e, p. 22.
(a) Proucton

N-Nitrsoethylam (NOEA) wa first prepa in 1863 by Geuth
& Krutzhge (Prager et aL., 1922). It ca be made by th reacton of

diethylae an ni trou acid (Drckey et a i ., 1967).

Althugh NOEA is aval.le in sml qutities for rese pures,

no evden was fOl tht i t ha be maufactured carciall y .

(b) Use

No data were avalab1e to th WJrking Group.
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2. 2 O:ce
(a) Ai
Vl th air of a rn of major US cities wa exne for N-

nitrs, NDFA (200 mg/m3) 1 wa fotm ony in one ar of Baltire

(Fin et al., 1976a,b). Ieels of .(10 ng/m;! 1 have be foun in th
sng cxt of a trai (Br & lbffr, 1978).

(b) 'Ibacc sn
M:nnck et al. (1973) report NDFA in tocc sne condente at

a 1ev1 of 1-28 ng/cigartte. 'l rntr sr of a blen cigatte

withut filter tip (85 nn; 0.9% nitrate; 2.05% nicotie) was report

te conta .(5 ng NDFAcigarette (Hoffr et al., 1974). Klii et al.

(1976) rert trace levels in 9 typ of tocc S1ke, an 1 ng/

cigaette in one sanle. Up te 8.3 ng/cigartte we foun in th rn-
strea sie of 19 carcial and expinta cigarettes; far grte
concetrations (8-73 ng/cigarette) we foun in sidestrea S1ke
(Brer & Hoffr, 1978; Bru et aL., 1977).

(c) Water

IDFA was fou at the 0.010 llg/11 1eve1 in high-nitrate well-wter

us for drining (Fin, 1978). Fidder et al. (1977) reported 0.33 an

0.83 llg/l NDFA in deionized wate. Ie1s of 0.07 and 0.24 llg/11 were

fou in the waste-wter fran 2/19 chemca plants (Cohen & Bach, 1978).

(d) Fc: an fee
O1se: NDFA was deteed in a sale of Chda dise in trace

anunts (::0.5 llgjkg but .(1.0 llg,lg) an in Cleshre chse at a 1evel of
1.5 llg,lg1 (Allisten et al., 1972). It wa foun in 1/16 chse sales
at a level of 20-30 llg,lg1 (Cerutti et al., 1975). Se et al. (1978)

report 2-20 llg,lg NDFA in 10/63 cheeses. Eiserand et al. (1978)

fou 3 llgjkg in 1/173 cheeses.

1Thse results wee not confinr by rnss spctosco (se also

· Geeral Peks on th Substaces Consídered', p. 40).
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Vegetales an veetale oils: ND has be dete in bes at

a level of 0.2 llg¡kg1 (Roch, 1972), an in five sanles of freshly

expresse soya be oil at a level of 4 llg¡kg1 (Heler & Madt, 1974).

Ceeal product: In ealier 'Yrk using ineqte netholog,
conf1ictg reports wee made abut th presenc of NDEA in ceeal product.

Heler & Mat (1968), Heyn & Põper (1974), Kroeller (1967), Madt
& Heler (1966), Roch (1972), Sen et ai. (1969), Thewlis (1967) and

studies in Iran (Joint Iran- IA Study Group l 1977) foun no evidence of

NDEA in such products.

Fish: NDEA has be fou at lev1s of less th 1 llg¡kg in spotte

catfish, cx, cofish, greater silver srlt, grendier, herring, polloc,

reish an tersk¡ haddoc was found te conta up te 4 llg¡kg (Te11ing

et aL., 1974). In anthr study, cx wa fou to contain up to 50 llg¡kg1

in salte sales, 39 llg¡kg1 in sales in tote sauce, 1 llg¡kg1 in

frozen sales and none in sred sales. Th sar study reported tht

dwf herring contained 147 llg¡kg1 in baed sanles, 2 llg¡kg1 in fresh
sales an 1 llg¡kg 1 in snked sales. Herring was found te conta

108 llg¡kg! in pickled sales, 27 llg¡kg1 in samles in tante sauce an
4 llg¡kgl in snked sales (Ka et aL., 1976). Ealier studes reported
a level of 1.5 llg¡kg 1 in both uncoked and fried sta1e cod (Allisten
et ai., 1972) and traces1 of NDEA in sales of pickled but not frozen

herring (Se et ai., 1969). Levels of 1.2-21.0 mg¡kg1 have be report
in Catenese salt-dried fish (Fong & Walsh, 1971).

NDEA has also be detete 1 in salte salnn roe whch contaned

soum nitrite (Saki & Tan" 1971). lyega et ai. (1976) foun
4-14 llg¡kg NDEA in halibt, salnn, co, sole, oc perdi and scalops

only afte fi:ing or bag.
~t product: A ni of 40 llg/kg1 NDFA wa report in cued

rrats (Freirth & Glaeser, 1970). less th 1 llg/kg was dete in 1/24
sales of fried bacon, and 1-4 llg/kg were found in a samle of chopp

1The results were net oonfi: by mas ~osco (se also
1 Geral Reks on th Sustaces Consideed', p. 40).
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perk (Crosby et ai., 1972). In th UK, 1.5 llglkg1 NDFA was fou in fried

back bacon an in unco pig's liver (Allisten et ai., 1972). levels of
2-25 llglkg ære fou in 11/298 sanles (Se et ai., 1974) an in 9/80
sales of vaious iæat products (Panlaks et aL., 1974). Trace arunts1

of NDFA ære report in sales of te sausge, sn 'Krekovi' sausage

an sned 'Seelaad' sausage (Ka et ai., 1976). Sales of uncoked

bacon were found te contain 0.3 llglkg, and coed bacon sanles cotaned
2.0 llglkg 1 (Fine & Rouner, 1976).

Se et ai. (1976) found 10 llglkg in peppron, 3-10 llglkg in bo1og,

7 llglkg in wieners, 10 llglkg in nok dicken, 16 llglkg in netloaf and
5 llglkg in ba sausage. Groeen et aL. (1976) foun 7 and 91 llglkg in
~ sa1es of srke net an 4-43 llglkg in fried and unfried bacon.
Stepha Y et ai. (1976) foun a ne of 0.1-0.6 llglkg in net products,
with up te 2.8 llglkg in coed and sred ba; and Groeen et aL. (1977)
foun 0.1-0.8 llglkg in 11/47 sa1es of procssed nets.

Havei: et ai. (1978) an Eisenrand et ai. (1978) foun no evidence

of NDFA in a lage num of net products. Gogh (1978) foun 0.05 llglkg1
in 1/13 prepaed nels, .c0.03 llglkg1 in 3/36 pastr foo an up te 0.2
llglkg 1 in cued nets.

Fee: A level of 1 llglkg NDFA was foun in 4/6 sanles of fishia1

(Mirn et ai., 1976), and 28 and 36 llglkg were foun in 2/16 sales
(Juszkiewcz & Koski, 1976). Ka et ai. (1978) report .cl.0 llglkg
in 3/46 samles of anim fee. levels of 0-17 llglkg have been foun in
exriinta anl fee (!A, 1977a).

(e) Alcoholic bevea5Jes

NDFA has be deteed in a nu:r of alcoholic beverages, includng

apple brandy, eiders, coc, angnc, ru an whskey. The average
level was 0.1 llglkg (!A, 1977b).

ITh results Yæe Ilt confii by mas sptrosco (see also
'Geral Reks on th SUstaces Coidered', p. 40).
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(f) In vivo

NDEA was preset in hum blc: both before and after the ingestion

of a ir: th level in the blc: increase fran 0.09 iil/ll before te

0.46 iig/ll followg the ir (Fine et ai., 1977). Laitz et ai. (1978)

report th presece of 5-30 iig¡'g NDPA in th stoch of 4/35 fastig

patients (No adeqte precutions \\re ta te prevet nitrsa
foi:tion during sterage of th sales).

2.3 Anlysis

An IA Maual gives selecte iæthod for the anysis of volatile
N-nitrsas, includg NOPA (Preussm et ai., 1978).

On 29 Sete 1977, th US Envirornntal Protection Agency issued
a notice reing aIl reistrants of pesticide proucts tht are pote-
tially contate with N-nitrso couns te anyse ccrcial sales
which have ben stered for at least 18 days to detenne th exnt of
contation. Ths notice prescribs in general term the typs of
anytica iæths te be used for volatile N-nitroso caunds (e.g.,

gas chtoaphy plus mas sptrartr or thei:l enrgy anlysis, and
others) as weIl as for nonvolatile N-nitroso couns (e.g., high-pressue
liqud chitogaphy plus ultra-violet spectrscoy). Confii:tion of
positive results by gas chrtoaphy and llSS sptrtr or by valid
independent rrthod is reired when possible (US Envirornnta Prtection

Agenc, 1977).

3. Biological Data Relevat te th Evaluation

of Cainogenic Risk te Ma

3.1 Cacinogenici ty an related studes in anIs

(a) Oral admstration

fuus: Several studies on different strains have dennstrated the

cacinogenicity of N-nitrosoethylame (NOPA) in this spies. ln the

lThes results wee not oonfii: by llSS sptroscopy (se also
'Geeral Reks on th Substaces Consideed', p. 40).
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1ive, rry haemioethelian (Sc & Ths, 1965a; ~
et al., 1963a) an adna (Tayam & COta, 1965), but also hepata
(Clapp & Craig, 1967; Clap et al., 1970; Sclil et al., 1963a), \Vre

prouc. Squs-cell cacin of th oesogu and forestoch
-ære also fou (Clapp & Craig, 1967; Clap et al., 1970, 1971;

Shvemrger, 1965; Tayam & Cbta, 1965). An increased incidence of
lung adenan has also be oberved (Clapp & Craig, 1967; Clapp et al.,
1970; Mish & Kauf, 1970). The site and histelogical ty of the
tuns depded te a cein exent on the nnuse strai used (Clapp

et al., 1971). Tuur freqency was usual1y vei: high, approchg in

may cas 100%, in mice give a dosage of 2-13 mg/kg bw/day. Sa indi-
cation of a dose-respns relationship has be report by Clapp et al.

(1970) an Sc & Th (1965a).
It wa reprt in an abstract tht singlè--Lg. doses of 60 mq¡kg bw

NDEA produce 7/24 hepata an 7/24 1ung adenan in BT mice; no sig-

nificat increa wa se in C57BL/60 mice (Akamtsu, 1975).

Rat: Fol1owg the first rert of Ii ver carcinogenesis by NDEA in

rats (Scl et al., 1960), may labrateries confir and en1arge

ths findg using different strains and conditions (Grdm & Sieburg,

1962; Lacasagn et al., 1967; Reid et al., 1963; Takyam et al.,
1975; 'I, 1961). In nnst cases, hepatollular tururs have ben

abse, ofte with lung netastases; in sar cases, chlangians have

also be describ (Argu & lb-Ligeti, 1961; Ho-Ligeti et al., 1964).
Ih lifeti feeg studes with daly doses of bet' 1 an 10 mq¡kg bw,

tu yields aproch 100% have be found. W'ile nnst investigations

have sh no se differe, Reubr & Ie (1968) rert an increed

seitivity in young femes. 'le sa authrs also report tht four-

we-old anls wee nnre seitive th older ans. Feeng for only

82 days incre th latet peiod an reuc th turur yield as ca
with lifeti feeg (Rajew et al., 1966). With l~r daly dosages

(0.15-0.6 mq¡kg bw), s:us-cel1 cacin of the oesophgu wee

ob in adtion te live tururs (Drckey et al., 1963a). A single

dose of 280 mq¡kg bw inuce live an kidny turs, an 4 wely doses

89



of 25 or 35 ll¡kg lM inuce tiurs of th Ii ver, the oesohagu and th

kidney (Drckrey et al., 1963b, 1964).

ln a dos-re8pns study (Table 1), the ne tetal dose adnnistere
in drinng-wter until apance of th first tu ranged fran 56-965

ng¡kg lM, an the inuction ti for tiurs betw 68 an 750 days. AlI

dosages higher th 0.15 ng¡kg lM/day gave a turur yield of 100%; 0.15

ng¡kg lM/day gave a tuur yield of 27/30. At a dose of 0.075 rr¡kg l:/

day, 20 rats lived for nnre th 600 days (40/60 died fro pneurnia) ;

at 750 days, 16 \'e ded and 1 anl had a hepata, 3 had multiple

pail1ans of the æsophagu, and 3 had a sqs-ce-ii cacinom of the

naal cavity. 'I four anls given ths dose level tht lived at least

until 940 days of age (850 days of the exriInt) aIl had tururs: 3 had

hepatos (one of these also had a jaw cacinan) and one ha a hepatollular

cacinor¡ 2 sac: were seen al 50 (DrucJcrey et aL., 1963a).

Liver tuurs, includng 13 hepatollular cacinans, 9 haemgio-

sacos and 1 unclassified blasta, were induce in 23/25 l6~ek-old
male Wista rats by daly admstration of 1 mg NDEA in the drinking-water,

up te a teta dose of 134 mg/anl (Hadjiolov, 1972).

Cacinans of the oesohagu were induced in 9/14 male and 5/14 ferle
12-we-old Bufalo rats after feeing 0.0114% NDEA in the diet for 26 wes.

Anls surived an average of 28 wes (Reubr, 1975).

It was report in an abstract tht nasal and other tururs (unpei-
fied) occued afte th teth nnnth of life in th offspring of a ferle
rat gi ven NDEA during nursing (route unified); th rrthr develop

a kid.y turur and died afte 9 nnnth (Schtal & Apleby, 1973).

Hater: '1 i. g. adstration of 0.4 ml of a dilute aqueous

solution of NDEA (1:250) twce wely inuced tururs of th trach and/or

lung in 37/68 Syian golden haters (Ibntell & l-hr, 1961; Ibntell

et al., 1962). In anther study, malignt liver-cell tururs and turs
of th nasal cavity an bronchi were also induce (Herrold & Du, 1963).

Tuurs of the forestadi and oesophagu develop in aIl of 20 male

an 20 feme inred Cle haters tht reive 40 mg/l NDEA in
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Table i a

N-Nitrsodethylae dose-response

Ni of Nur of Nur of oesohagealans ali ve anirn.us with Nur of Nur of tururDaly dose at appance malignt rrlignt lung
rr/kg kM of first t.s of li ver rrtastasesma lignant the Ii ver anl tururs Papillcn CacincnIi ve tiur or oehas
14.2 5 5 5

9.6 25 25 25 4

4.8 25 25 25 4

2.4 34 34 34 7

1.2 36 36 36 10

49 49 49 8 4 50.6
67 62 4 4 7 230.3
30 27 18 2 13 90.15

0.075 4 i 1 3

~am Orckey et aZ., 1963a
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drin-wter for 17-26 ~s. Squs-cl1 cain accte for
23% of th stadi tus an for 15% of thse of th oesogu. Heto
cellul caci also oc in 5 ans (Baer et al., 1974).

Qi-pig: NDEA admsteed in the dring-wte as 5 ng¡kg

bw/day inuc hepatollul cacin and 1ive adencin, sa
netataizing inte th lungs, in all of IL treate ans. 'le nean
tota dose was 1200 ng¡kg l: (Drcky & Steinoff, 1962). with a dose

of 3 ng¡kg l:/day, 7/8 anls ha liver tuiurs ('lan & Schn1, 1963).
In anth stud, hepatol1ul cacina were again the ma tuiur

ty inuce in 14/15 anls tht live nnre th 16 we (Argu &
Ib-Ligeti, 1963). In a dose-respns stud, NDEA wa given in th

dring-wter for periods of 4, 8, 12 and 24 wes¡ with an average
daly intae of 1.2 ng/anl (tetal dose, -(75 ng/anl), no tuiur
\\re cbed afte on yea. With a higher dai1y intae, treatit for
12 \\ gave a 21% tui yield an trtit for 24 we a 100% yield

(Arco et al., 1969).

Rabit: Daly dos of 3.4 ng¡kg l: NDEA given contiuously in the

drin-wter inuce Ii ve-cell caciI's in 2/2 treated rabbi ts
(Schn & Ths, 1965b). In anther exrint, aIl 13 ans tht
reæive NDEA continuoly in th drining-wter (0.042 g/l) on 6 days a
we died with netastasizing hepatic cacinan¡ one anl had an ade
cacin of th lung (Rapp et al., 1965).

~: Prim hepatic ~las of vaious tys were induce in 14/14

adult male nnngrl dos given 50, 100 or 500 ng/l NDFA in the drinkg-wter

for 2-50 ~s ¡ these consiste of 3 fibro, 4 leianan, 1 hagian,

10 haeigioeothlian, 4 fibroarco, 2 1eianosarco, 1 hepato

cellul cacinan, 1 diolangioccinan and 1 lIdifferetiate-æl1 ca-

cinan. Six dos develop sq-cell cacina of th naal cavity
(Hiao et al., 1974).

Pig: Various tuurs of the Ii ve, 1 adenan of the kidny and 1

squs-cel1 cacinan of the ethid were induce by da1y does of

4.4 ng¡kg l: NDEA te 4 pigs (Sd et al., 1967). In anther study, 2

pigs treate with 1.5 ng¡kg l: for IL nnnth and th 3 ng/kg hw until
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deth develop a hepatan an a kidney aden, respti vely (total doses,
750 ng¡kg hw for th pig tht died after 470 days and 1090 ng¡kg hw for the

one that died after 594 days) (Scl et ai., 1969).

A group of 6 Göttingen mii -pigs recei ve doses of 0.4 mg¡kg bw NDEA

in aqueous solution 5 tis/'V for 42 wees/yea. After 5 years, 3 long-

te:r suivors died (tetal dose, 420 ng¡kg hw), an 2 others were killed.

AlI 5 mii -pigs had a hepatollular adenan. Four arls ha hepato-
cellul cacinans; one of these animls also had a Kupffer-cell sarca,

an in another rætastases of the hepatol1ular carcinan were found in th
lung. ln addition, 1 renl cacina and 1 brain turur were observd

(Graw & Beg, 1977).

MJnkey: It was report in an abstract that after oral admstration
of NDEA, beginning 12 hours after birth, at a dosage vaiing fran 2-30

rn¡kg hw/day, hepatollular cacinan were induce in 3/15 rhesus an

cyarlgus nnnkeys (O'Gaa & Kelly, 1965). Hepatocllular cacinans were

induce in 6/15 rhesus and æb rrnkeys treate with various doses of NDEA

for nnre th a yea; treatint of newrn or young animls was with

2 rn¡kg bw, and the dose wa gradua Il y increased up to 30 rn¡kg bw. The
crlative oral dosage ranged frar 6-26 g/nnnkey, and the induction tiI

vaied betw 14 an 24 nnnth (Kelly et a i., 1966).

(b) Skin application

MJuse: Twce-weekly skin application of ~ drops of a 0.2% solution
of NDEA in acetone for 10 nnnth induced sqarus-cell carcinan of the

nasal cavi ty in 17/24 arls; no locl skin turs were observed
(Hoffm & Graffi, 1964a). Daly treatIt with thee drops of 0.2%

solution, or twce-wl y treatnt wi th two drops, induced squus-cel1

cacinors of the nasal cavi ty in alist aIl treate animIs after appli-

cation of nnre th 8 rn/ap (Hoffm & Graffi, 1964b).

Hater: In 6/8 Syian haters, skin painting with NDEA in water

prouce epi the liaI papillan of the naal cavi ty, but no skin tururs

(Herrold, 1964a,b).
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(c) Inlation an/or intratrachal admstration
Rat: Spray inlation of a dilute aqueous solution of NDFA (1:250)

for 4 nnnths produce liver cacinos in 8/17 animIs, but no 1ung

tururs (Dotell & M:, 1962).

Hater: Spray inlation of 1-2 rr NDFA twice wely for 5 nnnths

prouce tururs of th trachea and/or lungs in 18/33 Syian golden

hates (Dotell et aZ., 1962). 'Ie weekly intratrachel instillation
of 0.05 nù of an aqus solution (1: 14) for a period of up te 6 nnnth
induce tururs in th trachea in 14/14 an in the bronch in 10/14 anls,

but no liver tuurs (Herr1d & Du, 1963).

(d) Sutaeous and/or intramar adnistration
l"us: S.e. doses of 50 IT/kg l: once or twice wely, up te a tetal

dose of 200 or 400 IT/kg l:, significatly increaed the freqency of hmg

adenom fran 15% in untreate contrls to 25-90% in treate anls

(Hilfrich et aZ., 1971).

Groups of 20 mae an 20 feme 8-~-old SWss mice were trated
wi th single s. c. injectons of 0, 2, 4, 8, 16 or 32 IT/kg hw NDFA. ln

treate anIs, th incidences of lung tuns (includng adenam and

cacin) were 16/39, 18/38, 24/39, 25/39 an 21/40, coared with

33/218 in controls¡ 3 treate mice develap s.c. sarcc (average

suval, 88 week) (Cadesa et aL., 1974).

Nern nnus: Trtit of nern mice with a single s.e. dose of
50 IT/kg l: caus a signficat increase in the numr of lung adenars.

r-t of th ans also develope hepata wi th 6 nnnth (Gagu

et aZ., 1969).

Hate: Seeral exriInts with Syrian golden hamters have shaw

tht NDFA produce cacinam an papillo.s of th upr and lavr

respiratei: tract (nasal cavity, bronch, trachea, 1ungs) and, rrch less

freqently, tururs of th liver (Dontenwil1 et aZ., 1962¡ Herrold, 1964b,c).

A positive dose-respns relationship for turur induction in the upr
respiratei: tract, but not for tht in the lowr respiratoi: tract (where

tu fi:cy wa low), wa abserved after 12 wely s.e. doses of
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0.5, l, 2 or 4 nq/an¡ tu yield in th na cavity an th la
range fran 17-72% an in th tradiea fra 88-100%¡ on live bmour wa

ober (r-tesa & Safiotti, 1968). Six differet single doses, ranging

fro 0.75-4 ng/anl, prod paillar in th tradiea, whle lCMr

doss, do te 0.03 nq/an, -vre withut effec wh th anIs 'V
killed at 25 wæ (~ et al., 1966a). A smller dose (4.6-9.3 nq/kg hw)

was foun te gi ve a 10% yield of trach paillars in haters obsei:ed

for thir lifes (Dotell, 1968).

Twce~ly s.e. injecions of 20 ngg hw NDFA to 40 Syian golden

hates resulte in 18 nela of th na cavity (squs-cell
cacins, adencin, 1 nec tuurs 1 ), 31 pail1an of th
trach an 19 tturs of th Ii ve (hepat., hepatollu1 cacinar,
chlangioccina) ¡ the neum inucton tiI was 190:t2L.4 days (M:el

et al., 1974).

Daly s.e. injecons of 5-20 nq¡1g bw NDFA to 3 grups of 5 nursing

Syian golden hates for 30 days, ccing on th first day afte

delive, caus paillan in the respiratoi: tracts (trach, lai,
bronc, naal cavity, lung) of nnthers an thir offspring. The tunur
freqcy in the Fi geeration wa depeent upn th dos th nnth
reived¡ th findgs indicate tht the cacinogen or its iætalites
ære trantte te th offspring during lacttion (l-hr et al., 1972a).

Trachl tissue fro Syian golde hates pretreate twce wely
wi th 18 nq¡1g bw NDFA for 20 wæ wa inlante inte thir nnthrs 1

splee, an th nnthers were subseently given 18 mg/kg hw NDFA sub-

tausly twce 'Vy for 20 we. Tradieal tunurs develop with

th splee in th nnthrs (16/22) ¡ thee of th tunurs were squs-cell
cacinas (M: et al., 1976).

'l consistet affin ty of NDFA for th respiratei: tract wa not

abser in exrints withClese haters. A s.e. dose of 77 mg/kg

bw, given once \'ly for up te 22 wæ te 132 ans, resulte in 82%

nutiple paillan of th forestadi an 30% papillan of th oesopgu¡

sqs netalaia but no b:urs was observ in th respiratoi: tract
(M: et al., 1967).
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In thee groups of 40 Clin hates, s.e. tratit with 1/5, 1/10

or 1/20 ID NDFA (ID 230 ir/kg hw) once a æe for 1ife produce50 50
sq-cell papillar of th ch podi, teng, ph, oesohagu
an forestach in up te 100% of ans. Cacinar we also se
occasionally at thse sites (Rezni et ai., 1976).

Oice~ly s.e. injection of 20 ir/kg hw NDFA for life te 10 wi1d mae

Euop haters yielde tuurs of th respiratei: syste in aIl anims;
the main taget organ wa th naal cavi ties. Sq-c11 papillan
\'re se in th lar, trach an ste bronc (rlhr et aL, 1972b).

Nern hater: A single s.e. dose of 0.015, 0.03, 0.09 or 0.15 ir/
anl gi ve ta newrn haters prouce tuns of the upr respirato:r
tract in 30-65% of th anIs, but vei: few tunurs \'re obsed in th

1ungs and bronch. On Ii ver-cell cainan an 1 hepatema were sen in

144 anIs (l-tesa & Safiotti, 1970).
Gebil: Vln grous of 40 or 120 gerbils (Meriones unguieu iatus) were

given once-w1y s.e. injecions of 6, 12 or 24 ir/kg hw NDEA for life,
high incidences (66-80%) of mitifoc1 tuurs of th nasal cavity \'re

obse:r. ln addition, pail10rs of th tracheobroncha1 system, aden
and cacin of th lung, as \'Il as chlangioce11ular and hepato11ular

cacins were se (Cadesa et aL, 1976; Haas et al., 1975).

Guea-pig: S.c. admnistration of tetal doses of betw 341 and

1310 ir/kg bw prouce malignt Ii ver-cell tunurs and sar benign or
malignt turs in the tracha and ethida1 reion of gunea-pigs

(Iad, 1965).

Hegehog: S. c. admnistration of NDEA te Algerian hegehos (Erinaceus)

(teta1 dose, 375-1050 ir/kg bw) resulte in necrosis of th 1iver pandiym
and benign and malignt tuurs of th liver an lung (Graw et aZ., 1974).

Bird: Grass paakeets were inject intransclarly once wee1y with

100 ir/kg bw for 19 wes an then once eve:r second æe, to a tota dose

of 2500:!600 ir/kg bw; 6/9 birds tht surve th treatrnt died with

malignt hepatic tunurs (Schrl et al., 1966).
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(e) Intrapri tenea admstration
M:: ~ Lp. injecon of 100 Il!kg hw produce lung aden in

28/29 SW 1lce (Mish & Kauf, 1970).

A strai-spific suptiility to NDFA carcinenesis wa identified

by Diwa & M=er (1976a). A single Lp. injecon of 90 mg!kg hw led

predomtly te lung ade (24% versus 0% in controls) and leukema

(68% in ooth exri.nta an control animIs) in 25 AKJ 1lce, to lung

ad (70% versus 22% in controls) an leukema (28% versus 18% in

contrls) in 25 SWJ 1lce an te 6 hepata an 1 bile-uct aden in
21 C57BL/6J 1lce. No liver tuurs we se in 20 C57BL/6J cotrol TIce.

Studies on the iætastatic teency of NDFA-induce Ii ver tururs in

(C57BL/6JXC3He/FeJ) F 1lce revealed netastatic foci in th lungs in 22%
1

(Kyriazis et ai., 1974) an 38% of the anims (route unpecified) (KOka

& Vesselini tc, 1974).

Rat: A daily Lp. dose of 0.55 Il/an1 for 12 or 23 wees prouce
hepata in nnre th 80% of F-344 rats treate (SVolx & Higginson, 1968).

Hater: An Lp. dose of 2 mg/anl once a wee for 4-7 nnnth

produce squs-cell pail1cm of th tracha, epithelial papillcm,
cacin an neuroei the liaI tuurs of th nasal cavi ty, squs-cell
paillans of th bronch an hetic cacins (Herrld, 1964b).

MJnkey: ~ Ceropethicus aethiops (gree) rrnkeys treate with 20-40
:r!kg hw ever b. væ for 26 nnnth develop hepatic-cell carcinans

(Kelly et ai., 1966). It was report in an abtract tht hepatas an
hepatollul cacin were produc by i. p. admstration of 40 mg!kg

hw once ever b. wes for 15 nnnth or longer in all 25 nnnkeys trated¡
17 of thse had iætastases (O'Gaa et ai., 1970).

It was reprt in an abstract tht L p. admistration of NDEA

resulted in liver tuurs withn 8-27 nnnth in rhesus and cylgu
nnnkeys. 'lis was preced by a signficat increas in the a ipha-foeto-
protein levels in seru betw th thrd an six nnnth (.Aon
et al., 1973).
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Mupidenrid cacinar in th naal cavities occu in 10/14
proiman primtes (Gaiago crassicaudatus) treate by Lp. injection every
2 æe with 10-30 rr/kg l: NDFA; 2/10 anIs also ha prim cacinan
of th live (Dalgard et al., 1975, 1976).

Nern nnnkey: It was report in an abtract tht i.p. injection
of NDFA evei othr væ te nern rhesus nnnkeys resu1te in 100% live

tunur inidence withn 10-15 nnnths (Adon et al., 1974).

(f) Intravenous adnistration

Rat: A single Lv. injecion of 280 m:/kg bw NDFA te 4 rats prouc
kidney tuns in aIl anIs an one cacina of the ovai (Drckey

et al., 1963b, 1964).

'l effect upn the kidneys of a single Lv. injection of 1.25-160

m;/kg l: NDFA wa stued in grous of 10 rre and 10 femle Spragu-Daley

rats (Table 2). One femle gi ve 1.25 rr/kg bw develop an adenan of the
kidney. Doe levels of 40 rrjkg l: an al increaed the tunur incidence

an derese suva ti (Mo & Hilfrich, 1972, 1974).
Gerbil: Single i. v. injecons of 50 or 100 rrjkg bw NDFA te groups

of 10 rre gebils resulte in the developt of cacinas of th naal
cavities; th tuurS originte may fran th respiratery-olfactery
mucosal junction (Cadesa et al., 1976).

(w Oter eJintal syste

Preta exsure

Prt ~ mice ære give NDFA in s.e. does of 80-240 rr/kg bw
from th 15th te th 20th day of gestation; thir offspring ære kille

afte 8 or 12 nnnth. A signficat increa (up te 63%) in the occuence

of mutiple pulna adenar wa obsei:ed (MJhr & Althoff, 1965a). In
addtion te lung aden, begn an rrignt tuns of the Ii ve ,
oehagu an forestadi ære obsi:ed in th offspring of pregt
randabre or C3H mice treate with NDFA during the last days of pregncy
(Lichv, 1971, 1974). After treabTt with 50 rrjkg bw NDFA on day 18

of gestation, 87% of th offspring of (AKJxSJ) F mice develop
1

puna acls (Diwa & rler, 1976b).
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Table 2a

Femles Males

Dose Surival Num of Nur an typ Suri val Nu of Nur and typ
rr/kg hw (wes) rats wi th of tururs (we ) rats with of tururs

tururs tururs

1.25 117 1 1 Adenan 99 - - -

2.5 108 1 1 Menan 98 1 1 Adenan

5 110 2 2 Adan 105 1 1 Adenam

10 93 - - - 98 3 3 Adenom

20 112 1 1 Men 81 - - -

40 82 3 (1) h 3 Adenans 77 3 2 Adenom
1 Cacinam 1 Cacinan

80 72 6 (5) 10 Adenan 87 3 (3) 8 Adenan
9 Cacinan 1 Cacinan
1 Malignt nesen-

chyrl turur

160 67 8 (7) 13 Menans 61 3 (2) 4 Adenan
15 Cacinans 1 Cacinan

aFrom Mohr & Hilfrich, 1972
hFigus in parentheses are mmibrs of rats wi th tururs in bath kidneys.

\0
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Daly s.e. doses of 4 or 8 ng/an wee give te femle Spragu-
Dawley ~ fran th 10th te th 21st day of preg; 14/26 of th

nnthrs shCl kidny tus after 1 ye, 5 of whch \'re cacin.
Sa kidny turs ~re obrv in th offspring at one yea of age
(Wrba et ai., 1967). Uner simla cntion, oral or s.e. adstration

te pregt Wista rats of vaing doses of NDFA produc begn an malig-

nat turs, manly thym an ad of th rn gla, in th
offspring. Treate fene rats died wi th cacinom and adenan of the
kidneys an liver (Th & Bo1li, 1968). Daly oral doses of 1 ng/
anl gi ven te femle rats before an during preancy, up te a total dose

of 60-90 ng/anl, did not result in an increase turur rate in th off-

spring duing lifetiI obrvation; ~r, 5 cacina of the kidney

were observ in 3/4 of th nners that reive a teta dose of 60 ng

(Sydow, 1970).

Daly s.e. doses of 2 ng/an \'re given to Syian golde haters
for 1-7 days duing th second ha1f of the gestation period. Mu tiple

trach1 pail1an ~re foun in 42% of the young 25 wes after birt,

and th first turs appe when they \'re bet. 8 and 12 \'eks of

age (r-bhr et aL., 1965). When 4 rr \'re give for 2-5 days to nnthers,

75% tracheal paillan \'re foun in th young at 25 wes (MJhr &

Althoff, 1965b). Of th treated nnthrs, 73% develop tracheal pail1æas
(MJ et aL., 1966b). When Syian golde haters ~re treated with a
single dose of 45 rr¡1g b; NOFA on one of th 1ast four days of pregcy

(12- 15 days), the offspring s1i an incidence of up to 95% respiratory
tract tururs, whereas treatnt of th nnthrs during the first Il days
of preg resu1ted in no respiratery tract tu in the offspring
(MJ et ai., 1975).

Oral an sutaeous admstration

Th oral admstration to a ~ of 3 rr¡1g b; NDEA, follCl by

wely s.e. injections of the SaI dose, te a tetal dose of 565 ng¡1g hw,

induce a large leiOIosaca of th Ii ver (Schl et a i., 1964).
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Intrarectal adnstration
,

Twce-wly treatrt of 14 alin rats with 11.2 ng¡kg hw for life-

ti. prouc hepatoællul cacin in all treate an (Scl
et ai., 1963b).

Intradeil admstration
VÈly injecons of 3.5 ng NDFA in water for 5-6 nnnth prouce

epithlial pai11an of th nal cavity in 10/19 Syian hates; no
locl tururs were ob (Herrold, 1964a ,b) .

Inrsion
Exur of th aqium fish, Bl'achydanio l'el'io, te 10-100 In/l

NDFA in th ta-wte for 8 ~s resute in hepatas or ch1anian

in 17/63 anIs (Stato, 1965). Trtrt of gupies (Lebistes l'eti-
eu iatus) wi th 13. 3-100 ng/l NDFA in th aquiurter resul te in nec

platic chges in th liver. Afte 7-8 ~s, 23% of the fish exhibited

Ii ve-cll ader, chlagian, chlangioccin or hetol1ul
cacin (Khudoley, 1971, 1973).

ln anthr stuy, 60/224 guies had tu afte application of
26- 100 ng/l NDFA in the wate for 4-8 wes. 'I average latent period

wa 18 ~s. In th high-dse group (thos treate with 100 In/l for
56 days), nnrt1ity wa 40-46%; in th lowsage groups (26-32 In/l) ,
nnrtlity wa 20-28%. Femes wee nnre resistat te th texic effects
of NDFA th males (Pliss & Khley, 1975).

levels of 15-135 ng/l ND in ta-wte for 8 we resulte in
hepatas in 21/32 iæaks (Orzias Zatipes) with th subseent 5 wes
(Ishwa et ai., 1975).

NDFA in ta-wte (50 ng/l) inuced litollul cacinan and

adena an t.urs of th haertoietic syste in 41/94 exse frogs

(Khudoley, 1977).
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Cacinenesis in plants

Ses of hybrids of Nicotiana ~re soed in 10 rr solutions of NOEA

in wate for 1 or 2 days, an tuurs ~re foud on 7.8% of germnated

seelings 20 days later, coed with 2.1% on controls (Andersen, 1973).

(h) Cacinoencity of rrtalites (se also secton 3.2 (a))

N-NitrosoN-ethyl-N- (2-hydroxyethyl) ame, whch has been deteted
in the urin of rats treate with NOEA (B1attm & Prussm, 1973),
produce tururs of the li ver an a few oesophageal tururs whn gi ven

orally te rats (Druckrey et ai., 1967).

(i) Facters tht rrfy cacinencity in anls
Phenobabital was report te decrease th cacinoenic effect of NOEA

an te increase th suri val ti when the tw counds ~re admstered
concatat1y te l- mice. No sudi effect wa observed when ha10the or

irthxyflurane -vre adistered toether with NOEA, although chges in

th ratio of tys of tuurs (haergioedothelians and Ii ver-cell

cacinos) inuced by NOEA -vre observed (Kunz et ai., 1969).

A derea incidence of hepatans was oberved in CF- 1 mice gi ven
NOEA neonatally if the nenatal treatrnt was preed by prental exsure

te irthy1cholanthene (Tuv et aL., 1973).

ln Portn rats, a single i.p. dose of 50-114 mgjkg NOEA 0-2 hours

after paal hepatecto inuce 4/9 Ii ver tururs; 2/9 Ii ver tururs
were inuce by 100-130 nçjkg NOEA in intact anim1s (Cradd 1975). A

high incidence of kidney tus an a short suival tiI were obseed

in Wista rats treate with 80 nçjkg lM ND 4, 16 or 24 heurs after

parial hepateta (Mester & Ras, 1973).

In mIe Fischer rats, coined treatint wi th phenobabi ta1 an NOEA

reduce th incidence of hepatollula cacins ince by NOEA, whreas

an opposite effect was observed if phnobabital wa adnnistered one we
afte cessation of the hepatocinoen. 'Is increased effect was not

m:fied by concotant tratrt with an antilynhoc seru (Weisburger

et aL., 1975). Treatrt of Fisch rats with dinane (N- (2-cloro-
ethyl)dizylane) duing dionic oral treatrt with NDEA resulte in a
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derease numr of heptollul cacinan but not of oral, phaygeal
or oesohagea1 tururs se at 25 we, wh the ans wee killed
(Weisbuger et al., 1974).

Sinltaeous admstration te Spragu-Daley rats of disulfiram (500
rr/kg hw/we) an NDEA (20 mg/kg hw/\\) resulted in a significat decrease

in the num of Ii ve t:urs an in an increase mmir of tururs of the

oesophagu an naal cavities, as c:ed with rats treate with NDEA alone

(Scli et aL, 1976). cained treat:t of rats with NDEA an ethol

resulte in an increase numr of tururs of th oesophagu and forestoch

but no chge in the inuction of hepatos (Gibl, 1967).

Cyclopropid fatty acids have l' effect on th cacienc respns
of ~ treate with NDEA (Nixn et al., 1974). A large rection in th

incidence of Ii ver tururs inuce by NDEA wa observed in rats when

Kaedlor 500 wa admsteed tothr with th ni trosame (Maiura
et aL, 1~74); l' such reducton was oberved with 3-neth1chlanthe
or 1-nahthy1 isothocante (Maiura et aL., 1973).

Th incidence of hepatocllular cacin inuc in rats by NDEA was

reduced by sup1eiting a maginally deficient diet with lipotrs or

amne acids (bath containing nethoni) (Rors, 1977), but was enhced
by a diet high in fat an maginally deficient in 1ipotropes (Roers et al.,
1974) .

ln Syian golden hates given beo(a)pyene and ferric oxide intra-
tracheal1y, fol1~ by s.e. adnistration of NDEA, a higher incidence of

squs-cel1 cacins of th tradieoronchial tract was foun as cxed
with haters treated with th cacinen singly (~ntesao et al., 1974).

3.2 Otr relevat biological data

(a) Exriital syste
Toxic effects

Th acute oral or i. v. ID of NDEA in rats was 280 II¡kg hw (Drckrey
50

et al., 1967). Th s.e. ID wa 250 II/kg hw in Euop haters (l-hr
50

et al., 1972b) and 230 II¡kg hw in Chese haters (Rezni et al., 1976).
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'!xic doses of NOFA produc acute haerrrhagic centrilabar nerois

of th Ii ve. '1 texicity an the ini teiy effec on protein an

nucleic acid sythsis in th liver an otr organ have be review
(Magee & Baes, 1967¡ Magee & SW, 1969¡ Magee et ai., 1976¡
Witschi, 1973).

Feeg of NOFA te rats resute in th develo¡t of histelogicall y
distinct foci in th Ii ver, referred te as 'enzy-dficient islan'
(Friedich-Freksa et ai., 1969a,b¡ Scuer & Kunze, 1968). These islan
are considered te be precsors of Ii ver-cell cacin. NOFA induces a

a hepatollular popuation whdi is resistat te the necroenic effec

of a send cacinogen, 2-acetylamfluoren (SoIt & Farbe, 1976).

E1iyotexici ty an teratogci ty

Teratoenc effects \ære Ilt observed in rats given single doses of

180 mg/kg lw intraperi teneall y or 200 ng/kg lw orall y during pregcy.
An increase in foetal nnrtli ty was Ilte wh the sustace was admni-
stered on days 3, 9, 10 or 12 of gestation. Simla foetal irrtlity was

observed after an intraplacetal injection of 0.1-0.3 ng NDFA to eveiy

eriyonic clr on day 13 of gestation (Alexaov, 1974 ¡ Napalkov &

Alexa, 1968).

Absoi:tion, distribtion an excretion

ln goats, one hour after oral adnistration of 30 mg/kg lw NDEA,

there ~re Il.4 mg/kg NDEA in the milk and Il.9 mg/kg in the b100.

Only traces ~re foun in the milk and Ilne in the bloc after 24 hours

(Juszkiewcz & KOlski, 1974).

Matalism

Avalable evidence suggests tht NDEA reres rrtalic activation

in order te exer its cacinc and texic effects. Such activation has

ben dennstrated bath in vitro an in vivo. Tissue distribution and

b1c: concentration have ben follOV in rats (Magee & Baes, 1967 ¡

Rajewky & Daubr, 1970) ¡ and rrtalism has ben nnnitered by nesurnt

of the rate of loss fran the blc: an by 1 i.(x exation after adm-
2
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stration of llC-NDFA (Heth, 1962; Mit & Hajiolov, 1974). A dose of
200 mg/kg l:. wa netalized in rats during 24 mus (Heth, 1962).

N-Nitrosothyl-N- (2-hydroxyethyl)am an N-nitrsothl-N- (carboxy-

nethyl)are have be detete in th urine of rats give NDFA (Blattm

& Preussm, 1973).

OXdative N-dthylation of NDFA accts for th production of CO
2

and alkylating spies in vivo (Heath, 1962; SW & Magee, 1971). The

rate of rrtalism of NDFA by slices of organ frcm rats and hates
in vitro has be nesured, an a correlation made betw th deg of
rrtalism an the distribution of induce tis (MJntesa & Magee,

1974) .

Afte admnistration of NDFA te rats or haters, several ethylate

derivatives ære prouce in liver an kidney nucleic acids. These inclu-

ded 7-ethylgue, 06-ethylgune and 3-ethyladenne (Magee & lee, 1964;

Montesan & Basch, 1976; Peg, 1977; SW & Magee, 1971).

Treatrnt with amoacetenitrile reduced th ethylation of liver RN
and th exlation of l4CO afte a single Lp. injection of l4C-NDFA

2

(Mut & Hadjiolov, 1974).

NDFA incuted in th presence of a rat Ii ver rncrosal syste and

3,4-dichlorothopheol as a trapping agent yields th correspndg rrthyl

and ethyl thoethers (Preussm et aL., 1976).

Mutagencity an other shrt-te tests

'i genetic effects of NDFA have ben review (M:mtesa & Basc,
1976) .

NDFA, in the presece of rncrosal fractions frcm nnus Ii ver or wi th
Udenrien 's oxidation syste, caus forwd mutations in Saccharomyces

cerevisiae an Neurospora crassa (Malling, 1966; Mayer, 1971). It produce
reverse mutations in Salmone L la typhimurium strains TA 100 and TA 1530

(Bach et al., 1975; Sugima et al., 1976) and in Escherichia coli in
th presence of a rat Ii ver rncrosol fraction from phenobabi ta- or

polychlorinte bipheyl-treate rats (Najii et al., 1974).
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N-Nitrosothy1-N- (a-acetexyethyl)ame, whdi is redily convert

inte th untale a-hydroxyethyl deivative, is mutagenc in Drosophila

me lanogaster (Fah & Fah, 1976) an in s. typhirium TA 1530 in th

abce of a liver activation syste (Ca et al., 1978).
In host-ræiated assays in mice gi ve doses of 50 ID/kg, tests on

s. typhimrium dEm:mstrate mutagenc effects (Malling, 1974).

ln th presece of a liver microsol fraction from pheobabi tal-

treate rats, NDEA cause 8-azague-resistat mutats in Clese hamter

V79 cells (Kuroki et al., 1977).

NDEA was mutagenc in th recessi ve leth tet in Drosophi la me lano-

gaster (Pastern, 1963). Th induction of point mutations was a function
of concentrations over nnre th t' orders of magntud. The abili ty of

NDEA te prouce nnre th one point mutation per genn ce11 contrasts wi th
the lack of dant 1ethls, tranloctions and dionso loss seen wi th

concentrations below texic levels (ID -ID ) (Fah et al., 1966; Vogel
60 90

& leigh, 1975).

Denat lethl mutations were not obsrved in mice treate with

13.5 mg/kg hw NDEA (Propping et al., 1972).

ln the presece of a rat liver microsol syste in vitro, 4-200 rr

NDEA induce dionsomal abrrations as weIl as sister chtid exchges
in Chnese hater cells (Nataajan et aL., 1976).

NDEA did not inuce tranfonntion of hater eri:o cells; hCMeve ,

treatit of th ani:o by tranplaceta adstration of NDEA led to

th appeance of trfo:i cells in th prii cuture. These tran-

fo:i cells were prouce at a much higher freqcy th in control

cutures frc untreate emi:os, and they produce tururs (fibrosacan)

when injecte back inte anIs (DiPaol0 et al., 1972; Ev & DiPaolo,

1975) .

(b) Hum
No data were avalable te th Vbrking Grou.
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3.3 Ca reports and epidemologic studies

No data ~re avalable te th WJrkig Group.

4. Su of Data Rert an Evuation

4.1 ExriIta data

N-Nitrsodethyla is cacinenc in all anl spies tested:
mice, rats, Syia golden, Clnese an Euan haters, guea-pigs,
rabits, dos, gerbils, pigs, rreys, hegehogs, vaious fish, fros and

birds. It inuces begn an maignt turs after its admistration
by vaiou routes, includig ingestin, paenteral injecon, ination
an retal intillation. 'I major taet organ are the liver, respira-

tory an upper digestive tract an kidny. It is cacinenic follawg

its admistration prenatally an in single doses. ln sevral studies,

dose-respnse relationsps wee estalished.

N-Nitrso-N-ethyl-N- (2-hydroxyethyl) ame, a metalite of N-nitroso-
diethylame, prouced may liver tururs after its oral admnistration
te rats.

4.2 Hu data
No cae reports or epidemological studes wee available te th

Workig Group. Avalable inoi:tion on ocence suggests tht the

general poulation may be exse te lo. levels of N-nitrsodethylame¡

hower, no exsed grp sutale for an epidemological investigation
ha yet be identified.

4.3 Evaluation

'lere is sufficient evidenee of a cacinenic effec of N-nitrso-
ethy lae in may exintal an.il spies. Al though no epidemological

data ~re available, N-nitrsoethylame shuld be reed for practica
purses as if it wee cacinenc te hmn.

107



5. References

Adamn, R.H., Correa, P., Smth, C.F., Yancey, S.T. & Dalgard, D.W. (1973)
Inuction of turs in nnnkeys by chcal cacinogens - correlation
of seru aipha-feteprotein an appeance of liver turrs (Abstract
No. 168). Proc. Arr. Ass. Cacer Res., 14, 42

Adon, R.H., Correa, P. & Dalgard, D.W. (1974) Induction of turrs in non-
hmn printes with various chencal carcinogens (Abstract No. 45).
'!xicol. appl. Phacol., 29, 93

Aktsu, Y. (1975) Cacinogencity of N-nitrosodethylamne (DEN), N-
nitrosoi-N-butylame (DEN), and N-iæthyl-N-nitro-N-nitrosogandine
(MNG) in strains of mice: single intragastric treatInt of 10 tims
ma telerate dose (MI) (Abstract 'N. 645). Proc. Air. Ass.
Cacer Res., 16, 162

Alexaov, V.A. (1974) E:ryotoxic and transplacental oncogenic action of
sytrical dialklnitrosamnes on the progeny of rats. BulL. ex.
BioL. M2., 78, 1308-1310

Allisten, T.G., Cox, G.B. & Kirk, R.S. (1972) 'Ie detennnation of steam
volatile N-nitrosanes in foostuffs by fo:rtion of electron-
capturing derivatives fram electrochemcally derived amnes. Analyst,
97, 915-920

Anersen, R.A. (1973) Cacinogenicity of phenols, alklating agents,
ureth, and a cigarette-srke fraction in Nicotiana seedlings.
Cacer Res., 33, 2450-2455

Arcos, J .C., Argus, M.F. & Mathson, J .B. (1969) Hepatic carcinogenesis
theshold and biphasic mi tochondrial swlling respnse in the gunea-
pig during diethylntrosamne admnistration. Exrientia, 25, 296-298

Argu, M.F. & Hoch-Ligeti, C. (1961) Caative study of the cacinogenic
activity of nitrosamnes. J. nat. Cacer Inst., 27, 695-709

Argu, M.F. & Hoh-Ligeti, C. (1963) Induction of nalignant turrs in the

guea-pig by oral admnistration of diethylni trosame. J. nat.
Cacer Inst., 30, 533-543

Baer, J.R., Mason, M.M., Yerganan, G., Weisbuger, E.K. & Weisburger, J.H.
(1974) Inuction of turrs of the stoch and esophagu in inbred
Chinese haters by oral diethy lni trosame . Proc. So. exp.
Biol. (N.Y.), 146, 291-292

Bartsch, H., Malaveille, C. & M:mtesano, R. (1975) DifferentiaI effect of
phenobabi tone, pregenolone-16a-carooni tri le and amoacetoni trile on

dialkylnitrosamne iætalism and mtagenicity in vitro. Chem.-biol.
Interact., 10, 377-382

108



Blatti, L. & Prussm, R. (1973)Dialntrsa ii Ratteurin. St:tu von Y.etalite carcinog
Z. Krsforsc., 79, 3-5

Bnm, K.D. & Hoffm, D. (1978) O1cal studes on tocc sne.
LI. Anysis of volatile nitrosas ID tocc sr and pollute
inr envirolIts. ln: Wa, E.A., Cate, M., Griciute, L.
& Lyle, R.E., ed, Enronital ~ of N-Nitro Counds, Lyon
(!A Scientific Pulications No. 19 (in press)

Bruan, K.D., Yu, L. & Hoffm, D. (1977) Assessrt of cacinogc
volatile N-nitroses in tebacc an in matrea an sidestr
si fra cigarettes. Cace Re., 37, 3218-3222

Ca, A.-M., Wiessler, M., Malaveil1e, C. & Bach, H. (1978) High nnta-
gencity of N- (a-acyloxy)alkl-N-allntrams in S. typhimuiwn:
no1 cxurs for netalica1y activate N,N-dalklntrsaes.
Mutation Re., 49, 187-194

Cadesa, A., Pour, P., Althff, J. & ~hr, U. (1974) Caative studies
of neoplastic respns te a single dose of nitrso caun. IV.
Th effect of dithyl- an diethyl-nitrosame in Swss mice.
Z. Krebsforsch., 81, 229-233

Cadesa, A., Pour, P., Has, H., Althff, J. & l-hr, U. (1976) Histe-
gensis of tunrs frcr th nasal cavities induce by diethylntrosame.
Ca, 37, 346-355

Cerutti, G., Zappavign, R. & Satin, P.L. (1975) N-Allntrosaes in
dostic an inrt chses. Latte, l, 224-227 (Ch. Abstr., 83,
130147c)

Clapp, N.K. & Craig, A.W. (1967) Cacinoenc effects of diethylnitrosae
in RF mice. J. nat. Cacer Inst., 39, 903-916

Clapp, N.K., Craig, A.W. & 'Iya, R.E., Sr (1970) Diethylntrosame once
genesis in RF mice as influence by vaiations in culative dose.
Int. J. Caer, ~, 119-123

Clapp, N.K., Tyl, R.L. & Otte, J.A. (1971) Differences in tunr typs
an organ sucetibility in BA/c an RF mice fol1owing dithylntro-
sa an diethylntrosamne. Cacer Res., 31, 196-198

Cohen, J.B. & Bachm, J.D. (1978) ~sureit of environrta1 nitrosames.
ln: War, E.A., Cateo, M., Griciute, L. & INle, R.E., eds,
EnviroI1nta1 Aspets of N-Nitroso Caunds, INon (!A Scientific
Pulications No. 19) (in press)

Craddoc, V.M. (1975) Effect of a single treatrnt with the allating
cainogens dithyln trosame, diethyln trosamne and :rthy1 Iæthe-
suphonate on liver regenatig afte paial hepatecto. I. Test
for inuction of Ii ver cacinoms. ai. -biol. Interact., 10, 313- 321

109



Crosby, N.T., Forar, J.K., palfra, J.F. & Saer, R. (1972) Esti-
mation of stevolatile N-nitrosas in foo at the 1 l1gjkg leveL.
Natur (Land.), 238, 342-343

Dalgard, D.W., Corr, P., Waes, T.P. & Adn, R.H. (1975) Induction
of mucopidenid cacina in prosiman with N-nitrosoethylamne
(Abtract No. 346). Proc. Arr. Ass. Car Res., 16, 87

Dalgard, D. W., Correa, P., Siebr, J.H. & Adn, R. H. (1976) Induction
of turs in non-hum primtes with N-nitrsoethylane (Abstract
No. 690). Fed. Proc., 35, 329

DiPaolo, J.A., Nelson, R.L. & Ibnovan, P.J. (1972) In vitro tranfoi:tion
of Syian hater erryo cel1s by diverse chcal cacin.
Nature (Lond.), 235, 278-280

Diwan, B.A. & M2ier, H. (1976a) Cacinenc effec of a single dose of
diethylntrosane in thee unelate strai of mice: genetic
dependence of the inuce ttmor tys an incidece. Cace lett.,
l, 249-253

Diwa, B.A. & M2ier, H. (1976b)
diethyln trosamne in mice.

Tranlacetal cacinenic effects of
Naturssensdifte, 63, 487-488

Ibntell, W. (1968) Exrintal stues on the orgatrcpic effect of
nitrosames in th respiratory tract. Fd Cot. ToxicoL., .§, 571

Dontel1, W. & ~hr, U. (1961) Cacina des Respirationstractus nadi
Belung vo Coldhtern mit Di~thylntrosamn. Z. Krebsforsch.,
64, 305- 312

Dontewil1, W. & ~hr, U. (1962) Die organtrop Wirkung der Nitrosame.
Z. Krebsforsch., 65, 166-167

Dontenwil1, W., ~hr, U. & Zagel, M. (1962) Ubr die unterschiedliche
Lugen-cacinene Wirkug des Di1thyln trosam bei Hate un
Ratte. Z. Krebforsch., 64, 499-502

Drckey, H. & Steinoff, D. (1962) Erzeugug von Ierkrebs an M2ersch-
æinche. Naturssenchafte, 49, 497-498

Drckrey, H., Schildbch, A., Sc1i, D., Preussr, R. & lvaovic, S.
(1963a) Qutitative Anlyse der cacinen Wirkung vo Diäthyl-
nitrosan. Arzneimttel-Forsc., 13, 841-851

Drckey, H., Steinoff, D., Prussm, R. & lvaovc, S. (1963b) Krebs-
erzeugug durch einlige Ibsis von M2thyln trosohteff un
veschiedenen Dialk1-nitrosa. Naturssendift, 50, 735

110



Drckey, H., Steinff, D., Piussm, R. & lvaovic, S. (1964)
Erzeugg von Krebs durdi ein ein1ige !)is vo ~thlntrso
Hatoff un versceden Dialklntros an Hatte. Z. Krèbs-
forsdi., 66, 1-10

Drckrey, H., Preussm, R., lvaovic, S. & Sc, D. (1967) Organe-
tr cacinogene Wirkugen bei 65 verscedenen N-NitrsoVerbindunge
an BD-Ratte. Z. Krförsc., 69, 103-201

Eisenbrand, G. & Preussm, R. (1970) Eie neue ~the zur koloriItri-
schen Bestig von Nitrosaen nadi Spltung der N-Nitrso
mit Brorssesteff in Eisessig. Arznein ttel-Forsch., 20, 1513-1517

Eiseran, G., lbrg, A. von & Preussm, R. (1970) Trace anlysis
of N-ni troso CXuns. II. Ste distillation at neutral, alka1ine
an acid pH under reàuce an atnspheric pressue. Z. anlyt. Clem.,
251, 22- 24

Eisenrand, G., Spiegelhlder, B., JanCMki, C., Ka, J. & Preussm, R.
(1978) Volatile an non-volatile N-ni troso coun in foo an
othr environntal nea. ln: waer, E.A., Casteo, M.,
Griciute, L. & Lyle, R.E., ed, Environntal Aspects of N-Nitrso
Caun, Lyon (!A Scientific Pulications No. 19) (in press)

Evan, C.H. & DiPa010, J.A. (1975) Neplastic tranforntion of guea pig
feta1 cel1s in cuture inuce by chemcal cacinoens. Cacer Res.,
35, 1035- 1044

Fah, O.G. & Fah, M.J. (1976) Mutagencity of N-a-acetexyethy1-N-ethy1-
nitrosae an N.,N-dethylntrosae in relation te th nehaism
of neta1ic activation of dialklntrosaes. Cacer Res., 36,4504-4512 -

Fah, Q.G., Fah, M.J., Masasso, J. & Onèj, M. (1966) DifferentiaI
nutageci ty of th am an amde deri vati ves of ni troso caunds
in Drosophila melanogaster. Mutation Res., ~.' 201-217

Fiddler, W., Peab, J.W., Ib, R.C. & IXley, C.J. (1977) The ,presence
of dithyl- an diethylntrosas in deionized water. Pd Cosrt.
'!xicol. , 15, 441-443

Fine, D.H. (1978) An assessrt of hum exsure te N-nitroso caunds.
In: War, E.A., Cate, M., Griciute, L. & Lyle, R.E., eàs,
Envionita1 Aspets of N-Nitrso Cads, Lyon (!A Scientific
Pulications No. 19) (in press)

Fine, D.H. & Rouner, D.P. (1976) Anysis of volatile N""nitroo
counds by cnìn gas chtoaphy an thi:enrgy anysis.ln: Wal, E.A., Boov, P. & Griciute, L., ed, Enviriital
N-Nitroso s Anl sis an Fomation, Lyon (:r Scientific
Pulications No. 14 , pp. 117-127

III



Fine, D.H., PDuner, D.P., Sack, E., Krst, K. & Deais, G.A. (1976a)
N-Nitrso ca in th amient ca ty air of Baltinre, Maland.
Anlyt. lett., 9, 595-604

Fine, D.H., Rouner, D.P., Belchr, N.M. & Eptein, S.S. (1976b) N-Nitrso
caunds: deteion in amient ai. Scien, 192, 1328-1330

Fine, D.H., Ross, R., PDler, D.P., Silverg1eid, A. & Song, L. (1977)
Foi:tion in vivo of volatile N-nitrosas in ma after ingestion
of coked bacon an spinch. Nàture (!Dm.), 265, 753-755

Fong, Y.Y. & Walsh, E.O'F. (1971) Cacinenc nitrosamnes in Catenese
sa1t-dried fish. Iacet, ii, 1032

Freimth, U. & Glaeser, E. (1970) O:ence of nitrosames in foo.
Nahg, 14, 357-361 (Ch. Abstr., 74, 11971w)

Fridm, A.L., MLtshi, F.M. & Noviov, S.S. (1971) Advances in th
chestr of aliphatic N-nitrsaes. Rus. chem. Rev., 40, 34-50

Friedich-Frsa, H., Gössner, W. & BÖrnr, P. (1969a) Histoemsche
Untersuchungen der Caceogenese in der Rattenlebr nadi Dauergab
von Diäthylnitrosa. Z. Krsforsdi., 72, 226-239

Friedich-Freksa, H., Papdopulu, G. & Gössner, W. (1969b) Histohemsche
Untersuchungen der Caceroense in der Rattelebr nadi zeit1ich
benzter Verabfo1gug von DHithylnitrosam. z. Krbsförsdi., 72,240-253 --

Gagus, J. L., Paynter, O. E. & Rese, \A. H., Jr (1969) Utilization of new-
barn mice in th bioassay of chemcal cacinogens. '!xico1. appl.
Phacol., 15, 552-559

Gibel, W. (1967) ExriIntelle Untersuchungen zur Syarzinogenese beim
ösophaguskazinom. Arch. Geschwstforsch., 30, 181-189

G:mgh, T.A. (1978) An extion of sa footuff for trace aiunts of
volatile ni trosas using the therml energy anlyser. ln:
Walker, E.A., Caste, M., Griciute, L. & Lyle, R.E., ed,
Environital Asts of N-Nitroso Caunds, Lyon (IA Scientific
Pulications No. 19) (in press)

Graw, J.J. & Berg, H. (1977) Hepatorcinogenc effect of DEN in pigs.
Z. Krebsforsch., 89, 137-143

Graw, J.J., Berg, H. & Schi, D. (1974) Cacinogenic and hepatotoxic
effects of diethylntrosamne in hedgehs. J. nat. Cacer Inst.,
53, 589

112



Gi, P.J., Jon, R.J.G., va Ingen, C. & te Nove de Brauw, M.C.
(1976) Detetion of eight volatile nitrsas ìn th cued
net produc with cailla gas chantoaphy-high-resolution riS
spt.ti: th prese of ni trosoethlamne an th abce
of nitrsoyrlidi. In: W:r, E.A., Boovski, P. & Griciute, L.,
eds, Envirnital N";Nitrso Coun Anlysis and Foi:tion, Lyon
(IA Scientific PtlìcatìoIi Nò. 14), pp. 321-331

Groe, P.J., de Cok-Bethr, M.W., Jonk, R.J.G. & van Inge, C. (1977)
Fu studies on th ocen of volatile N-nitrosares in net
proucts by coine gas chantoaphy an rrsS sptrtr. ln:
Tinrge, B.J. & Kil, B., ed, Progs of the 200 Interntional
Sysium on Nitrite in Mæt Products, zeist, 1976, Wagenigen, Centre
for Agricutural Pulishing an Dontation, pp. 227-237

Gru, E. & Sieburg, H. (1962) Die Histoenese un Cytoenese des
Iercacinom der Ratte durch Diäthylntrosamn li lichtmo-
skopische Bild. Beitr. path. Ant., 126, 57-90

Baas, H., Km, N., MJhr, U. & Cadesa, A. (1975) Suceptibility of
gerbils (Meriones unguicuiatus) ta ~dy subtaeous an single
intravenous injections of N-diethylnitrosam. Z. Krebsforsch.,
83, 233-238

Hajiolov, D. (1972) Hagiothlial sacos of th liver in rats induce
by diethy!n trosae. Neplasm, 19, 111-114

Havery, D.C., Fazio, T. & lId, J.W. (1978) Suey of cued net proucts
for volatile N-nitrosamnes: coison of tw anytical irths.
In: Walkr, E.A., Cate, M., Griciute, L. & Lyle, R.E., eds,
Environital Asts of N-Nitroso Caunds, Lyon (!A Scientific
Pulications No. 19) (in press)

Heth, D.F. (1962) Th decsition an texicity of dialkylnitrosamnes
in rats. Bioc. J., 85, 72-90

Heler, L. & Madt, P. (1968) ~ence of diethylnitrosae in
so sales of fc:~ Pd COsrt. 'IxicoL., .§, 341-348

Heler, L. & Maqudt, P. (1974) Dete:rtion of volatile N-nitroso
cauns, an paèUly of nitroSOthylamne, ni trosoethyl-ame an ni trosoipropylare, in soaban oil: effect of oil
storage period On recei: rates. ln: Boovski, P. & W3lker, E.A.,
eds, N-Nitroso Cauns in th EnviroI'nt, Lyon (!A Scientific
Pulications No. 9), pp. 183-191

Herrold, K.M. (1964a) Epithlial papillons of the nasal cavity: expri-
rrntal inuction in Syian haters. Arch. Path., 78, 189-195

Herrold, K.M. (1964b) Effect of route of admistration on th carcinenic
action of diethylntrosare (N-nitrosoethylamne). Brit. J. Cacer,
18, 763-767

113



Herrold, K.M. (1964c) Inucton of olfactry neurpithlial tmrrs in
Syian haters by diethylntrosae. ca, 17, 114-121

Herrold, K.M. & Du, L.J. (1963) Inucton of tmrrs in th Syian
hate with diethylntrosae (N-nitrsoethylane). cace Res.,
23, 773-777

Heyn, K. & RÖper, H. (1974) Ga chantoàphic trace anysis of volatile
ni trsaes in vaious tys öf wht flour afte àplication of
different nitrogen fertilizers te the 'Weat. In: Boovski, P. &
Walker, E.A., eds, N"'Nitröso Càs ID the Environit, Lyon (!A
Scientific Pulications Ib. 9), pp. 166-172

Hilfrich, J., Althoff, J. & MJhr, U. (1971) Untersucungen zu Stimlation
der Iugentmrrrate durch Diãthylntrosam bei o-20-Mäus.
Z. Krebsforsch., 75, 240-242

Hirao, K., Matsuma, K., Imgaw, A., Erte, Y., Hosogi, Y., Ka, T.,
Fujikwa, K. & lte, N. (1974) Prin neolasm in dog liver induce
by diethylnitrsamne. Cacer Res., 34, 1870-1882

Hoh-Ligeti, C., IDbl, L. T. & Arin, J .M. (1964) Effect of nitrosae
derivati ve on enzyi conctrations in rat organ during cacino-
gensis. Brit. J. Cacer, 18, 271-284

Hoffn, D., Rath, G. & Liu, Y.Y. (1974) Chcal studies on robacco
srke. XX. On th isolation an idetification of volatile and
non-volàtile N-nitrsames and hydrazins ln cigarette SIke. ln:
Boki, P. & Walker, E.A., ed, N-Nitrso Cauns in the Eniron-
nent, Lyon (!A Scientific Pulications No. 9), pp. 159-165

Hoffn, F. & Graffi, A. (1964a) Cacinar der Nasenhle bei Mäusen
nach Tropfung de RÜckenhut mit Di~:thylntrosamn. Acta bioL. ne.
genn., 12, 623-625

Hoffn, F. & Graffi, A. (1964b) Nahlentmrren bei Mäusn nadi
pecutaer Diãthylntrosappliktion. Arch. Geschstforsch.,
23, 274-288

!A (1972) !A M:mographs on th Evluatiön öf Cacinoenic Risk of
Chemcals te Ma, l, Lyon, pp. 107-124

!A (l977a) Arual Rert 1977, Lyon, Interntiona Agency for Researdi
on Cacer, p. 63

!A (l977b) Arual Report 1977, Lyon, Interntiona Agncy for Research
on Cacer, pp. 56-58

Ishi, T., Sh, T. & Takyan, S. (1975) Histelogic an electrn
microscoyobertions on diethylntrosaminuce hepatas in snll
aqium fish (Oryzias latipes). J. nat. Cacer Inst., 55, 909-916

114



Iyengar, J.R., Panlak, T., Miles, W.F. & Se, N.P. (1976) A sury of
fis products for volatile N-nitrsas. J. Sei. Fd Agic., 27,
527-530

Joint Ira-Intetional Agcy for Resech on Cacer Study Grup (1977)
Eshagea cace studies in the Caspian litteral of Iran: results
of poulation stues - a proor. J. nat. Cacer Int., 59, 1127-
1138

Juszkewcz, T. & Kolski, B. (1974) Passage of nitrosaes frou ru
inte milk ~ f:ts. . In: Ibvsk, P. & Wa~er~ ~.A., ~,~-Nitroso
Cauns in EnVironit, Lyon (IA SCientific Pulications No. 9),
pp. 173-176

Juszkewcz, T. & Kosk, B. (1976) An investigation of th possible
presece or . formtion of ni trosans in anl fee. In:
Wa, E.A., Boov, P. & Griciute, L., ed, Enviroríta1 N-
Nitroso uns Anl sis an Foi:tion, Lyon (!A Scientific
Pulications rh. 14 , W. 375-383

Ka, J., Tauts, O., Raja, K. & Kave, R. (1976) Nitrosamnes an thir
precursors in sa Esteni footuffs. ln: Vàlker, E.A., Boovi, P.
& Griciute, L., eds, Envirorítal N-Nitroso Counds Anlysis an
Foi:tion, Lyon (IA Scientific Pulications rh. 14), pp' 385-394

Ka, J., Spiegelh1der, B., Eiseran, G. & Preussm, R. (1978) OCcu-
rence of volatile N-ni trosaes in anl diets. Z. Krebsforsch.
(in press)

Kelly, M.G., O'Gaa, R.W., Aàn, R.H., Gaek, K., Botk, C.C.,
Rese, W.H., Jr & Kebe, W.T. (1966) Inuction of hepatic cel1
cacinaTS in rrnkeys wi th N-ni trosoethlame. J. nat. Cacer
Inst., 36, 323-351

Khudoley, V.V. (1971) Th inuction of hepatic tUlrs by nitrsanes in
aquium fish (Lebistes retieuiatus). Vop. Onol., 12, 67-72

Khudoley, V.V. (1973) l-rphological diges in th liver of fish (Lebistes
reticu la tus ) uner th action of diethl - and dithylnitrosaes.
Vop. Onol., 19, 88-94

Khudley, V. V . (1977) '1 inuction of turs in Ran temporaria wi th
nitroses. Ne1asm, 24, 249-251

Klimch, H.-J., Stadler, L. & Brah, S. (1976) Qutitative Besti
flfiditiger Ni trosae in Zigaretteauchkondenat. Z. Iens-
mittel-Untersuch., 162, 131-138

Koka, M. & Vesselinvitc, S.D. (1974) High rrtatic rate of diethyl-
ni trosa-inuce Ii ve turs in mice (Abstract rh. 479). Froc.
Air. Ass. Ca Re., 15, 120

115



Krller, E. (1967) Deteon of nitrsas in tocc sne an fc:.
Dt. Iêttel.-Ru., 63, 303-305 (Oi. Abtr., 67, 115822v)

Kun, W., Scude, G. & Th, C. (1969) Die Beinlussung der Nitros-
cacinese dudi Phobabital un Haogohersersteffe.
Z. Krebforsc., 72, 291-304

Kurok, T., Drevon, C. & M:ntesa, R. (1977) Microsoate rrta-
gensis in V79 Clnese hater cells by vaiou ni trosames.
Caer Res., 37, 1044- 1050

Kyriazis, A.P., Koka, M. & Vesselirtc, S.D. (1974) ~tatatic rate of
liver turrs inuce by diethylntrosa in mice. Cacer Res.,
34, 2881-2886

Iacassagn, A., Bu-Ibf, .N.P., Gio, N.B., Hust, L. & Ferran, R. (1967)
Caaison des actons hépatocéogs de la diéthylntrosameet du p--thylamzobeèn. !nt. J. Cacer, ~, 425-433

Iaitz, L., Wasse, A.E., Gates, R. & Spinelli, A.M. (1978) Prel~
obsrvtions on ames an nitrosas in non-nornl hum gàtric
contents. In: Waer, E.A., Cate, M., Griciute, L. & Lyle, R.E.,
ed, Enirnital Asts of N-Nitroso Coun, Lyon (!A Scientific
Pulications No. 19) (in press)

Lichev, A.J. (1971) Tranlacetal blastoenc action of N-nitroso
diethyl-am in rnce. Vop. Qil., 17, 45-50

Lichev, A.J. (1974) 'l depeence of th blastoenic effect on a
N-nitrosodethyl amne dose. Vap. Onol., 20, 60-64

Lod, C. (1965) Hépatoérisation du cobaye pa la diéthylnitrosamne
en injection sous-cuta. BuL. Caer, 52, 389-410

Magee, P.N. & Bas, J.M. (1967) Cacinenc nitroso caunds. Adv.
Car Re., 10, 163-246

Magee, P.N. & I., K.Y. (1964) Cellular injur and cacinoesis. Alkyl-
ation of ribnucleic acid of rat liver by diethlntrosa an n-
butylithlntrsae in vivo. Bio. J., 91, 35-42

Magee, P.N. & Sw, P.F. (1969) Nitroso counds. Brit. iæ. BuL.,
25, 240-244

Magee, P.N., MJntesao, R. & Preussm, R. (1976) N-Nitrso comunds
an relate cacinen. In: Sele, C.E., 00., Chercal Cacinogens
(AC MJnogaph 173), Washingtn OC, Arrica Chercal Soiety, pp. 491-625

Maiura, S., Kate, Y., Sugiha, S., Hirao, K., Hiasa, Y., Arai, M. &
lto, N. (1973) Effect of l-naphthyl isothocante and 3-iæthylcholan-
thene on hepatocinogenesis in rats treatOO with diethylnitrosane.
Ga, 64, 101-104

116



Maiura, S., l', H., Sugiha, S., Hiao, K., Arai, M. & lte, N. (1974)
Initery effect of polychlorinte bipheny1s on liver turigenesis
in rats treate wi th 3' -nthy1 -4-dthylamnozobnzene, N- 2-fluo
renylacetade an diethylntrosae. J. nat. Cace Inst., 53,
1253-1257

Malling, H.V. (1966) Mutagenicity of tw potet cacinens, dithy1-
nitrosae and diethylntrosame, in Neurospora crassa. Mutation Res.,

l, 537-540

Malling, H.V. (1974) Mutagenc activation of dithylnitrosamne an diethyl-
nitrosame in the host-neate assay and the microsan1 syste.
Mutation Res., 26, 465-472

Marqudt, P. & Hedler, L. (1966) tfr das Vorkamn von Nitrosaen in
WeizeruI. Arzneìmttel-Forsch., 16, 778-779

Mayer, V.W. (1971) Mutagenicityof dithlntrosae an diethylnitros-
amne for Saccharomyces in an in vitro hydroxy1ation syste. fuI. gen.
Geet., 112, 289-294

Mcrmck, A., Nicholson, M.J., Baylis, M.A. & Unen-, J .G. (1973)
Nitrosamnes in cigarette srke condensate. Nature (Iond.), 244,
237-238

~ister, P. & Ras, H. (1973) Nierenturren durch Diäthylnitrosa nach
paieller Lerresektion: nnrphologie und Wachstumerha1 ten.
Z. Krebsforsch., 80, 169-178

~e1, H.D., Wehsler, W. & ZÜlch, K.J. (1974) furphologie und furpho-
genese der durch Diäthylntrosamn erzeugt Nasenhh1entUIren beim
Goldhter. Beitr. Path., 151, 134-156

Mirn, A., Haada, K., Rapp, U. & Kauf, H. (1976) N-Nitrosame in
Futtermtte1n. Fleischwrtchaft, 56, 1014

Mirvish, S.S. & Kauf, L. (1970) A study of nitrosames an S-carroxyl
derivatives of cysteine as lung cacinogens in adult SW mice.
Int. J. Cacer, §., 69-73

fuhr, U. & Althoff, J. (1965a) Die diap1acetae Wirkung des Cacerogen
Diäthylnitrosam bei der Maus. Z. Krebforsch., 67, 152-155

fuhr, U. & Althoff, J. (1965b) Zum Nachwis der diaplazentaen Wirkung
von Diäthylnitrosamn beim Goldhter. Z. Naturforsch., 20b, 5

fuhr, U. & Hilfrich, J. (1972)
sae on the rat kidney.

Effect of a single dose of N-diethylnitro-
J. nat. Cacer Inst., 49, 1729-1731

fuhr, U. & Hilfrich, J. (1974) Tur inuction in th rat kidney with
differet doses of DE (diethylntrosa): freqency, latency
an nnrpholog of the turrs. Reent Results Cacer Res., 44, 130-137

117



l-hr, U., Althff, J. & Wr, H. (1965) Diaplacetae Wirkung de Cacino-
gen Dilthylntrosa beim CDldhte. Z. Krförsch., 66, 536-540

~hr, U., Wieser, O. & Pielsticker, K. (1966a) Die Midosis :f die
Wirkug von Dilthylntrosa auf die Trach beim Goldhter.
Natussenschafte, 53, 229

l-hr, U., Althff, J. & Authler, A. (1966b) Diaplacetal effect of the
cainen dithylntrosamne in th golden hater. Cacer Res.,
26, 2349-2352

.r, U., Pielstickr, K., Wiese, O. & Kizel, V. (1967) 'lre im
Voi:gen des diesische Haters nach Diäthyln trsa-Bedlun.
Ei Beitrag zur Frage der Organtropie eines Kacinoens. Euop. J.
Cacer, l, 139- 142

~hr, U., Althoff, J., Einger, A., Bresch, H. & Spielhff, R. (1972a)
Effect of nitrosames on nursing Syian golde haters an thir
offspring. Z. Krebförsc., 78, 73-77

l-hr, U., Althff, J. & Page, N. (1972b) 'lrs of th respiratei: syste
induce in th ca Euop hater by N-dethyln trosame .
J. nat. Cacer Int., 49, 595-597

.r, U., Reznik-Schtlller, H., Reznik, G. & Hilfridi, J. (1975) Transpla-
cetal effecs of diethylntrosame in Syian haters as relate
te different days of admstration duing precy. J. nat. Cacer
Inst., 55, 681-683

l-hr, U., Rezni, G. & Eiger, E. (1976) Intrasplenc turur foi:tion in
th Syrian hater (Mesocricetus auratus) afte trachal :ilants and
treatrt with diethylnitrosame. J. nat. Cace Int., 56, 811-818

M::mtesano, R. & Basch, H. (1976) Mutagenc an cacinoenic N-nitroso
counds: possible environital hazar. Mutation Res., 32, 179-228

M::mtesa, R. & Magee, P.N. (1974) Caative iætalism in vitro of
nitrsames in vaiöus anl .~i~s includg ma' In:
l-ntesano, R. & 'ltis, L., ed, Chcal Cacinsis Essays,
Lyon (IA Scientific Pulications No. 10), pp. 39-56

l-ntesan, R. & Safiotti, U. (1968) Cacinogenic resp of the respir-
atei: tract of Syia golde haters te different doses of diethyl-
nitrosame. Cacer Re., 28, 2197-2210

ll::mtesan, R. & Safiotti, U. (1970) Cacinenc respse of th hater
respiratoi: tract te single sutaeous adstration of diethl-
nitrosame at birt. J. nat. Cace Int., 44, 413-417

l-ntesa, R., Safiotti, U., Ferro, A. & Kauf, D.G. (1974) Syer-
gistic effec of beo(a)py an diethlntrosame on respiratei:
cacinogenesis in haters. J. nat. Cacer Int., 53, 1395-1397

118



Mut, D. & Hajiolov, D. (1974) Effec of amoacetenitrile on the neta-
bolism of diethylntros duing live cacinogenesis. J. nat.
Cacer Int., 52, 1515-1520

Najin, T., Tan, A. & 'Ijyo, K.-I. (1974) Th effec of netalic
activation with rat live preations on the rrtagenicity of seral
N-nitrosams on a steptacin--epdet strai of Escherichia coZi.
Mutation Res., 26, 361-366

Napalkov, N.P. & Alexadrov, V.A. (1968) On th effects of blastaenc
subtas on the organsm during anryogenesis. Z. K:forsdi.,
71, 32-50

Nataajan, A.T., Tates, A.D., Van Bu, P.P.W., Mejers, M. & De Vogel, N.
(1976) Cyentic effec of rrtagen/cacinens after activationin a microsal syste in vitro. I. Inuction of charsaæ abr-
rations an sister chantid exges by diethlntrosa (DEN)
an dithylntrosame (DM) in æo ælls in th presence of rat-
Ii ver microsas. Mution Res., 37, 83-90

Nixn, J.E., Sinubr, R.O., Le, D.J., Iaers, M.K. & Ha, J.R. (1974)
Effect of cycloprooid cxuns on th cacinogc activity of
diethylntrsamne an aflatoxi Bi in rats. J. nat. Cacer Int.,
53, 453-458

o 'Gaa, R.W. & Kelly, M.G. (1965) Inucton of hepata in nnnkeys give
N-nitrsodethylae (DEN) (Abtract No. 195). Froc. Arr. Ass.
Cacer Res., 6, 50

O'Gaa, R.W., Adn, R.H. & Dagard, D.W. (1970) Inucton of turs
in suum printes by t\ ni trosae ca (Abtract No. 236).
Proc. AI. Ass. CacePe., IL, 60

Panlaks, T., Iyengar, J.R., Daldso, B.A., Mies, W.F. & Se, N.P. (1974)
Fur suey of cu net products for volatile N-nitrsas.
J. Ass. off. anlyt. 01., 57, 806-812

Pastern, L. (1963) Untesuclgen Öb die rrtagene Wirkung von Nitr-
mis un Nitrsathylbteff. Ac biol.ned. ger., 10, 436-438

Pegg, A.E. (1977) Fonntion an netalism of allate nucleosides:
possible role in cacinogsis by nitroso cads an alklating
agents. Ni. Cace Res., 25, 195-269

Peab, J. W., Fiddler, W., LOley, C. J., Dorr, R. C. & Wasenn, A. E.
(1972) Sptral an gas chantogaphic diactistics of sa N-
nitrosames. J. agrc.Fd 01., 20, 274-277

Pliss, G.B. & Khudoley, V.V. (1975) Tur inucton by cacinc agents
in aquitu fish. J. nat. Cace Int., 55, 129-136

119



Prager, B., Jacobsn, P., Sct, P. & Ste, D., ed (1922) BeiiStein
Hach de Organsc O1e, 4th 00., Vol. 4, Syst. No. 336,
Berlin, Springer, p. 129

Preussm, R., Arungi, K.N. & ~rs, G. (1976) In vitro deteion of
nitrsams an other indire allati agets by rection with
3,4-didi1orothophe1 in th presece of rat li ver IIcrosaæs.
Cacer Res., 36, 2459-2462

Preussm, R., Waer, E.A., Wasserm, A.E. & Castegno, M., ed (1978)
Envirol1tal Cacin ns - Selecte ~thod of Anl . sis, Vol. l,
Nitrosais, Lyon (IA Sciertific Pulications No. 18 (in press)

Propping, P., Fßhrborn, G. & Bulmer, W. (1972) Caative investi-
gations on th chca induction of ¡;int nutations an danant
lethl mutations in IIce. M)l. ge. Geet., 117, 197-209

Rainey, W.T., Clistie, W.H. & Lijinky, W. (1978) Mas sptraæti of
N-nitrosanes. Bior. Mas Sptran. (in press)

Rajewsky, M.F. & Daubr, W. (1970) Distribtion of bo tritium fro
3H-diethylntrosam in rat tissues. Int. J. Cacer, 2, 389-393

Rajewky, M.F., Daubr, W. & Franenbrg, H. (1966) Liver cacinogenesis
by diethylntrosame in th rat. Science, 152, 83-85

Rapp, H.J., Ca1eten, J.H., Crisler, C. & Nael, E.M. (1965) Induction of
malignt turs in the rabit by oral admstration of diethylntro-
same. J. nat. Cacer Int., 34, 453-458

Reid, J.D., Riley, J.F. & Shpherd, D.M. (1963) Histelogical an enzymtic
chages in th Ii vers of rats fOO th hepatic cacinogen die thy ln tro-
same. Biocem. Phcol., 12, 1151 -1156

Reubr, M.D. (1975) Cacinans of the esohagu in rats ingesting diethyl-
nitrosame. Eup. J. Cacer, Il, 97-99

Reub, M.D. & Le, C.W. (1968) Effec of age an sex on hepatic lesions
in Bufalo strai rats ingestig diethylntrosam. J. nat. Cacer
Int., 41, 1133-1140

Rezni, G., M)hr, U. & Ki, N. (1976) Cacinogenc effects of different
nitroso-c:uns in Clnese haters. I. Dinthylntrosame and
N-diethylnitrosane. Brit. J. Cacer, 33, 411-418

Roch, W.A. (1972) 'I ¡;ssible presence of nitrosames in Transkeian
Batu fc:stuffs. In: Boovski, P., Prussm, R. & Walker, E.A.,
eds, N-Nitroso Ccunds An1ysis and Foi:tion, Lyon (lAR Scientific
Pulications No. 3), pp. 74-78

120



Roers, A.E. (1977) Reucion of N-nitrethla cacinosis inrats by lipotr or am acid su1etation of a maginlly
deficient diet. Cace le., 37, 194-199

Roers, A.E., Sachz, O., Fein, F.M. & Nern, P.M. (1974) Dieta
encet of nitrsa cacinensis. Cacer le., 34, 96-99

Sa, A. & Tana, A. (1971) Nitross in foo. VII. Nitrosames
dete in foo. Sh Eiseiga Zash, 12, 485-488 (Oiem. Abstr.,
77, 3925fl

Schauer, A. & Kunze, E. (1968) Enstosce un autoradogaphisch
Untersuchunen wIen der Caisierg der Rattelebr mit Diäthyl-
nitrosa. Z. Krsforsdi., 70, 252-266

Scl, D. & Th, C. (1965a) Dois-Wirkugs-Beziehungen bei der
Erzeugug vo Haioeothliaæ de Ier bei Mäusen durdi
Diäthylntr. Z. Krsforsc., 66, 533-535

Scl, D. & Thoma.s, C. (1965b) Ereugug von Ierkrebs beim Kainch
durch Diäthylntrosa. Naturssechte, 52, 165

Sclu, D., Preussm, R. & Hal, H. (1960) Ierkrebs-erzeugende
Wirku von Diäthylntrosam nach oraler Ga bei Ratten. Natinis-
sefte, 47, 89

Scl, D., Th, C. & König, K. (1963a) Versuche zu Krerzeugug
mit Dilthylntrosam bei Mäusen. Naturssechaften, 50, 407

SchmIDll, D., Th, C. & König, K. (1963b) Ierkreb erzeugende Wirkung
von Dilthlntrosa nach recler Apliation bei Ratten. Z. Krebs-
forsch., 65, 529-530

Scli1, D., Th, C. & Sceld, G. (1964) Cacerogene Wirkung von Diäthyl-
nitrosa beim Hun. Naturssefte, 51, 466-467

Scl, D., Ossw1d, H. & Kaste, C. (1966) Ierkrserzeugug durch
Diäthylnitrosa bei Wellenittich. NatursSénsdifte, 53, 437

Sclu, D., Osswld, H. & M:, U. (1967) Hepatetexisdie und caceogene
Wirkug von Dilthylntrosa bei Scinen. NatursSérichte,
.?, 341

Sc, D., Osswld, H. & Gorttler, K. (1969) Cacerogene Wirkung von
Diäthylntrosa bei Scinen. Z. Krforsch., 72, 102-104

Scl, D., Krger, F.W., Bas, M. & Dieh, B. (1976) Inluence of disu1-
firam on th organtrophy of th cacinoenic effec of dithl-
nitrsae an diethlntrosam in rats. Z. Krsforsdi., 85,271-276 --

121



Schta1, R. & Apleb, E.C. (1973) Th deve10pt of tururs in a
femle rat an he offspring, followg adnistration of diethyl-
nitrsamne te the nnth during nursing (Abtract). Brit. J. Cacer,
28 , 84

Se, N.P., Snth, D.C., Scgh, L. & Maleau, J.J. (1969) Diethl-
nitrosae an oth N-nitrosams in foo. J. Ass. off. anlyt.
Ch., 52, 47-52

Sen, N.P., Iyengar, J.R., IXldsn, B.D., Panlaks, T. & Miles, W.F. (1974)
'I anlysis an ocence of volatile nitrosaies in cu net
~roduc. In: Bog'Ovski, P. & Waer, E .A., ed, N-Ni trosö Co
in th Environit, Lyon (IA Scentific Pulications No. 9),
pp. 49-52

Sen, N.P., Iyengar, J.R., Miles, W.F. & Panlas, T. (1976) Nitrosames
in cu netproucts. In: Waler, E.A., Boovski, P. & Griciute, L.,
eds,EnviroritàlN..NitrosöCcds Arlysis an Foi:tion, Lyon
(IA Scientific PUlications No. 14) ,pp. 333-342

Sen, N.P., ~naldson, B.A., Se, S., lyengar, J.R. & Miles, W.F. (1978)
Reent stues in Cada on th anlysis an occuence of volatile
an non-VölatileN..nitroSOCCdsirfoo. In: Waer, E.A.,
Catego, M., Griciute, L. & Ly1e, R.E., ed, Envirortta1 Aspets
of N-Nitroso ~s, Lyon (IA ScientificPllications No. 19)
(in press)

Shvemger, LN. (1965) Inuction of malignt turs of oesophagus an
stoch in C3HA mice with N-nitrosoethylame. Vop~Oroi., Il,
74-77

SoIt, D. & Farber, E. (1976) Ne principle for th anlysis of chca1
cacinogenesis.Nature (Lad.), 263, 701-703

Staten, M.F. (1965) Diethylntrosae-inuc hepatic deeneration
an nelasia in th aqium fish, Brachydanio rerio. J. nat.
Ca Inst., 34, 117-130

Stephay, R.W., Frudenthl, J. & Sculler, P.L. (1976) Qutitative an
quitative, detenntion of sa 'Vulatilenitrsas 'in various
iæt'proticts. In: Waer, E.A., Boovsk, P.& Griciute, L., ed,
Envio11ta 'N..Ni troso 'CoArlysis an Forntion, Lyon (IA
Scientific Pl1ication No. 14) , pp. 343-354 -

Sugira, T., Yahgi, T., Nagao, M., Taeuchi, M., Kach, T., Baa, K.,
Yamsa, E., Matsush, T., Hashite, Y. & Okda, M. (1976)
Va1idity ofnutagencity tests using microbs as arapid screeg
neth for 'envirOltàl"cacir. In: M:mtean, R., Badi, H.
& Tatis, L., eds,sceegTetsinChcalCacinogenesis, Lyon
(IA Scientific Pulications No. 12) , pp. 81-101

122



Svbc, D. & Higginn, J. (1968) A caison of ultrastrural chges
in rat liver due te chcal cacin. cacer Res., 28, 1703-1733

Sw, P. F. & Magee, P. N. (1971) Nitrosa-inuc cacisis. 'le
allation of N--7 of gu of nucleic acids of th rat by diethl-
nitrsame N-ethyl-N-nitrosourea an ethyl nethsulphonate.
Bioc. J., 125, 841-847

Sydc, G. (1970) Untesuchunge tUr die diaplaenta teratoen, kazin
gene un mutagene Wirkug von Diäthlntrosan (DA) nach .oraler
Appliktion bei der Ratte. Arch. Geschstfursc., 36, 331-334

Takyam, s. & Cbta, K. (1965) Inuction of naignt tUlrs in vaiou
strais of mice by oral adtration of N-ni trosothlame an
N-nitrosodethylame. Ga, 56, 189-199

Takyam, S., Hitach, M. & Yamda, K. (1975) Histelogica an cylogica
studes on hepatocinogesis in rats by adstration of diethyl-
ni trsame. Ga M:nog. Cace Re., 17, 343-354

Telling, G.M., Bice, T.A., lb, D., Osrne, D. & Welti, D. (1974)
Progess in the anysis of volatile N-nitroso Cáun. ln:
Boovski, P. & Waer, E.A., ed, N-Nitroso ~s in th Environ-
net, Lyon (!A Scientific Pulication No. 9 , pp. 12-17

'Ilis, B.H. (1967) Tetig of wheat flour for the presence of nitrite
an nitrosaes. Pd CoSIt. ToooL., ~, 333-337

Ths, C. (1961) Zur M:rphologie de dudi Di1thylntrosan erzeugt
Ierfuergen un 'lren bei de Ratte. Z. Krebsfursch., 64,
224-233

Ths, c. & Bol1., R. (1968) Untesuchrmgen zu diaplacentaen krebs-
erzeugenen Wirkung des Di1thylntrosaman Ratte. Z. Krebsforsc.,
71, 129-134

Ths, C. & Sc, D. (1963) Zur l.rphologie der dudi Diäthlntrsam
erzeug IeUlren bei der Maus ti de. Merscinchn. Z. Kr-
forsdi., 65, 531-536

Tuov, V., 'ltis, L., Gurt, D., Duay, B. & Padiec, H. (1973)
Th effect of pretal exsure of nûce te ~thylch1athene cained
with th nenatal adstration of dietllntrosa. ln: Totis, L.
& M:hr, U., eds, Tranlacetal cacinensis, Lyon. (!A SCientific
Pulications No. 4), pp. 84-91

us Envirnrntal Protecon Age (1977) Feant for certn pesticide
registrants and aplicants for registration te sult analyses of

pesticides for N-nitrso cotats. Poo. Reist., 42, 51640-51641

123



Vogl, E. & I.igh, B. (1975) Cotration-effect stules with ~, TE,
2,4,5-TriCI-PD, an DE on th inuction of dat an resive
lethls, chamsa 10ss an tranloction in Drosophi ta spnn.
Mutation Re., 29, 383-396

Weisbuger, E.K., War, J .M. & Br, C.A. (1974) Dibne: selecve
protetion agait diethylntros-ince hepatic cainsis
but Ilt oral, phgeal an esohageal cacinensis. Tocol. apl.
Phacol., 28, 477-484

Vèisburge, J.H., Maison, R.M., Wad, J.M., Vigua, C. & Vèisbuger, E.K.
(1975) M:fication of diethylntrsa live cacinsis with
pheobbital lit Ilt with i.osupression. J. nat. cacer Inst.,
54, 1185-1188

Nits, H. (1973) 'I effects of diethylntrosa on ribnucleic acid an
protin sythsis in th live an lung of th Syia golde hate.
Bioc. J., 136, 789-794

Wrba, H., Pielsticker, K. & .l, U. (1967) Die diaplazenta-ccinne
Wirkug von Dilthylntrosa bei Ratte.Natuissedifte, 54, 47

124



N-NITIIM
Ths sutace wa considered previously by an !A WJrking Group,

in Der 1971 (IA, 1972). Since tht ti ne data have beca
available, an thse have be incorprate into th nnnoaph and taen
inte accunt in th present evauation.

1. OEcal an Phsical Data

1.1 Syonym an trade ris

Cler. Abtr. Seces Re. No.: 62-75-9

Ch. Abtr. Nar: N-M=thyl-N-nitrosc.the

N" N-Diithylntrosae; dithylntrosamne; a.; (t; ND

1. 2 Strctural an nnlecar for:lae an v.ight

/CHiO=N-N '-
CHi

C2H6N20 fuI. wt: 74.1

1.3 C1cal an physical propees of th pure substace

(a) Decription: Yellow, oily liqud (Magee & Baes, 1967)

(d)

(e)

o 0Boiling-point: 50-52 C (14 rr); 151 C (760 rr) (Drckrey

et al., 1967)

Desity: d~O 1. 0061

Refractive inex: l£0 1.4368

Sptroscoy data: À 230 an 332 nm (El = 978.9 and 12.8)rr l
in water (Druckrey et aL., 1967); :mss spetroscopy data are

given by Pensabne et al. (1972) and Raney et al. (1978).

(h)

(c)

(f) Solubility: Soluble in water, organc solvents and lipids

(g) Volatility: Volatile; ca be ste-dstilled qutitatively
(Eisenbran et al., 1970)
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(h) Staility: Stale at rcx t.rature for nnre th 14 days

in neutral or allin aqueo solutions in th dak (Drckrey
et aL., 1967); slightly less stale in acidic solutions;

sensitive te ultra-violet light

(i) Rectivity: Strong oxidats (peracids) oxidize it te th

correspnding ni tramne; ca be reduced te th correspnding
hydrazine and/or ame; relatively resistat to hydrolysis

but can be easily split by hydrogen bromde in acetic acid

(Eisenbran & Preussm, 1970). Photoemcaly reactive
(Fridr et aL., 1971). The prepaation of various derivatives

has ben discused (Preussm et ai., 1978).

1.4 Teical prcxucts an i.uri ties
No data være available te the Working Group.

2. Prcxuction, Use, CCrence and Anal ysis

2.1 Prcxuction an use

For backgroun infoi:tion on ths setion, see preale, p. 22.

(a) Prcxuction

N-Nitroscxiithylame (NDMA) was first prepaed in 1895 by Renouf

by the reaction of scum nitrite with an acidified solution of dithyl-

am hydrochloride (Prager et ai., 1922). Essentially the SaI procedur
is believed te have been used for its COrcial production (Getz, 1960).

Production of NDMA has not ben reported te th US Interntionl

Trade Cossion; hover, prior te 1 April 1976, one US cay produce
it as an interriate in the maufacture of 1,1-dthylhydrazine1 (unsym

rrtrical dithylhydrazine) (Anon., 1975). Prior te closing of this plant,

anual prcxuction of ND is ælieved te have be less thn 500 thousand

kg per yea. Prcxuction of l,l-dithylhydrazine was first reporte to
the US Interntional Trade Cossion in 1956 (!A, 1974). l,l-Diithl-

lSe !A (1974).
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hydrazine is also believ te have be pro in Genny in th ealy
1940' s, but no inoi:tion is available abut the route of sythsis.

No evidence was fou tht ND has been produce ccrcially in Jap,

and i t is Ilt knaw if it is produce in othr countries.

(b) Use

Prior te 1 April 1976, NDMA was used in th US as an interiate in

th production of 1,1-dithylhydrazine, a sterable liqud rocet fuel

whch is believe te have contained up to 0.1% ND as an inurity. No
evidence wa foun tht NDMA is us at present, except for reseach
purses.

Reations in the US concrning ND designte strict procures to
avoid 'Yrker contact. Miures contanig 1.0% or nnre ND mut be
mataed in isolate or close syste, erloyees mut observe spial
personal hygiene rules, an certin proures mut be follCMed for rrveit
of th material an in case of accidental spills and errgencies (US O:cu-

pational Saety an Helth Mnstration, 1976).

2. 2 Ocence

(a) Ai
lBretscleider & Matz (1974, 1976) reported levels of 1-430 ngjm3 ND

inside a factery using dithylam. Fine et al. (1976a) report its

presece as an air pollutat in Batinre, Malad an in Belle, West

Virgina (USA). In Ba tire, th priI source was fou te be a checal

plant whch wa maufacturing 1,1-dthylhdrazine using ND as a precsor.

Tyical ND levels were betw 6000 and 36,000 ngjm3 on th site of th

factei:, abut 1000 ngjm3 in residential neighburho adjacent to the
fact, an abut 100 ngjm3 two miles awy in doto Baltinre (Fine,

1978; Fine et al., 1976b,c, 1977a¡ Pellizzari et al., 1976). Fol1CMng

ths study, in April 1976, the factoi: was closed dow. ln Belle, th
source of th NDMA was fou to be a chemcal factory maufacturing an

lThs resul t was net confi. by mass spescopy (see also
'Geeral Reks on th Sutaces Considered', p. 40).
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using dithlamne; th ND was being produce as an unte byroduct.
Tyical levels in dowtc Belle an Cllesten range fran 1-40 ngjm3

(Fine, 1978). Siilar levels 1 ~re foun by Cohe & Bach (1978) on th
site of several chcal facteries mang or using dithylae. In

extenive studies in Ne York City, Bosten an Ne Jersey, ND was foun
at 3j40 sites at levels abe th detection lit of 10 ngjm:: (Fine, 1977,

1978). Gough et al. (1976) an Se et al. (1976a) have fou tht during

th frying of bacon, 70% of NDMA volatilized in th fuis.

(b) Tobacco srke

Johnson & Rhdes (1972) an Rhades & Johnson (1972) clai te

have found 0-140 ngjcigarette ND (One of these results was confirn
by high-resolution mass spectraætr). Simlar resu1ts ~re report by

l1cnnck et al. (1973), using high-resolution mas spctaætr. Klimch
et al. (1976) reported 9.5-91 ngjcigaette.

ND was present in the mainstre srke of non-filtered cigarettes
at a level of 13-65 ngjcigarette, and 5.7-43 ngjcigarette were foun in

filtered cigarettes. ln the sidestrea srke, the levels ~re 680-823 ngj

cigarette in non-filtered cigarettes an 1040-1770 ngjcigarette in filtered

cigarettes. ln srke-filled roc, such as bas an discotheqes, 90-240

ngjm3 NL 1 were found in the air. ln residencs, the levels 1 were .:5 ngjm3

(Bruem & Hoffm, 1978; Br et al., 1977). Walker & Castegno
(IA, 1977c) found NL in aIl of 10 samles of scrapings fran pipes usd
for srking tebacco in th Transkei; these are believe te be consur by
the loc initats. Th levels ranged fran 45-340 llg¡kg.

(c) Water

NMA was present in sea-water adjacet te a 1,1-dithylhydrazine

chemcal factory in Baltire v.ich was emtting ND inte the air; the

leve1s varied fran 0.08-0.25 llgjl (Fine & Rotiler, 1976). ND was also
reported at a leve1 of 3.0 llgjl in an adjacet sege-treatrnt facility.

lThese results ~re Ilt confinæ by mas sptroscopy (see also
'Geeral Reks on the Substaces Considered', p. 40).
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On th site of th Batire factery, wate in a draige ditc contaed
6 ~g/l an tht in a mu pudd1e 200 an 6000 ~g/l (Fine et al., 1977a).

Inustrial watete fran chcal factries wa found te contain 0.2-

5 ~g/l (Fine, 1978) i tht fro 8/19 chemcal factries contaed 0.08-
3. 3 ~g/l NL (Cohen & Bach, 1978).

Coen & Bach (1978) 1, Gagh (1978) 1 an Fiddler et al. (1977)
foun 0.012-0. 34 ~g/l in deionized water ¡ the source of th ND was
sho te be th ion-echge resin. Fine (1978) report .:0.01 l1g/1l
~1A in high-nitrate well-wter. Cohen & Bachm (1978) also report

tht chlorination of drinkng-wter ca result in NL levels of 0.02-
0.82 ~g/ll.

(d) Soi 1

Sail sanles taen fran several loctions ne inustrial plants in

Ne Jersey contain ND at levels ranging from 0-15.1 ng/g¡ in ~st
Virginia, near Belle and Cllesten, soil sanles contained 0.2-5.4 ng/g¡

an in th Ne York City area, soil sales contained 0-0.32 ng/g (Fine,

1977) .

(e) Foo and fee

Cleese: Various chses have be an1ysed for ND. Havery et aL.
(1976) found none, an Allisten et aL. (1972) found only a trace. H~ver,

Sen et al. (1978) found 2-68 ~g¡kg ND in 20/63 sales of 26 different

chses. Eisenbrand et al. (1978) found tht 78/173 cheeses ære positive
for NL, and levels of 1-6 l1g¡kg ære confi:rd in 20 of thse sanles.

Gough (1978) foun up te 0.2 ~g¡kg in 13/20 sanles, and 3/16 sales of

other dairy proucts contained NDMA at levels of .:0.1 ~g¡kg.

Vegetales an veetale oils: 'llling et al. (1974) found no ND

in rawor coked vegetales, and Gough (1978) foun no ND in 16 different

vegetale sales. None was found in baby fc: or lard (Havery et aL.,

1976), but freshly refined soya bean oil was foun to contain levels of

0-20 ~g¡kgl (Heder et al., 1976).

lThse results ære ne confirn by mas spctrosco (se also
1 General Reks on th Substaces Considered 1, p. 40).
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ND was foun in 5/12 sales of tin frut at a 1evel of ,0.1
llglkg (Gough, 1978) and in the frut of a solanceus bush, Soianum incanum,

use in th Trankei for th prepaation of footuffs (Du Plessis et a i. ,
1969) 1.

ln a dieta suy te cae levels of ni trosannes in regions of

high an low incidence of oesophgeal cacer, no significat difference

in NDMA levels was foun arng 179 samles. levels ~re nnstly .cS llglkgl
(!A, 1975; Joint Iran-IA Study Group, 1977).

~t and fish: The presence of ND in net an fish proucts has

be denstrate in a nurr of studies (Table 1).

Spices: Se et ai. (1974) foun 0-850 llg¡kg ND in spices used

for rrat cuing, and Haveiy et al. (1976) rep:rt 29-343 llglkg in spice

cues. No nitrsams wee foun in the miures wh the spices and
nitrite and/or nitrate salts were packged seately.

Fee: Arng th first rep:rts of ni trosames in the environit
were those of Sashaug et al. (1965) and Ener et al. (1964), who fou
high levels of ND in fis1il, using thn- layer chantoaphy. Mirn
et al. (1976) report 2, 3, 8, 18, 205 an 315 llglkg ND. Fis1il not
treated with nitrate or nitrite was foun te conta between 150 and 1000

llglkg ND (Hurst, 1976). Skare & Dale (1975) reported 100-2000 llglkg
ND, an Juszkiewicz & Kolski (1976) 5-417 llglkgl.

levels of 0-42 llg/kg ND have be foun in a nurr of exri1tal

anl fee which contain fis1il (IA, 1977a). Ka et al. (1978)

report ND in 37/46 an1 fee: 23 sales conta 1-10 llg/kg an
14, nnre than 10 llglkg (one of these had 79 llg/kg).

(f) Alcoho1ic beverages

Exation of aver 100 apple bradies has sha tht ND was present
in a rrjority of sales. The average 1eve1 found was 0.5 llglkg with a

ma of 10 llg/kg. ND was also foun in a nurr of eides, coacs,

lThse results were Ilt coinæ by rrss spctscopy (se alse
1 General Reks on th Substaces Casidered 1, p. 40).
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Product

Cued rrt (tinned)
Salam, sausage
Poul tr (coked)
Fish (uncooked)

" (cooked)
Cheese
Yoghur and dessert dishes
Fish (fresh)
" (tined)
" and fish products" " "" "

Japanese salin (raw)
Fin fish
Shel1fish
Fish an fish products
Various neat products
Franfurrs
Souse, je11ied cued neats
Various cued neats
Bacon (raw and fried)
Various cued neats

Sausages
Fish (fresh an processed)

Cotr No. of
sar1es

Ntr
posi ti ve

9
2
1

23
o

10
o

NR3
NR
15
10

o
o
o

22
1
3
8
o
o

son

9
18

Level
(llg¡kg)

1-10
1-5
1-5
1-10

-:14
1-15

-:1'+

-:0.2-9
-:0.2-2.5

1-9
up te 0.22

-:54
-:104
-:104

4-26
5
0-84
3-63

-:104
-:104

-:1

1 - 132
6-1772

Reference

Gogh et al. (1977)
" " "

UK 34
22

9
61

9
58
16
85
16
35
20

" "
"
"
"
"
"
"
"
"
"
"

USA 24
26
52
26
51
40
10
39
22

106

"
" " "

"
"
"
"
"
"
"
"
"

USSR 12
19

" " "

"

" ""

" " "

Telling et al. (1974)" " "
Crosb et al. (1972)
Gough (1978)

Gadbis et al. (1976)
Havei: & Fazio (1977)" " "
Fazio et al. (1971a)

" " (l97lb)
Wassei: et al. (1972)
Fiddler et aZ. (1975)
Havei: et aZ. (1976)" " "

" (1978)"

Ka et aZ. (1976)
" " "

2These resu1ts were not confirrd by rrss spectoscopy (see also 'Geeral Reks on the Sustaces
Considered', p. 40).

3NR = not reported
If 
Detection 1im ted

l-
LV
LV



aigncs, ru and whskeys¡ average 1evels ranged fran 0.1-0.4 llgjkg
with a ma of 1.6 llgjkg.

ln 27 bers exaed, th average level was 2 llgjkg, with a ni
of 7 llgjkg (IA, 1977b). ND was detecte in 3/18 sarles of maze ber
at levels of 1.0, 1.5 an 7.5 llgjkg (IA, 1976).

(9:) Pesticides

Fine et al. (1978) reporte 190-640 mg/l (ppm) ND in dithylaie
formations of 2,3, 6-trichlorobezoic acid¡ 300 llg/l NDMA were aIse found

in 1/3 herbicide miures fonnte as dithylaie salts. Cohen et al.
(1978) reprt levels ranging from 0.1-335 rrjkg (ppm) Nr in 7/8 di-

ræthylamne salts of various herbicides.

(h) Drgs

Eisenran et al. (1978) found ND in aIl sarles of 68 drgs

formulate wi th arine, including talets, supi:si teries , injections,
drops an syrs. 'I concentration vaied withn wide limts (-010-371

llgjkg): 35 sales contaed 1-10 llgjkg, 27 sarles contained 10-50 llgjkg,
5 sarles contain 50-100 llgjkg and 1 sarle (a talet) contained 371 llgjkg.

(i) In vivo foi:tion

ND was forr in laratery mice in vivo follOWing gavage with

250 ng soum nitrite th 50 ng dithylame hydrochloride (Rounler

et al., 1977).

ND bas been rei:rt te be preset in ma in vivo. Haingtn et al.

(1973) clai tht ND was preset in vagin fluids (ConfiIltion was
by lowresolution mass sptr~tr, an the results have not be rei:rted

elsere. No adeqte precautions were taen te prevet ni trosamne

foi:tion durng analysisJ.

Eisenbran et al. (1976) rei:rte th presece of 10 and 100 llg/l

ND in 218 urin sales frcm patients with urinar tract infections¡
Hicks et al. (1978) report traces in the urine of sar patients with

chonic bladder inectons (detetion lirt, 1 llgjkg) ¡ Stephay & Sculler

(1978) reprt levels of -01 iigjkg in th urine of hospita patients treate
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with potasium nitrate; an simla resultsl have be rert by Bros
et aL. (1972) and Radomsi & He (1976) (In none of ths work were
adete precautions taen te pret nitrsa fonntion during

sterage an anl ysis) .

I.itz et al. (1978) reprt th presece of 2 iig/kg ND in the

gastric juice frcm 2/35 fastig patients (No adeqte precautions were

ta te prevet nitrosae forntion during sterage and anlysis).

Fin et al. (1977c) foun nnre ND in hum bl00 imtely after
ingestion of a rral contaning spinach, bacon, tote, bread and ber
th was preset before. Ingestion of ascorbate reduce th background

arunt te a non-dtetale level.
2. 3 Anl ysis

An !A Maual gives selected rrthod for th anysis of volatile

N-nitrsames, including ND (Preussm et al., 1978). Four technqus
have been use for trapping ND during air nnni toring: dicol traps

(Bretschneider & Matz, 1974), Te Ge caidges (Isserg & Sornson,
1976; Pel1izzari et al., 1976), cryie traps (Fine et al., 1976c)

and arient teatue alali traps (Fine et al., 1977a).

On 29 Septemr 1977, the US Environta Proteion Agency issue a

notice reqiring aIl registrants of pesticide prouct tht ar potetially

contate with N-nitrso caun te anlyse corcial sales whch

have ben stere for at least18 days te detenne the exent of conta-
ation. Ths notice prescribs in general tenn the tys of anytical

rrthod te be used for volatile N-nitroso coun (e.g., gas chrtoaphy
plus mass spctrtr or theii enrgy anysis an othrs) as weIl as for
nonvolatile N-nitrso coun (e.g., high-pressure liqud chrtogaphy
plus ultra-violet sptrscoy). Confintion of positive results by gas

chromatoaphy and rrss sptraætr or by vaid inepedent rrthods is

reqred when possible (US Environrnta Protection Agency, 1977).

lThse results ære not confi. by nis sptrosco (se alse

'Geeral Reks on th Subtaces Considered', p. 40).
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3. Biological Data Relevant te th Evuation
of Cacinogenc Risk te Ma

3.1 Cacinogenci ty an relate studes in anIs

(a) Oral adstration
l-use: Several studes on different strains of ßUce have dennstrate

tht N-nitrosothyla (ND) produces haemgiams, haemgioeo-

thliar, haemgioedothelial sacxs, ads and hepatollular

carcins of th Ii ver, as væll as adens and adenoccinas of the

lung. Kidny adenmas have also be observed in sar strains (Clapp &
Tbya, 1970; Clapp et al., 1968, 1971; De Engelse et al., 1969/1970;

Kuwa et al., 1972; otuka & Kuwa, 1971; Shad & Savluchinskaya,

1971; Takyam & ()ta, 1963, 1965; Terracini et al., 1966; Toth et al.,
1964; Zwickr et al., 1972). A concentration of 50 rr/l ND in the
dring-wate for one \' was suficient te induce tururs in the kidney

an lung (Terracin et al., 1966). Th la.st dose tested in long-tenn

studes, a concentration in th drining-water tht corresponded to a

dose of 0.4 rr/kg lM/day (total dose, 89 rr/kg lM), produce 13/17 lung

adenams an 2/10 haemgiocllular tururs in male RF ßUce (Clapp & 'Iya,

1970) .

Rat: The cacinenicity of ND has been dennstrate in several
different strains of rat. Although differences have been seen in taget

organ, a consistent observation has been tht 10ng-tenn treatmt wi th

doses catible with gc: suival rates, Le., net nnre th 50-100 mg/kg

in the diet or drining-wter, or 4 rr/kg lM/day, leads te the developæt
of high incidences of hepatol1ul cacins and cholagiocllular
tururs (Argus & lbh-Ligeti, 1961; Geil et aL., 1968; Magee & Barnes,

1956, 1962; Schm & Preussm, 1959; Terracin et al., 1967). Haem-
gioedothlial sacas of the liver have also been observed (Hadjiolov &

Makaw, 1973; Taylor et aL., 1974). Short-tenn or single-dose treat.t

with high doses (100-500 rr/kg of diet, or up to 30 rr/kg hw) produces

kidney tururs (Magee & Baes, 1959, 1962; Riopelle & Jasmn, 1969;

Shinohaa et al., 1976; Terracin et al., 1969; Zak et al., 1960);
the histelog of these tururs has be describ in detal (Ireton et al.,
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1972; lte, 1973; lte et aL, 1971; Jasmn & Cl, 1969; Jasm &

Riopelle, 1968, 1969; M:Given & lreten, 1972). lig adenoccinans
an sqs-cell cacins have be se occasionall y after ND
treatit (Argu & Ibh-Ligeti, 1961; Zak et al., 1960).

A dose-respnse study has been caied out in Portn rats in whch

ND in oil solution wa added te th diet. After an observtion ti

of up te 120 ~s, the follCMng freqencies of Ii ver tuurs (mainl y

liver-cell cacinoms) ære observed (Table 2) (Terracini et al., 1967):

Table 2a

Ibse-respnse study with N-nitrosoiIthylane in rats

ND mg/kg N\r of rats Nu of rats wi th
of diet ini tiall y Ii ver tururs

0 (oontrol) 41 0

2 37 1

5 68 5

10 5 2

20 23 15

50 12 10

1

~ror Terracini et al., 1967

Treat:nt of SpraguDaley rats with 0.4 m:/rat 5 tiIs wekly for
24 ~s (tetal dose, 48 m:/rat) induce liver tururs (3 liver-cell
carcinomas, 2 sacos) in 5/19 anIs (Hoch-Ligeti et al., 1968).

Hexadeutero-NDMA, at a level of 5 m:/l in the drinking-water, induced

a 3% incidence of liver carcinoms, whle ND under identical conditions
induced 26% (Keefer et al., 1973).

Hater: Adnistration by stemach tub of 1. 6, 1. 0 and 1. 0 mg/
anl NDMA over 5 ~s, or of 1 dose of 1.6 m:/anl, te Syrian golden
haters induce cholangioaenoms, chlangioccinoms and haergio-
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sarcas as ~ll as haemgioedothelior of th li ver (Tctis & Cefis,
1967). Liver-cell cacinar, chlangioccinoms and haemgioeth-
lioms were obtained by giving 25 rr/l ND in the drin-wte for IL

wee (Kowlewski & Tod, 1971; Tatis et aL., 1964). Aànistration

of 1 mg/l ND in th drining-water to inred Syian haters (strain
BIO CI 87.29) for 60 ~eks induce 1 adenoccino of the glandula
stach in 40 anls (Hamurger et ai., 1976).

Guea-pig: Mae gunea-pigs gi ve 25 or 50 rr NDg of diet for

6-49 ~s develope papillar cholangians an liver-cell cacinan
(le Page & Clistie, 1969a).

Rait: Doses of 25 an 50 mg NDg of diet given te rabbits for
17-60 wæ. resulte in hepatocl1ular cacinor with lung rrtastases
an benign papillar chlangiom (le Page & Clistie, 1969b).

Duck: It was report in an abstract tht treatrt with diet con-

tag 50 mg ND¡kg of diet to mIe Peking ducks for 8-10 nnnths resulted
in an incidence of 71% anplastic haemgiosarcos of the Ii ver after 9
nnnth (Mcracken et aL., 1973).

Fish: Doses of 300, 1200, 4800 and 19,200 mg NDg of diet gi ven

te rai trout for nnre th 6 nnnth inuce adenom and adenocarcino-

ma of the liver (Asley & Haver, 1968). Gupies (Lebistes reticuiatus)
recei ved 4. 8 g NDg of diet for several nnnth; after 13 nnnth, 2/20
develop hepatic nodules, describ as Ii ver tururs, and a leiorosar-
can in the nesentery (Sate et aL., 1973).

(b) Inlation an/or intratradieal adnstration
~us: BA/c mice ~re exsed daly te 0.005 or 0.2 mg/m3 ND

for 17 nnnth. Tus were observ ea lier and in larger anunts in
th lung, liver an kidny only in those given the higher concetration

(l-isev & Besky, 1975).

Rat: Twce-~ly inlation of ND at a concentration correspnding
te 4 rr¡kg li for 30 minutes induce t:urs (aesthsioneuroepitheliams

an squs-cell cacin) of the etlturbinls in 4/6 BD rats. With
haf th conctration, 8/12 rats develop tunur of th nasal cavity
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(Drckrey et aZ., 1967). ln Wista rats exp da1y by inhation te
0.005 or O. 2 m~/m 3 NL for 25 nnnth, those gi ven the higher level ha

tururs in the lung, kidney and Ii ver ealier an in larger anunts th
in controls (fuiseev & Beemsky, 1975).

(c) Subtaeous and/or intramcu adstratìon
MJuse: ~ly injections te DD, BA/c an SJ/J strain mice of

0.15 ir ND in 0.2 ml saline for 1-25 ~eks (tetal dose, 0.15-3.75 mg/

aninl) induced haengiændothelial sacos of the live and of the
retroperi teneal and aborl soft tissues, and aderi or adenoccinons
of the lung (Kuwa et aL, 1972; Otuk & Kuwaha, 1971). After

single s.e. admstrations of ND, a dose-respns relationship was sen

for lung tuiurs (adenau and cacinan): 1 ir¡kg bw = 29%, 2 ir¡kg bw

= 35%, 4 ir¡kg bw = 39% and 8 ir¡kg bw = 67% (eadesa et aZ., 1974a).

Nern an suckling nnuse: Follawng single s.e. injections of
15-75 llg/anl, mice develope paenchyml-cll and vacuar tuiurs of

th liver as ~ll as lung adencm (Terracin et aZ., 1966; 'lth & Shubik,

1967; 'lth et aZ., 1964).

Rat: Injections of 10, 20 or 30 mg/rat at day 21 or 70 after birt

produce 38% kidney tuurs after rrdian latet period of 286-369 days;

41% of kidney tururs ~re of th renal cell ty and 59% ~re stronl

nephrons. No control rats develope kidney tuiurs (Cabell et aL, 1974).

Nern an suckling rat: Single doses of 0.125 ir NDMAanl induce
tuiurs of the kidney an hepatol1ul cacinan (Terracin & Magee, 1964;

Terracin et aZ., 1969).

Fort Y ~ekly s.e. injections te Wista rats of 0.1 ir/rat, beining
at birt, induce 6/11 kidney tus, may nephroblastc, aden
and clea-cel1 cacinan (Ite, 1973). Single injections to Wista rats of
O. 125 mg/rat at 1 day of age and 0.125 or 10 ir/rat at day 7 induce 63%

kidny tuiurs after rran induction tis of 218-237 days; 92% of the

induce neoplasm ~re stronl nephrons (Cabell et aL, 1974).

Hater: ~ly s.e. injections of 0.5-1.0 ir NL for 6-20 we
(teta dose, 6-14 ir/an) caus haemgioethelial sacc an
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chlangiocci. in th li ve an aesthsioneoepithlian of the
naal cavity in Syian golden hates (Held, 1967). Lifeti wey
injecons of approxite1y 6, 3 an 1. 5 nq/kg te grs of 32, 32 an 30

Syian golden haters (males an fan1es) 100 main y te Ii ver turs:

3, 10 an 8 in males, an 4, 4 an 2 in feres, resptively. The liver

tl.urs were: hepatollular cac.i (6), heta (8) an ch1angio-

cacirs (17). Ony a few tus were se in th respirate:i tract
(3), th kidney (1) and th forestoch (1) (Bas et al., 1973). Simlar
results were obtined in anoth stud (Steck et al., 1973).

In Chnese haters, weekly injecons of 0.89, 1. 77 or 3.54 mg/kg hw

ND for lifeti (tetal doses, abut 32, 54 or 104 nq/kg hw, resptively)

cause maly live haemgioedothe1ian (70-100%). Cìly 3/108 haters
had adencinan in the enoturbinls of th naal cavity (Rezni, 1975;
Rezni et al., 1976).

In 60 Euop haters, wely s.e. injections of 1.4-8.6 nq/kg hw
ND induce mainly malignt haemgioedothlian of the Ii ver and
kidney, hepatollular cacinan an 1 cholangioæl1u1ar cacina. No
such tunurs were se in 20 oontro1s (M: et aL., 1974).

MataIs: Twce-wely s.c. injections of 0.1 ID NDan1 for
10-44 we inuce liver tuurs in 6/36 males: 2 cholangioms, 2 dio1an-

giocarcinan, 1 haemgioedotheliom an 1 hetic-cell cacina;

none were se in th femles. In controls, 4/82 Ii ver tl.urs were seen
in fem1es and none in males (Fuj ii & Sate, 1970).

(d) Intrapriteneal adstration
~us: A single dose of 7 or 14 ID/kg bw ND given te GR or CF/D

mice resulted in lung adenan (De Enelse et al., 1969/1970; Fri, 1970).
Single doses of 5, 10 or 15 ID/kg hw ND to RF mice induced 9/18, 16/19

an 4/5 lung tuurs (adenan, papillar cacinoms), as cc wi th
25/52 in controls. 'I incidence of leukaeIa was not signficatly

different fror that in oontrols (Clapp, 1973). Wekly injections of 6 ID/

kg hw for 10 weeks in femle Swss miæ resulted in a signficatly increase

incidence (p..O.OOl) of vascuar tus (40%), mainly of the retropritoneum,
whle th. incidence in males was on1y 15 % . 'lre was a law incidence of
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hetic va t\urs in ooth se (Casa et al., 1973). Single
do of 7.5 or 15 ng¡kg li ID gi ve te NZ/Bl nuce at 60 days of age

inuc a lage in in th inidece of lung tus in irles and
femes (76-100%, caed with 19-25% in cotrols) an of kidney adencm
an cacins in irles (33% (7/21) in th lcr dose grup an 56% (10/33)

in th highe do grou, ca with ony 1/268 in controls) (Noronh,

1975). In adult C3Hf ßUce, a single dose of 7 m:/anl induce hepata
in 38% of males but oone in femes (De Engelse et al., 1974). A positive

doserespns relationship was se in Swss ßUce with regar te lung
adeam incidence: 0 m:!kg (control), 15%; 0.5, 17%; 1.0, 29%; 2.0, 35%;

4.0, 39%; an 8.0, 67%. No clea relationsps betwn applied dose and

tum rate was appent for other tunur si tes and in othr strins (ASi/
SN an A) (Ii et al., 1976).

Nern an suckling nnus: Single Lp. injecons of 8 ir!kg hw
NI te nern ßUce resulted in hepata (hepatol1ular ty) and lung

adenas (Frei, 1970). Six Lp. injecons of 1-4 ir!kg li te 7-day-old
TIce resulted in hepatas, hepatocin, lung adenam and haemgiams

(Vesselinovitch, 1969).

Rat: A single Lp. injection of 18 ir!kg hw NI te Wista rats
inuced kidny tuurs (Muhy et al., 1966). In 80-day-old NZR rats,

staed for 48 heurs, a single Lp. dose of 20 ng¡kg inuce squs-cell
cacina of th nasal ævity (Noronh & Goll, 1972).

Th nnrphogenesis of kidey tuurs induc by i. p. injecion of NI

in rats ha be describd by Had & Butler (1971a) an Had et aZ. (1977).

Ne: Wule single doses of up te 16 g¡kg hw NI did Ilt induce
tunurs, 6-7 injecions of 16 g!kg li withn 3-4 væeks induced liver tururs

(describ as anplastic and hepatic-cell tunurs) in 3 ne suriving rrre
th 3 rnnth (Ingram, 1972).

(e) Otr exrintal syste
Various injecions: Rats given a single injection of 18 ir!kg l: ND,

eithr intramculaly, retropeitenelly, or directlyinte the kidny,
devlop kidn tuns (Muhy et a Z., 1966).
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Prental exsure: In nuce, sinle or rete injecions of 12.5-

75 m:jkg hw :N duing th lat days of precy resulte in lung ader

rrs an hepata in th offspring (Srta, 1971). Nr inuce a low
frecy of kidney tuurs in the offspring of pregt rats treate
during th last \' or during the -vole of pregcy (tetal dose, IL m:)

(Alexaov, 1968).

Imrsion: ln 50 guies exse for 7 \'s te 100 mj/1 NDMA

dissolve in aquium water, an incidence of 6/44 liver tuns was obser-
ved (Khudoley, 1973; Pliss & Khudoley, 1975). ln frogs (Rana temoraria),

5 m:/l NDMA in ta-water inuce 19/43 tururs: hepato11ular cacinan

an adenoms and tuurs of th haemtoietic syste (Khudo1ey, 1977).

Cacinogensis in plants: Se of hybrids of Nicotiana wee soed

in 10 or 1 rr solutions of ND in water for 1 or 2 days, an tUIS were
foun on 6.5-12..8% of gennte seedlings 20 days later, as coared with

1-2% on controls (Anersen, 1973).

(f) Cacinogenci ty of precusors

.Anistration of 0.1 or 0.025% amopyrine toether with 0.1 or

0.025% soium nitrite in the drinking-wate of Sprague-Dawley rats for 30

wee prcxuce haergioeothelial sarco in th Ii ver in 29/30 and
26/30 rats, whle 0.1% amopyrine alone was inctive; 0.1% oxyetr-

cycline an 0.1% somn ni tri te adrstered in a simlar proto1 induce
4/30 liver tuurs (3 hepatollula cacinans an 1 chlagian) (Taylor
& Lijin, 1975). ND is the knaw reaction product of bath interactions
in th an OOy (Lijin & Grlatt, 1972).

(g) Cacinogencity of deri vati ves

1V-Nitroso-N-nethl -N-acetexythylam

(i) Oral admtration
i. g. admistration of 3.5 or 1. 75 m:jkg bw te Spragu-Dawley rats

twce-weekl y resulted in squs-cell cacinan and papilloms of th

forestoch in 13/16 an 18/20 ans, respively (Wiessler & Scl,

1976) .
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(ii) Intrapeiteneal admstration
A single Lp. injecon of 13 m~/kg l: N-nitrosoN-nethl-N-acetexy-

rrthylar te 4-5-~-old Q) rats resulte in a high incidence (70-86%)

of tums, nnstly in th intestie (Joshi et al., 1977; Ward et al.,

1977) .

(h) Facters tht nofy cacinenci ty in anIs
Feeing of a protein-free diet for 1 ~, th a single Lp. injecion

of 60 mg/kg l: NL, an a fur ~ on protein-free diet induce 14/14

kidny tururs in Portn rats, coed with 0/9 in controls given the

protein-free diet only (McIe & Mage, 1970). Simlar results were
obtaed by Hilfrich et al. (1975).

ln rats, th inidence of kidney tuis prouce by feeg ND at
a level of 500 nç/kg of diet for 2 ~s wa makedly increase by subse-
qut treatit with 5000 nç/kg of diet of th nephrotexin N- (3,5-dchoro-

pheyl) succinde¡ pretreatit with ths caun inite turur

inucton (Ite et al., 1974; Sugiha & Sugiha, 1976). A simlar

increase in th incidence of renl-cell tururs wa prouce by subseent
treatit with citrin (Shihaa et al., 1976).

Tuurs of th kidny devlope in 33% of rrle an 63% of fewle

Wista rats tht receive a single Lp. dos of 30 mg/kg l: ND. Lp.
injections of 100, 200 or 300 mg/kg l: ethlisulphonate 8 hours

after NL injection increase kidny t. rate, nnrein femes th

in rrles (Montesa et al., 1974). ln mis exiit, 5/10~ hear tuis
of the left vetricle ære öb in th coined treatit grous and
diagnse as either neurofilrar or neurin¡ 1/34 and 8/118 hear

tururs were se in th grups trte with NJ or ethylnthsulphonate,

resvely (Has et al., 1974).
AcCIin D, gi ve before or after a single L p. dose of ND, did

not signficatly m:fy kidney turur incidence in Sprague-Daley ~
(Hilfrich et al., 1975).

Gonadecta ablished the kidny t. resp observ in mae N20

mice after a single Lp. injection of 7.5 mg/kg li (Noronh, 1975).
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Cain gavage of 0.4 m: NJ in 1 ml ta-wte 5 tis wely for

24 wes te rats toeth with 3-nethyldilanth did not increa th
incidence of li ve tus; hor, tunurs of th lung and ski WEre

foun (Hoc-Ligeti et al., 1968). Hepatocinogenesis inuce by 4 m:/
kg l:/we NI was effectively supresse by admstration of 500 rr¡kg

l:/we disufiram 2 heurs before ND treatit but 100 te th an inci-

dence of 59% of squs-cll cacins in th paanal sinu.c;; ths

tunur typ was not observ with ND or disulfiram alone (SchmIDll et al.,
1976). Adstration of a cor-deficient or excess-c diet at the
sa tir as treatint wi th 50 nq/l ND in the drinking-wter did not

chage th incidence of Ii ve or lung tunurs; howver, kidney neoplas
occured in 57% of rats reæiving th oopper-deficient diet, as crn
with 0% in th excess-copper grups (Calten & Price, 1973). A diet high

in fat an rrginlly deficient in lipotropes did not enhce hepatoarcino-

genesis by ND, although ths effect was sen for other nitrosames

(Roers et al., 1974).

Hepatocinogenesis in Sprague-Daley rats after a single i. g. dose
of 20 mg¡kg bw ND was increased by pretrtrt with cabon tetrach10ride

42 or 60 hours before oral admstration. A high incidence of papi11ai
adenoccinoms an nephroblastom was observOO in a group tht receivOO
40 rr¡kg lM ND 42 hours after admistration of cabon tetrachloride;
no kidney tururs være seen in th group treate with ND only (Poun &
Iawson, 1975; Pound et aL., 1973). A single Lp. injecion of 12-15.6 rr/

kg lM NDMA ta femle rats 24 heurs after paial hepateta induce hepato-

cellula cacinoms; none develope in intact anIs receiving ND
(Craddoc 1973, 1975). An increase in th incidence of ND-induce kidny
tururs after paial hepatecto was also se (Craddoc, 1971; Pound &

Iawson, 1975).

Repeted Lp. injections of phorbol give after a single s.e. injec-
tion of 0.015 rr NDMA increase th incidences of lung and liver tunurs

in æwbrn AK rnce (Arth & Berenlum, 1972). Cadesa et al. (1974b)
describ syergestic effects of Lp. injections of NL and N-nitrso-
ethylame; wi th ND alone, lung cacinoms an kidney tunurs were sen,
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whle with NI an N..nitrsoethylam lung adens and forestoch

paillans but no kidn tunurs ~e se.
'Iyroidecta signficantly increse th tunur incidences in kidney

and liver in NZR rats give single Lp. injecons of 20 rr/kg hw Na;
it reduce the sex difference in lung tur incidence (male, 70%, femle,

16%; cc with 54% an 39%, respvely) (Noronh & Col, 1976).
Treat:t of Syian golden hates wi th 15 mg/l Na in drining-

water an with a nuxture of thee antiiotics (gentacin, nystatin an

vancc.cin) increased tu incidence (liver cacino, cholagioc-

cinoms, Kupffer--cell sara:s) te 80% as caed with an incidence
of 28% with ND alone in femles, and te 21% coar te 4% in males

(Love et ai., 1977).

Adnistration of amoacetenitrile te rats decrease th carcinogenic

effects of NI; the nurr of malignt Ii ver tunurs induced decrease

by 80% (Hadjiolov, 1971).

3. 2 Oter relevant biological data

(a) Exrintal syste
'!xic effects

ln rats, the acute ID for ND was 40 mg/kg bw whn gi ve by oral
50

admstration, 37 mg/kg bw by inlation (Druckey et ai., 1967) and

43 mg/kg bw by Lp. adistration (Heath, 1962). The Lp. ID in mice
50

was 20 mg/kg bw (Frei, 1970). 'I s.e. ID was 30 mg/kg hw in Syian
50

golden haters (Haas et aL., 1973), 18 mg/kg hw in Clinese hamters

(Reznik, 1975), 43 mg/kg bw in femle an 28 mg/kg hw in male Euope
haters (.rhr et al., 1974).

Th major toxicity in a nurr of spies arises from a severe centri-

lobula necrosis in th liver (Magee & Baes, 1967; Magee & Swan, 1969).

Inhition of protein and nucleic acid sythesis in the Ii ver by ND has
ben reviev (Magee & B:es, 1967; Magee & Sw, 1969; Pegg, 1977).
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flryotexici ty an teatoci ty
No teatogenic effects wee obrved in rats. A single dose of 30

II/lg lM given intraperiteneally or orally, or 20 II/lg hw injec intra-

venously, caus an increase in foeta nnrtity, pacuarly when given

on days 3, 9, 10 or 12 of gestation (Naplkov & Alexadrov, 1968). After
intraplacetal injections of 0.1-0.3 II N: inte each emryonic sac on

day 13 of gestation, all emryos died (Alexdrov, 1974).

Abor¡tion, distribution an excretion

Th uptae of ND fran th gastrintestil tract has be studed

in rats. Uptae fran th stoch wa slow, but tht fran the upr pat
of th smll intestine wa vei: rapid (tl: less th 5 min); absorption

fran the lavr pa of th sml intestin and th caec was slavr but

still much faster th fran th stoch (Hash:te et aL., 1976; Heding
et al., 1974). Caisons of th relative nethylation of liver and
kidny DN after sml oral or Lv. doses of N: in rats have indicate
tht oral doses below 40 l1g/lg l: were cxletely netalized by the liver

an did not enter th general circuation (Diaz Gcz et aZ., 1977) (see

also 'M3talism').

ln goats, one heur after oral adstration of 30 II/lg hw, 12.2 mg/

kg NDMA were foun in milk and 10 II/lg ND in bloo. Onl Y traces of

ND were fou in the milk after 24 heurs (Juszkiewcz & Koski, 1974).

M3talism

Availale evidence suggests tht ND reres netalic activation to

exert its texic an cacinogenic effecs. Th rate of rætalism of ND
in vivo has ben exed by nesuring th rate of 10ss of ND fran the
bloo an exlation of 14m fol1owg admstration of 14C_NL. In

2rats, a dose of 30 II/lg adsteed by Lp. injection is rætalized
withn 6 heurs (Heath, 1962; Magee et aL., 1976; Phillips et aZ., 1975;

Sw & M:Ie, 1971). Th rate of netalism of ND in vitro has be
nesured by th use of slices of liver and othr organs (e.g., kidney, lung,

sml1 intesti, oesophagu) fran rats, haters, nnnkeys, trout, goldfish

an various aihiians. Ialled 1 4m wa prouc fran 1 4C-ND, and
2
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methvlation of cellular nacræoleces was abserved (Den Engelse et aL.,'"

1975; MJntesa & Mage, 1974). Thse data, toethr with th distribu-

tion of nethlate nucleic acids in vivo in rats, suggeste tht th liver

is th principa site of ND netalism (SW & Magee, 1968). OXdative

N-d~thylation te fonn foi:ldehyde has be denstrate with liver

microsas fran rats, mice an haters (Argu et aZ., 1976; Czygan

et al., 1973a; Lae et al., 1976; Lotlik et aZ., 1975; Mizrah &

Emlot, 1962). Microsoil oxidation has be suggeste ta result in an
untale N-nitrosoN-methyl -N-hydroxythylame, whch decanses to
yield a nethylating spies an foi:ldehyde (Druckrey et aL., 1967;

Magee & Bas, 1967). 'ls nesm is consistet with th observation
tht N-nitrsoN-methyl-N-acetexythylame is hydrolysed te yield an
alklatig intermiate (RelIer et al., 1975).

Microso-iæiated methylation of ooth protein an nucleic acid by
ND ha been denstrate in vitro (Chin & Bosm, 1976; Ki et al.,
1977) . 7-M=thylgue derived from NDMA-d has thee deuterium ato,

6
inicating tht it must be form via a ræthyldiazonium ion or a nethyl

caoonium ion rather th fror diazaithe (Lijinsky et al., 1968).

ND tretnnt has been report to induce methylation of cellular
protein, including histenes (Magee & Hulti, 1962; Tuberville & Craddoc,
1971) .

Studes have be nade of the alklation of cellular nucleic acids
after ND treatit in vivo or in tissue slices in vitro. Th najor
prouct was 7-nethylgu, but a numr of minor products have also be
identified, includg l-methyl-, 3-methyl- an 7-nethyladene, 06-methl-
an 3-nethylgu, 3-methylcysine, 3-nethyl- and Oll -mthlthyme an

methyl phospho esters (Lawley, 1974; Magee et aL., 1976; MJntesan &
Magee, 1974; O'Connr et al., 1972, 1973, 1975; Pegg, 1977; Swan &

Magee, 1968). Single s.e. injecions of l4C-ND inte pregt mice on

day 12 of gestation prouced no alklation of DNA bases in eri:onic

tissues, but when gi ven on day 18 of gestation, methlation of foetal Ii ver

an brai DN bases was foun. A simlar ext of alklation was obtained
when 18-dy-old foetus ~re treate directly in th sar maer (Boert,

1975) .

147



Stues have surt th hysis of I.less (1969) tht the
foi:tion of 06-rthy1gu rry be of critical inrtce in cacino-
gesis an nitagensis, since ths prouct is fonæ in nudi smler
anunts by otr nethylatig agents whdi ar less actve as cain
or nutage th ND (Ialey, 1974¡ Magee et ai., 1976¡ Pegg, 1977).

Distribtion of nethy1ate bas prouce by ~ may Ilt be entire1y
ranan with ~ of th chantin (Cor et ai., 1975¡ Rath
et ai., 1976), an it has be dennstrate tht hepatic uutondria1 DNA
is alklate nnre exively th nuclea DN (Wilkinson et ai., 1975¡

Wuerlich et al., 1971/1972). Alteration in th velocity sentation
rate of live DN in al.lin surose gradient, attribte te single-strand

brea, occus in th ~ of rats trte with ~ (Dajanov et al., 1973).

Repair of sing1e-straned regions in hepatic DN followg admnistration
of ND, as detern by chantoaphy on bezoylated DEA-ce11ulos, is

nore rapid th in kidney DN (Hug & Stear, 1977¡ Stear & Huang, 1977).

Hepatic DN daged by alklation after ND treat:t is rep1icated

(Rajalaksh & Sa, 1975). Th persistece of 06-nethy1gue in DN
an the rate of ce11 division may be imrtt factors in th tissue-spifie

induction of tuurs by ND (Magison et al., 1976¡ Nicol1 et al., 1975¡
Pegg, 1977). 06-~thylgune is reed fran the DN of 1iver and kidney
by an enyi system (Nicol1 et al., 1975¡ Peg, 1977). There is evidence

tht ND-induce carcinogenc dage te th kidney ca also be repared
(Sw et al., 1976). Adstration of ND induces selective prolifera-
tion of tubular epithelium and interstitial cel1s in rat kidney (Ha, 1975¡

Ste & Mage, 1971).

Adstration of amoacetonitrile te rats reuce the neta1ism of
ND, th inuction of hepatic DN dage an the acute toxici ty (Fiui
et al., 1970¡ Hadjiolov & Mudt, 1974¡ Ste, 1974). Such pretreatrnt
also reduce th prcxuction of a nutagenic rætali te from ND by rat Ii ver
uucrosoræs (Batsch et al., 1975). Pretreatrnt of rats with pregnen010ne-

16a-caroonitrile (PC) decrease the acute texicity of ND (Sorri et al.,

1972) but did not greatly reduce either conversion of l4C_ND te exh1ed
l4CO or ræthlation of nucleic acids (Granjea & Sorri, 1976). Howver,

2
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liver micross fra PC-pretreate rats sh an increse ability to
cove lì te an inteate nntagenc for Saimoneiia typhimium G-46

(Ba et aL., 1975). 'I acute texicity of ND in rats an mice and

th N-7-nethylation of gue in liver DNA were reduce by simtaeous

admistration of disulfiram (Sc1 et ai., 1971). l1icrosas fran
disulfiramtreate rats sho a deease ability te con vert ND inte
intenæates imtagenic for S. typhirrium G-46 ¡ mutagenicity was also

reduce when disulfiram was added te the assay system (MJntesa & Bach,
1976) .

Mutagenci ty an othr short-te tests

Th imtagenc effec of ND have be review by MJntesao & Bësch

(1976). ln th presece of a iætalx:Üic activation syste, getic activity

has be dennstrated in S. typhimurium (reverse imtations), Escherichia
coli (fo:rd an reverse imtations), BaciiZus subtiiis (reverse imtations) ,

Saccharomyces cerevisiae (bck imtations, gee reination and conversion),

Serratia marcescens (reverse imtations) and Neurospora cras sa (fo:rd
mutations) (MJntesa & Bach, 1976). A imtagenc agent was prcxuced

fran ND in th presece of nnus kidney microsoiæs, an there was a

correlation be~n the abili ty te prouce imtations in S. typhimurium G-46

an suscptibili ty for kidney ttmurs in different strains of rnce (Wees,
1975). ND was mutagenic in S. typhimurium G-46 in the presence of a
microsal fraction fran hun liver biopsies (Czygan et aL., 1973b).

NDMA has be teste in the host-iæiate assay using mice or rats.

Mutagencity was shaw in S. typhimurium strains G-46, C-207 and C-340

after their Lp. injection inte Swss albino mice tht had recived 3 Lm.

injections of 0.1 nù of a 10% ND solution at l-hour intels (Garidge
& Ieater, 1969). Fahig (1975) observed imtagenicity in S. cerevisiae 0-4

injecte into th peritoneum, the testes or the tail vein of male Wista

rats injected subtausly with 740 rn/kg b. ND.

ND injecte sutaeously into mice at doses of 30 m:/kg hw or 300
II/kg b. was mutagenc in a blc:-iæated as say in whch stationa cells

of E. coli K-12 were injected intravenously (MJhn & Ellenbrger, 1973).
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ND an N-nitroso-N-nethyl -N-acetexythylarne induce X- lired
recssive lethl :rtations in Drosophiia (Fah et ai., 1975; Pastern,
1962). N-NitrosoN-ithyl-N-acetexythylam wa also :rtagenc in
s. typhimriwn 'm 1530 and in bacteriophages Rl7 and T7 (Basc et ai.,

1977; Shter & Wiessler, 1976).

In th presece of a rat Ii ver microsol fraction fror phenobbital-
treated rats, ND induce 8-azague-resistat :rtats in Clinese hater
V79 ce11s (Kuroki et ai., 1977). Concetrations fror 8-135 rr induce

chrso abrrations and sister chomtid exchages in Clinese hater
cells in the presece of liver microsol prepaations from rats (Nataajan

et ai., 1976).

Clorso abrrations, mal Y dicetrics an de1etions, were found in

liver ce11s of Clese hates injecte intrapritoneally with 5 g¡kg bw

ND (Broks & Cregger, 1973). In the donat leth1 test in mice, an
Lp. dose of 9 TIg/kg ND was ineffective (Epstein et ai., 1972), whle

4.4 IT/kg admstered sutaeously produce a signficat increase in
dead irlats (Propping et ai., 1972). Cutured lyrhos taen fran
rats 6 hours after an Lp. injection of 30 IT¡kg bw ND show an increased
freqency of chrcmso abrrations (Lilly et aL." 1975).

Unscheduled DNA sythesis has be observed in iso1at.. rat hepatos

treate with ND (William, 1976, 1977) and in hum fibroblasts in culture
in the presece of ND an a nnuse Ii ver microsol fraction (Laishes &
Stich, 1973).

Rat liver epithlial-like cel1s maintain in culture ~re tranfome
by treatit with ND, and th tranfome cells induced turs at th
site of injection in 32/42 newrn rats (funtesano et aL., 1973, 1975;

William et ai., 1973). Cells cu1tured fror kidneys of rats treate in

vivo with a single Lp. dose of 60 rr¡kg bw ND unei:nt transfoi:tion

as determed by vaious in vitro criteria (Bor land & Had, 1974; Stew
& Had, 1977). Thse tranforr cells ~re describ as nnrpological1y

simlar te the putative precsors of ND-induce rrsenchyml neoplas
(Had & Butler, 197Ib; Had & Borland, 1977).
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(b) Hums

In 4 ne, laratei: exsure te NU gave rise te acute liver
necrosis whch later deve10pe inte cirrhosis; in one case, the acute
liver injur prov te be fatal (Baes & Magee, 1954; Freund, 1937).

Studies in vi tY'O suggest tht NU is irtalized by hum Ii ver and

1ung via the sa irtalic pathy as in other malian speies (Hais

et al., 1977; M::mtesano & Magee, 1970).

3.3 Ca report and epiderological studies

No data wee avalable te the Working Grou.

4. Sun of Data Reporte and Evaluation

4.1 Exri.tal data

N-Nitrosodthylame is cacinogenc in all an species teste:
mice, rats, Syrian golden, Chnese and Euopan haters, gunea-pigs,
rabbits, ducks, rnstos, vaious fish, new and frogs. It induces

begn and rn1ignt tmrurs fol1awg its admnistration by vaious
routes, includig ingestion an inlation, in vaious organs in vaious
speies. It prouces tmrurs, rninly of the liver, kidney and respiratory

tract. It is cacinogenic follawng its admistration prenatally and in

single doses. ln several studes, dose-respons relationships were

estalishe .

4. 2 Hum data

No cae report or epideological stues were available te th
Workig Grou. Avalable inoi:tion on occuence suggests tht the
general poulation rny be exse te lCM levels of N-nitrosodthylane;
however, no exse group sutale for an epideologica investigation

bas yet be identified. Report of relatively high levels in certn
pesticide foi:ations and of occuational exsures tht rny have oced
in the maufacture and use of rocet fuels rny penn t th identification

of expse grups.
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4.3 Evaluation

Thre is sufficient evidence of a cacinenic effect of N-nitroso-
rrthyla in iry exintal ani.l spcies. Simlarities in its

rrtalism by hin an roent tissues have be dernstrate. Although

no epidemological data \'re avalale (an efforts should be directed

t.ard this end), N-nitrosothylame should be regared for practical

purses as if i t wee cacinogenic to hums.
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N-NITROOI-n-PROPYI

1. Oica an Physical Data

1.1 Synym an trade nas

Ch. Abtr. Seices Re. No.: 621-64-7

Chen. Abtr. Na: N-Nitroso-N-proyl- 1 -pro
N~N-Di-n-propylntrosame¡ di-n-propylntrosame¡ DPNA¡ NDPA¡

N-ni trosoipropy1amne

1.2 Strctural an nnlecar fornlae an weight

/CH2-CH2-CH3O=N-N"
CH2-CH2-CH3

C6H14N20 fuI. wt: 130 . 2

1.3 Clemca1 an physical proprties of the pure subtace

(a) Description: Yel10w liqud

(b)

(c)

(d)

(e)

Boiling-point: 810C (5 mu) (Druckrey et ai., 1967)

Desity: d¡O 0.9160

Refractive inex: ~O 1.4437

Spctroscopy data: À 233 and 339 nr (El = 583.5 an 6.5) inrr 1
water (Druckrey et ai., 1967) ¡ mas sptroscoy data are given
by Penabe et ai. (1972) and Rainey et ai. (1978).

(f) SOlubi1ity: Soluble in water (approxitely 1%), in organic

sol vents and in lipids

(.9) Vo1ati1ity: Ca be steam-dstilled qutitatively (Eisenrand

et ai., 1970)
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(h) Staility: Stale at roc teature for nnre th 14 days

in neutral or alalin aq solution in th dak (Drcky
et ai., 1967); slightly less stale in acidic solutions;

light-sesitive, espeially te ultra-violet light

(i) Rectivity: Strong oxdats (peracids) oxidize it te ~

correspndg ni tram; ca be reuce te th correspdig

hydrazine an/or amne; relatively resistat to hydrolysis
but ca be split by hydrogen brande in acetic acid (Eisenbrand

et ai., 1970). Photohecally reactive (Fridm et ai., 1971)

1.4 Tecal products and inuri ties

No data \-re avalable te the Vbrking Grup.

2. Production, Use, ()ence and Analysis

2.1 Production an us

(a) Production

N-Nitroso-n-propylame (NOPA) was first prepaed by Vincet in
1886 fran di-n-propylame an nitrous acid (Prager et ai., 1922). No
evidence was found tht NDPA has ben prouce cccially.

(b) Use

No data \-re available te the Vbrkig Group.

2.2 (£ence
(a) Waste-water

NDPA was reprte te occu in the waste-water fran 3/18 chcal

factries at levels of 0.12 an 2.8 llg/ll (Cohen & B3clu, 1978).

(b) Fc:
NDPA has be detected at levels of 20-30 llgjkg 1 in cheese (Cerutti

et aL., 1975).

lThse results were Ilt confinæ by mass sptrscopy (se also
1 Geral Reks on the Sutaces Considered 1, p. 40) .

178



(c) Alcoholic beverages

NDPA has be shaw te be preset in a high proprton of sailes of

apple brany at levls of 0-3.6 l1g¡kg. Its presece has also be denn-
strate in a numr of sales of coc, ru an whskey at levels of

0-0.2 l1g¡kg (IA, 1977).

(d) Pesticides

Fin et al. (1977) report 154,000 l1gjl NDPA in th herbicide

Treflan (trifluralin, enlsified concetrate of a.,a.,a.-trifluoro-2,6-
ditrN,N-dpropyl-para-teluidine) i ('.cen et al. (1978) foun levels
vaing fra 190,000-17,000 l1gjl. 'I lowr level reflects an effort by
th maufacturer te reuc the nitrosame contation (US Environital
Protection Agecy, 1977). NDPA has aIse be foun in isoropalin (4-

isopropyl-2,6-ditro-N,N-dproylaniline) at a levl of 86,000 l1gjl

(Cohe et al., 1978).

2. 3 Anlysis

An !A Maual gives selecte rrths for th anysis of volatile

N-nitrosas, includig NDPA (Preussm et al., 1978).

On 29 Septemr 1977, the US Environital Protetion Agency issued

a notice reqing all registrants of pesticide products tht ar pote-

tially contate with N-nitrso CXuns te anlyse ccrcial sanles

whch have be stered for at least 18 days te deterre the extt of

contation. Ths notice prescribs in general tern the typs of
anlytical nethods te be us for volatile N-nitroso CCuns (e.g.,
gas chtoaphy plus mass sptraætr or thei:l engy anlysis
an others) as væll as for non-volatile N-nitroso counds (e.g., high-
pressur liqud diortoaphy plus Uitra-violet 8ptroscopy). Confir-
mation of positive results by gas diortogaphy and mass spctoitr
or by valid inepedet rrthods is reqred when possible (US Envirorntal

Protetion Agency, 1977).
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3. Biölogical Data Relevt te th EVuation
öf Cacinenc Ris) te Ma

3.1 Cacinicity an relate studes in arls

(a) Oral admstrationl
Rat: Grups of ID rats ære give N-nitrso-n-prolar (NOPA)

in th drining-wate at doses of 4, 8, 15 or 30 ng¡kg hw/day. Of 48

anIs, 45 develope liver cacina after average inducon tis of

300, 202, 155 or 120 days, resptively (average teta dose to induce

turs in 50% of anIs, 1.15-3.2 g¡kg hw). In addtion, 8 aniis

whdi reæive doses of 8 or 15 ng¡kg hw/day sh papillcms or cacin-

mas of th oesophagu and 6, cacins of the tengu (Drckey et a i. ,
1967) .

(b) Sutaus an/or intrai adstration

Rat: Groups of 10 male an 10 femle 12-w-old SpraguDawley
rats ær injecte sutaeously with 1/5, 1/10 or 1/20 the ID NDPA

50
(ID : 487 ng¡kg hw) once \'ly for life. 'Ity mae an 20 feme

50
untreate Spragu-Dawley rats seed as controls. 'Ie average tetal dose

ranged betæ 0.93 an 2. 7 g¡kg hw. A high inciden of neoplas wa
obsered in th apical pas of th nal cavities (35) an in th eno-

turbins of th nasa cavities (13). Of a tetal of 58 effecve anIs,
45 develop 48 tuis of th nasal an/or paan cavities, 19 ofwhch

\Vre maignt. In addtion, 13 live t:urs (may live-æll cacins),

IL adeos or cacinan of th lung an IL sq-cell paillan of th

oesohagu ære se. Tuurs of th kidn (2 ades, 1 adeinan)
develop in 3 anIs trea.te with 48 ng!kg hw (1/10 ID ) (Althff et ai.,

50
1973a; Rezni et a i ., 1975).

1 Th ~rking Grup was awe of a stu in nneys, rerted in an

abtract, in whch live tus \'re fOU followg Lp. and/or oral
;:dmtration of NDPA; liver, th resu ts of ths stu have Ilt
be fuly report (Adn et ai., 1974).
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Hate: Grous of 20 mae an 20 femle Syian golden liters \lre

trte with 1.2% NDPA in olive oil sutausly once ~ly for life at

5 dos 1evels, 3.75, 7.5, 15, 30 or 60 m;i/kg bw. Of 185 effective anls,

134 had 591 tunurs of th nasal and paansal cavities, 163 ha 1224

tunurs of th laigobronchal tract, an 56 had 112 tunurs of th lung;

a few tunurs oced in avaiety of othr organ. The first nelas
were se afte 16 \ls. Anng 20 male an 20 fem1e contrIs, 2 thyroid

adens, 1 cortical adena of th aden glan an 1 pailloi of th

vagin \lre obsrv (Athff et al., 1973b; Po et al., 1973).
(c) Cacincity of iæta1ites an derivatives (se a1so

setion 3. 2a)

N-NitrSO2-hydroxy-n-propyl -n-propyla

Subtaeous an/or intranar admstration

Groups of 10 male an la ferle Spragu-Dawley rats \lre injecte

subtausly once we1y for life with 255, 127 or 64 mg/kg hw (1/5,
1/10 or 1/20 ID ; ID 1273 nç/kg bw); 53/59 anIs develop begn50 50
an ma1ignt tunurs, maly in th nasal cavity (47 squs-cel1 papi1-
lans an cacinans) and th liver (25 hepatollul cacinan, haem-
gioeothelians, hepatas). Oter tunur sites were the 1ung (7) and

oesophagu (10) (Rezni et al., 1975).

Groups of 10 male an 10 femle Syian golden haters recei Vé

we1y s.e. injecions of N-nitroso2-hydroxyroyl-n-prolame in olive
oil for life at 3 dose 1evels (1/10, 1/20 or 1/40 of the ID ; ID

50 501500 mg/kg bw). 'I effecive numr of anIs was 43; th average

surival ti ranged fra 39-46 wes. Tuurs of the nasal cavities were
se in 33-69% of treated anIs; 33-54% had lagotrchl tuurs;

an 7-40% had 1iver tururs describ as chlangians an haemgioedo-

thlians. A few tunurs oced at a vaiety of other si tes (Pour
et al., 1974a,c).

Results obtained on the cacinogenicity of derivatives are surized
in Table 1.
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Table 1

Cacinogcity of derivatives of N-nitrsod-n-proplame

Cound
N-Nitroso-bis (2-

hydroxy-n-
propyl) ame

N-Nitroso-2-oxo-
n-propyl-n-
propylame

N-nitroso-bis (2-
oxo-n-propyl) -
ame

N-Nitrso-bis (2-
acetoxy-n-
propyl) amne

N-Ni troso-2, 2 '-

dirthyldi-n-
propylame

Spies teste
Wistar rats

Spra.gue-Dawley rats

Syian golden haters

Gunea-pigs

Sprague-Dawley rats

Syian golden haters

Syian golden haters

Syian golden haters

Syrian golden haters

Main turur si tes

Respiratei: tract, li ver ,
thyroid, kidny, urin
bladder and pacreas
Kidney, nasal cavities,
respiratory tract, thyroid,
oesophagus and li ver
Pancreas, nasal cavi ties,
respiratei: tract, Ii ver ,
gall bladder, kidney, lip
and vaginal epi theliur

Li ver

Li ver

Nasal cavi ties, respiratery
tract, li ver and kidney

Pancreas, lung, Ii ver and
gall bladder

Respiratoi: tract, liver,

pacreas, nasal cavi ties ,
gall bladder, lip and
vaginl epi thelium

Nasal cavi ties and respir-
atory tract

References

Konish et ai., 1976

Rezni & Mohr, 1976

Althoff et ai., 1976;
Krger et ai., 1974;
LeVitt et ai., 1977;
Pour et ai., 1974b,

1975a,b, 1977a

Rao & Redy, 1977

Althoff et ai., 1974

Pour et ai., 1974c,d

Pour et ai., 1975c,
1977b

Pour et ai., 1976a,b,
1977a

AIthoff et ai., 1975



3.2 Otr relevat biological data

(a) ExriItal syste
'!xic effecs

Th acute ID of NDPA was 480 ng¡1 l: afte oral admstration te
50

BD rats (Drckey et aL., 1967); th s.e. ID wa 487 rr/kg bw in rats
50

an 600 rr/kg l: in Syian golden haters (Pou et ai., 1973; Rezni
et ai., 1975).

No data on the anryotexicity or teratoencity of NDPA were available

te the WJrkig Group.

Absorption, distribtion an éXretion

ln goats, one bour after oral admstration of 30 rr/kg bw NDPA,

4. 9 rr/kg NDPA were four in nulk an 1.6 rr/kg in bl00. Onl Y traces

were foun in th nulk after 24 hours (Juszkewcz & Kolski, 1974).

M=talisr
Urine col1ecte duing 48 bours after adstration of an oral ID

50
dose te rats contained th fol1owg couns: N-ni troSO3-hydroxy-n-

propyl-n-proylame, N-nitroso2-caboxyethyl-n-propylame an, to a

lesser ext, N-nitroso2-hydroxy-n-proyl-n-proylae an N-nitroso

caboxythyl-n-propylam (Blattm & Preussm, 1973) (see also,
setion 3.1 (c)).

Adstration of (1_14C)-NDPA te rats prouce 7-(1I+C)-n-proyl-

gue toethr with 7-( 1IC)-nthylgu in th liver RN. In contrast,
admstration of (2_l4C)-NDPA le te proucion of only 7-(14C)-n-propl-

gu in rat liver RN (Krger, 1971).
NDPA inte in the presece of a rat-Ii ve nucros syste and

3,4-dichlorothophel as a trapping agent yields th corrspndg nethyl
an propyl thoers (Preussm et ai., 1976).

Mutagenicity an othr short-tenn tests

NDPA prouced reverse nutations in Saimoneiia typhiriwn TA 1530,

TA 1535 an TA 100 in th presce of microsa fractions fran rat an
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hate live ar hate 1ung (Ba et aL., 1976; Ca et aL., 1976;
01ajos & Cornsh, 1976; Sugima et aL., 1976). NDPA also proce
reverse mutations in Escherichia coii in th presee of rat 1iver micro-

sa fractions (Nakjim et ai., 1974).

In th presece of a 1iver rncrosa syste fra pheobi ta-
treate rats, NDPA induce 8-azagu-resistat mutats in Clese

hater V79 cel1s (Kurki et ai., 1977).

A stud was nide of th abilities of liver, kidney an lung fractions

fra untreate or pheobabital -treate rats and haters to con vert ß-

oxidized netalites or sythtic putative inteates, includig N-
nitrso (2-hydroxy-n-propyl) -n-propylam, N-nitrsobis (2-hydroxy-n-
propyl)ame, N-nitrso-bis (2-acetexy-n-proyl)ai, N-nitrso (2-oxon-

propl)ame and N-nitrsothyl-N-n-proplam inte inteate muta-

genic for S. typhimriwn ro 1530 (Ca et aL., 1976).

(b) Hum
No data ~re avalable te th Vbrkig Grup.

3.3 Case reports an epideologica stues
No data ~re avalale te th Vbrking Gr.

4. Su of Data Report an Evluation

4.1 Exintal data

N-Nitrso-n-propy1a is cacinenc in rats after its oral
admstration an in rats an hates afte its subtaeous injecon.
It produces begn an malignt tuurs of th Ii ver, kidney, oesogu
an respiratery tract. 'l netalite N-nitrosoN- (2-hydrxy-n-prol)-

n-prolam is also cacinogenc in rats an haters: it producs
begn an maignt tus of th respiratei: tract an Ii ve after i ts
subtaus injecion.

4.2 H1 data
No case reprt or epidemological stues \æe avalale te th

l'rki Grup. Availale inoi:tion on ocence suggests tht th
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general population xry be exse sporadcally te low levls of N-nitrso-

n-propylae; hover, no exsed grou sui tale for an epidemologica

investigation bas yet be identifed. 'Ie report of relati vel y high levels
in one pesticide fonnation xry pet the identification of expsed
grups.
4. 3 Evuation

There is sufficient evidence of a cacinogenic effect of N-nitrso-
n-propy lame in tw exrirtal anl spies. Al though no epidemo-

logical data ~re available (and efforts should be directed toward this

end), N-nitroso-n-propylame should be regarded for practical purses
as if it ~re carcinogenc te hum.
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N-NITRN-EI

Ths sustace was considered preiously by an IA furking Group,
in Deemr 1971 (IA, 1972). Since tht ti new data have be
avalable, an thse have be incorprate inte the nnnogaph and
taen inte accunt in th preset evaluation.

1. Clca an Physica1 Data

1.1 Synnym an trade nas

Chei. Abtr. Services Re. No.: 759-73-9

Chei. Abtr. Na: N-Etyl-N-nitrosourea

.A¡ EN¡ l-ethyl-l-nitrosourea¡ NE¡ nitrosothylurea¡
NSC 45403

1.2 Strctural an nnlecar foi:lae and ~ight

/CH2-CH3O=N- N
"-C-NH
Il 2o

C3H7N302 fuI. wt: 117.1

1. 3 Oiercal an physical properties of the pure substace

(a) Description: Ye11owpin crystals

(b) M=lting-point: 103-1040C (decosition) (Drckrey et al.,

1967)

(c) Sptrscopy data: Àrr 233 mu (E~ = 469) in water

(Druckrey et al., 1967)

(d) Solubility: Soluble in water (approx.tely 1. 3%) and in

polar organic sol vents ¡ insoluble in non-polar organic
sol vents
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(e) Staility: Deanses te diazoth in aline solutions;

staility in aqu solutions is pH-depet (200C)

(Druckrey et al., 1967):pH 4.0 6.07.08.09.0
half-life (hrs) 190 31 1.5 0.1 0.05
Sesitive te hundity and light an should be refrigerate

for storage

(f) Rectivity: Highly reactive (Gaett et al., 1965; ~Cala

et al., 1968). Rection rates with vaious biologically

inrtt nucleophiles have be detenned (Velemký
et al., 1970).

1.4 Techncal proucts an inuri ties

No data ~re available te the Working Group.

2. Production, Use, ûxrence an Anl ysis

2.1 Production an us

For backgroun inoi:tion on ths setion, se preale, p. 22.

(a) Production

N-Nitroso-N-ethylurea (NE) was first prepaed in 1919 by the reaction

of N-ethylurea with nitrous acid (Wer, 1919). Althugh NE is available
in smll qutities for reseach purses, no evdence was found tht it

has be produce corcially.

(b) Use

NE has be us in th labratery sythesis of diazoethe. Its
mutagenc effect ha ben studed for prartig th gr of vaious

plants (Ezhova, 1973; Nikiforova, 1973; Sashkin & FDyanov, 1973).

No evidence was foun tht it has be us corcially for thse

purses.
2.2 ûxrence

No data were available te the Ybrkin Gr.
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2.3 Anlysis

NE is laile, an ths calicates its anysis. High-pressu

liqud chtoaphic condtions for N-nitrosoureas have be review

by M::mtg et al. (1977). Selecve deteters us for anysis of
ths ca includ thse of Fine et aL. (1977) an Singer et aL. (1977).

A neth for the anysis of allurea in fish ha be delop (Mirvsh
et al., 1978).

3. Biological Data Relevant te th Evluation

of Cacinenc Risk te Ma

3.1 Cacinogcity an relate studes in anIs
(a) Oral adstration
Rat: Te-dy-old ID-IX rats wee give single oral doses of 10, 20,

40 or 80 ng¡kg l: N-nitrosoN-ethylurea (NE), an malignt neurogenc
tunurs wee induce in th brai, spinl cord and peripheral nerv
syste in 75/80 anIs. Even at th lavst dose, 23/26 anIs died with

neurogenc tunurs (21 with brain tururs). At th highest dose, 9/16 rats

ha nephrlasta (Druckey et al., 1970a).

Single oral adstrations of 10 ng¡kg l: NE te 10-dy-old BDIX

rats inuce tuurs in 8/19 anls. 'ls of th cetral an of th

peripheral nervou syste wee se in 4 an 4 anls, resptiV'lY

(Craviot et al., 1974).

It was reprt in an abstract tht a:ng 39 MR rats gi ve 60 mg

NE/l of dring-wte on 5 days~ for 52 ~s, 7 tuurs of th

stodi (3 paillan, 1 squs-cell cacin an 3 saca, aIl in
males), 9 tus of th lage intestie (6 adcin s an 3 saca,
aIl in maes), 9 adenarcin of th ma gla (8 in femes and 1

in a male) and 12 mylocc leukemas ~re obsed (Pelfrene et al., 1975).

Of 104 fenle Ibni rats gi ve NE at dose levels of 100-400 rr/l
of dring-wter, 87 develop leukem (Ogiu et aL., 1974, 1976).

cpsui: A variety of epi thelial an nesediynl emi:onal nelasm
of th eye, live, bra, kidny, nucle an jaw (includng neurei:l
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tunurs of th eye and nephroblastas), closely anlogus te tunurs of

hum inancy, ~re found in opssum (Vide lphis virginiana Kerr) trte

orally fran birt te 16 v.s of age with 100 II!kg l: NE in eithr single

or split doses (Jurgelski et al., 1974, 1976).

(b) S~taeous an/or intramcula admstràtion
Nern nnuse: CXe-dy-old A, C57BL, DBA an IF mice given single

s.e. injections of NE at dose levels ranging fro 10-160 mg!kg l:

develope a high incidence of tunurs. Liver tunurs ranging fror hepa-

tema.s te hepatoellular cacinoms occued nnst freqentl y in CS 7BL

(28/44) an DBA (20/75) mice, lung adenoms and adenocarcinoms in A mice
(38/80) an lymhoms in A (16/80) and DBA (20/75) mice. C57BL, DBA and

IF mice develope several tunurs of the nervous system (1/44, 8/75 an
5/57, respectively) (Seale & Jones, 1976).

Nern an suckling rat: Rats ~re injected sutaeously with
single doses of 5, 10, 20, 40 or 80 mg!kg l: NE at birt, and 10-dy-old

rats received single doses of 10, 20 or 40 II!kg m. M3inly tunurs of
th central an peripheral nervus syste \'re produce. At the lavst

dose (5 rr!kg m), 9/28 rats had tunurs of th nervous syste; at 10 mg/

kg m, 70% of th an.ils ha tuurs of the nervus syste; at higher
¡

doses, aIl anls except onë had tllurS of the nervus system. No

difference in response was observ betwen the newrn and th 10-dy-
old anirls (Druckrey et al., 1970a).

Single s.e. injections of 10 mg!kg m NE te newrn (approxitely
24-hr-old) Wista-derive albino rats and Lister hoed rats resulte
in tuiurs of th nervus syste in 33/34 a.ls: 53 brain tuiurs, 9

spinl-cord tuiurs an 9 peipheral nervus syste tuiurs were found.

No strain differences in response te th cacinogen ~re observed (Jones

et al., 1973; Sele et al., 1972).

(c) Intraperi teneal adstration
Nern, suckling and adul t nnuse: l t was report in an abstract

tht doses of 60 or 120 mg!kg m NE injected into C3Hx mice less th
1

24 hours, 15 days or 6 v.s old, prouce nultiple typs of tuurs,
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includg intracranal neurogenc an renl epi thlial nelasm. 'le

nntiplicity an freqency of tt tys were depdet upn age at th
li of treatit (nnre th 20 different tys in th t\ younger group,

only 4 typs of prim tus in th 6-we-old mice) (Lo &
Vesselinvitc, 1971; Vesselinvitc & Iad, 1971).

First geeration hybrids of C57BL/6JxC3He/FeJ (B6C3F ) an
1

C3HeB/FeJxAJ (C3AF ) mice were given single Lp. injections of 60 or
1

120 mg/kg l: NE at l, 15 or 42 days of age. By th 90th wee of age,

JOst anIs had died due te the developrt of begn and nalignant

tururs at nntiple sites. Nern anIs were nnre susceptible te liver,

kidney an ovarian tururs, an young adults te lung, Haderian glan,

stoch, an 1 ymhoreticuar syste tururs. Th se of th ans inlu-

ence the developt of tuurs of the li ver (nales), Haderian gland
(males) an lymhoreticuar syste (femles). C3AF itce were nnre sus-

1

cetile te lung tururs th B6C3A mice; th latte nnre readily
1develop tururs of th liver, Haderian glan, lyrhoreticula syste,

ovaries an In gla (Vesseliritch et al., 1974). MJst of th
renl epi th liaI tururs reseled th correspndg hum renal adenans

(Lo et al., 1974).
Rat: r-nthy Lp. injections of 10 II/anl NE for 3 nnnth

caused thymc lyrhars in 3/10 adult Wista rats. M:thy treatIt with

10 mg/anl for 5 nnnth prouce thymc lyihars in 9/20 treate rats
an ITeloid leukemas in 5 othrs (Hajiolov, 1972).

(d) Intraveous adstration
Rat: w=ly Lv. doses of 10 In/kg l: NE 1: BD rats for 25 wes

produce leukemas in 9/16 anIs an 4 glians of th brai, 1 glian

of th spinl cord an 1 adenoccin of the smll intestine in 4 rats
(Drckey et al., 1967). TreatIt of 30-dy-old rats with a single

dose of 20, 40 or 80 In/kg l: produce tuurs predartly of th brain

an peipheral neivus syste. With 20 mg/kg l:, 18/29 rats had tuurs
of the neivus syste. MJre tuurs outside the neivus syste (ovai,
uteru an, espially, kidny) were se in ans given the higbst dose

(Drck et al., 1970a).
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Rats treated during pregcy with sinle i. v. injecions of 60-150

ll/kg hw NE develop predcmtly imlignt tuurs in th ute and
vagin late in life¡ these ttiurs wee IXt prouced by treatit in non-

pregt femles (Alexadrv, 1969 ¡ Ivanovic, 1969).

Mankey: In a study report in an abtract, imlignt tuurs (iminly

of th ovar, uterus, vascular endothlium, bene, bene rrow an skin)

were observ in 2/4 im1e an 5/9 feme young pata nnnkeys (Erythrocebus

patas) 700-900 days after the sta of treatrt wi th i. v. injections of

12 rn/kg hw NE every 2 \'eks for 2 years (Rice et aZ., 1977).

(e) Otr exrintal syste
Prental exsure: Since the first reports of Drcky et aL. (1966)

an Ivanovic et aZ. (1966) in rats, NE has be investigate extsive1y
for tranplacenta1 cacinenici ty .

Th offspring of femle A/J, A/He, C3HflH, C57BL/6 an GP mice

given single i.p. injections of NE at doses ranging fran 29-117 rr/kg bw

benæen th 12th an 19th day of gestation \'re foun te have pulna
adenans and, occasionally, lynhocic leukemas at 12 wes of age.
Hepatans \'re seen in A and C3Hf mice after 40 wes (Rice, 1969).

Single i.p. injections of 59 rr/kg hw NE on day 12, 14, 16 or 18 of

gestation were given te AKJ, SWJ, DBA2J, C57BL/6J and C57L/J mice.

The incidence, typ and latency of ttiurs depeed on both th strai

an the day of gestation on which NE was given. The nnst con ttiurs

were single or mutiple pulna adenoms an leukemas, which appeared

after NE treatrnt on days 16 an 18, resptively. Hepatans, Haderian

glan adens, tuurs of endocrine glands an neurogenic tuurs were

also foun, te a lesser exent. Hepatos occued preferential1y in
males (Diwa & ~ier, 1974).

Mice \'re given i.p. injections of 59 ll/kg bw NE on the 16th day of

gestation. A lowr incidence of pulna adenans (18/36) an a longer
latent period (16-20 wes) \'re observed in (AK/J femles x SW/J males)

F offspring th in (SWJ femles x AK/J imles) F offspring, in whch1 1
th incidence of lung tururs was 36/39, with a latent period of 10 wees

or less (Diwa et aZ., 1974).
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Differces in th susceptiilities of different strain of mice te
NE were also describ by Deinger et al. (1974). Te of th 31 off-

spring of 5 C3HeB/FeJ mice whch had be injecte intravenously with a

single dose of 20 rr¡kg li NE on the 19th day of pregcy, develope
neurogenc tuiurs. 'Is is a relati vel y high rate coed wi th resul ts
of earlier studes peforr with other nn strains.

It was reprte in an abstract tht perinatal treatit of 4555

DBA2, C3H, C57BL/6, NZW, A, (C3Hx57BL/6) F and (C3Hx) F mice with NE1 1-
caus tuiurs of th peripheral nervus syste in 74 anls and of th
central nervus syste in 43. '1 latet period ranged fran 150-1000 days.

ln 1903 controls, only 1 prim neurinom was se (Wechler et al., 1974).

Ivanovic & Drckrey (1968) gave single Lv. injections of NE to

femle BI iX rats, vaing the dose and th day of application during

pregcy. On th 15th day of gestation, 7 different single doses of
betwen 5 an 80 rr¡kg li were injecte. Of 222 offspring, 193 (87%) died

wi th malignt neurogenic tuurs. At th lo.st dosage (5 rr¡kg hw,

approxitely 2% of ID ), 63% of the offspring develop neurogenc
50

tuiurs (se Table 1). The yield of neurogenc tuiurs in th progeny

was highest when the COund was admnistered during th last week of

pregncy; no tuiurs were observ in th offspring when the nnthrs were

treated before the 12th day of gestation. Simlar results were obtaned in
th sar and other strains of rats an by the sa and other routes of

admistration (Craviote et al., 1973, 1974; Drckrey et al., 1970b;

Graw et al., 1974; Kostner et al., 1971; Koyam et ol., 1972).

Table ia

Dose, rr¡kg hw Incidence of neuro- Induction
Lv. on day 15 genic tuurs in periodof pregncy offspring (days)

80 5/5 160-230
70 21/22 120-490
60 51/51 not gi ve
40 41/42 not gi ve
20 18/21 120-600
10 32/41 132-640

5 25/40 190-700
~ram lvaovic & Druckrey, 1968
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A single oral aplication of 30 nç¡kg bv te SpraguDawley rats on

day 19 of gestation caus a tota of 1847 nalignt tlmnurs in abut 90%

of th 1068 offspring. Th tururs være locte ma1y in the brai, th

spinl cord ar th trigeml ne. Mèum inuction tir was 240 days.
Various addtional treatints did not affect th turur incidence (Sclil

et aL., 1974).

Single Lv. injecions of l, 5, 20 or 50 nq¡kg li NE te 2-4 Sprague-

Dawley (CD) rats an single injections of 50 nqjkg l: NE to 3 Fischer

(COF) rats, both on the 20th day of gestation, caus neuroetoei:l
tururs in offspring of rats at aIl dose levels. A directl y proportiona

relationship wa observ betw dose leve1s an turur incidences, whle
iæ surival tis være inversely relate te exsure (see Table 2).

A strain difference was also note: at the 50 nq¡kg bv 1evel 69% of the

Fischer rats an only 27% of th Sprague-Dawley rats d.ed of brai tuiurs

(Swnbrg et al., 1972).

Table 2a

Ttur incidence an suri val of
rats reciving NE transplacetaly

Dose te Strain Nmir of rats wi th M2 suri val
nnthr neuroectoei:l tii (days)

nq¡kg l: tururs/teta
nmir of rats

1 sn 5/41 655
5 sn 19/24 477

20 sn 17/17 288
50 SD 25/25 211
50 Fischer 26/26 258

~ra Swrg et al., 1972
The possibility was investigated tht an increase cancer risk may

persist for several generations in otherwse untreate descendats of
NE-treate nnthers. A single Lp. dose of 40 nç¡kg li NE given te 11

femle BDVI rats on th 16th day of pregnancy caused tururs in 10 rats

of the patal generation: 5 had tuurs of the nerous tissue, and 7

had tururs at oth sites. In th F i generation, nainly nervus syste
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tururs wee found (48/55); only 6/55 anls had tuiurs at othr sites.

ln th F generation, bred by brothr-tosiste mating fram F , no nerv2 1
tuurs were obsrv, but 6/25 an1s had tuiurs at othr sites. In
th F generation, 3/38 anls ha nervus syste nelasm, an 11/38

3

had tuiurs at othr sites ('ltis et al., 1977).

Alexov & Nalkov (1976) deinstrate in rats tht both a tera-
toenc an a cacinenic effect ca oc in th SaI taget organ.
The induction of Itcrocpha1y by Lp. admstration of 5 mg¡kg bw N-

nitrsoN-methy1urea (NM) on th 15th day of pregcy did not preclude
th induction of brai tuiurs by th admstration of 20 mg¡kg bw NE

on th 17th day of pregcy. Simlaly, th inuction of brain tururs

by the admnistration of 20 mg¡kg bw NE on th 17th day of pregcy

was not influenced by th adnistration of 20 mg¡kg bw NM on the 21st

day of pregcy.

Th nnrpholog an grCM of tuurs of th nervous syste have

ben describ by Grossi-Paoletti et al. (1970), Kleihues et al. (1968),
Thoms & Kersting (1968) and Wechs1er et al. (1969).

Wh 30 mg¡kg l: NE wee given by Lv. injection te Syrian golden
haters on day 15 of pregcy, 14/22 offspring develope tunurs, rnin1y

of the nervous system (5 tuurs of th trigenal nerve and Il tunurs of

the periphera1 nerves). No tururs of the brain or spinal cord were obser-

ved (M=nnel & Zlllch, 1972). Th nnrpho1og an grow of such nervous
syste tunurs have ben describ by Wehs1er et aL. (1969).

Thee rabbits received 1 or 2 Lv. injections of 40 mg¡kg bw NE

betwen days 23 and 28 of gestation. Eight of the 10 offspring tht

suri ved longer th 90 days develope adensacos of th kidny with
a me latent period of 600 days (in 3 anIs, the tuiurs were bi1ateral) .
M=tastases te th lung, paietal pleura an paa-aortic lymh nodes were

observed in 3 anIs. No tuurs were observ in the nnthers (GÜthert
et al., 1973). Kidney tuiurS, including adens, adenoccinoms and
adenoccinosarcoms were also foun in the offspring of rabbits whch had
receive Lv. or Lp. injections of NE betw days 18-32 of gestation

(Fox et al., 1975; Stavrou & LÖbe, 1975; Stavrou et al., 1975).
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Neurenc tuurs of th peipheral neus syste wee observed in off-

spring of rabits treate on day 8 or 10 of gestation with single Lv.

doses of 50 mg/kg li (Stavrou et al., 1977).

Mens of th swat glands (hidradens) an papil10m of th
skin were produce in litters of ~ whse nnrs were gi ve 6 i. v.
injection of 20 mg/kg li NE betv th 20th and the 31st day of

gestation (Kupfer et aL., 1969).

ln a study reprt in an abstract, fer le pata nnnkeys (Erythrocebus

patas) receive Lv. injecions of 21 rr/kg ,li NE we1y or every tw
we, COncing at 30 or 60 days of pregcy and continuing until
paurition. On rrle infant whse nnthr had received 18 wee1y injec-

tions starting at 30 days of pregcy died 78 days post paurition with
a hepata an an intraceebra1 haergiosacc. No tururs had be
observ in 33 othr inants tw yeas post paurition (Rice et aL., 1977).

Results of a study still in progess inicate tht fol1owing treat-

rrt of 6 ferle nnnkeys (Macaca mulatta) with single Lv. injections

of 25-70 mg/kg l: NE 3-70 days before paurition, or treatIt of 2

nnnkeys with 2 Lv. injections of 15-25 rr/kg l: NE at 71 and 2 days

or 63 ar 15 days beforepauri tion, no tus occued in th suri ving

offspring, aged 5-6 yeas¡ one inant whose nnther had receive 70 mg/kg

l: was delivered stillbrn (Jfusch et aL., 1977).

Intracerebral injection: A single intracerebral injection of

0.01-0.05 rr/an (1.25-6.25 mg/kg li) NE te 1-, 3- and 10-dy-old

BDIX rats resulted in 70 neurogenc b.urs, nnstly of th brai (37),

in 85 ans. A clea deen of tu yield and lengt of latet
peiod on bath dose an age of rats at treatIt cod be estalished.

.Mignt neurinoms of th trigeml nerv appeed onl y as a result of
treatIt on th first day of life (Drucky et al., 1973).

Single intraceebral adnistration of 10 rr/kg l: NE te l-dy-old
long Ev rats inuced neurogc tururs, nnstl y in the central nerus
syste, in 9/11 ans (Craviote et al., 1974).
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Intra-arrial admstration: Th injecn of 0.04 ng NE (1 ng,!g

hw) inte th left caotid of 25-dy-old BD rats unde nemta anesthesia
(30 Il,!g hw) produce only 1 nalignt neurin in 21 treate rats

(Drckrey et al., 1973).

Various routes of admstration: lDng Ev rats \\e treate intra-

cerebrallyor sutaeously with 10 or 50 ng,!g hw wh newrn, or were

treated tranplacentally with Lv. injecons of 10 ng,!g hw on th 17th

day of gestation. No differences in incidens of neurogenic tur

(80-86%) could be estalishe for th vaious routes of admstration

(Craviote et al., 1974; Forntte & Scffer, 1972; Grossi-Paoletti
et al., 1972a,b).

(f) Cacinogencity of precsors

Neurogenc tuurs were found in 4/20 an non-neurogenic turs in

11/20 Spragu-Dawley rats after adstration of 0.03% ethylurea in th

drining-wate an 0.3% soum nitrite in th diet. When th concetration

of ethylurea was derease te 0.01%, an the nitrite concetration kept

constat, 18/20 anirs deelop non-neurc tuiurs, and none develope

neurogenc tuurs (Koestner & ÝÈhsler, 1974; Kostner et al., 1975).

The tyical tranlacetal neuroccinogenc effect of NE ha be
observed after oral admstration of ethylurea an soum nitrite to
pregt BD-IX rats (Ivaovic & Preussm, 1970; Rada & Wechsler,

1975). Thse results were confin in inre E rats (Osske et al., 1972).

None of 38 offspring of 6 Wista rats treate twce orally with

150 Il,!g hw ethylurea, 100 ng,!g bw soum nitrite an 200 Il,!g bw

ascorbic acid on th 2200 day of gestation died of naignt tuurs
with 295 days after birt. lkve, adstration of ascorbic acid had

no influene on th cacinnic actvity of aIeady fonæ NE (Ivanovic
et al., 1973). An inibitei: effec of soium ascorbte on tranlacetal
cacinogenesis by ethylurea an soum nitrite was also foun in Syia

golden haters (Rutia, 1975).

Daly intragastric admstration of 100 Il,!g bw ethlur an
50 ng,!g bw soum nitrite te adultSyia golden hates for 40 days
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resulte in begn and malignt tUlurs in a brd sp of organ,
includng th forestoch, vagin, avies an peripheral nerous syste,

in 55/64 treate ans. Mutiple nelas (average, nnre th 3/a.l)

v.re seen in 85% of th haters; th tlurs had an average 1atecy of

46 wes (Rutia, 1974).

Four consetive daly Lg. doses of 100 mg!kg lM ethy1urea and

50 mg!kg lM soium nitrite adnisteed fran day 12-15 of gestation to 8

Syian golden haters induce neurogenc tUlurs in the periphera1 nervus
syste of th offspring. Femles had a higher turur incidence, a greater

mutiplicity of neurogenc tlurs an shortr latecies th the males

(Rustia & Schenken, 1976; Rutia & Shubik, 1974).

Feeing ethylurea and soum nitrite te pregnt rabits on days 17,

18 an 19 of gestation resulte in th induction of kidney tUlurs in the

progeny (Fox et al., 1977).

(g) Factors tht rrify cacinencity in animIs

BD rats v.re given simltaeous s.e. adnistrations of 10 mg!kg hw

NE and 1 mg!kg lM anydrus cobalt chloride or anydrous curic sulphate

once weely; aIl of 24 rats treate wi th cobalt and NE deve10pe local

sarcomas at the injection site, and, in addition, 2 malignant neurinoms

were seen. Of those treated wi th copper and NE, 4 animIs develope
local sarcos. A single Lp. injection of 25-90 mg!kg lM NE with 5-10

mg/kg lM anydrus curic sulphate or anydrous cobalt choride causd

locl sacas in th alomnal cavity in 6/20 anIs. Rats treate with

NE or with cobalt or copper salts alone did Ilt develop locl sarcos

(Ivanovic et al., 1972).

When the offspring of Spragu-Dawley rats gi ven a single oral dose

of 30 mg/kg hw NE on day 19 of gestation v.re treate postntally with

cyclophosphade or Freun' adjuvt an increased incidece of m:;
tururs was obseed (Scli et al., 1974).

A reuction in the incidence of neurogenic tUlurs was observed in.

th offspring of Spragu-Dawley rats given X-irradiation (200 rads) on

day 15 or 16 of gestation an injecte Lp. with 10 mg!kg lM NE 1-4 days
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late. l-st of th 60 offspring of iradte an NE-treate nnthrs
exite IIcrochay an otr nalfonntions, an 10 (16.7%) develop

neurenc tuiurs by 15 nnnth of age, in coison wi th a tuiur rate
of 46/74 (62.2%) in th offspring of nnthrs treate with NE alone

(Wakay et a i ., 1976).

3.2 Otr relevat biolögical data

(a) Exrintal syste
'!xic effects

The acute ID of NE in rats was 240 m~/kg tM after admistration
50

by s.e. or Lv. injection, and 300 nq!kg tM after oral admnistration

(Drey, 1972; Drckey et ai., 1967, 1970a).
Th najor texic effects result fran severe dage te haemtepoietic,

1 yrhoid an othr tissues wi th a rapid rate of cell turover (Magee &

Baes, 1967; Magee & SW, 1969).

Fìi:otexici ty an teratoenici ty

Femle rats w:re given a single Lv. dose of 20, 40, 60, 70 or
80 nq!kg tM NE on day 15 of gestation; 80 nq!kg tM caused the death of

50% of th foetuses, and all suiving foetuss s~d nalforn exer-
ties. With 20 nq!kg tM, no nalfoi:tions could be detecte; doses of

40-70 mg!kg tM inuced distinct dose-relate abnoi:lities of th paws

(Drckrey et a i ., 1966; lvaovic & Drckrey, 1968).

Lv. doses of 20 nq!kg tM NE te rats on day 17 of gestation resulte

in llcrocphaly (Alexaov & Naov, 1976).

When rats w:re treate wi th a single dose of 20 mg!kg tM NE by i. v.

injection during pregcy, pe of emi:onic nnrtlity w:re note on
days 4 (40%) an 9 (25%) of gestation. Teratoenic effects, such as

hydrocephaly an excephaly, w:re observed in abut 60% of th suriving

foetuses tlt had ben exse te NE on days 9 an 10 of gestation

(Alexov, 1973).

ln 15 IIce treate on day 8 of gestation with Lp. doses of 60 rn/kg

tM NE an exed on day 14 of gestation, erryoletllity was 57% in

203



C57L/J mice an 20% in DHA2J mice; nnst of th suriving emrys had

may eye defects, hydrocpbaly, excehay, spin bifida an sa

skeleta abormlities. Wi exse on day 12 of gestation, 76% of

C57BL6J an 59% of C57I/J foetuss ha skeletal nalfoi:tions after

birt (Diwa, 1974).

ln Syian golden hates, i.p. injections of 60 rrjkg hw NE on day

8 of gestation resu1te in 53% resorptions an 94% nalfoi:tions in the

1ive enryos on day 15 of gestation (Givelbr & DiPaol0, 1969).

Abrption, distribution an exretion

NE wa rapidly 10st fran th blc: after its i. v. injection, with
a haf-life of 5-6 nñutes (SW & Magee, 1971). The high checa

reactivity of NE reners it unikly tht enc catalysis is involved

in i ts dec:si tion.
Met:lism

NE is a diect alklatig agent an ha be sha te ethylate nuc1eic

acids bath in vitro an in vivo (Goth & Rajewky, 1974a,b; Iaw1ey, 1974;

Pegg, 1977; Singer, 1975; SW & Magee, 1971). 7-Etylgue, 06-

eth1gue, 3-ethyladene an 7-ethylade and ethylphosphate triesters
have be detete in rat tissus afte admnistration of NE in vivo

(Goth & Rajewky, 1974a,b; Singer & Fraenel-Cnrat, 1975; SWan &
Magee, 1971). 06-Etylgue wa lost fran i: of brai (a taget organ)
muh nnre slowly th fra liver DN, whs no suh differece was obse-

ved for th rate of 10ss of th ot ethylate proucts (Goth & Rajew,
1974a,b) .

Adstration of NE le te an alte setation patte in

alkline suse gradents of DN fran brai (Hadjiolov & Venov, 1975)

an liver (Cox et al., 1973).

Dei tion of NE yields cyante, whch reacts wi th proteins.
Ths calation bas be foun te be inrtt in the toxicity of NE
te cel1s in cuture (Knx, 1976).

204



Mutagencity an oth shrt-te tests

NE inu~s mutations in Saimoneiia typhirrriwn, Escherichia coii~
lowr an higher plants, in Drosophi ia me ianogaster an in other organsm

(for review, se funtesa & Basdi, 1976; Nele, 1976). A mutation

yield of 85% X-lin recssive leth an visible mutations was se

in Drosophiia exse te 4-5 ir NE (Rapoport, 1962).

Trtit of cutured hum fibroblasts with NE induce bath

chrantid an choisa abrrations (Sanger & Eisen, 1976). The effect

of NE on hum chronsos frci cutured blc: lynhoces an on rat
an nnse bone-ma chonsas in vivo wa studed. The incidence of
single chrantid an isohrantid breas, exges and mutiple breas

in hum lynhocs in vitro was dose-depeent at doses ranging fra
25-200 llg/ml. - Treatit of mice an rats with Lp. injections of 100 or
200 rr~/kg b. produce simlar lesions, th inidece of whch was depeent
on the dose an on the ti of saling after injection (Soukup & Au, 1975).

I. p. doses of 50 an 100 rrjkg b. te mice produce chorsone abrrations
in ger cells (Raya, 1969).

Prir cell cutures derive frci th brai of rats treate trans-

placental1y with NE in vivo ~re mata for 200 days, an after 10ng-

te cuture show diacteistics of transfoi:tion. Thse tranfonr

ce11s, whch ~re Ilt present in cutures frci contrl rats, induce tuiurs

when tranlante back inte nern rats (Iaeru & Rajewky, 1975; Laeru

et ai., 1977).

(b) HL
No data ~re avalale te th Vbrkig Grup.

3.3 Ca reprt an epiderological stues

No data ~re avalale te th Vbrking Group.
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4. Su of Data Rert and Evaluation

4.1 Exiita data

N-NitrosoN-ethylur is carcinog-enic in aIl animl spies tested:

mice, rats, Syian golden haters, rabits, opossum, pigs an nnnkeys.

It produces beign and maignt tuurs followin its admistration by

different routes, including single oral doses; the ma taget organ
appes to var with the route of admistration. Prental exsure to
the substace has be shc te be paiculy effective in producing
tunurs of the nervus syste. In sevral studies, dose-respns

relationships were estalished.

4. 2 Hur data

No case reports or epidemological studies were availale te the

~brking Grup. No info:ition on th occuence or use of N-nitroso-N-

ethylurea was availale.

4.3 Evaluation

There is sufficient evidence of a cacinoenic effect of N-nitroso-

N-ethylurea in several expriita anim speies. Although no epidero-
logical data or inoi:tion on occuence were avalable, N-nitroso-N-

ethlurea should be regarded for practical purses as if it were cacino-

genc te hum.
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N-NIFOLIC AeID

1. Oica an Physical Data

1. 1 5ynyr an trad na
Ch. Abtr. seces Re. No.: 29291-35-8

Ch. Abstr. Nar: N--( 4- ( (2-Ano- 3, 4-dydro-4-oxo6-

pteridiyl)nethyl )amo J-benzoyl -N-nitroso L-lutac acid

N-NitrosoN-pteroyl-L-glutac acid

1.2 Strctural an nnlecular fonmae and \æight

H:znN N:i W
1 N 0 COOH~ 1 - Il 1

o N CH,-N-VC-NH-CH-CH,-CH,-COOH

C19H18N807 r-1. wt: 470

1.3 O1emcal an physical propes of th pur substace

(a) Description: arte crstals

(b) Solubility: Slightly soluble in water and in polar organc

sol vets; vei: soluble in aqus alklis
1. 4 Tecal prouct an inurities

No data ære avalable te th Vbrking Grup.

2. Producion, Use, CCrence an An ysis

2.1 Production an us

(a) Pruction

N-Nitrosofolic acid has be prep for labrate:r us by th

reaction of somn nitrite with a solution of folie acid in hydroric
acid (Cosudi, 1951; Codi & Smth, 1949).
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No evidce was foun tht N-nitrosofolic acid ha be proce
carcial1 y.

(b) Use

No data y, avalable te th W:rking Grup.

2. 2 CXcuence

No data were avalable te th W:rkig Gr.

2.3 Anlysis

No data were available te the W:rkig Grup.

3. Biological Data Ielevant te th Evuation
of Cacinenc Risk te Ma

3.1 Cainogencity an relate studes in an
Intrapitenel injection

Nern nn: A grup of (C57Bl/6JxC3He/FeJ)F mice recive
1

125 mgjkg l: N-nitrsofolic acid sued in triocin intrapeito

neallyon days l, 4 an 7 afte birt; th exint was tennte at

85 ~s. Of 14 rrle ans tht li ve 50 or nnre we (12 sur vors

at 79 we), 3 develope lung adencina (first tur at 79 week) ,

1 a live-cell cacinan (85 we), an 1 a neurofibrosaca (79 ~s).
Of 15 femes tht live 50 or nnre we (13 suvors at 79 we), 1
had a lung adecin (84 we), an 1 ha les ions descrI. as

'live-cell hyprplasia'. In th cotrl gr, whdi reive 3 x 5 ml/
kg l: triocin intrapri tenelly, 1/12 femes ha a li ve-cll

cacinan an 2/14 rrles exite 'live-cll Ìilasia'; no lun

tuis wee obseed (Wogan et ai., 1975) (Th incre incidence of
tuis is net statistically signficat (P~0.05)).
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3.2 Otr relevant biòlögìcal data

(a) Exintal syste
'!xic effecs
The ID of single Lp. injections of N-nitrosofblic acid give te

50
mice 24 hours after birt was estite te be 330 mg/kg l: (W:an et al.,

1975) .

No data on the enryotexici ty, teratoenci ty or netalism of

this caund were available te th Vbrking Grup.

Mutagencity and oth short-tenu tests

N-Nitro$Ofolic acid was nntagenic in Salmonella typhinrium TA 1535,

TA 1538, TA 98 an TA 100 in th presence of a rat liver microsan

fraction (Puchase et al., 1976) (Ful detals of th proure were not
givenJ .

(b) Hums
No data være available te the WJrking Group.

3.3 Case reports an epidemological studies

No data være available te th WJrking Group.

4. Ccnts on Data Report and Evaluation

4.1 Exintal data

N-Nitrosofolic acid has been teste only in nern mice by intra-

periteneal injection, with inconclusive results.

4.2 Hum data

No case reports or epidemological studes were available te th

WJrkig Group. No data on the occurence or use of ths rrterial were

available whch would pennt th identification of exsed groups.

4. 3 Evaluation

No evaluation of th cacinogenicity of N-ni trosofolic acid could
be rrde on the basis of the available data.
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N-NI

1. Chcal an Physical Data

1.1 Synym an trade nas

Ch. Abtr. Seices Re. No.: 10595-95-6

Ch. Abtr. Na: N-~thyl-N-nitroso-ethe

N3 N-~thylethylnitrosane; NE; NM

1.2 Strctural an nnlecular fonnlae and ~ight

/CH30= N-N
"cH2-CH3

C3H8N20 M:Ü. wt: 88 .1

1. 3 Chcal an physical properties of the pure substace

(a) Description: Ye110w liqud

(b) Boiling-point: 1630C (747 nm);
o70 C (35 nm); 57-580C (12 nm)

(e)

(d)

Desity: d¡8 0.9448

Sptrscopy data: À 230 and 335 ri (El = 886 an 9) inma 1
wate (Druckrey et aL., 1967); rnss sptroscopy data are
give by Pensabe et al. (1972) and Rainey et al. (1978).

(e) Solubility: Soluble in water (30%) an in organic solvets

an lipids

(f) Volatility: Ca be ste-dstilled

(~O Staility: Stale at roc teature for nnre th 14 days

in neutral or alkline aquus solutions in th dak (Drckrey
et al., 1967); slightly less stale in acidic solutions;

light sensitive, especiall y te ultra-violet 1ight
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(h) Rectivìty: Strong oxidats (peracids) oxidize it to th

correspndg nitram; ca be reuce te th correspndg
hydrazin an/or ame; relatively resistat te hydrolysis
but ca be split by hydrogen brode in acetic acid (Eiseran

& Preussm, 1970). Photocally reactive (Fridm et al.,
1971)

1.4 Tehncal products an irurìties
No data være available te th W:rking Group.

2. Production, Use, O:cuence and An ysis

2.1 Production an us

(a) Prouction

N-Nitrosathylethylame (NM) bas be preped by th reaction
of sodum nitrite with a solution of N,N'-dthYl-N.,N'--ethyl nethylene-
di in concentrated hydrochloric acid (Graynre, 1938). It can also

be preped by th reaction of soum nitrite with nethylethlamne at
600C (Druckrey et al., 1967).

No evidence was found tht 1\ has be prouce cacially.

(b) Use

No data være available te th W:rking Group.

2.2 O:cuence

(a) 'Ibacc srke condate
lOCoi:ck et al. (1973) reprt the prese of NM in 7/11 sales

of tebacco sre condete at levels of 1-40 ng/cigarette. Klim
et al. (1976) reporte levels of up te 25 ng/cigarette.

Hoffm et al. (1974) foun up te 35 ng/cigarette in maintram
sre, and Bru & Ibffm (1978) an Bruem et al. (1977) up
te 30 ng/cigarette an 75 ng/cigar in sidestrea sre.
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(b) Fc:
NM wa foun at levels of 1.1 llg/kg 1 in 1/6 sanles of srked

horsert and at levels of 0.2 llgjkg in 1/5 luncheon ræts (Groeen et aL.,
1977). Gough (1978) reported 0.2 llgjkgl NM in bacon and chicken and in
canlete ræls containing mushrcx, and 0.1 llgjkg 1 in cued rrats. Using
procures which 'Wu Id have detected levels abve 1 llgjkg, no evidenc was
found tht this corrund occus in other fc:stuffs (Groenen et aL., 1976).

2. 3 Anal ysis

An !A maual gi ves selected rrthods for the anal ysis of volatile
N-nitrosanes, including N-nitrosorthylethYlaTne (Preussma et al.,
1978) .

3. Biological Data Relevant te the Evluation

of Cacinogenic Risk te Ma

3.1 Carcinogenici ty and related studies in animls

Oral admistration

Rat: A group of 15 femle ID rats was given N-nitrosoræthylethyl-
aTne (NM) in the drinking-water at doses of 1 or 2 mgr'kg bw/day.
Nine of 15 animls develope hepatollular cacinorrs, and 1 animl a

fibrosarco of the vagina. The average induction tir was 500 or 360

days, respetivelYi the average total dose to induce tururs in 50% of

anIs was 0.42 or 0.75 g/kg l:, respctively (Druckrey et al., 1967).

3.2 Oter relevant biological data

(a) Exrimntal system

Taxie effects

The oral ID of NM in BD rats was 90 m:jkg l: (Druckrey et al.,
50

1967) .

lThese results v.re not confirr by rrss spectroscopy (see also
1 General Reks on the Substaces Considered 1 1 p. 40).
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No data on the e.rytexicity, teratoencity, netalism or muta-

genicity of this cad wee avalable te the t~rkig Grou.

(b) Hum
No data were available te the Working Group.

3.3 Case reports an epidanological stues

No data were availale te the WJrking Grup.

4. Sui of Data Reported and EValuation

4.1 Exrintal data

N-Nitrsothlethylam is cacinogenic in rats afte its oral
admstration, the only spcies and route teste: it produces hepato-

cellular carcinam.

4.2 Hum data

No cae reports or epidemological studies wee available te the
i-rkig Grup. Available inoi:tion on occuence suggests tht the

general poulation may be exsed sporadicaly to low levels of N-nitroso-
iæthylethylame¡ hover, no expsed grup suitable for an epidanological
investigation has yet be identified. Reports suggest tht tebacco srkers
may be exse te N-nitrosothylethylame together with other N-nitrso
CCuns.
4.3 Evuation

There is sufficient evidence of a cacinoenic effect of N-nitrso-
nethlethylame.in one ex:inta anii speies. No epidemological

data were available.
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N-NITRN-ME

Ths subtace was oonsidered previously by an !A WJrking Grup,
in Der 1971 (IA, 1972). Since tht ti new data have be
availale, an thse have be incorprate inte the nnnoaph and taen
inte acunt in th preset evauation.

l. Clcal an Physical Data

1.1 Synym an trade :ns

Ch. Abtr. Seices Re. No.: 684-93-5

Ch. Abstr. Na: N-~thyl -N-nitrsourea

~thyl nitrosourea; l-nethyl-l-nitrosourea; MI; NM; NM;
N-nitroso-N-mthylcabade; nitrosathylurea; NSC 23909

1.2 Strctural an nnlecu formlae and 'Vight

/CH3O=N-N
'c-NH
Il 2
o

C2HSN302 M:1. wt: 103.1

1.3 Clencal an physical proprties of th pure substace

(a) Description: Pale-yellaw crstals

(b) ~lting-point: 1240C (decsition) (Druckrey et aL., 1967)

(c) Sptroscy data:
et aZ., 1967)

À 231 nm (El = 571) in water (Drckreyma 1
(d) Solubility: Soluble in water (approxitely 1.4%) an

in polar organic sol vents; insoluble in non-polar organc
solvets
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(e) Staility: Deses to diazoithe in alkaline solutions;
staility in aqeous solutions is pH-dependent (20°C)

(Drrey et al., 1967):

pH 4 .0 6 . 0 7 . 0 8 .0 9 . 0
half-life (hrs) 125 24 1.2 0.1 0.03
Th pure caund is sensi ti ve te hurdi ty and light an
should te refrigerated for storage.

(f) Rectivity: Th caund is highly reactive (Garett et aL.,
1965; M:lla et al., 1968). Rection rates with various

biologically imrtt nucleophiles have been irsured

(Veiemský et al., 1970).

1. 4 Techncal prooucts and inurities

No data ~re available te the Vbrking Group.

2. Proouction, Use, CCrence and Anl ysis

2.1 Proouction and use

For backgroun infoi:tion on this setion, see preale, p. 22.

(a) Production

N-Nitroso-N-nethylurea (NM) was first prepaed by Brüng in 1889

by the reaction of soium nitrite with an aqueous solution of nethylurea

nitrate (Prager et al., 1922). Although NM is available in smll quti-

ties for research purses, no evidence was found tht it has ben produced

in signf icant comrcial quti ties .

(b) Use

NM has conly ben used for th labratory sythsis of diazo-
nethe, but it has be largely replace by other reagents such as N-

ni troso-N-nethy i -para-toluenesulphonade.

NM has ben studied for us as a cacer chentherapy agent by a

numr of investigaters. A review was rectl y published in connection

with a clinical study of its use in cointion with cyclophosphade
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Kolari~, 1977). It ha als be studied for its nutagenic effects on

various plants (Kerkadze et al., 1974; Nikiforova, 1972; Zhuravel &

Shlyapunov, 1972).

2.2 (£cuence

No data were availab1e ta the Working Group.

2. 3 An1ysis

NM is labile, an this colicates its anlysis. High-pressur

liqud chromtography conditions for N-nitrosoureas have be review by
M:mtgcrry et aZ. (1977). Selective deteters used for an1ysis of ths

caun include those of Fine et al. (1977) an Singer et al. (1977).
A meth for th an1ysis of allureas in fish has be develo¡
(Mirvish et al., 1978).

3. Biologica1 Data Relevat te the Evluation

of Cacinogenc Risk te Ma

3.1 Cacinogencity and related studs in anls

(a) Oral admnistration

Rat: In a lifeti. feeng study, doses of 8 and 4 mg¡'g l:/day

N-nitroso-N-nethy1urea (NM) produced squs-cel1 cacinoms of th

forestoch at cuative doses of 700-1400 mg¡'g l: (Druckey et al.,

1961, 1967). Cacinomas of the forestoch were seen at doses of 10 mg¡'g

l: given once every 2 weeks an 20 rr¡'g l: given once evei: 4 weeks over

a period of 9 nnnth; malignt tururs of th brain (sarcas, glioms)
an th peripheral nervus syste (describd as neurosarca) were also

observeè (Scheibr & Jllisch, 1967). Contiuous adnstration of NM
in the drining-water produced tuurs of th brain, maly glian, and

one neurinom of the spinal cord, but no tuurs of th forestodi

(Thomas et al., 1967). Stroobat & Brucher (1968) have observed mainly

neurogenc malignt tuurs. A single intragastric dose of 90 mg¡'g bw
produc benign an rrlignt tururs of the kidny, the forestach, the

smll an large intestie, the skin (keratocatb) and th jaw (odn-
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tos) (Ieve et al., 1969). O:ntoenc nelasm were found in 2/10

rats afte a single Lg. admstration of 90 nq,!g l: (Ebling et aL., 1973).

Hate: I.g. adnistration of 1 nq NM/a. twce væly for 4
nnnth te Syrian golden hates produced odntoenc tururs and epidenid
carcins of th oral cavity in 6/9 ans and 5 adenoccinars of th
sm11 an 1 of the lage intestine, rny of whch netastaized te 1 yrh
noes (Herld, 1968, 1969).

Gu-pig: Ibses of 2.5 nq,!g bw NM in the drining-wate produce
malignt tururs in 12/26 anIs: 3 caCiI1 an 2 sarcos of th
stodi, 2 adenoccinars of th pacreas, 2 malignt tururs of th

ea duct, 1 neurin of th lur ne an 2 leukenas were see

(Druckey et al., 1968). Sinlar results were obted by Btcheler &

Ths (1971).

Wh inred guea-pigs (NIH 13 strai) were treate with væ1y
Lg. admistrations of 10 nq,!g l: lM, 13/24 died withn 6 nnnth;

4/11 surivors deve10pe adenoccins of th pacreas, th first of

whch appeed 28 væ afte cacet of trtit (Rey et al.,
1974) . Of 74 guea-pigs of the sa strai treate sinlarly with NM,

10/34 surivors at 27 væs lid adencins of th pacre, 2 adeno-
cacins of th stoch, 1 of th colon, 3 1 yrlis of th neseteric
lymh noes an 1 hepatoel1ular cacin (Redy & Rao, 1975).

Pig: Te Haord mipigs recived 10 nq,!g l: NM at fortghtly
inteals for 4l yeas. AlI of th 9 anIs tht 1ived 50 nnnth develop

begn an sa maignt tus of th stoch (Stavrou et al., 1976).
MJnkey: 'Iee spies of nnnkeys, Macaca rmÛatta~ M. fascicularis

an Cercopitheeus aethiops were adsteed NM orally, beging with
one we of birt, on 5 days/væ at doses of 10, 20 or 40 nq,!g l: for
lifetin. In ths stuy, whch is still in progess, 41 nnnkeys had

recive NM sin its intiation, an Il anIs were necropsied during

th followg 7-yea period; 5 of thse were foun te have squarus-cel1

cacinClS of th oropha an/or oesophagu. Parallels were note

betw thse tus an hum oesoligea cacin, includg th
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clinica rrfestations of th tuur an its cxlicate radogape
appeance an nnrpholog (Adn et aL., 1977).

(b) Skin application

MJus: Toical application of a 0.5% solution of NM in acetene 3
tirs/væ for 18 væs produced rrlignt skin tmours in 30/43 anls

(Graffi et al., 1967).

Single doses of 100 l1g-6 rr NM applied te th shaved dosal skin of

BA/c rnce inuce paillcms in only a few aninls. A highe tmorigenic
respons wa se after repeted adstrations of 400 l1g NM for 6-18

væs at tetal doses of 2 rr/anl or nnre. NM had a tmour-intiating

effect whn given as a single dose or as thee doses of 400 l1g but was a

carlete cacinogen wh 5 or nnre applications ~re rrde (Waynfort &
Magee, 1975).

Nern nnus: O: application of 50-100 rr/kg lM te 125 nern
rnce induce rrinly lyrhatic leukemas in abut 50% of treate anim:ìls

(Graffi & Hoffm, 1966a).

Rat: Application te Wista rats of a 0.5% solution of NM in acetone

3 tins/væ for 30 væs (1. 75 rr/dose) produce mutiple squs- and

basal-cell cacincms of the skin in 919 ans, the first tmour appar-

ing at 20 væs (Graffi & Hoffm, 1966b; Graffi et al., 1967).

Hater: TrtInt of 20 Syian golde haters with a 0.5% solution

of NM in acetone 3 tislwek for 13 ~ (0.35 rr/dose) prouce

sqarus-cell carcins of the skin in 18/18 anIs, th first tiur

appering at 8 væs (Graffi & Hoffm, 1966b; Graffi et al., 1967).
(c) Inhlation an/or intratrachl admstration
Hater: Vèly intratrachl intillations te Syian golden haters

of 0.5 rr/anl NM for 2.5 nnnths prouc epidenrid cacins in th
nasophageal tub, pha, la, trache, bronchi, oesophagu an

forestoch (Herrold, 1970).

Trachel tuns (15 epidenrid cacinoms, 3 lage-cell anplastic
cacins) ~re foun in 18/18 rrle Syian golde haters alive at 15
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we following bi-væly exsure of a circucrib region of the trachea
to 1 ml of a 1% solution of NM in 10% ethl-water by ne of a spial

cathter for 15 ~s. Tuurs \'re obseed within 15-40 \'s (Schreibr

et aL., 1975).

(d) Subtaeous an/or intrancuar admstration
fuus: Treatrt of 24 12~-old nale Swss mice wi th single

doses of 50 or 100 rr¡kg l: NM produce 10 nalignt lymhans and 1
local s.c. saco in 13 mice tht died after the 24th \'ek of life¡
Il were still a1ive at 50 v.eks of age (Terracini & Stramgnoni, 1967).

Nern nouse: Newrn Swss mice receive single injections of
0.05 rr/anl NM (33 rr¡kg bw) ¡ of those alive at 5 wees of age,
15/19 had develope porly differentiated lymhosarcos involving the

thyms, myocdium, 1ung, spleen, lymh nces, liver, kidney and bene

narow (Terracin & Stramgnoni, 1967). leukaeIas (25-80%) and pul.na

tumurs (81-100%) wee induced after s.e. injection of 0.05-0.2 mg NM

in newrn (BA/CxDEA/2)F an ranombred albino mice (Kelly et al.,
l

1968) .

Newrn rat: Single s.e. injections of NM (dose unspified) withn
24 hours post partwn te newbrn hoed rats resulted in a tetal of 233

nervous syste tururs in 96/145 animls (Gtithert & Warzok, 1974).

Hater: ln 10 Syian golden haters, \'ly s.c. injections of
0.5-1 mg NM/animl for 3-4 nonths induce sarcos at the site of injec-

tion in aIl anIs ¡ 6 tururs irtastasized to the lung or 1 ymh ncxes.

Benign tururs of th forestenach (2), ovar (3) and vagina (2) were also

see (Herrold, 1966).

Treat:nt of 30 nale an 30 fenle Euopean haters with v.ekly s.e.
injections of 1/5, 1/10 or 1/20 of th ID (ID 113 mg¡kg bw) for

50 50
18 v.eks resulted in fibrosarcoms, carcinosarcos and epidernl carcino-
nas at the injection site. A few papil1oms of the forestonach were also

see (MJhr et aL., 1974). Fibrosarconas at the injection site were seen

in simlarly treated Oiinese haters (ID 49 rr¡kg bw) (Rezni et al.,
~ 0

1976). ln simlarly treated Syrian golden haters (ID 71 mg¡kg bw) ,
50
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Ba et al. (1973) foun saoos at th injecion site an a few pai1-
lars of th forestoch (7%).

(e) Intraperi teneal adstration
Adult and I1rn nnus: Lp. injection of vaious single doses

(25-100 mg!kg l:) inte I1rn or 6-8~-old aw,I I1ce proce high

yields of thymc lynhos (7-72%) and pul adenam (Frei, 1970;
Joshi & Frei, 1970a,b). Fractionate dose scules, with teta doses

ranging fran 50-250 rr/kg l:, resulte in nalignt lynhas in up to

93% of the anims (Joshi & Fri, 1970b). Nern an 5~ek-old mice
were treate with a single dose of 50 rr!kg l:; newrn ans were rrre
susceptile te th inuction of lynhosarcas, lung adenam an hepatos;
an tunurs of th forestodi Voe nnre freqt in 5---old nuce

(Terracin & Testa, 1970).

Once~ek1y Lp. injecions of 5-15 rr!kg l: NM over 10 nnnth te
A mice an 7.5 rr!kg l: over th sa peiod te C3H nuce resulte in tunurs

in 18/60 A mice an 3/20 C3H I1ce; rrst of thse were broncha1 adenom,

although 2 mice had nalignt lung tururs whch netastaized into th liver

an th kidny (Eckert & Seid1er, 1971).

C3HF/D mice were given single Lp. injections of 5, 25 or 50 mg!kg

bw NM at 1 or 70 days of age an 50 rr!kg l: on day 21; the 2 higher dose

1eve1s prodced tururs in the thyr, forestoch, lung, liver (na1es only) ,
kidnys, ovaries an orbital glan (Terracin et al., 1976).

Adult or newbrn rat: Repete weekly Lp. injections of 10 mg!kg hw

NM te Wista rats produce nalignt tururs in th peritenel cavity;

SO of these were neurogc tuurs arising fran peripheral nes
(Thoms et al., 1968). Afte a single Lp. injection of 50 rr!kg hw NM,

newrn Wista rats develop rel anplastic tururs and forestach
tuiurs nnre readily th did 5-we-old animIs. No signficant difference

betw adult an newrn rats was se in th induction of lynhosarcas,
intestinl adenocarcinors or ni turs (Terracin & Testa, 1970).

Followig Lp. injections of 10 or 20 rr/kg l: NM (tetal doses,
180-200 rr/kg l:) te hoed an Wista rats, the incides of ærous
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syste tunurs \tre 76% an 41% in the ~ strai, respctive1y (Scibr

et al., 1972a).

Hate: Wely i. p. injectons of 1 ng/anl te Syian golden
hates for 4-5 nnnth proce adencins of th large an srnl
intestie, sa of whdi nestazise te th lyih noes (Herrld, 1969).

Guea-pig: One~ly Lp. adstrations of 10 ng¡kg 1: NM to

42 gu-pigs of th NIH 13 strain for 18 \ts resulte in tunurs in
11/22 anIs tht suved beyond 22 -v. 'lurs includ 2 ade-
cin of th pacres, 2 fibrosacos of the Insente:i , 2 aniosarco
of the nesetery, a neothe1ian of th peiteneum, 2 tunurs of th
smll intesti, an a haangiosaco of th liver (Rao & Redy, 1977).

Jlnkey: In a study still in progess, no tunurs had be obsrv
after 5 yeas in 2 Macaca mu latta nnnkys whse nnthers had reci ve

N-nitrosoN-ethylurea as a single dose during pregcy an wh recived
19-20 Lp. injections of 10 ng¡kg lM NM at fortghtly intera1s staing

at 2 \ts of age (Jfusdi et al., 1977).

(f) Intraveus admstration

Jlus: ln 2/19 C3HeB/FeJ llce treated with Lv. injections of 25 ff/

kg lM NM every 4 we up te a tota dose of 175 mg/kg 1:, tunurs
develop in th standi (7), lung (9), li ver (2), 1 yrhoid organ (3) an
brai (2). One brain tiur was an 01igodoglian of the dienphalon,

th othr was describ as a rr neuroblasta-gliom of the cerellum

(Deinger et al., 1974).

Fifty feme IDFl llce give single Lv. injection of 50 ng/kg hw

NM deve10p a high incidence (45/50, 90%) of leukaema, 50% of th

wi th 200 days. No cas of leukema oc arng 40 untreate
contrls (Der et al., 1974).

Rat: Repete Lv. injecons of ml pruce malignt tunurs of
th brai, spinl cord an peripheral ne syste in B rats. Histo
logically, the brai tiurs \'re diagnosed as vaious tys of glians,
epeyms, neulloblastas an intracranal saca; th tunur of

th spinl cord \'re spngioblasta, neulloblasta and glian; an
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thse of th peripheral neous syste \\re neurinam. J:sage was

usually 5-10 mg,lg lM/væ, with tetal doses betw 180 and 230 mg,lg lM,

an the Iæian induction li wa 300 days (Druckey et al., 1964a, 1965;

Fried & Fried, 1966; Jfusch et al., 1967; Scffer et al., 1970;

Wehsler et al., 1969; Wess et al., 1970). Single doses of 70-100 mg/

kg lM produce nalignt and begn tururs in vaious organ, including

the forest.ch, lage and snll intestin, kidney and brain (Drckey

et al., 1963, 1964b).

A single Lv. injection of 70 nq,lg lM NM te Wista rats induce
tururs at nnltiple sites in 22/28 treate nales and in 21/23 ferles

(Muy et al., 1973).

Ma cacinoms \\re se in 206/240 (89%) BUjN ferles, in 19/26
(73%) Spragu-Dawley femles and in 25/28 (89%) F344 femles given 3 i.v.

injections of 50 mg,lg lM NM at 4-v intervals te 50-dy-old anIs.

M=tastases te bene and splee \\re found consistentl y. M= latent periods
were 77, 86 an 94 days, resptively (Gullino et al., 1975). In Ieis

rats, repeted Lv. injections of 25 rr,lg l: NM at 4-v intervls
resulte exclusively in rr glan tururs in 23/35 anI1s (Bots &

Willighagen, 1975).

ln 17/18 Sprague-Dawley an 17/17 Fischer rats, 33 and 38 neurogenic

tuiurs, respetively, \\re produced after \\ekly Lv. injections of

5 ir!kg !: NM over a period of 36 væs. 'Ie tururs were classified

as astrocs, oligodenoglioms, nuxe glioms, anplastic gliom,

gliosarcoms an differentiate and anplastic neurinoms (Swnbrg et al.,
1972) .

Hater: ln Syian golden haters, thee te four injections of
2.5-5 mg NM/anl produced adenoccinCms of the snl1 and large intes-
tine, cxntoenic tururs an epidenrid cacinoms of the oral cavi ty
(Herrold, 1968, 1969).

Wely sublingul Lv. injections of NM to a group of 15 nale and
15 femle Euope haters at doses of 1/5, 1/10 or 1/20 ID (ID5 u 50
50 mg¡kg !:), up to total doses of 45, 90 or 180 I"¡kg lM, resulted in
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turur incidences of 20-93%. Th main tt ty were saca of th

hea an squs-cel1 cacins of th stach (Ketkar et al., 1977).
Gerbil: 'l groups of 12 male an 12 ferle gerbils (Meriones

unguieulatus) were given sulingul Lv. injections of 1/5 or 1/10 ID
50

(5 or 2.5 nq/kg l:) once wely for 15 wes. Cacinan an papil1ans
of the oral cavity and cacinan an ades of th midventral sebceous

gla were inuce (Bas et al., 1975).

Rabit: Lv. doses of 10 or 20 mg/kg l: NM given every 2 wees to

64 rabits produce polynrpho gliau and sacos in 33/48 animls¡

no tururs of peripheral nervs were se. .Acinans of th sma11
intestine an vasc tuurs of different organs were also found (Jfuisch

.& Schreibr, 1967¡ Schreibr et al., 1969). The nnrpholog of th maig-

nat glians has be describ by Kleihues et al. (1970).

Cacinans of the smll intestin were prodced in 61/127 crossbred

rabbits injecte with 10 or 20 rr/kg l: NM every 2 or 4 wes. Injections
of 20 nq/kg l: every 4 wes te 67 rabits led te a significatly higher

freqency of sml1-intestine tuurs (68.7%) th did 10 nq/kg hw every

2 we te 60 rabits (25%). ln 50% of th anIs with tururs of the intes-
tie, tuiurs of th central nerus system were also foun. Malignt

haengioeothlians were foun in 19 anIs, and vascuar tururs,
loclized paicularly in the uteru, wee found in 15 others (Schreibr

& Jfusch, 1973¡ Sceibr et aL., 1972b).

Do: M:mthy injections of 20 mg/kg hw NM for 12-18 nnnth produce
brai tururs (sacas or nutifonn glioblastos) in 4/10 dogs. Four

dogs devlope sarcos an haergioedoth1ioms of th lung, splee
an he¡ 2 dogs also had brain tururs (Warzok et al., 1970).

ln a study describ as a prelir report, a group of 10 dogs

recei ved 20 mg/kg l: lM evei 4 wes for life, whle 13 others were

treted wi th 15 rr/kg l: every 4 wes for 48 weeks. Seven brain tururs
were observed in 16 dead animIs (5 fro the first group, 2 fran the second

group) (Scheider & W8zok, 1972).
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Four tuns of th periphera1 nervus syste and 2 brai ttmurs

were foun in 6/10 nnngrel dos tht recived nnnthly i. v. injecions of

20 nq/kg l: NM. 'I ne latecy for thse nelasm was 25 nnnth

(stavrou et al., 1975).

It wa reporte in an abtract tht 14/20 boxer dos deve10p

anplastic neurins in vaious organ an tht the othr 6 develop

non-neural tuiurs afte receiving i. v. injections of 5 mg/kg bw NM over

a period of 36 'Ws. '1 average surival ti. was 29:!5 nnnth (Kostner

et al., 1976).

MJnkey: ~ male and 4 ferle Macaca rrlatta nnnkeys were given

8-16 nnnthy i. v. injections of 20 nq/kg l: NM staing at 4-6 yeas of
age (tetal dose, 688-1435 mg/anl). ~ anls died 1 an 2.5 yeas

after th sta of treatint with no tururS¡ at th tiI of reporting,

the rering anls were still ali ve, wi th a ma sui va tii of
10 yeas (Jänsch et al., 1977) (Th WJrking Group note the low dose use).

(~) Otr ,exrintal syste

Various routes

Th different organotropic effects of NM depe upn dose leve1s and
adristration ti.S¡ the se have be suized by 'Io. & Bol1m
(1969), wh shCM tht t'Lurs cod be produced in nearly aIl organs of
rats by selective NM treatrt. Th different oncoenic effects of NM,

whch deped upn rout of adstration and dose level, have be studied
by Swrg et aL. (1974, 1975).

Malignt exaneural t:urs were inuce in hoed an Wista rats

by i. v., i. p. an i. g. admstration of different dose levels, up te
tetal doses of 70-250 nq/k l: NM. Th main locizations were: stadi
(36.9%), tengu (10.6%), colon (4.3%), ræseteium, pelvis and abanl
wall (17.2%), he (8.9%), ea duct (5.8%), meastium (4.1%), neck (3%)

and kidny (2.7%) (Sceibr et al., 1972c).

Prental exsure

'Trrnth-old C3HA mice were injecte with 25-100 mg/kg l: NM during

th last days of pregcy. Duing th followng 12-14 nnnth, 53% of the
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offspring develope pulna adenoms and 20%, hepatos (Lichv,

1972; Smta, 1971).

'Is of th nervous syste an kidney w=re observed in the off-

spring of rats treated wi th NM during the last thrd of pregcy.

Ma tllurS also occued in the treate nnthers (Alexaov, 1969,
1974) .

A single i. v. dose of 50 ID;J/kg bv NM te Il pregt Ixmry rats

on the 20th day of gestation caused tllurS in 60/110 offspring survig
for longer th 163 days. Of a tetal of 93 tllurS induced, 61 (65.6%)

arose fran the nervou sy (Ishda et al., 1975).

A single i. v. dose of NM te hoed rats during the last days of
pregncy resulte in tururs of th nervous syste, mainly of the central

nervous syste, in 249/306 offspring (Güthrt & Wazok, 1974).

Tuurs of the m: glan w=re observed in 5 an a lymhoma in 1

of 8 BD-IV ferle rats whch received a single i.p. injection of 20 mg/kg

bw NM during pregcy. A vaiety of tllurs w=re see in thir 54 F
1

descedats, including 5 tllurs of th nervous tissue in 5 anIs, and
5 iæsenchyml tllurs an 1 cacinom of the kidney in 6 animIs. Kidney

tllurS (1 iæsechyml an 1 tuular adenom) 'ire se in 2 and a nervous

tissue tllur in 1 of 120 F descendats; and 2 nervous tissue tururs
2

were see in 2/88 F descendats. F an F generations recei ved no otbr3 2 3
treatIt. No kidney or nervus tissue tllurs \\re se in 64 controls

(TOtis et al., 1975).

Bladder instillation

Papil10m an transitional -cell cacinoma of th blader occued
in aIl of 100 ferle Wista rats 30 'is after admstration of 4 doses

of 1.5 mg/animl NM on alternte \\eks by urethal catheterization (Hicks
& waefield, 1972). 'Ital doses of 6 In/anl NM induce bladder papil-

loms in 16/23 rats withn 9-56 wæs (Vlasov et al., 1976).

Intrarectal adistration

'Io groups of 30 ferle ICR/Ha Swss nuce recei ved a tetal dose of

9 mg/anl NM eithr as 6 doses of 1.5 In (group I) or as 30 doses of
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0.3 ng (grup IIO, aIl gi ve intrtall y 3 tis/we. Tlurs of the

lage intesti (adean an adecin of th dista colon an
re, squs-cel1 cains of th an cal) deelopd in 14/30
ßUce in grou l and 18/28 ßUce in grup II; lun aden and 1yrhas

wee also se. An1s in grup II had a lavr yield of 1 yrs and a
higher yield of intestil neop1asm whn coed te thse in grup i

(Naisawa & Weisburger, 1975; Narisa et al., 1976).

Groups of ir1e Clles River CDFischr rats, 9 or 18 wes of age,

rei ve intrarecl admstrations of 1 or 2.5 ng/an NM 3 tÍ1s/
we for 10 \\s. Tlurs of th lage ~l, in1uding adenors,

adeoccinans and cacins, oced in 25/29 and 27/27 rats at each
dose level, respvely, within 20-35 we (Narisawa et al., 1976).

Iage-l:l adenoccins 'Wre induce in 9/10 femle inred

strain- 2 guea-pigs 38-56 \\s after intrarecl admstration of

1.25 :m NM twce wey for 42 wes (Naisawa et al., 1975).

Intracerebral injection

A single intracerebral injection of 0.2-0.4 nç/aninl te newrn
rats or 0.05-0.8 nç/anin te newbrn ßUe did not induc brain tuiurs
in eith speies but prcxuced so kidney fibrosarcxs and 1 ma
glad cacinan in the rats an 1eukemas (8-100%) an pulna tuiurs

(67-100%) in the mice (Kelly et al., 1968).

(h) Cacinogenici ty of precsors

Of 26 Swss mice give 5.4 gjkg of diet ræthylurea and 1 g/l soium

nitrite in th drining-water, 16 (61%) develop lung aden, coed
with 14% in untreate controls (Mirvish et al., 1972).

A levl of 0.3% soum nitrite give simtaeous1y in th diet with
0.01 or 0.03% nethylurea in drinking-wter for 2 years te a group of 20

Spragl-Dawley rats caused nervou syste tuurs in 15 an 45% of aniils,

respetively. With the dose of 0.03%, thre was also a 25% increase in

lyrhans (Koestner & wechsler, 1974; Köstner et al., 1975).
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(i) Facters tht nnfy cainogencity in anims
Swss mice give single s.e. injections of 50 llg NM/ani.1 at birt

an thyitazed at 12 days of age develope no tuurs of th 1 ynhatic

syste; these occued in l'-treate, intact anIs (Palestro &

Stramgnni, 1975).

A single i. p. injection of 45-90 rrjkg l: NM te fenle aThino rats
during the period of increase mA sythesis after paial hepatectaT
caused liver-cel1 adenmas in up te 50% of the anIs (Craddoc, & Fri,

1974) .

'lurs of th salivar (5/39) and na gland tissues (29/39) were

observ after stimating mA sythsis by i. p. injecton of 310 mgjkg bw

isoprenaline sulphate te 50 fenle Wista rats and gi vig subset i. v .

injections of 77 mgjkg l: NM; no salivar and 6/9 ma glan tururs
were se in NM-treate oontrols (Parkin & Neale, 1976).

When fenle Wista rats ~re pretreate wi th single intravesicuar

instillations of 2 mg/ani.1 l' follaw by 2 or 4 gjkg l: sodum

sacchin/day or 1 or 2 gjkg b, soum cyclamte/day in the diet, nnre
th half of the ani.1s develope bladder tinurs fran 10 wes onwads

(46/79 with sacchain and 31/54 with cyclamte). In ths exrint,

instillations of 2 mg/anl NM alone te 124 rats did not cause bladder

cancers. Sodum sacchain and soum cyclamte, alone, produce
4/253 and 3/228 bladder tinurs, respectively (Hicks et al., 1973, 1975).

3.2 Otr relevant biological data

(a) Exintal syste
'!xic effects

The acute ID of NM in rats was 110 mgjkg bw whether gi ven orall y
50

or by i. v. injection (Druckey et aL., 1967). The ID by s.e. injection
50

in Euopean haters was 110 rrjkg b, (Mohr et aL., 1974), in Clinese
hamters, 50 rrjkg l: (Reznik et al., 1976) and in Syrian golden haters,

70 mgjkg bw (Haas et al., 1973). Th 1. v. ID in Euopean haters was
50

50 mgjkg bw (Ketkar et al., 1977).
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Th major toxic effects result fran severe dage te haemtoietic,
1 ymhoid an othr tissues tht have rapid rates of cel1 turover (Magee

& Bas, 1967; Magee & Sw, 1969). .Ate trtit with NM has been

show te ini t protein and nucleic acid sythesis in vaious tissues

(Magee et al., 1975; Pegg, 1977). A dose of 50 rr/kg l: NM produce

pacreatic dage an diabtes in Clnese haters. Higher doses were

reqred te prouce hyprglycaera in golden haters, rats and TIce;
no diabtic effects ~re appaent in guea-pigs or sad rats (Wilaner
& Gusson, 1975; Wilaner & Tj~lve, 1975).

Erryotexicity and teratoencity

A single Lp. dose of 5-10 rr/kg l: NM te rats on days 3, 4 or 5
of gestation resulte in a high rate of foetal resorptions (Alexav,
1973); 10-40 rr/kg l: NM give on day 9 of gestation 1ed to a dose-
depeent emryolethl effect. vmn treate before or after day 9, emi:o
nnrtlity fell shly (Koyar et al., 1970).

Adnistration of a single Lp. dose of 10 rr/kg hw te rats on day 9

of gestation produce aboi:1ities of the brain in nnst of th surving
foetuses. Treatmt wi th th sa dose on days 11-16 cause malforrtions

of th lims (days 11-13) in 100% of th foetuses, TIcrogthia (days 13-14),

hydrocphaly (day 12) an TIcrocphaly 1 whch increased with treatit on

day 12-16. Th surving foetuss fran da treated with NM during organo-

genesis sh~ signficantly retaded grow (Koyam et al., 1970; Naplkov

& Alexaov, 1968).

Daily injections of 3 rr/kg l: NM te rats during the first væ of

pregn inuce no teratoenc 1esions; 20 rr/kg hw adnistered on day
21 of gestation inuce malfoi:tion of th brain in aIl of the offspring
(Napalkov, 1971).

Absorption, distribution an excretion

NHU was not detecte in the bl00 of rats 15 miutes after an i. v .

injection of 100 Ir/kg hw (Sw, 1968). The caun was widely dis tri-
bute in rats shortly after Lv. adnnistration (Kleihues & Patzschk,

1971) .
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~talism
Th high chca rectvity of lM reers it unikely tht enc

catalysis is involved in its deition. lM is a di allati

aget an alklates nucleic acids ooth in vitro an in vivo. Sudi al-

lation has be detete in a ntm of tissues, inludg brai, lung,
kidny, Ii ve, intestine, thym an splee, in a numr of spies, inclu-
dig miæ, rats, hates and mi -pigs (Frei & Ialey, 1975; Ialey ,
1974; Magee et al., 1976; Magison & Kleihues, 1975; Pegg, 1977; Sw
& Magee, 1968). AlI thee hydren ato in th nethyl group of NM are

retaed in th nethylate nucleosides foi: in nucleic acids after
alklation by NM in vivo (Lijin et al., 1972).

Th major nethylate prouct is 7-nethlgue, but other, minor

products ar also forr. 'lse prouc ar siila te thse produce

in live after adstration of N-nitrosoN-dthylae and include

1 -;thy 1-, 3-nethyl- an 7-rrthyladens, 3-nethyl - an 06 -nethylgus,
3-nethylcysin, 3-ithyl- an 04-ithylthyme an nethylphoste
triesters (Frei & Ialey, 1975; Ialey, 1974; Magison & Kleihues, 1975;

Peg, 1977; Swn et al., 1976). ReI of 06-nethylgue fran th
DNA of th brai an, te a lesse ext, fran tht of the kidney, orga

whdi are relatively susceptile te th cacinc acon of NM, is
slovr th fran th liver, whch is relatively initive te cacino-
genesis by NM (BÜchler & Klihue 1977; Klihue & Magison, 1974;

Magisa & Kleihues, 1975; Peg, 1977; Peg & Nicoll, 1976).

In vivo formtion of NM wa sh by nethylation of gu at N7
afte feeing of th presors nethlur an soum nitrite (MJntesao

& Magee, 1971).

Th Ï1rtce of cellul proliferation in cacinensis by NM is

suggeste by studes in whch live tmurs were prouce by NM only if

its admstration was prec by pa1 heptec1 .(Cradd& Frei,
1974) an by th findig tht th mA of neurona cells of th brai of

young rats treate with mJ was alklate te th sa ext as th DN

fra glial cells. In thse rats, th brai tmurs are prouce by NM
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from the glial cells, whch divide, an not from th neurona cells whch
do not (Kleihues et al., 1973).

The cyante ion prcxuced by decorsi tion of NM at physiological pH

can react with proteins by cabaylation. Such a reaction with senn
proteins was respnsible for so of the texic effects of NM on the grow
of cells in culture (Knx, 1976).

Mutagenicity an other short-tenu tests

The genetic acti vit Y of NM has ben dennstrated in bacterial phage,
Escherichia coli, Salmonella typhimurium, Saccharomyces cerevisiae, Serratia

marcescens, Chnese hater cells and Drosophi la me lanogaster, inducing
fo:rd and reverse mutations and gene conversions (for review, see

Mbntesano & Batsch, 1976; Nele, 1976).

Sister chroitid exchages were found in Chnese hater cells e:xsed

to NM (Ab & Sasaki, 1977).

NM at an i.p. dose of 50 ir¡kg l: caused domnat lethl mutations
in rnce during the first 3-4 wes after admnistration (Parkin et aL.,
1973). NM induce chrarsor and chroitid abrrations (single breas
and exchages) in bene rraw of mice injected intraperitoneally with
0.8 or 0.08 rr (Frei & Venitt, 1975). Lp. injection of 100 ir¡kg l: or
50 mg¡kg l: NM, admnistered as two injections at an interval of 4 hours,

prcxuced chromsoræ fragnntation and transloctions in spenntoctes and

spenntoonia from Wista rats (Gotz, 1973).

Hum fibroblasts, muse C3H lOT! fibroblasts and rat hepatocs
in culture treated with NM show uncheduled OO sythesis. There was
no significant difference in IN repair in the thee cell lines (Zardi

et al., 1977).

Transformtion of cultured fibroblasts from hamter (Sanders & Buford,

1967), mouse (Frei & Oliver, 1972) and rat emryos (Kirkland et al., 1975)

by NM in vi tro gi ves rise ta cells which prcxuce tururs on transplantation
into exprimntal animIs.
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(b) Hus
Nausea an vatig ~re se afte Lv. injection of 4 mgßg l: NM

te patients (Kolari6, 1977).

3.3 Cae report an epidemologìca studies

No data ~re available te the i'brkig Group.

4. Su of Data Report and Evaluation

4.1 Exrimtal data

N-NitrosoN-nethylurea is cacinenic in all an speies teste:

mice, rats, Syian golden, Clese an Euope hates, gunea-pigs,
rabits, gerbils, pigs, dogs and nnnkeys. It induces beign and malignt

tllurS followng its admistration by different routes, including

ingestion. It prouces tururs at different sites, inluding the nerous

tissue, stoch, oesophagu, pareas, respiratery tract, intestine,
1 ymhoreticuar tissues, skin an kidney. It is cacinogenic following

its admistration prentaly an in single doses.
4.2 Hur data

No case report or epidanologica stuies wee available te th

~rking Group. Excet for reprt inestigation of its use as a cher-
therapeutic agent, no inoi:tion on th occuence or use of N-nitroso-

N-rrthy lurea was available.

4.3 Evluation

'Ire is sufficient evidence of a cacinenc effect of N-nitrso-
N-rrthylurea in seva! exr.ital animl species. Although no epidemo-

logical data were available, N-nitrso-N-rthylurea should be regarded for

practica pl.1ses as if i t were cacinenic te hmn.
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N-NI~VI
1. Chcal an Physical Data

1.1 Synym an trade nas

Clem. Abstr. Seces Re. No.: 4549-40-0

Clem. Abstr. Na: N-~thyl-N-nitrosoethylame

N-~thyl -N-ni trosoviylame; rrthylvinyln trosame; NM

1. 2 Strctural an nnlecuar fornae an vvight

/CH3O=N-N"
CH=CH2

C3H6N20 fuI. wt: 86.1

1. 3 Clemcal an physical proprties of the pur substace

(a) Description: Yel10w liqud

(b)

(c)

(d)

Boiling-point: 47-480 C (30 nm)

Refractive index: ~5 1.4920

Sptroscopy data: À 200, 270, 376 nm (El = 519, 786, 20)rr 1
in water (Druckey et al., 1967); mass spctscoy data ar
given by Pensabe et al. (1972) and Raney et al. (1978).

(e) Solubility: Soluble in water (3%) an in organic solvents

an lipids

(f) Volatility: Vei volatile; ca be ste-distilled
(Eiseran et al., 1970)

(,Ç) Staility: Relatively lIstale; a concetration decrease of

nnre th 10% bas been observed in aquus solution over 24

hours (Druckey et al., 1967); light-senitive, espeial1y

te ultra-violet light
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1.4 Tecal prouèts an inuri ties
No data 'tre available te th Vbrkig Grup.

2. Production, Use, O:urence and Anl ysis

2.1 Production an us

(a) Production

N-Nitrosathylvinylame (NM) bas be prepaed by the reaction
of ß-chloroethylithylntrsame with either sodum ethxide (Vbrkm,

1955) or a solution of potassium hydroxide in nethanl (Ogirch & Kre,
1961). It ca be prepaed by reaction of irthylvinylame with sodum

nitrite at 600C (Drukrey et aL., 1967). No evdence wa found tht
NM bas be prouce ccrcial1y.

(b) Use

No data 'tre available te th Vbrkig Grup.

2 . 2 ()curence

A prelim report inicates tht ll nay be preset in aple
brany (!A, 1977).

2. 3 Anlysis

Gas chomtoaphy /thrml engy anlysis (TE), high-pressure
liqud chrantoaphy /l an gas chomtoaphy jmss 8pctaætr have
be used for the anlysis of NM (Preussm et al., 1978).

3. BiolCXical Data Relevat te th Evluation

of Cacinoenc Risk te Ma

3.1 Cacinogenicity and relate studes in anls

(a) Oral admstration
Rat: Of a grup of 19 ID rats given N-nitrosathylvinylae (NM)

in drin-wter at doses of 0.3 or 0.6 rr¡kg li/day, 2 develope pail-

lom an 17, noular an widely distribute squs-æll cacinan of
th oeophagus. In adtion, 4 anirs ha cacin of th tengu and
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5 ans, cacinans of th ph¡ 8 rats sh bile-duct prolifera-
tion an cysts in th li ve. 'l aveage inuction ti for th tunurs
of th uppe digestive tract wa 390 or 270 days, respively¡ th
average tetal dose tht caus tus in 50% of th ans was 0.11 or
0.16 g¡kg hw (Druckey et aL., 1967¡ 'I & Sc, 1969).

(b) Inhlation an/or intratrache adstration
Rat: Tv ID rats tht surived a single exsue te 18 In¡kg hw NM

died 277 an 374 days later with cacina of th nal cavities. Te

of 18 BD rats exse chonical1y te 25 or 50 pp in air twce wely for

30 nnutes (-1 or 2 In¡kg hw) died ealy as a result of severe inf1antion

of th respirate:r tract. Of th remg 8 rats, 3 develop sq-
cell cacinoms an 2, tuurs describ as diolesteata in the nasal
cavi ty . Qi anl had an aesthsioneuroepi thlian of th ethturbinls,

l, a cain of the pha, an 2, an oesophageal paillan (Drckey

et al., 1967¡ Th, 1965¡ Ths & So, 1969).

3. 2 Ot relevat biologica1 data

(a) ExiItal syste
'!xic effects

Th oral ID of NM in ID rats was 24 rr¡kg hw an tht by inla-
50

tion, 22 rr¡kg bw (Druckrey et al., 1967).

No data on th rrtalisr, em:rotoxicity or teatogencityof ths

CCun were available te th WJrking Grup.

Mutagencity an ot shrt-tenu tests

NM causs X-lin recessive leth1 nutations in Drosophila
melanogaster (Pastern, 1964).

(b) Hums
No data were avalable te the WJrkig Grup.

3.3 Ca reprt an epidemological studies

No data wee avalable te th WJrkig Gr.
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4. Su of Data Report and Evaluation

4.1 Exrintal data

N-Nitrsathylvinylame is cacinoenic in rats, the only spies
teste. It prouces cacinos of the oesophagu, tengue an pha
after its a:mtiuous oral admistration an carcins of the nasal
cavities after ination exsue.
4.2 Hum data

No case reports or epidemologica studes were available te the
WJrking Group. Insuficient infoi:tion on the ocrence or use of

this coun was availale te pet identification of expsed groups.

4.3 Evaluation

'Iere is sufficient evidence of a cacinogenic effect of N-nitroso-

iæthylvinylame in one expr.ita animl speies. Although no epideno-

logical data were available, N-nitrosathylvinylame should be regarded
for practical purses as if i t were cacinogenc to hums.
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N-NIRPHOLI

1. Chcal an Physical Data

1.1 Synym an trad na
Cl. Abstr. Seices Re. No.: 59-89-2

Cler. Abstr. Nar: 4-Nitrosarpholin

NMR

1.2 Strctural an nnlec fonne and v-ight

l-0- N-N 0- '-

C 4H8N202 MJl. wt: 116.1

1.3 Clemca an physica prcpes of th pur substace

(a) Decription: Yellow c:stals

(h) Boiling-point: 224-2250C (747 mu); 960C (6 mu)

(c) ~l tig-point: 290C

(d) SptrscOlY data: Àrr 237 an 346 mu (E~ = 685 an 7.3)

in wate (Druckey et al., 1967); nas spsccy data
are given by Pensabe et al. (1972) and Raney et al. (1978).

(e) Solubility: Miscible in wate in aIl prortions; soluble
in orgac solvets

(f) Staility: Stale at roc teature for nnre th 14 days

in neutral an a1line aqus solutions in the dak (Drckry
et al., 1967); slightly less stale in acidic solution;

light-seitive, espeially te ultra-violet light

(g) Recti vit Y : Strong oxidats (peacids) oxidize it te th

correspndg nitramne; ca be reuce te th corrspndg
hydrazin an/or am; relatively resistat te hydrlysis
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but ca be split by hydrogen brade in acetic acid (Eisenran
& Preussm, 1970). Photocaly reactive (Fridn et aL,
1971)

1.4 Telmcal products an inities

No data være avalable te the Vbrkig Grup.

2. Production, use, COence and An ysis

2.1 Production an us

For backgrou inoi:tion on ths setion, se preale, p. 22.

(a) Prouction

N-NitrosClrpholine (NrR) was prepaed by Knrr in 1907 and by

Bell. et al. in 1961 by th rection of soum nitrite with a solution

of nnrpholin in sulphuric acid (Prager & Jacobsn, 1937) i it has also

be preped by the reacton of nitrogen trioxide with nnrpholine
(I.verin & Maur, 1962).

No evidene was foun tht lMR has be maufactured cacially.

(b) Use

Patets have be issued for th use of NM as a solvent for poly-
acrylonitrile (Kowlik et al., 1954) an as a chcal intenæiate in
the synthesis of N-amnarpholin (Zirr et al., 1955). It has also
be foun te be effective agait microbial inecions (Bellam et al.,
1961). No evidence was found tht it has be used ccrcial1y for

thse purses.
2.2 Oxence

Eisenbran et al. (1978) dennstrate th presence of NMR in 3/11

batdes of anlytical grade dichorarth at th 10-32 llg/l levl and
in 4/10 batdes of anlYtcal grade chorofonn at th 2-376 llg/l leveL.
It was not preset in less pue grades of thse solvets.
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2. 3 Anl ysis

An !A maual gives selecte neths for the anlysis of volatile
N-nitrosaes, including N-nitrsorpholine (Preussm et al., 1978).

3. Biological Data Relevat te th Evluation

of Cacinenic Risk te Ma

3.1 Cacinogenci ty an related studes in anIs

(a) Oral admstration
MJuse: A group of 58 male NM TIce reci ved N-ni trosarrpholine

(NMR) in the drining-water at ooncentrations of 100 rng/l (corresponding

te approxitely 16 rr/kg lM/day at the beginng of the exprint) for
life. Sixn TIce develope benign hepatollular tururs after total

doses of 58-150 rr/animl; 1 animl had a haemgioedothlici, an 2

had begn haergioms of the Ii ver. ln addition to Ii ver tururs,
nuirous lung adenomas and 1 squs-cell cacin of the lung were

observed. Of 17 oontrols, only 1 had a smll adenOT of the lung (Basch
& MÜller, 1964; Müler, 1964).

Rat: A group of 16 ID rats were given NMR in the dririing-wter at

doses of 8 rr/kg b./day for life. Fouren anIs develope hepato
cellular carcinoms after an average induction tir of 165 days (average

total dose tht induce tururs in 50% of th anIs, 1.3 g/kg lM);

another anl had a haemgioedotheliom of the Ii ver (Druckrey et al.,
1967). After a short-tenn treat:t consisting of 6 oral applications of

30 rr/kg lM NMR, 1/9 suriving BD rats develope a renal carcinom, l, a
hepatema, and 2, cacins of the ovar at the 540th, 590th and 600th

day, respetively (Druckrey et al., 1964a). The induction of liver tururs

by NMR has ben confirn in BD rats (Baasch& MÜller, 1964), Sprague-
Dawley rats (Basch & Reiss, 1971; Lijinsky & Taylor, 1975; Nerne &
Sha, 1973) and MR Wista rats (Mirvish et al., 1976).

Detailed light and electron TIcroscope investigations of the nnrpho-

genesis of hepatocellular tururs~re perforn in 102 BD rats whch
received NMR in the dririing-water at concentrations of 60, 120 or 200
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rr/l for 7-12 \'s or for life. Foci of hetol1ular alterations

(clea, acidophlic, basohilie or vacuolate cells) consistetly preed
th developt of hepatollular cacins (Basch, 1968, 1975).

A tetal of 272 Sprague-Dawley rats v.re give NMR in th drining-

water at a concentration of 500 rr/l for 3 v.s. A high inidence of

cholangioæl1ular tmrurs (cystadens, chlagiofibras, cholangio-

cacinors) was Inuc afte a latet period of several wes or rrnth.
In addition te diolangiocellular tmrurs, begn and rrlignant hepatoel-
lular tmrurs an haemgiosacos were se. The nnrphogenesis of th

cholagioæl1ular tus was follow in detal (Basch & Reiss, 1971;

Basc & Massner, 1976). Electron microscope investigations of IL
cholangiofibrors Inuce by lMR surt th view tht ths typ of

tmrur origintes fran the intrahpatic bile ductules (Bah & Massner,

1978) .

Seential investigations of th nnrphogenesis of epi thelial kidney

tunurs were perforr in 165 Sprague-Dawley rats whch receive NMR in

the drining-water at concetrations of 120 rr/l or 500 rr/l for 3-14 wes.
No kidney tuurs were obsered in 66 animls tht were killed up to 5 weeks

after witbawal of th cacinoen. Only 1/21 animls that were killed

betw 7 an 18 wes after renal of th cacinoen had a microscopie

adenor. ~ver, 22-97 wes after stepping the cacinoenic treatrnt,
47/69 anIs (68%) had epithelial kidney tuurs. Histelogically, aIl
of th tys of epithlial kidney tunurs se in hum were observed,

nal y, clea-cell tunurs, acidohilic tmrurs, basohilie tunurs and

oncos (Basch et aL., 1974). ln addition te epithlial kidney
tuns , putative preneolastic tubular chges (clear, chraihobic,

oncocic an basohilie cells insted of noi:l epi thlia) were observed

in most anIs (Basch & Sccht, 1968, 1970; Basch et aZ., 1971).

Groups of 30 rrle Sprague-Daley rats were given NMR-(3,3,5,5-d ) or
IfunabllOO NMR in the drining-water at concetrations of 41.5 or 8.3

nq/l labllOO NMR or 40 or 8 rr/l unlablled NMR (correspnding to 0.35

an 0.07xlO-3M) for 30 week. Of anIs given the higher dose of unlabl-
100 NMR, 16/30 had hepatoellular tuurs, an 2 had haemgioeothlicms
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of the liver¡ in th low dose group, 11/30 rats develop hepatol1ular

tus, an 1 had a haemgioethelian of th Ii ver. Th highr dose

of th 1alled NrR inuce hepatollular tus in 5/30 ans,

whreas th lCMr dose induce thse tuurs in 3/30 rats. No haemgio-

endothlior of the Ii ver occued in eithr grup admstere th
lablled caun (Lijinky et al., 1976).

(b) Subtas and/or intramlar admstration

Hater: Of 18 Syian golden haters trte subtausly with

O. 5 ml of 1: 125 solution of J:R in water twce wel y for nnre th
2 nnnth, 14 develope nutiple papillar tuurs of th trach

(Dontell & Mohr, 1962).

Groups of 20 mae and 20 fenle 8~-old Syia golden haters være

given ~ly s.e. injections of 1/5, 1/10 or 1/20th of th ID (ID:
50 50

males, 492 nq¡kg hw¡ fenles, 562 nq¡kg hw) for 'life. Th incidence of

tururs in th respiratery system (mal y nasa cavi ties an trache)

ranged fran 69-100%. 'I tetal incidece of nelasm was dose-depeent.

Mu tiple adenors være locte in th lung pachym of 4 hates. The
neoplasm of th nasal cavities væe usually nuticetric in origin and of

different histelogical tys (squs-cel1 papil1or, sqs-cll
cacinoms, anplastic cacinoms, adencins, mi turs an
olfactery neuroepithliom) (Bas et al., 1973). Simlar results være

obtined in Euop (M: et al., 1974) an Clese haters (Pezn
et al., 1976), in whdi, in addition, begn and/or malignt turs of
th oesophagus an forestoch være se.

Grous of 5 male an 5 fenle Syian golden hates we injecte

subtausly with single doses of 50, 100, 200 or 400 mg¡kg hw NMR.

Th majority of neplasm væe foun in th trachea, but so tuiurs were

also obseed in the nasal cavi ties, la an bronch. Epidenrid ca-
cinoms an adenoccinans være foun in the na cavities (Althff

et al., 1974).
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(c) Intrave. adnstration

Rat: Of 7 ID rats injecte intraveusly once ~ly with 5 or 10

mg/kg bN NMR, 2 develope hepatoellular cacins and 5, cacinom:s of

th ethturbinls afte an inucion ti of 400-450 days (Drcky

et al., 1964b).

(d) Otr exì.tal syste
:Ision
l-R was added te th water of tas containg 20 zebra fish (Danio

rerio) an 30 guies (Lebistes reticulatus) at concentration of 100-320

mg/l or 75-250 mg/l for 28 \\s. Suriving fish "were killed at 31 wes.

Eight out of 9 guies had hepatic lesions (4 hepatollular carcinan,
3 hepatic adens, 1 cytic chlangian) after an average latet peiod
of 30 \\s. Four out of 13 zebra fish had hepatollular cacincm,

an 1 intestinl adencin, 1 adencir of th Ii ver and 1
nesenchym turur in th abanl cavi ty \\re also obrv; the
average latet period was 16 \\s (Pliss & Khudley, 1975).

(e) Cacinogenci ty of presors

Groups of 20 male and 20 femle Swss llce were gi ven 0.08 g/l NMR

in th àring-wte for life. Correspndg groups reci ve 6.33 g/kg

of diet nnrpline concuently with 1. 0 g/l soum nitrite in th dring-

water. Contrls wee treate wi th the SaI cocetrations of rrrpholine
or sotm nitrite alone or left untrete. At 40 we, all surivors were

killed. Of the treate with NMR, 16/22 anIs (73%) develop lung

adens (teta num, 106); in adtion, 4 live cacina and 1 papil-

lar aden of th bile duct were obsrved. Of those tht recive con-

cuent adstration of nnrpholin an soum nitrite, 20/35 (57%) had

a teta of 41 lung adenans. Trt:t with rrrpholine alne or with
soum nitrite alone prouc no effects in th llce when co with
untreate controls (Grlatt et al., 1971).

The addition of 5. 75, Il.5 or 23.0 g/kg of diet sodum ascorbate to
A Ilce resulte in 72-89% inition of ar induction by 6.33 g/kg of

diet rrrpholin plus 2.0 g/l of drink-wte soum ni tri te. M):teove ,
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a. inucton by the caintion was strongly inite (86%) by gallic

acid (5.45 or 21.8 g/kg of diet), rrerately inite (65%) by caffeine

(1. 0 g/kg of diet) an unffeced by soum thocante (1. 0 g/kg of diet)
(Mirvish et al., 1975).

Groups of 7 ferle Sprague-Dawley rats (120 g) were give nni:holine

an sodum nitrite concurrently in th diet at concentrations of 0.5% each

for 8 væs an were observed until thy died. Etl ninrs of animIs

receivEr 0.5% nni:holine or 0.5% soum nitrite alone for 8 wes. AlI

anIs tht receivEr nni:holine plus nitrite develope hepatoellular

adenoms an, with one exception, hepatocl1ular cacinoms. 'I anIs

had haergioedothelioms of th Ii ver, and 1 anl had a Ii ver turur
diagnse as a cyst-adenarcinom. Rel adenam were found in 1 aninl.
l.i:holine or nitrite given alone did not induce tururs (Sader & Bökle,
1969) .

Corehnsive investigations in Sprague-Dawley rats with different
doses of soium nitri te and nnrpholine have ben perforr by Newbrne &
Shank (1973) and Sh & Nerne (1976). Details are given in Table 1.
Histelogically, the liver tururs induce by NMR and by nitrite plus

nnrpholine were identical. A great vaiety of tuurs other th hepato

cellular carcinans an haargiosarcos develope in exriintal and
control animIs; turur sites were the glanular and non-glaular epithe-

lium, lyrhoreticuar system, nervus syste, mucles, oonnective tissue

an erryonal or mixe tissues. Of 104 controls tht reæive 1000 rn/kg

of diet nnrpholine, 3 develop hepatollular cacinoms and 2, lung
angiosarcos. Th diet of these aninls contained no detetale ni tri te,
an thy were given only distilled water; thus, either nnrpoline itself
is weakl y cacinogenic or ni tri te reachEr the stemach from an un
source. Ans in ths grup also developed tVD malignt brain g lioms ,

a rare finding in ths speies. Control aninls fed the high nitrite diet
(1000 rn/kg of diet) shCM a high incidence of tururs in the lyrhoreti-

cular syste (27%, corrared with 6% in untreate contrls) and a high total

mmær of tunurs other th hepatos and haemgiosarcos (60%, corred

with 18% in untreated controls) (Nerne & Sha, 1973; Sha & Nerne,
1976).

269



N..o
Table 1

Incidence of hepatoe11u1 cacinas an angiosaca aing rats fed e)(i.ta diets1

Age at death with

Mg!kg of diet Incidence (%) live cain
Nu (wes)

of
rats Li ver- Li ver Lu Oter Metataes

Soum ce11 haemgio- angio- angio- frc live
nitrite furpho1ine NMR cacins sarCXS sas sa te l\mg First death M:an

0 0 0 156 0 0 0 0 - - -

1000 0 0 96 1 0 0 1 0 123 -

0 1000 0 104 3 0 2 1 0 68 -

1000 1000 0 159 97 14 23 1 49 19 38

1000 50 0 117 59 5 6 0 17 47 111

1000 5 0 154 28 12 8 1 7 24 -

50 1000 0 109 3 2 1 0 0 89 -

5 1000 0 in 1 2 1 1 0 64 -

50 50 0 152 2 1 1 1 0 65 -

5 5 0 125 1 2 2 1 0 88 -

0 0 5 128 58 15 9 1 22 53 106

0 0 50 94 93 21 20 1 58 30 56

lFra Sha & Ne, 1976



Grs of 40 ire MR Wista rats ære trte for 2 yeas with either
10 gjkg of diet noholin plus 3 g/l of drinin-wte soium nitrite or
with 0.15 g/l of dring-wte l'. In both ca, one grup of rats
we also give soum ascrbate (22.7 gjkg of diet). 'le results of
treat:t wi th nnIpholin plus nitri te or with NM were simlar te thse
report ab. Wh ascrbte was present, th Ii ve tururs induce by
nnrpline plus nitrite had a longer inducion period (93 versus 54 wes),

a slightly lovr incidence (49% versus 65%) an no netastaes to th lungs¡

h.ver, ascrbate did not affec live tur inducion by prefonæ NM.

Of thse treate with nnIpholine, nitrite an ascrbate, 21/39 anls
develope forestadi tus (14 squs-cll paillan, 7 squs-cell

cacins) (Miish et al., 1976).

Syia golden hates ære fed soum nitrite plus nnIpholine at con-
cetrations of 5-1000 lljkg of diet. Hetollul carinas and haem-
giosa of the Ii ver develop in anls gi ve th highe dose levels ¡
whle in thse gi ve th lovr dose levels, Ii ve les ions diagnose as
noular hypIplasia devlop in so anIs (Sh & Nerne, 1976).

(f) Cacinenicity of derivatives

2,6-DiithylntrosaIpholine

Oral adnstration: A group of 30 rrle Spragu-Daley rats wee

give 40 ll/1 1MR, an a group of 15 ire an 15 femle Sprague-Dawley

rats wee give 50 rr/l 2,6-dthylnitrsaIpholin, in th dring-

wate at eqla concetrations on 5 days/væek for 30 wee. Anls
trte with 2,6-dthylntrosaIpholine died withn 35 we after

intiation of treatit, whle thse trte with NrR lived considerably

longer an wee killed at 104 væs. Afte treat:t with 1MR, 16/30

rats develope hepatollular tus, an 2 develope Kupffer-cll sar-

cas. 2,6-DiithylntrosoIpholine inuc tururs in th nasal cavities
(28 ad.cins), trach (5 paillans), oesohagu (28 papillans am

cacins) an stodi (5 paillans an cacins), but only 1 hepato

cellular cacinan (Lijinky & Taylor, 1975).

Four groups of 15 ire an 15 femle Syian golde has were gi ve

1/5, 1/10, or 1/20 th ID intragastrically once væly for life (ID50 50
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367 nq¡kg hw). Pancreatic-duct cacins an adams oced in 71%
of a.s; so tus netastasized to th lungs. Tuurs wee also.

inuce in th nasal cavi ties, respiratery tract an kidneys (l-hr et a i. ,
1977) .

(9) Facters tht m:ify cacinogenci ty in ans
A group of 96 BR 46 rats of bath ses receive lMR, N-nitroso-

ethylam (NDEA) an N-nitrsothylame (NJ) in the dring-wate

at doses of 0.2, 0.05 and 0.01 nq¡kg l:, respctvely, concuently with

3 nq¡kg l: 4-diIthylamzobezen (DA) in thir foo for 580 days
(tetal doses: NMR, 114 rr/kg l:; NDEA, 29 rr¡kg hw; NJ, 5.8 nq¡kg

l:; DA, 1630 rr/kg l:). Thse doses ~re deive fro th literature

an were assui te be ne high enough te inuc tuurs under th exri-

netal condtions use. After an average inuction tiI of 700:!110 days,

29/86 ans (34%) develope rrlignt liver tururs (20 hepatoel1ular
cacinos, 9 haergioeothelians an/or haergiosaca); 8 anIs
also had begn hepatoellular tururs. Ony 1 anl s~ live

cirrhosis, and 12 anIs had a vaiety of rrlignt exahepatic tururs.

Of 100 untrte contrl anIs, 2 ha tuurs of the ma glan
describ as sacas, l, a lung cacinam, 6, ma fibrosarca an
5, benign thyrrrs (Scli, 1970) (No concent controls of animIs

treate with th individual cacinen wee caied out).
An unexte increase (15-30%) in th inuction of lung ades in

ince by adstration of 20 rr/l NMR in th dring-wter was observ
after th addition of soum asrbate (5.75-23 g¡kg of diet). The authrs

suggeste tht the mice treate with soum asrbate cons nnre NMR
solution (Miish et aL., 1975).

3.2 Oter relevat biological data

(a) Exrintal syste
Taxie effects

ln rats, the ID of NMR was 320 rr¡kg l: by oral an Lp. ad-
50

stration and 100 rr¡kg bw by Lv. injection (Drey et ai., 1967; Ie

& Lijinsky, 1966). Th s.e. ID in Syan golde haters wa abut
50

272



500 m:/kg lM (Ba et al., 1973), tht in Clinese hates abut 170 m:/kg

lM (Rezni et al., 1976) an tht in Euop hates 450 m:/kg lM (MJhr

et al., 1974). Th oral ID in Syian golden hates was 360 Il/kg lM
50

(MJhr et al., 1977).

In rats, NMR causs cetrolobuar hetic necrosis and a vaiety of
cyplasnc an nuclea chages (Basch, 1968, 1975; Stew et al.,
1975) .

No data on th anryotexici ty or teratoenci ty of this caund
were avalable te the Vbrkig Group.

Aborption, distribution an excretion

After i.p. injection of 400 Il/kg lM (3_l4C)-NMR te rats, 3.3% of

th labl was excretOO as 140) an 81% in the urine over 24 hours; 24%
2

of th radioactivity was reerOO as unchagOO NMR and 15% as N-nitrso-

dietholame (Ste et aL., 1974).
:ttalxÜisr
Acid hydrolysis of th 1iver RN an DN isolate fran the rats in

the abve exprint gave 6 distinct radioactive products, one of whch

was probaly 7- (2-hydroxyethyl)gue (Stewa et al., 1974). Oral admni-

stration of 3H-NMR and NMR-(3,5-d ) te rats also 100 to reaction with
4

liver DN and RN, yielding products which were not identifiOO (Lijinsky
et al., 1973).

After i.p. admstration of 100 Il/kg l: NMR to rats, the repair of

1iver DN was detennOO by velocity sei.tation in bath alkline an

neutra1 sucrase gradients. Th repair of double-strand breas was rapid,

but repair of single-strand breas was not colete after 14 days (Stewrt
& Farber, 1973).

Mutagenici ty and other short-tenn tests

N-Nitrosomrpholine was mutagenc in Salmonella typhimurium TA 1530,

TA 1535, TA 1537 and TA 1538 in the presence of liver microsal fractions

fran phenobabital-treate rats and hum biopsies (Bach et al., 1976;
Goz et al., 1974). NMR inducOO reverse mutations in Escherichia coli
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wh liver micross frr phebital-treate or untreate rats were

us (Elespur & Lijin, 1976; Najim et ai., 1974).
ln th prese of a Ii ve microsol syste frr phebabi tal-

pretreate rats, lMR inuce 8-azagu resistat mutats in Clinese
hate V79 cells (Kurok et ai., 1977). In BH-21 cells, NMR inuced

8-azagu resistat mutats as weIl as chtid bres and reaange-
nets (Kile et a i ., 1973).

In th host-iæate assay, 100 nq¡kg li lMR given intraicuarly

or orally te mice was mutagenc te S. typhimriwn G-46 injeced intraperi-

teneal1y into the mice (Zeiger & Ieater, 1971).

Induction of X--lined reæssive 1eth mutations and tranloctions
wa noted in Drosophiia meianogaster (Hene et aL., 1964, 1965). Doses of
50 and 100 ID/kg li lMR injec intraperiteneally to male mice did net

inrease th inidence of dant leth mutations (Parkin et ai., 1973).

(b) Hur
No data were avalable te th 'Vrkig Grup.

3.3 Case reprts an epidemological studes

No data were avalable te th 'Vrking Group.

4. Su of Data Report and EValuation

4.1 Exrinntal data

N-Ni trosorpholine is cacinenc in mice, rats, Syian golden,
Clnese an Euop haters an vaious fish. Following its oral admi-
stration, it produces benign and malignt tLurs of th liver an lung
in mice, of th Ii ver, kidney an blc: vessels in rats and of th Ii ver
in haters. After its ~taeous injection it prouces tUIurS of th

upr digestive an respirate:r tracts in haters; i t is cacinogenic

after its admnistration in single doses. It produces liver tUIurS in rats

follawg its intravenus injection. It produces liver tUIurs in various

fish fol1awg its adnstration in ta-water. A study in haters has

be report in whch a dose-respnse relationship was estalished.
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4.2 Hum data

No case reports or epidemological studies were available te the

~brkig Grup. Insufficient inormtion on the occuence of N-nitrso
nnrpholine wa avalale te pet identification of exsed groups.

4.3 Evuation

There is sufficient evidence for a carcinoenic effect of N-nitrso-
nnrpholine in severa! exr:ital anim speies. Although no epidemo-

logical data wee available, N-nitrosorrpholine should be regaded for
practica pures as if it were cacinoenic to hur.
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N' -NITRlcaIN

1. O1ca an Physical Data

1.1 Synnym an trade nas

Ch. Abtr. Seces Re. No.: 53759-22-1

Ch. Abtr. Na: 3- (1-Nitrso-2-pyrrolidiyl)pyridie
1 '-Desrthyl-l '-nitrosonicotine¡ NN

1.2 Strctural an nnlec fonne an v.ight

d(, N~ 1N N=O
C9Hii N30 M)1. wt: 178

1. 3 Clcal an physical proprties of th pure substace

(a) Decription: Yellow oil

(b) Boiling-point: 1540C (0.2 nr)

(c) Sposcy data: Àna 237, 261 (inflexon), 269 (inflexion),
an 357 nr¡ rnss sptrortr data are given by Rainey et ai.

(1978) .

1. 4 Telical products an inurities
No data v.re avalable te th Vbrking Group.

2. Pruction, Use, O:curence and Anl ysis

2.1 Production an us

(a) Production

N' -Nitrosonorncotine (NN) has been prepaed by th reaction of

soium nitrite with a solution of norncotine in dilute hydrocloric acid
(Hu et aL., 1974). No evidece was foun tht NN has been maufactured

cacially.
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(b) Use

No data ~re avalale te th ~rking Grup.

2.2 CXence

(a) Cigarette sne
Hoffu et al. (1974) sh tht the ar approxitely 140 ng

NN/cigarette in matrea snke of one fX brand of US cigarettes
(se also, Klus & Kul, 1975). ln th sr, 46% of NN originte in
un tebacc and 54% was fonr during th buing of tocc (Hoffu
et al., 1977).

(b) '!bacc

NN was foun in snuff tebacc (12.1-29.1 rr¡kg), in one typ of
British cigarette (0.3 rr¡kg), in thee tys of US cigarettes (2.2, 6

an 9 rr¡kg), in US cigars (5.5 and 11.2 rr¡kg), in cheg tobacco (3.5-
8.2 rr¡kg), in fine-cut chewg tocco (90.6 rr¡kg) an in Indian tobacco

(2.4 rr¡kg) (Hoffu et al., 1976). Bhadwj et al. (1975) fOLUl 1-2

rr¡kg NN in 2/10 Japaese tebaccs.

2.3 Anlysis

NN rry be anlyse by gas diæitoaphy with flar ionization or
thi:l energy analysis (TE) or by high-pressur liqud chtoaphy
with Uitra-violet or TE, after exaction and c1ea-up on an a1umna

colur (Hecht et al., 1975, 1978 i Hoffm et al., 1977).

3. Biological Data Relevat te the Evluation

of Cacinogenc Risk te Ma

3.1 Cacinogencity an relate studes in anls

(a) Oral admnistration

Rat: A group of 20 7-we-01d rrle Fischer rats were give 0.02%

N'-nitrsonorncotin (NN) in the drining:.te 5 tiI we1y for 30

wes (tetal dose, 630 rr/anl). By Il nnnths, 12 suriving rats had

delop oesoge tuiurs (il paillan, 3 caciI's). ln addition,
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1 phageal paillan and 3 cacinans of th nasa cavity with invasion
of the brai \lre obs; 19 UItreate controls were free of tunurs

(Hoffm et al., 1975).
A grup of 15 18-\l-old ferle Spragu-Daley rats were gi ven 7 mg/

rat/day NNN in the drining-wte (354 mg/l) on 5 days/week for 44 weeks.

AlI rats died with 46 wees, and aIl had olfactery adenoccinoms. ln
adition, 1 squs papillom of th oesophagu, 1 sqs papillom
of th forestomch an 1 hepatollular turur occued in 3 rats suriving
43 or nnre \ls (Singer & Taylor, 1976).

(b) Skin application

Meuse: A group of 20 ferle Swiss (Ha/ICRrnl) rnce recei ve 0.1 ml

of a 0.03% solution of NN in acene thice \lly for 50 wes. No skin

tunurs develop (Hoffm et al., 1976) (No data are available on tums
in othr organs J .

(c) Subtaeous an/or intram admstration
Hater: Groups of 10 male and 10 feme Syian golden haters were

injecte thice \lly with 5 mg/aninl NN in aquus solution for 25

we (tetal dose admstered, 375 mg/anl). Of 19 effective aninls,
12 develope single papillai tuurs of the trache with 83 wes (first

tunur after 38 wes). Che aninl had an adenoccina of th nasal
cavity after 45 wes (Hilfrich et al., 1977).

(d) Intrapeiteneal admstration
MJuse: Groups of 20 male an 20 ferle rnce (Clester Beatty sto

strain), approxitely 6-we-old, \lre injecte intraperitenelly once

weely with 0.1 ml NN dissolved in aracs oil (2%) for 41 wes; 14

males an IL ferles died during th first 7 nnnth of treatit wi thout

shog tunurs. Of 8 anIs tht died after the 8th nnnth, 7 (5 ferles
and 2 males) had nutiple pulna adens (Boylan et al., 1964).

Thse results \lre confirn by Hoffm et al. (1976).
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3.2 Oter relevt biologca data

(a) ExriIta system

'!xic effects

Th s.e. ID of NN in nale rats (8 days' oberation) was nnre th
50

1000 rr/kg hw. Haenrrhages in the luns an alcm organ an epi the-

lial-cell necrosis in the posteior naal cavities an liver wee obsered
(Hoffm et al., 1975).

No data on th ani:otexicity, teratoenicity, netalism or rrta-

genici ty of ths oour were available te th Working Group.

(b) Hums
No data wee available te the WJrking Group.

3.3 Cae report and epidanological studes

No data were available to the Working Group.

4. Su of Data Reported an Evluation

4.1 ExiItal data

N'-Nitrsonornicotine is cacinnic in rats, rnce and Syian golden

haters. FollCMing its oral admstration te rats, it produces cacino-

nas of the upper digestive tract, nain y the oesophagu, an of the naal
cavities. ln haters, its subta injection prouces may tradieal

tuiurs. In rnce, its intrapeiteneal injection produces lung tuiurs.

4.2 Hum data

No cae reports or epideological stues were availale te the WJrkin

Grup. Available inoi:tion on occurence suggests tht tebacc uses are

exse te N' -ni trsonorncotine toethr wi th otr N-ni trso caun.
4.3 Evaluation

'Iere is sufficient evidence of a cacinenic effec of N'-nitroso
norncotine in several exrinta anl spies. Although no epidemo-

logica data wee availale, N'-nitrsonorncotine should be regded for

practica pures as if it wee cacinc te hum.
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N-NIPIPERDIN

1. O1cal an Physica Data

1.1 Synym and trade :ns

Ch. Abtr. Servces Re. No.: 100-75-4

Ch. Abtr. Nar: l-Nitroso-piperidine

NOPip; N-Pip; NPip; NPIP

1.2 Strctural and nnlecular fo:rae and ~ight

O=N- Ne)

CSHION20 r-1. wt: 114.2

1.3 Chcal and physical properties of the pure substace

(a) Description: Yellow oil

(e)

Boiling-point: 21SoC (721 nm) ; 1000C (14 nm)

Desity: d~8.5 1.0631

Refractive index: l£8.S 1.4933

Spctoscopy data: À 23S and 337 (El = 837 and 6.4) inna 1
water (Druckey et aL., 1967); rnss sptraætry data are

give by Pesabne et aL. (1972) and Rainey et al. (1978).

(b)

(c)

(d)

(f) Solubil~ty: Soluble in water (7.7%) and in organic solvents

and lipids

(g) Volatility: Slightly volatile; ca be steamstilled
qutitatively (Eisenbrand et al., 1970)

(h) Stailìty: Stale at ro teature for nnre th 14 days

in neutral or alkaline solutions in the dar (Druckrey et al.,

1967); slightly less stale in acidic solutions; light-
sesitive, esially te ultra-violet light
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(i) Rectivity: Strong oxdats (peracids) oxidize it te the
correspdig nitrame; ca be reuce te th corrspndig

hydrazine an/or ame; relative1y resistat te hydrolysis
but ca æ split by hydrogen brande in acetic acid (Eiseran

& Preussm, 1970)

1. 4 Tecal products an inurities

No data ~re available te th V\rking Group.

2. Production, Use, Ocence and An ysis

2.1 Production an us

For bëckgroun infoi:tion on ths seon, see preale, p. 22.

(a) Production

N-Ni trosopiperidine (NPIP) wa first prepaed by Werteim in 1863

by th action of nitrogen dioxide on piF€ridie (Prager & Jacobson, 1935).

Nurou patets have be issued for th production of NPIP, nnst of
whch invo1 ve the reaction of pipeidie with ni trogn dioxide (I.ering

& Maur, 1963; Reilly, 1964) or nitric oxide (Hercues Power Co., 1958;

Reilly, 1960, 1961) under pressure and in the presence of suitale cata1ysts.

NPIP is produce by one US rrufacturer of larratory chercals (Pfal tz

& Bauer, Inc., 1976), but no evidence wa found tht it ha ben rrufactured

on a ccrcial scale.

(b) Use

No data ~re available te th Working Grup.

2.2 CCcurence

(a) '!bacco srke

~nnck et al. (1973) re¡:rte 1-9 ng/cigarette NPIP in 5/11 san1es

of tebëcco srke condenate. Klimch et al. (1976) reprt leve1s of

0.5-8 ng/ cigarette. The vapeur phase of the srke of had-rol1ed cigarettes

contained 2-63 ng NPIP/cigarette (Groeen & te Nover de Brauw, 1975).
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Bruem & 1bffm (1978), 1bffr et al. (1974) an IA (1977)
found no NPIP in tebacc sre.

(b) Wate

Cohen & Bach (1978) report levls of 0.03 lIg/11 NPIP in wate-
wate fran 1/19 checa factries.

(c) Fc: an fee
d1se: Se et al. (1978) fou NPIP in 3/62 sales of variou

chses at levels of 2-11 lIgjkg.

Fish: NPIP ha be foun at 1evels of less th 1.0 lIgjkg 1 in srked
cc (Allisten et al., 1972).

Met: NPIP has be fou in coking-fat fra fried bacon at 1eve1s
less th 1.0 lIgjkgl (Allisten et al., 1972). It ha a1so be found at
various concetrations in iæt products sudi as fried sred back rashers

(less th 1 lIgjkg) (Crosby et al., 1972) and Mettwst sausages (20-60

lIgjkg) (Sen et al., 1973). Se et al. (1976) report 14-50 lIgjkg in 6/8

bologs, 15-50 lIgjkg in 2/3 wiens and 50 lIgjkg in netloa.

Stephay et al. (1976) report levels of 0-8.2 lIgjkg NPIP in various

procsse an preserv rrats. Fine & Rouner (1976) report 0.2 lIg/
kgl in raw bacon an 1 lIgjkgl in coked bacon. Eisenran et aL. (1977)

report 2-64 lIgjkg in 14/52 iæt sa1es; th concetration wa observed

te increase sutatially after coking. Gren et al. (1977) reporte

0.4-7 lIgjkg in 13/48 assorted raw or CCed neats. Gough (1978) reported
levels of 0.08-0.25 lIgjkg 1 in all of 8 sales of coked bacon and 0.1 lIg/
kgl in all cued iæts whdi were exa.

Spices: Dr, prexed cues containg spices an sodum ni tri te
were foun te conta up te 3000 lIgjkg NPIP (Gough & GJead, 1975;

Havei: et al., 1976). Simlar results were obtaned by Se et al. (1973).

'lse results wee not confin by mas sptrsco (se a1so1 Geal Reks on th Sutaces Considered 1, p. 40 ) .
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Fee: ,Ka et al. (1978) foun NPIP at a leve1 of 4 llgjkg in 1/10

sales of rait diet. A rr of 210 llgjkg NPIP has be foun in
ex;ri.tal an fee (IA, 1977). Mi et al. (1976) reprt

1 llgjkg in 2/5 fishrl sa1es.
2.3 Anlysis

An !A Maual gives selec rrths for th anysis of volatile

N-nitrsames, inc1uding N-nitrosopiperidi (Preussm et al., 1978).

3. Biologica1 Dcta Relevant te th Evluation

of Cacinogenc Risk te Ma

3.1 Cacinoencity and relate studes in anIs
(a) Oral adstration
M:use: A grup of 33 na1e ICR imce v.re fed a diet oontaning N-

nitrosopiperidi (NPIP) at a concetration of 50 rrjkg of diet for 12

nnnth. Of 24 sur ving rnce, 18 had squs-ce11 cacinos of th
forestach, 2, paillors of th oesophagu, Il, 1iver tunurs (2 hepato

cellular cacinom, 3 haargioedothelioms, 6 liver adenom) and 10,

1ung adenan. Of the 30 oontrol animIs, 2 had lung adens and l, a

1ymhoctic leukaem (Takyar, 1969).

A grup of 20 nale an 20 ferle Swss imce v.re given 0.01% NPIP

in the drining-water (tetal dose, 65 rr/animl) for 26 wes; 42.5% of
the animIs develope lung adenoms (Greenblatt & Lijinsky, 1972).

Rat: Groups of 10 an 20 ID rats received in NPIP at concetrations
eqivalent te doses of 5 and 20 rrjkg l:/day in th drinking-water. Of

thse given th high dose, 17/20 anIs died ealy during treatit

without tunurs; th reng 3 rats develope hepatol1ular cacinoms

irtatasizing te the lungs, and 1 anl also had a squs-cell cacinom
of the oesohagus. Of thse give the lCMr dose level, 9/10 anIs
develope oesophageal tunurs (8 cacinos, 1 papillor), and 3 had liver

tunurs. The average induction ti for these tunurs was 280 days (average

tetal dose tht induce tunurs in 50% of th anIs, 1.4 gjkg lM) (Drckrey

et aL., 1967; Thom & So' 1969). Sirlar results v.re obtained in a1bino
rats (Clester Betty strai) (Bolan et al., 1964) and in MR rats (Gacia
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& Li j in, 1972); in th latter, ad tion tus were obse in the
trach, pha, la, na cavity, tengu an stadi.

A deta1ed stud ha be made of th histoenesis of th oesohagea

tmns inuc in Wista rats by NPIP (Ite et al., 1971).

M:mkey: It was rert in an abtract tht hetollul cacin

we observ in 3 ans whch reæive NPIP orally (O'Gaa et al., 1970).

(b) Sutaus and/or intram adstration
Rat: A grup of 25 ID rats \'e injecte subtaeous1y with twce

we1y injections of 10 nq¡kg li NPIP. 'lty-bv aniis develop tururs

of th nal cavities, describ as aesthsioneuroepi thelians (10),

squs-cell cacin (10), di01estetæs (3) an neurlasta (1).
In addition, 15 anIs had oesohagel squa-cell tuns (5 papillans,
10 cacinan). Th avage inuction ti for th tui wa 365 das

(aveage tetal dose tht induce t:urs in 50% of anIs, 0.85 g¡kg hw)

(Drckey et al., 1967; Th, 1965; 'I & So, 1969).

Hater: Of 21 Syian golde haters tht receive s.e. injections
of 0.5 nù of a 1: 250 solution of NPIP in water 3 tis/we for life, 16

devlop t:urs of th trach. ~ ans had squs-æ11 cacin
of th lung (Dontell & M:, 1962).

Grous of 20 mae an 20 feme 8~-old Syian golden haters

wee trte sutaeously on a we for life with iis, 1/10 or 1/20th
of th ID (ID: maes, 324 nq¡kg bv; femes, 283 nq¡kg hw). The50 50
inideces of paillans and cacinas of th respiratery syste, nntly
in th tracha, we 65-100% (Baas et al., 1973). 'lurs, may of th

nal cavities, lung, togu, pate, oesohagu, forestædi an liver,
\'e oberèd in Clse haters (Rezni et al., 1976). 'lurs, maly
of th nal cavity, lung an foretoch, were se in Euop haters
(Mohr et al., 1974).

Grs of 5 mae an 5 fem1e Syian golde haters were gi ve single
s.e. injectons of 25, 50, 100 or 200 nq¡kg hw NPIP. Th majority of ne
pla \\re fou in th trach (23), but sa tunurs wee also obse

in th nasal cavities (1), la (3) an bronc (3). Th tradieal tunurs
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\Ve diagnse as polyps ar pailla polyps. A vaiety of oth tunurs

wee also fou (Althff et ai., 1974).

(c) Intraperitenel adstration
M:: A gr of 30 9-13-w-old 5W mice of bath se wee injec-

te intraptenelly with single dos of 107 rr¡kg l: NPIP. Six
mice delop adeans of th lun, as co with 10 lun ader in
36 untreate controls; 1: nultiplicity of lung bmours wa higher in

1: trte grup (Mish & Kauf, 1970).

(d) Intraveus adstration
Rat: A grup of 15 ID rats we injec intravenouly with 10 rr¡kg

l: NPIP twce wey. Twl ve anls delop cacin of 1: oeso
phagu and ph afte an average intion ti of 366 days (aveage

teta dose tht ince tunurs in 50% of animIs, 0.75 g¡kg l:). cn

anl had an adecin of th gladul stoch (Dr et al.,
1967; Th & So. 1969).

(e) ot exrinta syste
Prental expsue: Offspring of Syia golden hate tht ha be

trte on days 8, 10, 12 or 14 of preg wi th a single dose of 100 rr/
kg hw NPIP v,re ob for life. A low incidence (2-7%) of tuns of

th up respiratei: tract wa ob in 1: offsprin (highst inci-
de in thse treate en day 14). A high inciden (54%) of reiratei:
tract tuurs was ob in th trte nnthrs (Althff et aL., 1977).

(f) Cacinencity of ærivatives
Th availale studes are suize in Tale 1.

3.2 Ot relevt biologica data

(a) Exintal syste
Toxie effec

Th oral ID of NPIP in ID rats was 200 ir¡kg bw, th s. c. ID ,50 50
100 ir¡kg l: an th Lv. ID , is 60 ir¡kg lM (Dr et al., 1967);

50
th Lp. ID in Wista rats wa 85 ir¡kg lM (I. & Lijin, 1966).

50
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Table 1

Cacinogencity of derivatives of N-nitrsopiperidi in Sprague-Dawley rats

Cound

N-Ni trso4-hydroxy-
piperidine

N-Nitrso-4-pipeidone

N-Ni troso 3-hydroxy-
piperidine

N-Ni troso- 2-nethyl-

pipeidine

N-Ni troso- 3-rthyl-
piperidine

N-Ni troso-4-rthyl-
piperidine

N-Nitroso-2,6-dthyl-
piperidie

N-Ni trso- 2,2,6,6, -tetra-
ræthylpiperidine

N\.
W

Man turur sites References

Naal cavi ty, Ii ve Lijinky & Taylor, 1975a

Nasal cavi ty, Ii ver
" " "

Naal cavi ty, tengu, pha,
oesophagu, Ii ve

" " "

Naal cavi ty, oesophagu, fore-
stoch, ph, tongue, Ii ver

Lijinsk & Taylor, 1975b

Naal cavi ty, oesophagus, fore-
stodi, ph, tengue

" " "

Naal cavi ty, oesophagu, fore-
stodi, pha, tongue

" " "

Negative " " "

Neative
" " "



Th s.e. IDwa 110 rr/kg in Clese haters (Reznik et al., 1976),
50

abut 300 rr/kg hw in Syian golden haters (Bas et al., 1973) and

230 rr/kg hw in Euope haters (Mo et al., 1974).

No data on the arryotexicity or teratoencity of ths COun were
available te the oorkig Grup.

Abrption, distribution and exetion
3H-NPiP injecte into th bladder of rats or Syrian golden haters

was absorbe, an radioacti vity was foun in the liver and kidneys of bath
spies an in th standi, srll intestine an lungs of haters (HawksWort

& Hill, 1974).

Metalism

NPIP was oxidizOO by rat liver microsos te 4-hydroxy trosoiperidine

(Rayr et al., 1975).

Adstration of 3H-NPip or deuteratOO NPIP te rats 100 te reaction

wi th DNA an RN in the Ii ver, but the products were not characterizOO

(I. & Lijinky, 1966; Lijinky et aL., 1973). After admnistration of

50 rr/kg hw NPIP, repair of single-stran breaks in rat liver DNA, as

deter.ned by veloci ty setation in an alkaline sucrose gradient, was

not calete after 6 days (Ste & Farbe, 1973).

Mutagenci ty an other short-te tests

NPIP caus reverse mutations in Escherichia coli and in Salmonella
typhirrriwn TA 100, TA 1530 an TA 1535 in the presence of liver microsanl

fractions from phbabital- or Aroclor 1254-treate rats or from hur
biopsies (Bah et al., 1976; Elespur & Lijiny, 1976; M: et aL.,

1975; Najir et al., 1974; Rao et al., 1977; Steltz & Sen, 1977). ln

Clnese hater V79 cells, NPIP inducOO 8-azaguine-resistat mutants in

the presence of aliver microsol fraction from phenobabital-treate
rats (Kuroki et al., 1977).

(b) Hur
No data \'re available te the Working Group.
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3.3 Case reprts an epidemologica stues

No data wee avalable te the ~rking Grup.

4. Su of Data Reported an Evaluation

4.1 ExriIta data

N-Nitrosopiperidi is cacinoenic in mice, rats, Syian golden,
Euope and Chse haters and monkeys after its admistration by
oral an other routes. It produces beign and malignt tururs of the

Ii ver, lung, forestach and oesophagu in mice, of th Ii ver, oesophagus

and respiratei: system in rats, an of the uppe digestive tract, respir-

atei: system and liver in hates; it produces hepatoel1ular carcinans

in nnnkeys. It is cacinenic in mice an haters afte its admstra-
tion in single doses.

4.2 Hu data
No case reprts or epideological studies were availale te the

W:rki Group. Availale infoi:tion on occuence suggests tht the
general population may be exsed sporadically te low levels of N-nitrso-

pipeidie; hover, no expsed grup sui table for an epidemological

investigation has yet ben identified.

4.3 Evaluation

There is sufficient evidence of a carcinenic effect of N-nitroso-

piperidie in seval exrimta anim speies. Al thugh no epidemo-

logica data wer avalale, N-nitrosopiperidine should be regarded for

practica pures as if it wee cacinoenic te hmn.
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N-NTROOLI an N-NITRXYROLI

1. 0iCc an Physica Data

N-Nitrsoroli.
1.1 Syonym an trad nas'

ai. Abtr. Seces Re. No.: 7519-36-0

01. Abtr. Na:. I-NitrosoL-proline

NOPr; N-Pro; NPRO

1.2 Strctural an imecar foi:ae an weight

O=N-NQ

COOH

C5H8N203 l-l. wt: 144

1.3 Oical and physica proes of th pu substace

Fran Lijin et al. (1970), uness ote:rise spified

(a)

(b)

(c)

Decription:- Pale-yellow crstals

Malting-point: 100-1010C (decaition)

~tical rotion: (ctJ~5 -1850C

Sptroscoy data,:: À 238 and 343 nm (El = 451 and 6.3) inIM i
wate; mas spospy data are given by Raney et al.
(1978) r th nuc1ea irgntic resonace spctnn has be

gi ven.

(d)

(e) Solubility: Ver soluble in water; soluble in polar organic

sol vets; inoluble in non-polar organic sol vents

(f) Rectvity: Parally decarboxylates on heating abe 1700C

te foi: N-n:trosopyrrolidine (Eisenrand et al., 1978)
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1.4 Tecal prouc an ini ties
No data v.re avalable te th W:rkig Grup.

N-Nitrsohydrxyrolin

1.1 Synym an trade nas

Ch. Abstr. Sece Re. No.: 30310-80-6

Ch. Abtr. Na: trans-4-Hydrxy-l-ni tros L-proline

1.2 Strctural an nnlecar fonn an v.ight

O=N_N)J°H

COOH

C5H8N20 4 M:l. wt: 160

1.3 Chcal an phsical prortes of th pu substace

Fran Lijinky et al. (1970), uness oti:se spified

(a) Deription: Colourless ci:stals

(b) M=lting-point: 114-1150C

(e) cptical rotation: lai~5 -1920C

(d) Spctsccy data: Mas an nuclea magntic resonace

spa have ben give

(e) Rectvity: Dexylates on hetig at 1700C te fonn

N-nitros3-hydrxylidie (Eiseran et aL., 1977;
Le et al., 1977)

1.4 Tehnca prouct an inities

No data ~re availale to th Vbrkig Grou.
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2. Producon, use, ~ence an Arysis
2.1 Proucon an us

(a) Prodction

N-Ni trsorolin (NPRO) an N-nitrosohydroxyrolin (NHRO) have be

prepa for laratery us by th reacton of soun nitri te with a solu-
tion of pro~ or hydroxyrolin in hydroric acd (Halto & Orz,
1950¡ Lijin et aL., 1970¡ Sade, 1967).

No eviden was fou tht NPRO or NH has be naufactured ccr-
cial1y.

(b) Use

No data \'re ava1able te th WJrkig Grup.
2.2 (£cuen

Dhnt & va Inge (1976) foun NPRO in mico cu net prouct,

sudi as ba.con an SIke net, at levls of 340-440 llgjkg. Kushn et al.

(1975) foun levls of 380-1180 llgjkgl in un bacon¡ Se et aL.
(1978) report 24-44 llgjk9 in 4/8 uned bacon sales¡ an Gr
et al. (1977) reprt 70 or 80 llglkg (depeg upn th neth of
an1ysis) in ony one sale of raw bacon. Eisean et al. (1978) foun
8/9 net prouc te be positive: ba, 2 an 172 llgjkg¡ boiled ba, 49

an 124 llgjkg¡ bolog, 42 an 401 llglkg¡ netloa, 5 an 16 llgjkg.
On sarle of netloa conta 8 llgjkg NHRO (Eiseran et al.,

1978) .

2.3 Anysis
Eiseran et al. (1976) fonæ th triIthylsilyl deivative an us

gas chtoaphy-mas sptr te loo at single ions. Dhnt & van
Ingen (1976) exac net sales with nethl:wate, sepate th amo

acids on an ion-exdige colur an th oonvert th inte th nethyl

este for fin anlysis by gas chtoaphy-lowreso1ution mas sptro-
netr. Dhnt (1977) an Kushnr et al. (1975) also prepa nethyl estes

an us gas chtoaphy-fla ionization deter an ga diantoapy-

lThs reult wa Ilt oonfiii by mas spctsc (se also
'Geral Re on th Sutas Coside', p. 40).
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high-resolution mas spaætr for anlysis; rery was 20-25%. 'le

nethyl-ete tequ ba be fu inroed by Se et al. (1978).
WJlfram et al. (1977) detroste an then derivatized with 7-chloro4-
nitrbezo-2-oxa-1,3-dazole; th highy fluoresct derivative was

anlysed by eithr th-layer or high-pressure liqud chrantogaphy (HPIC).

Cltoaphic condtions sutale for use wi th HPIC-th1 energy

anlysis ar desrib by Fan et al. (1978). Separation of syn-anti

conforirs by HPIC-Uitra-violet sptrosco is describ by Iwaoka &

Tanenur (1976). Gr et al. (1977) use HPIC with detection by phote-

hydrolysis.

A collabrative studyon several anytcal iæth for 3 N-nitroso

am acids, includig NPRO an NHRO show go agreet betven the

ræths (Castego & Waer, 1978).

3. Biologica1 Data Relevat te the Evaluation

of Cacinenc Risk te Ma

3.1 Cacinogencity studes in anls

(a) Oral adnistration

lb: 'l grups of 30 male and 30 feme 5-7~-old Swss nuce

receive N-nitrsoproline (NPRO) in the drinking-wter at concentrations

of 0.05% or 0.1% for 26 ~s (tetal doses, 325 or 650 ng/nnus). AlI

suri vors VÆ killed at 38 \'ek. No nnre lung adenan were foun in

treated anls as cxed wi th 30 mae an 30 feme contr01s; adri-

stration of N-nitrosopipeidie as a positive control gave a significantly

inreased incidence dece of lung ad (Grelatt & Lijinsk, 1972)

(Th Working Grup note the short duation of the exprint an th 10w
dose us J .

Rat: 'l grups of 15 male and 15 ferle MR rats, 8-10-ws old,

were gi ve NPRO or NHRO in the drining-wter at a concetration of

0.015% for 75 ~s. Surival of th treated anls wa simlar to tht

of 30 untreate controls. No signficat differece was obse:red betv
untreated an treate anls in proportion of turur-being an1s or

306



in proprton of tuurs canly fou in contrl rats (Gacia & Lijiny,
1973) ('I V'rking Grup note th low dose us).

No cacinoic effecs were se in groups of 26 male wea1ing Wista

rats give NP or NHRO intragastrically once weekly for 4 wees (tetal
dose, 290 nq/an) an obed for lifes (Nixn et al., 1976) (The
Working Grup note th lin te duration of dosing).

(b) Cacinogencity of derivatives

A group of 18 BD rats were give N-nitrosoroline-ethylester in the

dring-water at cx:mcetrations of 50 or 100 m~/kg bw/day up to a tetal

dose of 19 or 38 g!kg l:, respeively. CXe animl whch died after 790

days ha paillan of the oesohagu ¡ no other ttmurs were observ

(Druckey et al., 1967).

3.2 Oter relevant biological data

(a) Exriital system

No data on th texic effects, emryotexicity or teratoenicityof

NPRO or NHRO were available te the Working Group.

Abrption, distribution, excretion and rrtalism

AlI of an oral dose of 10 rr 1 '+C-NPRO was absorbe fran the gastro-

intestinl tract of rats with 24-48 hours. Whn the rats were faste,

98% of th radioactivity appe in th urine and 1-2% in the faeces.

ln rats fed noi:lly, 71% had apped in th urine an 20% in the faecs
afte 4 dayS¡ sa was excrete in th urine up te 7 days. Only 2% of

th radioactvity wa excrete as en ¡ trace arunts were found in th
2

tissues (Dailey et al., 1975).

Mutagencity an other short-te tests

NPRO was not mutagenc in Salmonella typhirrriwn TA 1535 eithr in

th presence or abence of a liver Ilcros0I1 fraction fran Aroclor 1254-

treate rats (Stelz & Se, 1977).

(b) Hum
No data were available te th V'rking Group.
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3.3 Ca report an epìdemologca stues

No data \'e avalable te th ~rking Gr.

4. Sl of Data Rert an Evuation

4.1 Exrintal data

N-Nitrosoproline ha be tete in mice an rats an N-nitros

hydroxyroline in rats by oral adstration. Althugh these studes
did Ilt incate a cacinoenc effec, thy \\re ineqte with regar
te dose an/or duration.

4.2 Hu data
No ca report or epideological studes were available te th

~rkig Group. Avalale inoi:tion on ocence suggests tht the
general poulation rry be exse te low levls of N-nitrosoproline an

N-nitrsaydroxyrolie i lier, no exse grup sui tale for an
epideologica investigation ha yet be identified.
4.3 Evluation

No evaluation of th cacinencity of N-ni troprolin or N-nitroso-

hydrroline cod be rrde on th bais of the available data.
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N-NITRPYRLIIN

1. Clcal and Physica Data

1.1 Syonym an trade nas

Cl. Abtr. Seces Re. No.: 930-55-2

Cl. Abtr. Nai: I-Nitrosopyrolidie

N-Py; IDPy; NPYR

1.2 Strctural an rrlec fo:re and ~ight

O=N-NJ

C4HSN20 fuI. wt: 100.2

1.3 Chcal an physical prortes of the pure substace

(a) Decription: Yellav liqud

(b) Boiling-point: 2140C (760 mn); 980C (12 mn)

(c) Spctrscopy data: À 230 and 333 nm (El = 812.8 an 10.7)ni 1
in water (Druckey et al., 1967); mas spetroscop data are
given by Pensabe et al. (1972) and Raey et al. (1978).

(d) Solubility: Miscible with water in all proportions; soluble

in organic solvents an lipids

(e) Volatility: Ca be ste-.stilled (Eisenbran et al., 1970)

(f) Staility: Stale at roa terature for nnre th 14 days

in neutral or alkline aquus solutions in th dak (Drckey
et al., 1967); slightly less stale in acidic solutions;

light-sensitive, espially te ultra-violet light

(~ Rectivity: Strong oxidats (peracids) oxidize it te the
correspndig nitrame; ca be reduce te the correspndig
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hydrazine an/or ame; relatively resistat te hylysis,

but ca be split by hydren brande in acetic acid (Eiserand
& Prussm, 1970).

1.4 Tecal proucts an inuri ties
No data ~e available te th Vbrkig Group.

2. Producton, Use, O:rence an Anl ysis

2.1 Pruction an us

(a) Production

N-Nitrosopyrlidie (NPYR) was first prepaed by Peterse in 1888 by

the reaction of pyrrolidie with potassium nitrite in a we hydrocoric
acid solution (Prager & Jacobson, 1935). No evidence was foun tht NP
has be prouced cccially.

(b) Use

No data were avalable te the Vbrking Group.

2.2 CCence
NPYR is forr during the heting of N-nitrosoproline at 185-2000C

(Eisenran et al., 1977).

(a) Ai
In th fi:ing of bacon, 70-80% of th NP present noi:ly is foun

in th vapour (Gough et al., 1976); Se et al. (1976) sha- an average

of 50% in th va during fi:ing. Thse results are corroborate by
thse of Eisenran et al. (1977).

(b) Tobacc

Mcrnck et aL. (1973) report th presence of 1-110 ng/cigarette

NPYR in tobacco sr condente; Kliich et al. (1976) report levls

of 7-113 ng/cigarette.

Fr 5.1-34 ng/cigarette were foun in 5 kids of cigaettes (Bru
& Hoffm, 1978). Ieels of 115-1600 llgjkg have be foun in th scrapings
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of pipes us for srin tocc in Trani; thse scrapings ar believe

te be consui by the local initats (IA, 1977).

(c) Waste-wate

Cohe & Bach (1978) report 0.09-0.20 llg/ll in wate fra 2/19
chca1 factories.

(d) Fc: an fee
For details of the occurence of NP in various foo, se Table 1.

Mæt an fish products: Gray (1976) has revi~ th 1iterature

on th presence of NPYR an of its possible precusors in bacon. NPYR

has be fou in grilled or fried baoon; it is found rrinly in residual
fatty tissue and less in th lea an rin (Patterson et al., 1976).

Gough et al. (1976) foun 25% NP in the rasher itself ar 30% in coked-

out fat. ln th US, the average oontent in bacon is decreasing: a study

in 1971-1974 sha 67 llgjkg; in 1975-1976, ,the value was 17 llgjkg.

This ha be attribute te the use of ascorbate an te lowr pei:ssib1e

levels of nitrite (Greeg, 1977).

Spices: Dry preed cues contag spices an soum nitrite were
foun te contain up ta 40 llgjkg NPYR when recived; this could increase

up te 520 llgjkg during 6-nnnth' sterage (Gough & Goead, 1975). Havery
et al. (1976) foud 730 llgjkg NPYR in a spice-ce mixture buffere with

soum caoonate.

Fee: NPYR was foun in 50% of 46 sa1es of severa1 typs of anl

fee at levels of 1-26 llgjkg (Ka et al., 1978). Mirn et al. (1976)

foun levels of 2-8 llgjkg in 5/6 fish sar1es.

(e) In vivo

Fin et al. (1977) v.e unable te dete NPYR in th b1c: of 6 students

wh ingested 170 g coked bacon, although N-nitrosothylame and N-
nitrosoethylame \\re detete.

lThs result .was not confiDæ by mass spetrtr (see a1so
'Geneal Res on the Subtaces Considered', p. 40).
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Pruc Counti No. of Nmnr I.l Referssales positive (¡.g/kg)

Baco (fried) UK 56 28 1-20 Gough et ai. (1977)
Assort cu ar ooked " 107 0 ~1 " " "

net proucts
Fish " 104 NR 0-3 Telling et ai. (1974)

Baco (fried) USA 18 5 5-10 Have et ai. (1978)
12 10- 100" " " 22 22 8-139 " " (1976)CU bef an pork " 34 0 ~1 " " (1978)Sous an jellied cued " 10 1 19 Fiddler et ai. (1975)

net prcxuc
Fried ba " 20 19 10-50 Grg (1975)
Bacon (fried) with adde " 154 25 ;:53 Birdsl (1977)

ascorbate
Baco (fried) " 12 12 8-47 Grrg (1977)
Ha (fried) " 20 3 19-50 " "

3Values only report as less th or grater th 5 ¡.g/kg

Wl-..



2.3 An ysis

An !A Maua gives selec neth for th anysis of volatile
N-nitrsas, inludg NP (Preussr et aL, 1978).

3. Biological Data Relevt te th Evuation
of Cacinenc Risk te Ma

3.1 Cacinenci ty studes in ans
(a) Orl admstration

MJus: Grups of 20 mae an 20 feme 5-7-w-old SWss nuce ~re

give 5 ml of a solution containg 0.01% N-nitrsopyolidin (NP) 5
til\ in th drining-wter (tetal dos, 0.015 g/nnus). Ma trte

anls died ealy in th exint (ne suva ti, 12 we). Of
anIs tht survive th sucute hepatic injui resultig fra ad-
stration of th CCun 4/34 an ex had 51 lung ade. Ony
8 ades were sen in 7/53 untreate contrls ex (Grlatt &
Lijin, 1972a).

Rat: A grup of 25 ID rats wee give 5 or 10 mg/kg bw/day NPYR in

th dring-wte¡ the dose ~re douled 150 days after th sta of
treatit. After an average inuction ti of 470 or 290 days,

restively, 23/25 ans deelop hepatollul cacin (aveage
tetal doses tht caus tus in 50% of anls, 3.9 or 4.2 g/kg lM)

(Drckey et al., 1967).

'ls ret wa coir in MR rats. In addtin te hepatollul

cacin (25/25), 7/12 male rats delope 4 ¡?illai nethlian of
th tuca vaginis, 2 intestitial-æll tun an 1 caverus haem-

gian of th testis (Grlatt & Lijin, 1972b).

NPYR was adsteed te 14 mae an 15 feme 8;.-old Sprague-Dawley

rats at a cocetrtion of 0.02% in th drining-wter (20ml/day) on 5 days/

væ for 50 we (tetal dose, 1 g/an). Treate ans died afte
45-105 we, an 26/29 ans devlope hepatollul cacin. In

addtion, 4 chlangiocin an 2 olfacti: cacin ~re fou
(Lijin & Taylor, 1976).
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Grs of 24-62 100-dy-old Spragu-Dawley rats of bath sexes were

given NPYR in th dring-wter at doses of 0 (control), 0.3, 1, 3 or

10 m:¡kg rM/day, resptively, for lifeti. At dose levels of 1, 3 and 10

ßB¡kg hw, 13/62, 30/38 an 9/24 anls, re5ltively, had hepatollular

cacinan, whidi were rot obrved in ans gi ve the l~st dose level
(0.3 mg¡kg li) or in cx:mtrol animIs. On the other hand, 3-20% of hepate-
cellular adenans an a slight increase of the overall incidece of rnlig-
nat ttmours and leukemas was foun in all exprirtal groups but not

in contrls. Th rr tis of death of turur-being anIs were at

664 days (0.3 mg¡kg li), 685 days (1 m:¡kg li), 533 days (3 mg¡kg hw) an

444 days (10 m:¡kg li). 'l authors incate tht the corcial diet

fed te bath control an treate rats contained trace qutities of volatile

nitrosaes, as anlyse by gas chantoaphy-thnnl energy analysis

(up to 60 l1g¡kg N-nitrosodirthylamne and up to 10 l1g¡kg NPYR) (Preussn
et al., 1977).

(b) Subtaeous and/or intramcular admstration
Hater: Th inuction of lung tuurs in Syrian golden hamters by

s.e. injecion of NP was report (Dontewill, 1968) (Full details were
not givenJ.

(c) Cacinogencity of derivatives

Adstration of N-ni troso- 2, 5-dithy Ipyrrolidine te Spragu-Dawley

rats induce liver tUlurS in only 2/29 animIs. Adnistration of N-
nitroso-3,4-dichloropyrolidine induce tururs of the oesophagu in 13/14

anIs and tiurs of th nasal turbinIs in 4/14 (Lijinsky & Taylor, 1976).

3.2 Otr relevant biological data

(a) Exrirtal syste
'!xic effects

ln rats, the oral ID of NPYR was 900 mg¡kg hw (Drckrey et al.,
50

1967), and the i.p. ID , 650 mg¡kg bw (Le & Lijinsky, 1966).
5 u

No data on the emi:otoxici ty or teratoenici ty of ths conp:mnd were

available te the i-rking Group.
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~talism
Afte Lp. admstration of 6 1l/kg bw (2,5-14C)- or (3,4-14C)-NPYR

te rats, these ccuns \\re convert te IiCO te th extt of 18-25%z

with 6 bos; 7% of th radioactivity wa excrete in th urine and only

1-2% in th faecs (Krger & Be, 1975). An oral dos of 4 mgg hw

(2,5-14C)-NPYR was oonvert te 1'l(X te th ext of 77%, whle only 14%z
of a dose of 650 1l/kg bw app as 1 'l(X in 24 hours (Snyder et al.,

z
1977) .

less th 1% of an Lp. dose of NPYR appeed as N-nitroso-3-hydrxy-

pyrolidine in th urine of rats. An aJklate base, whch wa not identi-

fied but was sha not te be 7-rthylgu, wa isolate fra hydr01ysates

of liver DNA (Krger & Beam, 1975). 3H-NPYR adrstered to rats reacte

with hepatic I: an RN; hawever, no proucts were chaacterized (Lijinsky

et al., 1973).

Mutagenci ty an othr shrt-tenu tests

NPYR prouces revers mitations in Escherichia coli and Salmonella

typhirrrium strains 'f 1530, 'f 1535, TA 1537 an TA 1538 in th presece
of a liver microsal fraction fran phebabital- or Aroclor 1254-treate

rats or fran hum biopsies (Basch et al., 1976; Elespur & Lijin,

1976; Gaz et al., 1974; Mb et al., 1975; Steltz & Se, 1977).

ln th presece of a rat-Ii ver microsol syste fran phenobabi ta1-

trte rats, NPYR induced 8-azagune-resistat mitats in Chinese hater

V79 cells (Kuroki et al., 1977).

(b) Hum
No data \\re avalab1e te the ~rking Grup.

3.3 Ca reports an epidemological studies

No data \\re availale te th Working Group.
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4. Su. of Data Rert an Evaluation

4.1 ExiIta data

N-Nitrsopolidine is cacinenic in rats after its oral admi-
stration: it prouces hepatoellul cacinans. It also increases the

incidence of lun adenan in mice following its oral admistration. A

study in rats has be reprted in \\ich a dose-response relationship was

estalished .

4.2 Hu data
No case reports or epidemologica studies were available te the

WJrking Grup. Available inonntion on ocence suggests that the
general population may be exsed to low levels of N-nitrosopyrolidine¡

hoever, no exsed grup suitable for an epidemologica investigation
has yet be identified.

4.3 Evaluation

There is sufficient evidence of a carcinenic effect of N-nitroso-

pyrolidine in one expriIta animl spies. Al though no epidemological

data were available, N-nitrosopyrolidine should be regarded as if it were

cacinenic te hums.
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N-~IN
1. Chca an Physical Data

1.1 Synym àr trade nas
Ch. Abtr. Seces Re. No.: 13256-22-9

Ch. Abtr. Na: N-~thyl-N-nitrso-glycin
N-Nitrsarthylg1ycine; NS

1.2 Strctural an nnlecar fo:iae and \\ight

/CH3O=N-N..CH2-C-OH
Il
o

C3H6N203 fuI. wt: 118.1

1.3 Clca an physical proes of the pure substace
Fran Lijinsk et ai. (1970), unless othi:se spified

(a) Description: Pale-yello. crystals

(b) Melting-point: 66-670C

(e) À 234 and 337 nm (El = 499 and 6.5)rr 1
et ai., 1967); mass spectroscopy data

(Raney et ai., 1978).

Spctoscoy data:
in water (Druckey

have æen report

(d) Solubility: Miscible with water in aIl proportions;

soluble in polar organe solvents

(e) Staility: Th free acid is untale in aqus solution;

a cocetration decrease of rrre th 10% in 24 hours ha

be observed (Druckey et aL., 1967); light-sensitive,
espeially te ultra-violet light
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(f) Rectivity: Parlly clxylates on heating at 180-1900C

te fonn N-nitrosthyla; it is oxidized by strng
oxidats (peracids) te th corresndg ni trame (Eisenran
et al., 1977).

1.4 Tecal prouct an inuri ties
No data were available te the WJrkig Group.

2. Pructon, Use, CXen an Anysis
2.1 Production an us

(a) Prcxuction

N-Nitrsosacosin (NSA) has be prepaed by pasing nitrous acid
fuis though a sacosine solution (Brookes & Waer, 1957) and by th

reaction of sacosine wi th soum ni tri te in an acid solution (Bergel
et al., 1963; Hack & Voaden, 1961; Lijinky et aL., 1970). NSA

ba also be fonæ by nitrosatig N-ithylsarcosine (dithylglycine)
hydrloride (Fried, 1975) and by treating N-amdiosarcosin (crea-

tin) in an acid neum with an aqueous solution of sodum nitrite

(Archer et al., 1971; Velise et al., 1975).

No evidence was foun tht NSA has be maufactured cxcially.

(b) Use

No data were available te the Workig Group.

2. 2 O:curence

NSA wa rnt found in bacon, but 1 snked neat sarle contaed
10 ~gjkg (Dhont & van Ingen, 1976). Eisenran et al. (1978) foun NSA

in 5/8 iæt sales: lxiled ha, 2 ~gjkg; lxlog, 2 and 56 ~gjkg;

iætloaf, 2 and 15 llgjkg.

2 . 3 Anl ysis

~t has ben extacted wi th rrtlol :water, sepaate on an ion-

exchage colum, oonverted inte the rrthyl ester and detenned by gas
chantoaphy-mas sportr (Dhont, 1977; Dhont & van Ingen, 1976).
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Eiseran et al. (1978) exact irt with acetone:wate, purified the

sarle by colum cltoaphy, conv it te th triIthylsilyl deriva-
tive an deteed NSA by gas cltoaphy-thi:l energy anlysis.

Clantoaphic condtions sutale for use with high-pressur liqud
diautoaphy-th energy anlysis are describ by Fan et aL (1978).
Seation of syn-anti confo:rs by high-pressure liqud diantogaphy-

Uitra-violet is describ by lwaoka & Tanum (1976). A th-layer
tequ ha be describ by Fao & Bejnacz (1976).

A collabrati ve stud on seral anl Ytcal rrthods for 3 N-ni troso

am acids, inludg N-nitrososacosin, ShCMed go agreent betw
th neth (Catego & War, 1978).

3. Biological Data Relevant te the E\uation
of Cacinoc Risk te Ma

3.1 Cacinogencity an relate studes in ans

(a) Oral admstration

M:: In a stud report as an abstract, a grup of 65 male and

65 ferle Swss (iæ) rnce were fed a diet contag 0.25% N-nitrsosa-
cosine (NSA) for 13 nnnth. At tht ti, 21 male an 20 ferle survors

wee killed, and 10 mae and Il ferle mice had squs-ce11 cacinas
of the nasal region. Seeral other hmours were abserv at neropsy,
inludg 5 tururs of th lung, 2 of th sml1 intestine, 2 of th vagin

an 1 each of th testis, kidney, sk, thym, bladder and pacreas. No

tururs were ob in ei thr mae or feme contrl nuce whdi died or
were sacrifice at 13 nnnth (Saer & Fried, 1974).

Fat: 'lty ID rats recived 100 or 200 rn¡kg bw/day NSAR in the

drinng-water; trt:t was tennte afte 286 das men teta doses

of 28.6 an 57 g¡kg hw, respti vel y, had be rechd. Of animIs gi ven
the lavr dose (100 rn¡kg hw), 5/14 died with oesohageal cacinas 357-
631 days after the sta of treat:t. Of those give the higher dose

(200 rn¡kg hw), 3/6 rats develop paillans an 3/6, sq-cel1

cain of th oeopgu at 414-548 days (Drck et al., 1967;
Ths & So, 1969).
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(b) Intrapeìtönel adstration
Nern nnus: Nern (C57BL6JxC3He/FeJ)F mice received Lp.

.1

injections of 75 mg,!g l: NS su in triocin on days 1, 4 and
7 after bir¡ all suivors ~re kil1ed afte 78 ~ek. Of 12 rre mice

tht surived for 50-78 \V after doing, 8 ha liver-cll cacin,

an 3 had lesions describ as li ver-cel1 hylaia. 'Iee of 17 femles
tht suri ve for th sa period a1so sh li ver-cell hyi:laia. In

th control group, whdi receive 3 x 5 ng,!g l: triocoin, 1/12 femles

tht surive for 50-85 ~eks had a live-cll cacinar and 2/14 males

had liver-cel1 hyprplasia (Wan et aL, 1975).

(c) Cacinogenci ty of dei vati ves

N-Nitrososacosin ethyl este

(i) Oral admstration
A grup of 20 ID ~ VJe give 50 or 100 nq/kg lM/da N-nitroso

sarcosine ethl ester in the drinkg-wter. After average induction

tins of 200 or 160 days, revely, aIl an devlop squs-
cell cacincms of th oesogus (average teta dose tht inuce a 50%

turur incidence, 9.7 or 16 g,!g l:) (Druckey et aL., 1967). Both ca-
cinans and vaious preneoplatic lesions ~re describ in an abstract
(Pozhaisskii & Savost 'yanov, 1972).

(ii) Intravenous adstration..

'lty ID ~ ære injecte intraveusly with 100 mg,!g l: N-nitroso

sarcosin ethyl este onc \'ly (14 anIs) or twce wely (6 ans).
Ninte of 20 trte rats delop squs-cell cacinan of th
oesohagu after average inucton tis of 300 or 254 days, respvely
(average tetal dose tht induce a 50% tu incidence, 3.9 or 5.7 g,!g

00) (Druckey et ai., 1967).
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3.2 Otr relevatbiological data

(a) Exrimtal syste
'!xic effects

Th ID of NSA in mice followng a single Lp. injection 24 hours
50

after birt was 184 mJ,!g l: (Wogan et al., 1975). Th ID by an unspei-
50

fied route in mice was reported te be 3.5 g,!g l: (Friedm & Couch, 1976).

Single oral doses of 5 g,!g l: NS ~re non-texic in rats (Druckrey

et al., 1967).

No data on th en:rotoxicity or teratoencity of this COund were
available te the WJrking Group.

~talism
Adstration of 1 g,!g l: NSA te mice inhbits hepatic aropyrine

derthylase an aniline hydroxylase activities (Fried, 1974) i doses of

100-500 mg,!g l: inited hepatic N-nitrosocthylamne N-derthylase

activity (Fried & Coch, 1976).

Mutagencity an other short-ter: tests

NSA (l g,!g l:) admnistered te mice by gavage was not rntagenic in

the host-meiated assay using Salmonella typhimurium strain G-46 (Couch &

Fried, 1976).

(b) Hurs
No data ~re available te the Working Group.

3. 3 Case reports an epidemological studies

No data ~re available ta the WJrking Group.

4. Sum of Data Reported and Evaluation

4.1 Exrirntal data

N-Nitrososacosine is carcinogenic in mice and rats. It produces

cacinomas of the nasal cavi ties in mice and oesophageal cacinoms in
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rats afte its oral admistration, an liver-cell cacins in nern
mice after its intrpeiteneal injection.

4.2 Hu data
No case report or epideiological stues wee availale te th

Vbrking Grup. Available inoi:tion on occuence sugests tht th

general popultion rry be exsed sporadically te low levels of this
substace; howver, no expsed grup sutale for an epidemological

investigation has yet be identified.

4.3 Evuation

There is sufficient evidence of a cacinenic effect of N-nitrso
sacosin in tw exiital aniil spies. Al though no epideiological

data wee available, N-nitrsosaoosine should be regarded for practical

puses as if i t \'re caciIXenic to ht:.

332



5. References

Arch, M.C., Clk, S.D., 'llly, J .E. & Taur, S.R. (1971) Environ-netal nitrso ca: recton of nitrite with crti an
creati. SCience, 174, 1341-1343

Bergel, F., Bro, S.S., I.se, C.L., Tins, G.M. & Wa, R. (1963) Sa
potially cytexic nethylntroses. J. dien. Sö., 846-853

Brooes, P. & War, J. (1957) Fonntion an proes of sydnone ims,
a ne class of nesoionic c:, an se sydnnesrelate te
natural a-amo-acids. J. ch. So., 4409-4416

Casteo, M. & Waer, E.A. (1978) Ne data on collarative studies on
anlysis of nitrs. In: Walker, E.A. Cateo, M., Griciute, L.
& Lyle, R.E., eds, Errotal As of N-Nitroso coun, Lyon
(!A Scientific Pulications No. 19) (in press)

Coch, D.B. & Fried, M.A. (1976) Supression of dithylntrsane
mutagencity by nitrsacosin an othr nitrosaes. Mutation Res.,
38 , 89-96

Dhont, J.H. (1977) Delq;t of a neth of est.ti9 N-nitrsa
acids an its us on sc rrt proucts. In: Tinrgen, B.J. &
Kr1, B., ed, Prs of th send Intetionl Sysium on
Nitrite in læt Prodct, zeist, 1976, Wagenge, Cetr for Agi-
cutural Pulishig an Dotation, pp. 221-225

Dhont, J.H. & va Ingen, C. (1976) Idetification an qutitative
detenntion of nitrroli. an ni trarcosine an pre1:i
investigations on nitrosohydrxyro1ine in .cued .rrt prooucts. ln:
Walk, E .A., Boovsk, P. & Griciute, L., ed, Er'Vronrta1 N-Ni troso

Coun Anysis and Fonntion, Lyon (!A Scientific Pulications
No. 14), pp. 355-360

Drey, H., Prussm, R., lvaic, S. & Sc, D. (1967) Organ
trop cacinen Wirkugen bei 65 versched N-Nitrverbinungen
an BDRatte. Z. Krforsc., 69, 103-201

Eisenran, G., Janzowki, C. & Prussm, R. (1977) Anlysis, foi:tion
and occe of volatile an non-volatile N-ni trös . Câ:
ret results. ln: Tinge, B. J. & Krol, B., eds, Procgs
of th Send Intetiona Sysiur on Nitrite in Mæt Prooucts,
Zeist, 1976, Wagenge, Cetre for Agicutural Pulishg and Do-
metation, pp. 155-169

Eiseran, G., Spiegelhlder, B., Janzowi, C., Ka, J. & Preussm, R.
(1978) Volatile an non-volatile N-nitr Câ in foo and
ot enta1 rr. In: Waer, E.A., Cate, M.,
Griciute, L. & Lyle, R.E., ed, Enn:ta ~ of N-Ni tr
Cas, Lyon (!A Scientific . Pulication No . 19 (in press)

333



Fan, S.T., Kr1, I.S., Ros, R.D., Vb1ff, M.H. & Fin, D.H. (1978)
Carei ve ëtlytOàl procurs for th déterrtiòn of volàtile
an nönVulàtile, polar an rinpla N-nítr cx. ln:
Waer, E.A., Cate, M., Griciute, L. & Lyle, R.E., ed,
Ennital ~ of N-Nitr ~, Lyon (!A Scientific
PuliCàtiOrt No. 19 (in press)

Fried, M.A. (1974) Initery effec of nitrsacosin on nnus
liver mi fuon oxida acvity. Exrientia, 30, 857-859

Fried, M.A. (1975) Recton of soum nitrite with dithy1g1ycine
produces nitrososasin. BuL. envirorn. Cònta.'!xicol., 13,
226- 232

Fried, M.A. & Coch, D.B. (1976) Supression of heptic J: dertl1as
act vi ty by ni trsosacosin an oth ni trsas. Bioc. Phacol.,
25, 2709-2712

Hack, D.L. & Voade, D.J. (1961) Chca an physical proprtes of
so sydnnes. J. ch. So., 3303-3308

lwaoka, W. & Tanum, S.R. (1976) Liqud chtoaphy of N-nitroso
am acids an thir syn an anti confo:irs. J. ChClt., 124,105- 110 --

Lijiny, W., Kefer, L. & 10, J. (1970) '1 preation an propes
of so nitros acids. Tetrahn, 26, 5137-5153

Pozhaisskii, K.M. & Savost 'ya, G.A. (1972) Pathi:hologica an
elecoi-:nûcrosCò stud .of ~iIta uè~gu. tuir~. . In:
Kavetski, R.E., 00., Prgs of a sysiti on ~êhsm of
Cacinensis, 1972, Kiev, Intitute of Prlem on Onlog,
pp. 84-85 (Ch. Abtr., 82, 94017d)

Raey, W. T., Clistie, W. H. & Li j inky, W. (1978) Mass spti of
N-nitrsames. Bior. Mass Sptr. (in press)

Ra, G.S. & BejnaCMcz, E.A. (1976) 'l-layer chtoap of
sacosine an its N--laurl an N-nitros deivatives. J. Chant.,
123, 486-489

Sawyer, D.R. & Fried, M.A. (1974) Effects of dieta nitrososacosin
on OOy weight, nnrtity an cacinencity in nûce (Abtract No.
2176). Fer. Pr., 33, 596

Ths, c. & So' B.T. (1969) Zur l'rphologie der durdi N-Nitrso-Verbinungen
erzeugt Turen im oberen Veruugstrakt der Ratte. Arznintte1-
Forsch., 19, 1077-1081

334



Velise, J., Davidek, J., Klein, S., Kaaskov, M. & Vykoukova, I. (1975)
Th nitrosation proucts of creatine and creatinine in m:e1 syste.
Z. Lettel-Urtersuch., 159, 97-102

Woan, G.N., Pag1ia1unga, S., Archer, M.C. & Tanenum, S.R. (1975)
Cacinogenci ty of nitrosation products of ephedine, sarcosine,
folie acid, and creatinie. Cacer Res., 35, 1981-1984

335



~zarIN
'ls suta wa consider previously by an !A lbrkg Grup,

in Jun 1973 (IA, 1974). Since tht ti ne data have becc availab1e,
an thse have be inrprate inte th nnnoap an taen into account
in th preset evuation.

1. Oical an Physica Data

1.1 Synym an trad nas
Ch. Abtr. Seces Re. No.: 18883-66-4

Ch. Abtr. Na: 2-Dexy-2f( (ræthyl-nitrosono) 
carn yI J amnoÌ-

D-lucoyranse
2-Dexy-2- (3-rthyl-3-nitrsouido) -D-lucopyranse; N-D-glucosyl-

(2) -NI -nitrOSNI-iæthylurea; NSC 85998; ST; streptezocin;
streptezoticin

1.2 Strcti.al an nnlecar fonmlae an ~ight

~~H~OH
H NH

1c=o
1N-N=O
1

CH3

C8H15N307 fuI. wt: 265

1.3 Oica an plisical prortes of th pur substace
(a) Description: Pale-yellCM crstals

(b)

(c)

ræltig-point: Aproxitely 1150C (decosition) (Wiite, 1963)

(ptical rotation: Streptozotoin is a mixture of a an ß stereo-

isas¡ (aJ~5 vaies wide~y be~ +15 an +680; aqueous

solutions rapidly undergo rntaotation ID an eq1ibrium value
25 0of (aJD =+39 (Heet al., 1967; Rus,1972).

337



(d) Sptrscoy data: Àna 228 mu (E~ = 240) (He et al., 1967),

380, 394 and 412 nm (Rudas, 1972) in ethol

(e) Solubility: Ver soluble in water¡ only slightly soluble in

polar organc solvents ¡ insoluble in non-polar organic sol vets

(f) Staility: Deses te diaza.the in alaline solutions at

OOC (Herr et al., 1967)

(~) Rectivity: Ca be acetylate ta foi: a tetraacetate (Herr
et aL., 1967)

1.4 Tehncal products an imuri ties

Th spcifications of a product offere for resedi purses only
by one cay are as fol1ow: off-wh te te ta crystalline solid, 7%
II. nnisture, 0.5% In. residue on igntion, and 7% In. 10ss on dring.

2. Production, Use, CXnce and Anl ysis

2.1 Production an use

For backgroun inoi:tion on ths setion, se preale, p. 22.

(a) Prouction

Streptozotoin was first isolate as an antibiotic (Les & Babiers,

1960¡ Vavra et al., 1960). It ca be obtained fra Streptomyces achromo-

genes ferintation broth¡ it alse has been synthesized by thee different

procures: (i) fro tetra-O-acetylglucosane hydrocloride (Herr et al.,

1967), (ii) fran D-lucosane an N-nitrosa.thylcalazide (Hadegger
et al., 1969) and (iii) fran D-lucosame and N-irthylisoante (Hessler
& Jahe, 1970). Th ræth of synthsis used CXcially is not knaw.

Streptezotoin is produce corciall y in th US by b. maufacturs
of reseach biocemicals in undisclose anunts (se preale, p. 23) (US

Interntional Trade Cossion,l977). It is not believe te be produce
ccrcially in Japa or Euop.

(b) Use

Streptezotocin has be investigate as a potetial anticterial agent

(I.s & Babiers, 1960) but has neer be us as such carcially.
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It ba al be investigate for us in dite, since it ba a speifie

texic action on pacreatic ß-clls, inucing hyglycaema (Raete
et al., 1963).

It ba be shaw te have a cytexic effec agat severa! expri-

netal tus in anIs (Ev et aL., 1965; Rus, 1972; Schein et al.,

1967; Whte, 1963) an bas be us clinca11y in th treatint of tururs

of thpareatic ß-cells (Bro & Ca, 1973; Rudas, 1972). It is

also actve in th treatit of roiignt cacinoid tururs; it is

adsteed as væ yi. v. or i. a. doses of 1 g/m2 of bo surface for 4
wes (Calaresi & Parks, 1975).

2.2 (Xence
Strptezotoin is produce by th soil microorgansm, Streptomyces

achromogenes va. 128, first isolated fro soil sales col1ecte nea

Blue Raids, Kaas, US (Vavra et aL., 1960). No inoi:tion on the

ocene of streptezotoin in soil was avalale te th ~rkig Group.
2.3 Anlysis

A ooloriItric procure first describ by Forist (1964) has be
:irove upn by Preussm & Scr-Drckey (1972).

3. Biological Data Relevt te th Evaluation

of Caeinenc Risk te Ma

3.1 Cacinencity an relate studes in ans
(a) Intraperitenel admstration
~e: 'l grs of 25 mae an 25 feme 6-w-old Swss Weste

mice receive thice-wly Lp. injecions of strptezotoin (6 or 12 nç/
kg liv/dose) for 6 nonth an were ab for a fur 12 nonth. Lug
tuurs develope in 18/30 maes and 33/39 femles, an kidny tururs

occued in 18/30 maes an 7/39 femles. 'Ie incidence wee significatly
grte th in untrted mice (P-:O . 001--:0 . 01). Utein tururs occu

in 6/39 fares (P=O.OOl) (Weisbuge et al., 1975) ('Ie tur typs were

net spifiedJ.
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Rat: 'l grup of 25 mae an 25 feme 6~-old Spragu-Dwley-

deived Oiles Rive CD rats reive thice-wly i.p. injecons of

strtezotoin (6 or 12 rr/kg bw/dose) for 6 nnth an were obs for
a fuer 12 nnnth. Kidny tuurs oced in 19/42 males an 16/46

fanles¡ pareatic tus were ob in 3/42 males and in 4/46 feres¡

19/46 fanes devlop live tu¡ an 4/42 maes deve10p peritenel

sa. '1se tuur incidens were statisticaly signficat in c:i-
son with contrls (P~O.001-P=0.006) (weisbuger et al., 1975) (The tumur

tys were rot spifiedJ.

Hate: A grup of 84 young adult Oinese haters (Cricetulus

griseus) reci ve single i. p. injections of 100 rn/kg l: strptozotoin

(in SO cas th dose was give as 4 divide doses at rrnthy intes)

an wee observ for 14-18 nnnth. Cllagiar (13%) an hepatas (13%)

an non-hepatic benign or malignt tumurs (24%) were obsrv in th

treate ans (Be et al., 1973).
(b) Intraveous admstration
Rat: Fo11CMg a single i. v. injecion of 50 rn/kg l: streptezotoin

in sain and citric acid te adut mae Ib1tzm rats, 10/19 anIs ki11ed
betv 8-16 nnnth after th injection had tmours i 9 rats develop
ade of th renal cort, and 1 rat, a tumur of the pacre (Ariso &

Feudle, 1967). Of 37 Holtzm rats trte in th sai way, 6 maes and

6 fanes su ved for nnre th 8 nnnth, an 5 males an 1 femle had

kidny tuurs, whdi appeed betv 304 an 485 days afte tæ sta of

the expi.t. Exrints designed te shCM tht streptzotoin itslf

wa cacinenc an tht an accxyin subta, also derived fra
Streptomyces achromogenes, zean, was not respnsible for th obsrv

tumrigeicity, gave simla resuts in Shi: an Ibltzm rats¡ an 85: 15

miure of strptozotoin:zedlan was us. Kidn tuurs were not se in

rats treate wi th zedan alone (10 mg/kg l: i. p.) or in contris tht

reive saline and citric acid only (Raiete et al., 1968). SO of th

kidny tuurs observ -wre adenocarcinans and sacas, and thes were

sh to netastasize (Raieten & Gordon, 1975). Adstration of a single
i. v. dose of 50 rn/kg lM streptozotoin te 28 male Ib1 tzm rats induce
a pacretic tuur in 1/21 animIs su ving for 8 rrth or longer.
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No kidny tururs were obsrv. Cotrols give sali an citric acid

develop no tuis with 550 das, by whch ti aIl expintal a.ls

we ded (Raete et al., 1971).

Six Sprague-Daley an 100 Ies rats y.re treate with single i. v.
injecons of 65 ng!kg l: streptezotoin. Of th 130 an1s tht suve
th accaying diabtes for nnre th 2 nnnth, 27 develop renal tunurs

of th epith1ial ty, 40% of whch y.re bilateral; 3/56 wee foun in

a.s killed before 8 nnnth an 24/74 in ariirnals killed after 8 nnnth

(Maue et al., 1974a).

Afte a single Lv. dose of 50 ng!kg l: streptezotoin, 20/21 male

Ho1tzm rats (77%) deelop ade of th kidny (Raiete et al., 1976a).

Hater: Of 35 Clnese haters injecte with streptezotoin, 13
develop ttmours of th Ii ver. 'Ie tuurs affec rnl Y the panchyr
(hepata) an the biliai epithlium, but 3 sarCC, possibly of exta-

hepatic origin, \'re also se in th liver (Siby & Hayes, 1969) (The dose

an period of obsrvation \'re Ilt recrd).

(c) Oter expi.tal system

Tranplantation

Ies rats injecte intravenusly with 65 ng!kg bw streptozotoin

darnstrate chnic diabtes, but none ha evidece of re tururs.

When the kidnys fror these rats were tranlante 6 nnnths after trt:nt

inte unlaterally nephrectozed recipients, 4 of th IL transp1ante

kidnys develop tuurs within the ne 4 nnnths (Mauer et aL., 1974b).

(d) Facters tht nnfy cacinenicity in ans
In tw groups of 25 mae an 25 femle 6-w-old Swss Wester mice

tht reive thice-wly Lp. injections of 6 or 12 rr!kg l: streptezo-
toin plus 250 rr!kg bw nicotide at the sar for 6 nnnth, the inci-

dence of kidney tunurs was low th in a.1s tht recived streptezo-

toin alone (2/46 versus 18/30 in maes; 1/45 versus 7/39 in ferles),

and a low incidence (P=0.2-0.3) of pacreatic tunurs wa obsered (1/46
an 1/45) (Weisbuger et al., 1975) (The tunur tys we ne spified).
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Adnistration of 250 mgjkg b: nicotinde wi th 6 or 12 mg/kg hv

streptozøtocin intraperi toneall y thice wel y for 6 nnnths 'to two groups

of 25 male and 25 femle 6-we-old Sprague-Dawley Chrles River CD rats

did 11t al ter the turur incidences proouced by streptozotocin alone

(t\1eisburger et al., 1975) (The turur tys were not speifiedJ.

CO-admistration intraperitoneally of 2 doses of 350 mg/kg bw

nicotinade after a single i. v. dose of 50 mg/kg bvv streptozotocin to

28 male Holtzr rat~ induced pancreatic islet-cell tururs (nesidio-

blastomas) in 18/26 rats tht lived longer than 8 m:mHis, whereas strepto

zotocin alone produce a single pancre-dtic turu.r in 1/21 anim-ils (Raiet:en
e.t al., 1971).

wllen male HoltzITan rats were given 2 Lp. injections of 350 mg/kg li,,

nicotinade 10 minutes before and 180 minutes after an Lv. injection of

50 mg/kg b. streptozotocin, 5/26 (18%) of aninls develope kidney b:irrours
VeY'DUS 20/21 rats given streptozotoin alone (Raieteii et al., 1976a).

'Ienty-tv hyplycaemic Holtzr rats bearing insulin-screening
islet-cell adenomas induced by one i. v. injection of 50 mg/kg bw strepto-

zotocin plus 2 i. p. injections of 350 mg/kg hw nicotirßIde were injected

intravenously 18 nnnths after the initial treatrnt wiHi 50 mg/kg bv¡

st.reptozotocin weely for 1-8 weks. An antiti.ur resronse was observedj'

o:msisting of an increased bloo glucose level and a reduction in plasma

and turur iro-reactive insulin; there was a1so a reduction in histo-

pathological changes in the ß-081l neoplasm, 'Wich included cellular

necrosis, degeneration and haerrrhages (Raieten et al., 1976b).

3. 2 Oter relevat biological data

(a) Expr:ital system

Taxic effects

The oral ID in mice is 260 mg/kg b: (E".¡ans et aL., 1965).
50

1. v. injection of 50-200 mg/kg bw streptozotocin causes destniction

of the pacreatic ß-cells and subseqent diabtes in a range of anl
speies, includg dos, redts and nnnkeys (Raieten et al., 1963;

Scein et al., 1973). 1t has been postulated tht the glucose residue iD
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th streptezotoin nn1ece potetiates its ß-ctexic effec (Gusson
et ai., 1974). Prior or simtaus injection of nicotide prote
agat ß-ce11 destrcton (Scin et ai., 1973). Increase urin excre-
tion of ß-glucronise, incatig re dage, was fou in rats trte
with 50 or 100 mjlkg lM streptezotoin (Conzelm & Ckible, 1973).

Lp. injection of 100 mjlkg lM resulte in a trient diabtic state

an in hepatic les ions , inludng paenyml necrosis, cirrosis, biliai
and noular hepatic hyplasia, in Chse haters (Bei: et al., 1973).

No data on th erryotexici ty or teratoenici ty of this cc ~re
availale te the Working Grup.

Aborption, distribution an exretion

Streptezotoin is weIl abrbe fra th gatrointesti1 tract in

mice, but absorption wa J?r in nnnkeys an neligible in dogs (Vlite,

1963) . l4C-Ia11ed streptezotoin give by i. v. injection wa rapidly

cleaed from the blc: of rats, so tht less th 1% rered after 10
miutes (Kayake et aL., 1976).

Metab:Üisr

Radioactive prodcts dei ve fra strtezotocin remed round te

liver, kidney an pacreas for at least 6 hes (Kayake et aL., 1976)
(Th data suggest tht streptezotocin deses rapidly in vivo, but no
proucts have yet be chacterize, an it is Ilt clea whthr enzymtic

rections ar rered for ths decsitionJ.

Mutagenci ty an othr shrt-te tests

Streptezotoin does Ilt ap te rere entic conversion inte

imtagenic netalites, since it wa shoto be imtagenc for Saimoneiia

typhirrrium in th absence of a liver micrsol actvation syste (Kolbe
& Ieater, 1968). It causs X-1ined recessive leth nutations in

Drosophiia melanogaster (Browg, 1973).
Its mitagenc activity was also denstrate in host-;te assays,

usin S. typhimiwn G46, in rats (1 or 10 mjlkg lM) an in mice (400 llgj
nn) (Ficsor et al., 1971; Garidge et al., 1969).
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(b) Hu
Data on th texic effec of clinca exsue te streptzotin us

for th trtnt of paretic islet-cell cacinan bas be review

(Ru, 1972; Scin et aL., 1974). Naus an vatig were se in
alnt all of 52 patients trte for islet-cll cain (Brodr & Ca,
1973). Rel or hepatic toxicity wa se in 2/3 patients, and oone-r
dage was observ in abut 10%; rel texici ty wa responsible for 5
deth. Anema, leucoa or thaIa was observed in 20% of

patients an wa resnsible for 1 deth (Brodr & Ca, 1973; Calabresi

& Parks, 1975).

Nehrsis an cyproliferative chges in th kidneys wee observed

at autepsy in a patient gi ve a tetal dose of 15 g strptzotoin for th
trtnt of a pacrtic islet-cell cacin (Myerotz et aL., 1976).

Mte its Lv. injection in patients with advce cacer, strepto
zotoin was rapidly cleaed fra th plasm so tht none was detele
withn 3 hours. Up to 15% of th unchged streptezotoin was excreted

in th urine with 2 hours (Adlph et aL., 1975).

3. 3 Ca reprt an epidemologica stues

No data \'re available te th WJrkig Grou.

4. St of Data Rert an Evaluation

4.1 Exrintal data

Streptezotoin is cacinc in mice, rats an Syian golden and

Clese haters followng its intravenous or intrritenel admstration.

It prouces begn an rrignt tturs of th liver an kidny an islet-
cell b.s of th pacreas. It is cacinenc after its admistration

in single doses.

4.2 Hum data

No adete data on hums were avalable te th WJrking Group, but the

chthapeutic us of streptezotoin incate the exstece of an
ex grou.
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4.3 Evaluation

There is sufficient evidence of a cacinenic effect of streptezotoin

in several expimta animl speies. Al thugh no epidemological data

were available (and effort should be dirted to ths end), streptezo-

toin should be regared for practical purses as it it were carcinoenic

to hlIS.
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aJIV INEX 'I IA M:HS 00 TH E.LOO
OF '! c.nnC RISK CF CHCA 'I HtS

Nurs unerlied incate voIture, and m.mrs in italics incate
page. Refereces te corrigenda ar gi ve in pathses.

Actade
Acidine orange

Aciflavium choride
Acinancins
Adiamcin
Aflatexi

7,197
16,145

13,31

10,29

10,43

1,145

Aldrin
Amanth
5-Amoacehth
para-Amzobeene
ol'tho-Amoazoteluee
para-Arobzoic acid
4-AriplEy 1

2-Aro-5- (5-nitr2-ful) -1,3, 4-thadazole

4-Ar 2-ni trheol
Amtr01e
Anesthtics, volatile
Anthanlic acid
Anlin
Apholate
Aram te (I

10 , 51

~,25
~,41

16,243

~,53
~,61

16,249

1,74

"l,143
16,43

"l,31
Il,285
16 , 265

!,27
2., 31

~,39
'¿,48Arsec and inorganc arsec cx

Arsec (inorgac)
Arsec petexide
Arsec trioxide
Cacium arte
Cacium arsete

Potsium arsete

(corr. "l,319)

(corr. ~,349)

(corr. 11,295)

(corr. 10,343)

(corr. "l,320)
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Potassium arseite

Soium arseate

Soum arseni te
Asbestes ~,17 (corr . 2,319 )

14 (corr . 15,341)

Aisite (corr. 17,351)

Anthophyllite

Chsotile
Crocidoli te

Aurame l-, 69 (corr . 7,319)

Aurothoglucose 13 , 39

Azaserine 10 , 73

Aziridie 2-, 37

2- (l-Aziridiyl)ethol 2-,47

Aziridy 1 t.zoqone 2-, 51

Azot.zene ~,75

Bez (c ) acridie l,241
Bez (a) anthacee l,45
Bezene 2,203 (corr . Il,295)

Bezidine 1,80

Bezo (b ) fluoranthene l,69
Benzo (j ) fluoranthene 3,82

Bezo (a Jpyrene l,91
Bezo (e )pyrene l,137
Bezy 1 chloride Il, 21 7 (corr . 13,243)

Bezy 1 violet 4B 16,153

Beryllium and beryllium counds 1,17

Beryl ore

Beryllium oxide

Beryllium phosphate

Beryllium sulphate
BHC (technical grades) ~,47

Bis (l-aziridiy 1) morpholinophosphine sulphide 2-,55

Bis (2-chloroethyl) ether 2-,117
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N~ N-Bis (2-chorothyl) -2-naphthylame

l, 2-Bis (chorc:thxy) ethe
1,4-Bis (chlorathoxythyl) bezen
Bis (chlorc:thyl) ethr
Blue VR
Brilliant blue FC diaiium and disodum salts
1,4-Butaol dithesulphonate (Myleran)

ß-Butyrolactene
y-Butyrolactene
Cadmum and cadmum caunds

Cadmum acetate

Cadmum cabonate

Caum diloride
Cadmum oxide

Cadmum paer

Cadmum sulphate

Cadmum sulphide
Catharidin
Cabal
Cabon tetrachloride
Caisine
Catechol
Chloramcil
Chloramheicol
Chorinate dizodoxis
Choi:dione acetate
Chorobezilate
Chorofonn
Choraæthyl rrthyl ether
Chloropropha
Chloroqe
para-Choro-ortho-teluidie and i ts hydrocloride
Chlesterol

!,119
15,31

15 , 37

!,231 (corr. 13,243)

16 , 163

16 , 1 71

!,247
Il,225
Il,231
~,74

Il, 39

10,79

12 ,37

l,53
~,83

15 , 155

2-,125
10,85

15,41

§.,149

~,75
1,61

!,239
12 , 55

13 , 4 7

16 , 277

10 ,99

355



Chum an inrganc chum a:xrp:mnds
Baium chante

Cacium chte
Chc chante
Chc oxide
Chum acetate
Clanum caoonate
Clanum dioxide
Clanum phosphate
Clanum trioxide
i:d diante

Potassium chante
Potassium didiante

Soum chante

Soum dichte
Strontium diante

Zinc diante hydroxide

Clsene
Clsoidie
c. I. Disprse Yellow 3
Cinl anthanlate
Ci trs Re No. 2
Coper 8-hydroxylin
Coumin
Cycain

'¿,100

Cyclodoroti
Cyclophosphade
2,4-D an esters
D & C Re No. 9
DaUIcin
DD and associate substaces

2,159
~,91
~,97

16,287

~, 101

15,103

10 , 113

1,157 (corr. Z,319)

10,121

10,139

2.,135
15,n1
~, 10?

10,145

~, 83 (corr. Z, 320)

DOD (WE)

ODE
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Diacetylamoazotelue
N -' N' -Diacetylbzidie
Dial1ate
2,4-Diaoasole and its sulphate
4,4' -Diampheyl ethr
l, 2-Diamo-4-ni trobzene
l, 4-Dia 2-ni trene
2, 6-Diamo- 3- (pheylazo) pyidi an i ts

hydrloride
2,4-Diateluen
2,5-Diatelue and i ts sulphate
Diazepa
Diazath
Dibz (a~ h )acridi

Dibz (a~ j) acridi

Dibz (a~ h) anthaæn
7H-Dibzo (c ~ g ) cabazole

Dibzo (h~ rst )petaphe
Dibzo(a~ e )pye
Dibzo(a~ h)pyen
Dibzo(a~ i )pye
Dibzo(a~ llpyene

l, 2-Dibra 3-coroproe
ortho-Dichoroze
para-Dichorobezene
3,3' -Dichorozidin.
trans-l,4-Dichorobte
3,3' -Dichoro4 , 4 '-dampheyl et
Dieldrin
Diel:xybuta
l, 2-Diethy lhydrazine
DiethylstilOstrl
Diethyl sulphate

Diglycidyl resorcinol eth

~, 113

16,293

12,69

16 , 51

16,301

16,63

16 , 73

~, 117

16,83

16,97
13,57

2,223
l,247
l,254
l,178
l,260
l, 197

l,201
l,207
l,215
l,224

15,139

2,231

2,231
!,49

15,149

16,309

-s,125
Il,115

!,153
~,55

!, 277

Il,125
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Dihydrosafrole

Dihydrxyzenes
DiIthsterone
DiIthoxa
3,3' -Dinthoxybezidine (o-Diansidie)
para-DiIthylamoazobeene
para-DiIthylambezenediazo soum sulphonate
trans- 2 ( (Dinthylamo) iæthy1imo) -5- (2- (5-ni tr

2-furl) viyl)- 1,3, 4-oxadiazole

3,3' -DiIthylbzidie (o-'!lidine)
DiIthylcabayl choride

1,1-DiIthylhydrazine
1,2-Dinthylhydrazine
Dinthyl sulphate

Dintrsopetathylenetetramne
1,4-Dioxae
2,4 ' -Diphey ldiamne
Disulfirar
Dithanol
Ducin
Enin
Eosin (disodium salt)

Epichlorohydrin
l-Epxyethy 1- 3, 4-epoxycyclohexe
3, 4-Epxy-6-nethy1cyclohexylnthyl- 3, 4-epoxy-

6-nethy1cyclohexe caboxylate
cis-9,lO-Epxysteic acid

Etnyloestradio1
Ethonade
E'Jiy lene dironde
Ethylene oxide

Ethylene sulphide

Ethylenethourea
Ethy 1 nethsulphonate
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1,170
10,233

15 , 1.5 .5

§., 167

15, 177

!,41
~, 1 2.5

~, 147

J..147
1,87

12, 77

!, 137

!,14.5 (corr. 2,320)

!, 2 71

Il,241
Il, 247

16 , 313

12 , 8.5

13, 7.5

12 , 97

5,1.57

15 , 183

Il, 131

11,141

Il,147
Il,1.53
§., 7 7

13, 83

15,19.5

Il,1.57
Il,2.57

7,4.5

7,24.5



Etyl selen
Etl tellurac

Etynol diacetate
Ev blue
Fast gr Fa
Ferba
2- (2-Fonnlhydazin) -4- (5-nitr2-ful) thazo1e

Fuon-X
Glycidaehyde
Glycidyl oleate

Glycidyl steate
Grisefulvi
Gu gr B
Hatite
Hetach0r an its epxide
Hethy1phosphoramde
Hycathne an its neylate
Hydrazin
Hydrone
4-Hydrxyazobezene
8-Hydrxyoline
Hydrxyseirkie
Ineno(l, 2, 3-cd)pyene
lron-dean ca1ex
lro-dein calex
Iron oxie
Iro sorbitel -citric acid calex
lsatidi
lsonicotic acid hydrazide

lsosarole

lsopropl alcoho1

lsopropl oils
Jacobine

12,107

12, 115

~, 173

~,151

16, 187

12,121 (corr. 13,243)

1,151 (corr. Il,295)
Il, 169

Il,175
Il,183
Il,187
10,153

16,199

1,29
.?' 1 7 3

15,211

13, 91

!,127
15,155

~, 157

13, 1 01

10,265

l,229
~, 161

~,161 (corr. 1,319)

1,29
~, 161

10,269

!,159
1,169

10,232

15,223

15,223

10, 275
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Iasiocine 10,281

i:d sats 1,40 (corr . 7.-,319)

(corr . ~,349)

i:d acetate

i:d arsete

i:d caoonate

i:d phosphate

i:d sucetate

Iete 12 , 131

Light gree SF 16,209

Lida ~,47

Luteskyrin 10,163

Magenta !,57 (corr . 2,320)
Maeic hydrazide 4,173

Ma 12, 137

Maorrstine and i ts diydrocoride 'i, 157

r~phalan 'i,167
rædxyrogesterone acetate §.,157

Melphaan 'i, 1 6 7

Nerphalan 'i, 167

Mestranl §., 8 7

Methxychor ~,193

2-Methylaziridi 'i, 61

Methylazoxythl acetate 1,164

10,131

~~thy1 cabate 12,151

N-Methyl -N, 4-di trosolin 1,141

4,4' -Methylene bis (2-choroaline) !,65
4,4' -Methylene bis (2-nethylaline) !,73
4,4 ' -Methy lenedianline !,79 (corr . 2, 320)

I"Ethyl iodde 15,245

Methyl nethesulphonate 2,253
N-Methyl-N' -nitrN-nitrsodi !,183
Methl re ~, 161
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~thl selerc

~thlthoucil
~trnidale
Mire
Mitæcin Cl-in
lourn
5- (l-rplinthyl) -3- ( (5-ni trfufulide) -

am 1 - 2-oxaolidi
Mutad gas
l-Nahthylam
2-Nathy1a
Native caagee
Nickl an nickl cn

Nickl acetate
Nickl cate
Nickl canyl
Nicklcx
Nickl oxie
Nickl paer
Nickl suulphde
Nickl suphte

Niridaole
5-Nitrcehth
4-Nitriphyl
5-Nit. 2-fudede secane
1 ( (5-Nitrfufulide) am 1 -2-imdazolidi
N-( 4- (5-Nitr2-ful) -2-thazolyl1actade

Nitr nu an its hyoride
Nitr mita N-oxide an its h¥drorid
N-Nitros -n-butylam

12,161

7,53
13,113
~, 203

10,171

10,291

12,167

1,161
2.,181

.1,87

.1,97
10,181

2,126
Il,75

13,123

16,319

.1,113

1,171
1,181
1,181

1,185
2.,193
9,209

.1,197
17,51

(corr. 13,243)

(corr. !!,349)

(corr. Il,295)

(corr. 7,319)
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N-NitrosoN-nethylurethan
N-Nitrosothy 1 viny1ame
N-Ni trosorpholine

Nl-Nitrsonornicotin
N-Ni trsopiperidie

N-Ni trsoprolin

N-Ni trosopyrolidine

N-Ni trsosarcosine
Norethisterone and i ts aætate

Norethynel
Norgestrel
Ocatexi A

(ßstradiol-17 ß

(ßstradiol rmtad
(ßstri01
(ßstrone
Oil Orange SS

Oran i
Orange G

Oxzepa
OXthlone
OXheutazone

17,77

1,107 (corr. 11,295)

17,83
1,95

17,125
17,177

1,135
17,191
17,217
17,303
17, 221

1,125

17,227

!,211
17,257
17, 263

17,281
17, 287

17, 303

17,313
17, 327

~, 1 79

§., 191

~,201

10,191

~,99

2., 21 7
~, 117

~, 123

!!, 165

!!, 1 73

!!, 181
13,58

13, 131

13,185

N-Nitrsoeth01ame
N-Nitrsoethylam

N-Nitrsothylam

N-Nitrso -n-proplar

N-Nitroso-N-ethylurea

N-Nitrsofolic acid

N-Nitrsohydrxyrolin
N-Ni trsothylethlae

N-Ni trsoN-irthylurea
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Rhode B

10,199

10,205

10 , 211

13 , 141

12 , 1 77

13,.157

13,159

2-,223
13,183

16,111

16,125

16,325

l~, 201

13,202

7,261

~, 189

~, 199

~, 207

12,183

6,135

13,227 (corr. 16,387)

!,253 (corr. 13,243)

12,189

!, 259 (corr. 15, 341 )

12 , 201

Il, 1 91

1,67
13,233

15 , 255

~, 211

10,217

15 , 1 55

10,303

16,221

Parasorbic acid
Patulin
Penci11ic acid
Phenacetin
Pheicarbazide
Phenobabital
Phenobabital soum
Pheoxybezamne and i ts hydroch1oride
Pheny lbutazone

meta-Phenylenediame and i ts hydrochloride
para-Phenylenediame and its hydrochloride
N-Phenyl - 2-naphthylame

Phenytoin
Phenytin sodum

Polychlorinated biphenyls

Ponceau MX

Ponceau 3R

Ponceau SX

Potassium bis (2-hydroxyethyl)dithocarbate
Progesterone
Pronetalo1 hydrochloride

1,3-Propane sultone

Propha
ß-Propiolactone
n-Propyl carbate
Propylene oxide

Propy 1 thouraci1

Pyirthne
para-Qnone
Quintozene (Pentachloroni trobezene)
Reserpine
Resorcinol
Retrorsin
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Rh 6G 16,233

Riddelliin 10,313

Saccate irn oxide '¿, 161

Safrole 1,169

10,231

Sclet re ~, 217

Selenum an selenum cnun 2.,245

Secabazide hydrhloride 12,209 (corr . 16,387)

Seeciphyllin 10,319

Seki 10,327

Soum diethyldithocbate 12, 217

Sot, tas an shle oils l,22
Sterigmtosti !., 175

10,245

Strtezotoin !,221
17,337

Sty oxide IL, 201

Suinc anydride 15, 265

Su l !!,225

Sud II !!,233

Sud III ~, 241

Su bro RR !!,249

Sud re 7B !!, 253

Sut yellow FC !!,257

2,4,5,-T an estes 15 , 273

Tanc acid 10,253 (corr . 16,387)Ta 10, 254

Te polydiorintes (Strobae CI) S-,219

Tetestee §.,209

Tetraethyllead '¿,150

Tetrarthyllead '¿,150

'loacetade 7.. 7 7

4, 4 1 -'lodlin 16,343

'loucil 2,85
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lnourea
lnram
ortho-'!luidi an i ts hydroride
Tridiorothylen
Tridiorotriethyla hydroride
Triethle glycol diglycidyl eth

Tris (aziridiyl) -para-bezoqne
Tris (1 -aziridiyl) phsp oxide
Tris (l-aziridiyl)phsp suphide

2,4, 6-Tris (1 -aziridiyl) -s-triazin

1,2, 3-Tris (diorathxy) propa
Tris (2-nethyl - 1 -aziridiyl) phosp oxide
Tr blue
Uracil nuta
Ureth
Vinyl dioride
4-Vinylcyclohee
2,4-Xylidi an i ts hydroride
2,5-Xylidie and its hydroride
Yellow AB

Yellow æ
Zectran
Zin
Ziram

7,95
12, 225

16,349

Il, 263

2.,229
Il,209

2.,67

2., 75

2.,85

2.,95
15,301

2.,107

!!,267

2.,235

2., 111

2.,291
Il,277
16,367

16,377

!!, 279

!!,287
12,237

12,245
12,259
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