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inogeniciy from studies in M
Evidence of carcinogenicity from human studies comes from three main s0urces:
1. Case reports of individual cancer patients who ware exposed to the chemical or

Process.
2. Descriptive spidemivlogical studies in which the incidence of canhcer in humgn
mﬁmwnbundnv.ryhmammowmhmn. .

3awmnwmw(amwwwm) in which individa!
upumbww«m chemicals was found 10 be sssociated with an

Tihree ortteria must De met before o caussl association can be inferred between
AXpOsUre and canosr in humans:

1. Tare o dentiid biss which oouk) expisnthe sasosetn
2. The possiolity of confounding has besn conskdersd and rued out 88 expisining the

Mﬂm
3. The aseociation is uniikely 10 be Gus 10 chance.

n may be indicative
mm.ammdy y M dnmmm

The degress of evidence K Garcinogenicity kom studiss in humens were categorized
[

L Suficlent evidence ol owvcinogeniclty, which Indicetes that there s ¢ ceuvsdl

mmnmmww.

L. Uimited evidence of Mwmm-mmmn
oredidle, bt that atemative explanations, such &3 chanos, biss or confounding, could

MM be exoluded.

N, hedequale evidence, mmmmwdmmpwm (a)

memumnm ovidence of

confounding; (c) Studies were avaliable
which do not show evidence of carcinogenicity, ©
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12 IARC MONOGRAPHS SUPPLEMENT ¢

a t of evidi for carcinogeniclty from studies in expert
These sasessments wers classified into fowr groups:

L. Sufficient evidence of carcinogenicity, which indicates that there is an increased
incidence of malignant tumours: (8) In MUItDIe SpECies OF strains; or (b) In muttipie
oxpariments (preferably with different routes of administration o using different dose
levels); or (c) to an unusunl degres with regard to incidence, site or type of tumowr, or
00 at onset. Adaitionsl evidence may be provided by data on dose-fesponss efMects. as
well 88 information from shori.term teats or on chemical structure.
. Limited evidence ot carcinogenicity, which means that the dsta suggest s carcinoge-
nic effect Dut are Kmited because: (s) the studies invoive 8 single species, strain, or
onpomncnl or (b) the experiments are resiricted by insdequate dosage levels. inadequate
duration of exposure to the agent. inadequste period of follow-up, poor survival, too tew
animals, o inadequate reporting: of (c) the neoplasms produced often occur sponta.
neously and. in the past, have been difficult to classify as malignant by histological critena
2one (0.0.. NG and kver tumours In mice).
¥, /nadequate evidence, which indicates that because of major qualitative or quantits-
tive imitations, the studies cannot be Interpreted as sShowing either the presence or

absence of & carci offect; OF that within the imits of the tests used, the chemical
is not carcinogenic. number Of negative studies is smal, since, in general, studies
that show no effect are less kkely 1o be published than those sugpesting carcinogenicity.

tv. No data ingicates that dats were not available 1o the Working Group.

The categories sufficlent evidence and Amited evidence refer only to the strength of
the experkmental evidence that these chemicals 8fe CAICINOQENc and ot 1o the extent
mmwmmwwwmwunmmn The classificstion of any
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inolude: ‘Proksryotes’, 1.e. n the [
mmm-mmmmm ‘Fmplnﬂmphmt‘m
usualy oslis (iIn vitroy.either rodent or human
mmawmnmmmmr,mnmnm

© intact snimals; and ‘Humane (n vivoy,
mummmdmmmmmommwum
subetance in question.
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METHODS 1

-mmmmomwwnmnwnwm to
ONe OF MOre Bssays; v’ indicates that it was mmlo%uhv:
ONe OF More 838ays; and 7' indicates that contradictory resuits
ssays from difterent laboratories or in different bluogw systems, o
oquivocal. The individus! tables for sach compound are
summarized, for purposes of comMparison, in Appendix 3.

The overall evidence summarized in the table was adjucged 0 fa} into one of itves
categories, sufficient, kmited and inadequate:

1. Sufficient evicence, when there were at Iom three ;mnm resufts in n! Iun two of

mm ml systems measuring DNA d When
of the positive results were for the same mnc oﬂm they had to oo oonvoo trom

lynoms of diferent biological compiexity.

i. Limited svidence, when there wers al least two positive mum. oither for ditlerent
AOGPOINtS OF In Systems represanting two levels of divlogics!l compie:

. Inacequate evidence. when there were Qenerally negative or on?y ONe positive test
resuits. Up to two positive (o8t results were considered inddequate if they were
accompaniad by two Of MOre MEGELive test results.

The Working Group was unable to define criteria for ‘negative’ evidence.

in establishing these categories the Working Orovp gave grester wdml to the mtu
primary endpoints - DNA damage. . and

z
2
3
s
;.
§
8
4

35

activation, appropristensss of the mt systam} which, in the )uooom of the wmmg
Group, mmawmpow & category sbove of below that indicated by the
summary

Evaluation of carcinogenic rsk to humans

At present, no Objective oriteria exist to Interpret dats from studies In experimental
animals or from short.term tests divectly in terms of human risk. Thus, in the abeence of

The chemicels, groups of chemicsls, in [ o SXPOSIES
were thus put into one of thres groups:

Growp 1

™e chemion, grow
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14 IARC MONOGRAPHS SUPPLEMENT 4

Group 2

The chemical. moldmrmh industrial process or cocupational exposure s
008 This utoqory INCIUGES xDOsUTes for which, 8t one
oxtrome, the oHuMn aimost ‘sufficienr’, as well as exposures
for which, at the other extrems, nhlnldoqolu To reflect this range, the category was
divided into higher (Group A) and lowsr (Group B) degrees of evidence. Usually, category
2A was resefved fOr exposures for which thers was at ieast imited evidence of
carcinogenicity to humans. The data fvotn studies in experimental animals played an
important role in assigning studies to category 2, WNWMMO’MJ

the combingtion of sufficent evidence in animels and inadequate data in humans ululny
rnunoohaemlmuuon ot 2B.

In some cases, the Working Group considered that the known chemical properties of

8 00mpound and the results from short-term tests slowed its ransfer from Group 3 to
28 or from Group 28 10 2A.

Group 3

The chemical, mormm mnlmwww.wam cannot
be classined as to its carcinogenicity to

RESULTS AND CONCLUSIONS

The assessments of of evidence for carcinogenicity to humans and
experimental animals and activity in short-erm tests, as well a3 thw sumwnary
ovalustions of carcinogenic risk 0 humans are given in Tadie 1.
mrmwmmwmn:mmvmmwmw

of chemicsls sre  cautally
Mwmwhm&

Industrial proceeses and ocoUPAtiona! eXposures:

Rubber Industry (oertain ootupations)
hasmatite mining
(with. axposure to radon)
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RESULTS AND CONCLUSIONS 18
Cremicals and proups ot chemicals:

4-Aminobiphenyl
Anaigesic mixtures containing phensoetin®
Arsenic and r3enic CoOmpounds®

N.N-Biai2 chiorosthyl)-2.naphithylamine (Ciomaphazine)
?lg(wmnmaw and toemc:wm chioromethy! methyl ether
e o ces e

Cortain d ch apy fof lymphomas* (inckuding MOPP®)
Ch and certain chromi pound

‘T or e ope ofluct In Irmers earnot de Specied.
* PrOSOAING, WYORIN MUV, prednisony
o Myere ol Moy vy 10 0Omposhion, partcultrly In mistion © therr eonient of aIrEINOEINIC PONOYKIC Irometc
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IARC MONOGRAPHS SUPPLEMENT 4
Grow 28
Actinomyoin O
Adriamycin
Amitrole
Auramine (technicsl grade)
Benzotrichioride
Bischioroethyl nitrosoures (BCNU)
Cadmium and cadmium compounds
Carton tetrachioride
%?MW 10l (cc
X rosourea (CCNU)|
yiH3-cyclohexyt- )

Chiorophenots (oocupational exposure toy
Cisplatin

Direct Biue 6 (technioa!
wmos(mmgvovm)

ydrin
EWWWW
mm ide

ox
Ethylens thioures

Formaidehyde (gas)
Hydrazine
Maestranol
Metronidazole
Norethisterons
Osstrediol- 178
Oestrone

WMM(mmmowbr

Polvohionn

\/

m&mm
oooupstionsl exposures

W
m oral contraceptives®

(TCO0)
M.O-TWW

rie{aziridiny)-pere-benzoquinone (Triaziquone)
'rmwwnmmm)

chemicals, groups of chemicsls, industrial processes and
oould not be classified 88 10 their carcinagenicity 10 humene,

'MMWhnmthWMNM.
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RESULTS AND CONCLUSIONS 7

Table 1. Summary evaluations of carcinogenic fisk to humans from chemicals, industrial
processes and industries® based on evidence for carcinogenicity 1o humans and 1o
animals and for activity in short-term testst

Chemical, process Evidk Evia E [ y
of industry for carci- for carc for activity  evaluation
nogenicity  nogeniclty  in of carcino-
in humans In animals short-lem  genic risk
tosts to humans
Acrylonitrie imited wificient sutficlent
Actinomycin D Inadequste  kmited sutficlent 28
inadequate  sufficient sutficient 2B
Afiatoxing imited sufficient sutficient 2A
insdequate  kmited inadequste 3
4.Aminobiphenyl sufficient sufficient sufficient 1
inadequate  sufficlent inadeguete 28
Anassthetics, volatie Inadequate  inadequats  insdequete 3
Anaigesic mixtures contalning
phenacetin sufficient mited no date 1
Phanacetin hmited sufficient 2A
Anline inadequate  imited Insdequate 3
Arsenic and certain arsenic
sufficlent inadequate  mited 1
tos sufficient sufficient insdequate 1
Auraming (technical grade) fimited linited sutficient ]
Manufacture of sufficlent . . 1
Azathioprine sufficient mited sufficient 1
Benzene sufficlent imitsd imited 1
Benzidine sufficlent sufficient sufficient ]
dyes
Direct Biack 38 (technios)
prede) inadequate  sufficient inadequate 28
Dirsct Biue 8 {technical
grade) inadequate  sufficient no data 28
Direct Brown #5 (Wohnical
) inadequate  Imited no data 28
um and beryilum
0OMpoUnde fimited sufficlent inadequate 2A
N N-Bis{2.chiorosthyf)-2.
mm sufficient Smited fimited 1
Biechioroethy! nitrosourea
(OCNY) inadequate  sufficlent sufficlent 20
Bis{chiorometiyfether and
mm other sutholent sufficlent imied 1
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10 {ARC MONOGRAPHS SUPPLEMENT 4

Chemica), process S'“m ; ;;‘ Iy y
of Induatry W. oarci- activity  evaation
nogenicity  nogeniclty i of carcino-
in humans in animais short-tarm  genic risk
tosts o humang
Blsomycing inadequate  inadequate  sufficient 3
1.4-Butanediol
te .
(Myleran) sufficient mitea sutficient 1
Cadmium
compounds Wmited sufficient inadequate 28
Carbon tetrachioride inacdequate  sufficient inagdequate 28
chemotherapy for lymphomas
(inciuding MOPP) sufficient B Inadequate 1
Chiorambuch sutficient suthicient sutficient 1
Chiorampheniool mited inadequate  inadequate 28
Wlw " inadequate  Smited Inadequate 3
Chiorosthyf)-3-Cyciohex!
1-nitrosoursa (CCNU) inadequate  sufficient suficient 28
100 tolvened
: " s
Benzoyt chioride inadequate  inadequate  inadequats 3
Benxal chioride inadequate  limited 3
Benzotrichioride inadequate  sufficient fimited 28
Chioroform inadequate  sufficient inadequate 2B
Chiorophenols (oocupational
XpOsUrs 10) timited - . 2B
Chioroprene inadequate  inadequate  sufficient 3
Chromium and certain
chvomium suticient sufficient 1
(Cr V)
inadequate
(Cr )
Clapiatin inadequate  Imited sufficient 28
Clofbraw inadequate  mited nadequate 3
Clomiphens inadequete  nadequats  no data 3
Cyclemates inadequate  limhed inadequate 3
sutficient sufficient sufficient 1
24D ond seters (::: siso
l'mbw) tons! et redequate 3
WW inedecuate  suficlent  Iited 20
Dapeons inadequate  Bmited inadequate  d
oor . e Inadequate  sufficient nadequete 28
Ortho-Dichionobenzens
pare-Oichiorobenzens inadequates  inadequate  inadequete 3
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RESULTS AND CONCLUSIONS
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Chemical, process Evidence Evidence Evidence Summary

of industry for carol- for caro- for activity  svaluation
nogenicity  nogenicity  in of carcino-
inhumans  in snimals short-term  genic riek

tasts 10 humans

9.3 Dichiorobenziding nadequate  sufficient wificient 28

Dichioromethane inadequete  insdequate  mited 3
ingdequate  Imited insdequate 3

Diethy! e lenited sufficient sufficient 2A

3,3 .Dimethoxybenzidine (ortho-

) inadequets  sufficient imited 28
Dimethyicarbamoy! chioride inadequats  sufficient sufficient 28
Dimethy! suiphate insdequete  sufficient sutficient 2A
1,4-Dioxane inadequate  sufficient insdequsts 2B

inadequate  sufficient sufficient 20
Ethylene ingdequate  sufficient sufficient 28
Ethylene oxide inadequste  imited syfficient 28
Ethylene inadequate  sufficient bmited 28
8-Fuorouraci inadequate  inadequate  imited 3
Formaidehyde (gas) ingdequate  sufficient sufficient 8
He! inadequate  kmited inadequate 3
Hydralazine inadequate  kmited sutficient 3
Hydrazine inadequate  sufficient sutficient B
B00t and shoe manufecture
and repak (certain
cmty%)jolrw (certain ' ) ) !
) inadequate - - 3
Furniture manufacture sutficlent . - 1
Lesther goods menutacture Inedequats - . 3
Leather tanning inadequate - - 3
Lumber and sawmill industry inadequate - - 3
Pup and paper manutacture
(oortain 8Xposures) inadequate - . 3
Rubber Industry (certain
000UPAtions) oufficlent - - 1
fron dextran zruox w: ml mb g
feonicotinic sold hydraxide inadeque
Lead end ieed comp inadequate  suffclent insdequate 3
{for some
Ssailts)
Manufacture of lsopropy!
8loohol (strong-80id prooess) sufficlent - - 1
leopropyl ol insdequate  inadequats  no deta 3
" b, ) inadequate ;m‘nb ;ndoqum gA
Magents (technicsl grade) 1
8-Mercaptopuring inadequets  Inadequate  sufficlent 3
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20 IARC MONOGRAPHS SUPPLEMENT 4

Chemical, process Evidence Evidence Evidence Summery
of Industry for carok- for ceroi- for activity  evaluation
nogenicity  nogenicity  In of carcino-
inhumans  insnimais  shortterm  genic risk
tests o humang
Methotrexate inadequete  inatequats  sutficient 3
Mathoxsaien with uitraviolet A
therapy (PUVA) suticient sufficient sufficient 1
Maetronidazole inadequete  sufficient mited 28
Musterd gas sutholent fimited sutficient 1
1-Naphthylamine inadequate  insdequate  sufficient 3
2-Nephthylamine suthicient sufficient sufficient 1
Nickel refining sufficient . 1
Nicke! and oertain nicke! wthcen
compounds kmited t insdequate  2A
Nitrogen mustard (See aiso
Certain combined
apy for ly ) inadequate  sufficient sufficient 2A
Oestrogens snd progesting
Combined oral contraceptives  imited” . inadequate  2A
Sequential ora! eonwuu&lvu Wmited - . 28
ORSLrOQeN-proges
ocombina! Inadequate - - 3
Conjugated osstrogens sutficient insdequate  Inadequate 1
Osestrogens
Disnosstrol fimited insdequate  inadequate 28
sutficient sutficlent hadequate Y
Etvnylosstradiol insdequate  aufficient inadequate
Mestranol inadequate  sufficlent inadequate 28
Osstradiol-17p inadequate  sufficient inadequete 28
Osstrone inadequate  sufficient inadequate 2
Progesting:
Chiormadinone acetate inadequate  mited insdequate 3
Dimethisterons inadequate  inadequets  inadequate 3
Ethynodiol discetats inadequate  imited inacdequate 3
$7a-Hydroxyprogesterone
ceproate Inadequate  inadequate  ho data 3
Lynoestrenol inadequate  inadequats  inadequate 3
terons
So0tav inadequate  lmited nedequate 3
Megestrol sostate inadequate  imited nadequete 3
Norethisterone inadequate  sufficient inadequate 28
Norethynodrel inadequate  Imited N:ann g
Norgestrel inadequete  inadequste no
Progesterone inadequate  sufficient inadequate 2B
* Suficient 107 IVEr GONOMSS.

MONS

027580



RESULTS AND CONCLUSIONS

Chemical, process Evidence Evidence Evidence Summary
of industry for carch for carci. for activity  evaluation
nogenicity  nogenicity  in of carcino-
inhumane  inanimals  shorttemn  genic riek
tosts to humans
Oxymetholons ¥mited no deta no data 2A
Pentachiorophencl (See also
Chiorophenois, oocupations!
OXPOSUre 10) 4 nad d 3
Phenas inadequate  sufficient no data 28
insdequete  Imited insdequate 3
Inadequate  limited Inadequate 3
Phenoxysostic 8cid herbicides
{oooupational axposure to) mited . . 28
inadequate  no data insdequate 3§
A-Phenyl-2-naphthylamine nadequate  inadequate  Inadequate 3
Phenytoin Smited Inited m: ;:
e 050 bog Qo oo sfaent - inaaeaue =
oombined chemotherapy for .
lymphomas) nacequate  inadequate  Inadequate 3
Procarbazine (8ee slso Certain
oombined chemotherapy for
lymphomas) inasdequate  sufficient sufficient 2A
Propyithiourac inadequate  sufficient no data 8
Reserpine Inadequate  limited Inadequate 3
Saccharin inadequete  imited nadequate 3
Soots, tars and ol oufficient sulfolert - ;A
BSenzc{ajpyrene inadecquate  eufficlent Sufficient
Spironolectone nedequste  Smited no dats 3
8 inadequate  imied sufficient 3
!lmnom nadequate  mited sufficient 3
Sutshurazole Inadequete  inadequete  inadequete 3
Sultamethoxazole inadequets  Amited inadequate 3
24,57 and ssteny “(’Ouoo oo
herbicikies, oooupational
. SXPOSUNe 10) nedequate  nedequate  Inadequets 3
O achiOrOIINEO-para-cioxin
(vcon insdequate  euficient insderate 20
T nedequete  Imited inadequste 3
ortho-Toluidne insdequate  sufficient sufficlent 2A
;um umm. no deta inadequete ; X
2.4.8-Trichiorophenol (Ses also
6Xposure 10) inadequate  inadequets  no data 3
2,4,8-Trichiorophenol! (See also
SXpOSUNe 10) Inadequate  suficient no deta 2
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Chemical, process Evidence Evidence Evidence
or industry for carci. for carc- for activity  evaluation
nogenicity  nogenicity I of carcino-
inhumans  Inanimals  short.term  Qenic riek
tosty to humane
Trie(azinginyi~Dara-benzoquone
(T ) nadequate  kmited sffciert 28
Tris{1.aziridin|
suiphide (Thiotepa) inadequate  sufficient sufficient 28
Unoergrounc hasmaiite mining
(with exposure to radon) sufficient . . |
Hasmatite inadequale  inadequete  inadequate 3
Urack mustard insdequete  sufficlent sutficient 28
Vinblastine inad inadequate  inadeq 3
Vinoristing (See atso Certain
thackpy for inadequat Inadequat inadequa 3
lymphomas) o (] te
Vieyt ohloride sufficiert sutficlent sutholent ]
Vinylidene chioride inadequate  Imited sutficlent 3
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EXECUTIVE
SUMMARY

The Fourth Annual Repot on Car-
cinogens, prepared by the Nations!
Toxicology Program (NTP), U.S. Public
Healh Seivice, is issusd by the
Secretery of the Depariment of Health
and Human Setvices (DHHS), pursuant
1o Public Law 85-622 of November 9,

Report. Also included ere some
Substances which have been banned.
of the use of which has been resticled,
Dbecaute pecpie pravioutly exposed we
potentisily sl nisk. or becsuse some of
hese substences sl remain in the en-
vionment. The Fourth Annusl Report
does not contsin &) known or

Addnions wbﬂmm win denihed

1978.° Thiy law requires the
10 publish an annual Teport which m
1ains “a tist of alt substances fi) wivch
eithar 218 known (0 be SRCINOQENs of
which mey o

o delnad
shove wit be incuded m the wb-
BOQuen Annus! Repotts.

Sovow piob!m a1e encounierad

be carcinogens and (i) to which 8
significant number of persons residing
in the United Ststes are exposed; . . . "
Annual reports should also provide
avaiable information on the nature of
exposures, the estimaled number of
pardons polantialty expossd, and the
oxtant 10 which the implemantation of
Federal reguiations docrenses the (ak
{0 public health fiom exp 0 hess

Toquued lor
the Annusl WI oh Cwcinogens
Estimating 1he nurmbec O Paopie poten
tiafly exposed lo & substance and «den-
lifying the nature, route, end intensdy ol
4 potential expose e crificuk 1aske

1t is ohen impossibia to obisin accwela

subttences.

For the putpose of Ihis Repod, “'known
oatcinogens” we defined a8 Ihose
substances lor which the evidence trom

the Toxc Substences Conirol Act. st
Toant that part which is public record,
My SR In obiaining MOre S0CUale
POIOTRIS @xpOSUIS astimates in the
RAure. in addhion, the upooming Na-
by P iy .

human studies 'md'-cdu that there i a
ot

the substence o homan umv
Substy mey rulor\tbly be
saticipated to be carcihogem” e
defined a8 those for which thera is &
Nmiled evidence of carcinogenicity in
humans or sufficient evidence of car.
cinogeniciy in experimentsl anmals.

Substences in the above cateponies, tor
which polential exposure of persons
casiding i the Unioed States has been
demonsiiated, are inchided in the

“Becton 762, Pacegravh ()

Xposur Y
will provide new information on the ax.
tont and degree of polential eXponses
for difierent substances and manutac:
luiing prooesses.

Perhaps the hardest 1ask in prepanng
the Aspont is 1o evalusie the effec:
tiveness of Federsl Teguistions in
docrensing the fisk 10 public heath. One

** An updete 0f 8 Nasoe Ooouneonel Hauw
cancucted om (972 1 mawn

Canters o5 Ortanse CortriVhanonal insbiute

Selety ond Hown
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108000 Imu virusky o Federe! llm
f with r gk h

snacied whhin the last 15 years. Thus,

of dibsans, the extent to which the
roguintions implementad during these
15 yoars have 1e0uoed the fisk temsing
UnknOWN, Anothey reason is thal reliable
information on past exposuies which
oould be used 88 & baseling for et
mating hdure risk recuction s generaky

ganization (WHO), located in Lyon,
France.
Of the 148 eniries, 24 substances of

oroups of substances and 5 occupa.
tonm  exposures {eticlogic spant(s)

1ot avallable.
shoukd

witha 0
icol process aie Nsiod as “known
carcinogens”

Bubstanoes
4-Aminobipheny!
Qesic mixtures ing

Arsonic and cartein arsenc

P be [T}
teducing oercinogent risk even if the
cannot be L}

Hemaltte underground minng

tsopropy! alcohol manufactyre
(strong-acid process}

Manufacture of awemine

Rubber msnulaciure (certain
occupations)

Sools, tere, and mineral oils

One hundred rvatesn substances of
proups of substances are included
bacsusa they “may ressonably be an-
ficipaied 1o be carcinogens.” Nicke! 8-
poars in both kists bacad

04 ), WX,
aitrolen;  sulfaliate; toxaphene,
2.4.84nchiorophenct, snd DOT Moul of
thess substances have been benned of
fimited in use.

There ace 31 therepeuic subsances
Twoive of thess 878 anticancer sgents.

1.4-butanediol dmelhylsutionale (my-
feran), contgin combined chemotherapy
for lymphornas, chiorambuci, 1-{2chio-
roethyl)-3-cyclohexyl- § -nitrosoures

#xposure associated with nickel rebning
{8 known 10 be carcinogenic although

{CCNu), amide, dacarbs:
zine, . MIOGEN MuNSId, pro-
b and ki1

phine sullide. Six are hormonal con:

prasent. Asbesios specific 'W"'l'::" wivch mey bo jugaled eatrogens, dhethyistibestiol,
s 14 Azahioprine o1 the {not
mm’:mm'ﬁm.’ Berzene humans have nol yet been mmm io-178, asltone, elhinylasiradiol,
Third Aanual Report and 31 addiional Banzidine ond "WWJNN nickel and certen nickel  mestranol), norethisterane, oxymeth:
wubsenoes of groups of NN 5’&" y1)-2-naphitty may be antiol- olons, and progesterons. The remain:
The new eniries were Chosen fiom palad (0 be carcragens. ing 13 /6 Used in Other therapeic ap-
m::l W:’o‘dwwkg«ou P;l‘ N (ﬂﬂunwhniin) - For esch subslance or group of  PCHIONS: anbigesc miures m;n‘
o PIep Y o ) oup :

kom’.“g from those tested within the lechnical grade with glal process, (2 2 ton

froth; there is & summary description in- dexiian compiex, methoxsalsn wih

Netiond Toxioology Progran and the
National Cencst Institule Carcin-
ogenasis B y Program,* * of tom
those evalualed by the Internationsl
Agenoy loc Research on Canost (JARC),
& componen of the Workd Health Or-

y othey
1.4-Butanediol dimethytsulfonate
(myleran)
Certsin combined chemotherapy
fot lymphomas

Chiorambuck
Chromium and oenain chromium
‘oompounds

Coke oven emissions

* Cortors kor Orsose ControvNatonal inatituie Conjupaied estiogens

Y oy arid
Contumaee Product Saisty {OPSC), o
8 et P S SO Wehan

"

e of nmwm Conost ialiute Mothoxaslen with uira-violet A
WNG, Natonai HOMRVNIOW In theapy (PUVA)
sidute of Envronmenial Mnﬂh Soisnces Mustard gas
Ubibry of Megore IRNLAG, s U8 Dspen. 2 Nahih)
o oot S o amrng.  Niokel refining
anuskiabion tOOLIOBKA) Thotkum Gloxide
¢ Now pad of NTPINIEHS Vinyl chioride

Cludng & BYnopsit of the evidenca that
expining inclusion in this Repon. This is

ultra-violet A therapy (PUVA), metion
phenazopync

fokowad by & collation of reguiatory in-
formstion feceived from the partici-
pating Agencies.

Among the 148 entries, two are naturel
subsiancas which are not usad of pro-
duced commercially: efiatoxins and
cycasin. Two are food of cosmatic &d-
ditives: ssocharin and salrole. Satrole
has been banned for mosl uses. The
use of saccharin his been continued by
Congressionsl mandate.

Thirteen pesticides are isied: amitrole;
Aramile®, arsenical pesticides; 1,2:0i
bromo-3 i b

igazole, phenaostin,

ach, teserpine, selenium suitde, and
sireplozotocin,

Two of thaee othr therapeutics e no
10108 Producsd OF Used i the Unied
Statoe: N,N-bis{2-Chioroethyt).2-naph.
thylamine and strepiozotocin. Frv of the
aniicance’ agenis aiso a/e no longer
produced but are imported into the
U.8.. adriamycin, ohlorambacs, tycio
phosphamide, deoarbazine, end mel-

phalan. Six of the anticancer sgents are
Imponed end produoed in kmed quan-
thios by one US. manufacturer. bre:

bentens, Kepone®, indane and other

¥ 1, 4
oimethyt sufonate, 12-chiorosthyl) 3.
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oyhoheuf- 14 Mve‘oum. moo-n muy
g, Procarbarine, and tria (1-axnding)
phoaphire eulfide.

The temaining 95 subslances may be
oclaseried 8 vavious Industrial charmicals
8 byproducts (33); dyes, ye interme-
Giales, and pigments (20);

cotord lo loods. The Delaney Clause in
the Food Additives Amendment of 1958
1o the Fedecel Food, Drug, and Cos-
matic Act raquites that “no addtive shall
be desmed 1o be sale i it is found lo
induce CANCer when ingesiad by man
or animal, or ¥ H is Iznd, aher tests
- 4

produote (14); solvents (7); metals end
MK 0OMPounds coourring in mining.
@xtraction, and refining processes (6);

which
of the satety ot tood addtives, 10 induce
canoer in man or animals; . . "

INJTHUODUUIIUN

Cancer s the second most common
a0 of desth in the Unted States. One
In every four Americans wil suffer from
cancer sometime during thair kletime;
one in every live will die from cancer,
In 1983, mofe then 440,000 Amer

20Me unCeslancng. Most cancers that
870 8300Giated with the enwonment
Shoukd be avoidable, o ieast Dotsnualty

Development of cancer sise depends
on "'host lactors.” Hoat factorn wa el

1ibutes of Mw

with individus! o inthe risk of

died ot cancar.! In adddion (o the phys:
cal end emotiona! suflering ceused by
cance!, this disense may cost the Na-
tion 88 much 88 $38 bilion each ysar
in tost production and income, medical

and resesrch . For

SEVEIOPKY) 8 3DACitind Cancer. A host
facior may be associated with 1educed
risk of 8 Cancer, NOK Only with increased
sk 3 Exampies of host fectors are m-
munologicl and endactine kunchons,
Aritiondl status, genstic conatiution,

these ressons, the American public is
conoerned wbout cancer end cancer
hazards, especially about ways o pre-

AN NG 10008101 (] C » 0 23 woll 8y
and used for re I for m.: l:a
PUpOsS (9), vudmmv ve should be sent (o the
The live occupations! exposures ?’mrfzz“:’m'g"ﬂ
.  Prooees Pork, North Caroline 27709, &mwiu
of this Report may be
koown to ":m""“"”"“ 50 1oM ot iniommaton Ofos, Natons Tox
hemaite

nD. Wopropy! sloohot maniactue
(uwm prooses), mantacture of
auramine, rubber manulaciure (osein
) And soots, tars and

mineral olls.

Bolentifa knowledge and judgrment play
lmponwwlnhgvmmlho available
@Vi0aN0s Of COINOpNIOty e suthicient,

fimiked, o nadequats. WY,M\II

ventthe O¢ docrease the in-
cidence of cancers.

Contsary 10 poputas belist, oancer s not
008 but many diseases which may have
ditfereni causes. Most acientists now
conitst that about one-third 1o two-
thirds of alf cancers ate associated with

but one oalegory of :

Iatory .won n n iofovpretation by tho ol $itArrivartivphg-siwting
daios, mwiymmodoxmn ou Miwepririsidiid
1he Gekberate acicsiion of addiives and  adnesves ke ko0d peckaginy maders).

the In which we ive and
work. In this contex, the environment

salen, drunk. and emoked, natural and
medicat radiation, workplece ex-
posutes, drugs, aspecis Of sexudl
behavior, end subsiances in &, waler,
and g0kt Some cuitural and behaviorsl
patterna, apart from defined habite of
umldno wmm may

MWOMM

#ge, and sex.¢
As Amaricans have become more and
2oou P

and 0ancer, they have tepeaiedly ashed
the Federal Government 10 clarify what
B WNOWN BHout CANOCAUNND Bub-
sances. The puthc wants 10 know and
should know which substances are
1900M ded 88 CANCet hazalde in the work
pisoe and in the general snvironment
8nd how wall we 8¢ protected hom ex-
Posure 10 these subelances.

Seclion 262 of Public Law 95622 ot

(A} & st Of ot submlances f) which
#her ae known (0 be carcinogens
:.mwlwbomldpdomo

broast, ulerus, 80 prostels. m‘u
e308cis of social emironment, personal

behavior, and habies ae mmo
cated “Hlestyle." Akhough we ravely
know the environmental factors end
CONGRIONY Which ara responsible for e
deveiopment Of speciiic cencers, in
80mMe cases we are beginning to have

and () 1o which »
ﬂonmolm number of persons
toaiding in the Unied Sistes are
xposd;

* Communty Mentsl Heeth Ceniers Aci
Amendments
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"(8) lnlormation concerning the
naIUIe Of JOh eXPORUTe AND the
ostimated number of pereons ex-
Posed 10 such aubstances;

“©) e —

in this eont ere.

bacome s part of NTPINIEHS. The NCI
Cleatinah on Envi Car-

Conters lor Disease C:

i ol & panel of ex-

Institie for O

pat Satety and
Health (CDC/NIOSH)

asch
WHENCE 0ortained in the N under

Auent, amblent, of axposrs standard
has bown enladlished by & Federal
gency; and (U) tor eech ethuent, am-
Disit, or exposure mandard eelab-
#ishad by & Federai agency wih
1980801 {0 & substance conisined In
he Uit under subparagraph (A), the
oxtent o which, on the basie of
madioal,

svaiable L S0ININC, OF Other
dea, Handerd, end the im-
plementation of such elandard by the

W heatth from exposure to the
substence. . . "

Annuel Reports on Carcinogens are
issusd in reapones to these requice-
ments. Thaes Reports clecuss indhviduat
WHRANOH, Mixtures sm ohemioals or

Ce Product Safety Comms.
slon (CPSC)

U.8. Environmental Protection
Agency (EPA)

perts from governmenial and non-
governmental inslitutions, was reviewing
the NCi 1esting results, and an analysis
of reauls of NCI caicinogenes:s bio-
assays of 190 chemicals was pub-
lished # The Technical Reports Review
8 of the NTP Board of

Food and Drug A (FDA)
National institutes of Health/National
Canoer Institute (NIH/NCY)

Natlonal inatintes of Health/Natipna
Insthute of E

Scienlific Counselors, sugmenied by an

‘sufliciont evidence' end ‘mieg
ovidence’ ol carcinogenicly used n
these criteria refer only 10 the amount
and adequacy of the avadabie mdence
and nol 10 1he potency of calcnogent
offeci of the mecharusms nvolved An
upaRed veiuon of these criena ¥ n.
cluded in each IARC Monograph
Volume. The IARC Monog/aph Suppie:
ment 4 containg resvaiustons by sn ed
hoc worlung roup of 84 chemicals, in

ad hoc panel of
cinogenesis, has repisced the NCI
Clearinghouse as the body of non:

Sustriat and
POSUes for which some dale on car:
Cinogenicity in humans are avaiabie

0 experts ing pesr  aithar in the tirst 20 volumes of
Bolenoss (NI/NIEHS) roviews of the NTP i of in other sulx
National inatitutes of HealthvNational bioassay results. publications $ For the mosi pant human
Ubrary of Medicine (NTHANLWY data are discussed only 10¢ those i v
U.S. Depariment of Labor it o0 o et 9 Ropor thet have bean o-wvakusied n
tonal Safety and Haakth Ad oo Wih gcalpro ARG ‘
tion (DOLIOSHA) cosses listedt in the Fourth Annual

Four of these agencies—CPSC, EPA,
FDA, andt OSHA—are for

Report on Carcinogens have been

A okecl comparison of the IARC
the ol

chosen from the “IARC Monographs on
the E Risk

roguiating hazardous substances and
Whow-mwmdm

0a Droossses whioh are known 10 be

™ Py

o may y
be anticlpated to be caroinogens;
contein Information reoeived lm
Faders! egencies partioipating In the

For many years Government research
800N0les, Induntries, Universities, and
Oher 1esearch organizatiom have

prepatation of the Reports. Whaded vasious subitanoes 1o sscenain
Pasopana P o e, 20
Within the Depariment of Heskh and mmm.mmp:'uuo #Xposure
Human Services, ::w P AL 1 making rules
preparing these 5 Reports hes W toguiations (o control subelances
en given to the National Toxookgy  whioh  have been identitied as
Progranm.* Ottt apenvies paticipating ocarcinogens,

‘ OHHE apiNcke n NP oy

NIFUNGH; NIHNIEHS, FDAN MO Conter Kx
Toxiooiogioal Researoh (FOANCTA), ang
COCNIOSH

The largest single national testing eftor,
the National Cancer Insteuts's Car.
cinogenesis Testing Program, has now

, ol the O o
of Chemicals to Humana™ published by
the international Agency for Ressarch
on Cancer (IARC) in Lyon, France.*
Each monograph is the product of an
individual working group of sxpers in
chemical carcinoganesis and ralated
fioids. The expers evaluate the dals for
oach substance included in 8 mono-
raph. The svaluation is based on e
published information available at the
time the working group was convened.
A joint IARCWHO ad hoc working
group met In Oclobar 1977 10 review
and revise the citeria for judging the
sdequacy of avaiable data. The tarms

* Tha IARC acicheas 8. 150, cours Abent Thomes,
6072 Lyon Ceden 2, Frarme WHONAC pubace:
fiond may be obtensd kom WHO Pubkcations
Contre USA, 4D Shenden Avenve, Albanry, New
Yotk 12210

NCIINTP bioassay resits? cannol be
made because citierent critena were
usad 10 assene 1he evidence; but these
Lrileria can be related.? Al such evakis:
tions invoive & component of personal
Judgment. In some cases the avadable
#vidence may be 880eseed diflsrently
Gepanding on ihe crikena used and the
composttion of the group of experts
Thws 8000r3ng 10 an OTA consisive
i 10 thew IARC 5
clasees 1 and 2 in the NC! classshcation
may be regarcded as suffcent ewdence
animal carcinogens 44

Clouse () in eubpasgraph (AX4) of Sec-
Bon 262 requires “a el of a subslances
which /e ether known 10 be carcino:
00ns Or May reasonably be anicpated
10 be carcinogens.” For the purpose of
this Report, the two calegones in the
taw—those substances known 10 be

MONS 027589




it u

WwhnYUIEY  MOU N8 ProQucts of

Voipaled 10 be osie 0
mmcunm«ummmu
W) foliows:

1. Known 10 be oarcinogens:
Thets is “sulticient evkience of car-
cinogenisity” from studies in
humans “which indicaies 8 causal
tolationghip between ihe s0ent and
human oanoer."

Reasonably anticipeted 1o be

CA10in0YeNs:

A, There is “limited #vi0ence of car
ol " from Wuckey in

human, “whioch indicates that

CAUBM interpreiation is credible,

B Theo s "ouﬂwm avidence of
carcinopeniolty’ from studies in
oxperimental animals “"whioh in-
Gonles that thers i an increased
hoi5ano o malighant tumors:
(a) in muttiple species or strains,
of (b) in mwiiple experiments
{prolorably with different routes of
adminisiralion or using diterent
Gooe leveln), o¢ () to an unusual
Oopies with regard 10 Incidence,

In some cases only the ex-
posine associaled w-m & 8pecific tech-
nolopical or

humang. EPISEMIOIOGICH nvasligatons
Qive the best information on cancer-
causing noom bu| wch Iudtu ol

ana are oNen GHRCUR 10 INKDIBL o
torme of human cancer rek. They e,
nevertheless, the best testing 100l we

g polentiel haze/de 1.1

X
cupation or industry, o A lhulpo\mc
trealment can be relsied lo an in-

oroups of indk
ings. They may uqulro observations
over a long time beceuss the Latent

Anamal 1eets 00 not Prove beyond doudt
thal 8 substence wil or wil Nt couse
canost in humars. Even “wiftcient
evidence™ ol carcinogenicty in ex:

creased maonooolumomhmmv patiod between inftial exposure and
but the 108pON  CANCA! y b up 10 20-30
sible cannol be identified. Bom' ox  years. L long derm

amples of such lechnological prooesses
88 the unde:GIound MINING of hamaiits
and the slrong-acid process 10r the
manuiacture ol isopropy! sicohol.

The reader is reminded tha the Fourth
Annuval Report on Caroinogens (and ol

of human groups are, o COUrse, unac-
capiable. As an attemnaiive, qualihed
cientisty make educated predictions
about the effects in humana, based on
the effects observad in studies with ex-
perimental animals.

animals may prove nol 1o be
deliniive. But # we are 10 provent
Canoar, we cannot wit 20 10 30 years
1o oblain defintive svidence of heim 10
human health. Therefore, substances
which show “sufficient evidence” ol
CANCH causation in expervmenial an-
Mals are CONMCred 10 Practical pur-

Pravious aditions) is & condensation of  Athough lest animals may respond dil-

large amounts of date and conclusions  ferently from humans, experience has WM”W

M by bodien which peet raviewthe  shown thal most known human cer. .

dale " ovid sboul ok also cause cancer in ex-

cancer and #s relation to specilic ex: i | animals i Inohusion ef Substances

posures. As such, the Fourth Annual  lested.* This linding (s undtrumdabk The Fourth Annual Report conlam

Report on Carcinogens must be less  9ince cancer begins in indk proups of g

detailed about the sciudl lests ani thex  and all mammakisn cols are oom with

drawbacks. The original monographs  patable in structure end function. The  Gal ProCesess which were keied in the

on oach histing e giveninthe foatnoled  basic premise of experimentsl car- MM‘WW Where recemary,
and the reader is advi i it hae been updated. The

twn 10 Ihese for specitic srguments,
both pto and con, which wen! into the
listing decison.

Human and Animel Studies

which piocuos 0ano#! in odents and
olher exparimental animals eHect
human cells in 8 simiar way.

Relatively large doses of chemicals are
ussd in anima studies o compensate
for the smah number o) exparimeniel

me Report presents informa:
tion on 31 additionsl subsiances. Esch
has been chosen either from
substances lested by the NCI Car.
oinogenssis Tessng Program or the Ne-
tionel 'roﬂoolow leun (NTP), om

animaly expossd as P o the
920 of human poputstions and #iso lo
optinize the potential 188pones. Animal
tools ara costly, lake yoars t0 complete,

o0 of typs of lumor, Or 398 & Some understanding of the humen and

Onoel, Addiional evidence may  animal stucies used for idenifying oar-

be provided by data 00ncering  0In0QeNs is necsssary 1o olarify what Iy

oRe 100pONGS sftecls, a8 woll 80 MeANt by the worde “known™ and ‘res

on ponicy of  eonably " The strongest

ohemical struoture.” mmuummn
PORNe 0 8

Mot of the CAnON in humans ocomes trom Oot

Annusl Report oan be ldomlu'd dembologioal stucies. Athough we have

Some oovur ovience

Mumly. 0Me &8 produosd when mlonwwoinopm.womh

materials are burned, and othere wia  Paleme 20en i Hhase wudkes show how

prowent In faw materisly, of in i

Other animal carcinogens might altect

Ciow, or hom m mod by
the IARC wkmp oroupe. Other
WHeLNCHs Hom 1he sme wurtes wit
be added to subsequent Annuai
Reports.

mgarded e irribed, nd he Svidence kv benasce
nuummoa'umlmmmn
ks banzene 8 Rufhcient avidence
m(mmnpm mamm
PoUnde B known sufcisnt evidence humen
owcinogens.
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oaroinogens (20 entrise). The other list
of 119 antries inckudies subsianoes o
Oroups of substanoss which may (8
sonably bs anticipated 1o be ca/cino-
gonic, Niokat appens in both sublisls
LIRS the niokel refining Process is
Known 10 be GACINOGENIc, whateas e

tional Agency lor Ressarch on Cancer
(IARC) and have been cisssified by this
Agency a3 sources of which

bannad or restricted in use are con-
tained \n the Ropod {6.0. salrole,

a0 amociaied with incieased inci-
Gonces of cancer in workers in these
saftings. Among these are Boot and
5hoe Manutacture and Repair, and Fur-

mitex) either

pisce, our abidy to eslemale exposure
WIProves. and in some case the uze

because peopie who were p )
oxposed remain polentislly M sk, ov
besceuse these subsiances sre el
plmnl in the environment

of populstion segments involved can b

Prock and v deta
may also help estmale possbie ex
posura, but this mformation may nol be
pubkcly avalable ior many JDBNCS,
and whare # is. & may be outdsied or

mental tiokat and oeriain nicke! <>o'.v\d niture M.M:‘C.I:J‘ll The IARC reports h (4XB) requires that the
POUNTS MBY 1HRI0NALYY DS ATICIDAL dealing with ¢ we given PAraQH
10 be oarainogens I e roeranoes 1 the onc o (e Ao Ropos s “omaion 91" oPNGIr.
¥ ond the reader ¥ng the nature of such exposure  The Nalional Oocupationsl Haze/d Sur
A substanos ot lited In this Annuel is roforced 1o these documents o and the estimaled number of persons  vey (NOHS), conducted by CDCI
Moﬂmlylllbumown carcinogen Thest DI0CoNsse wers believed  #XP0sed 10 suoh substances.” The  NIOSH from 1972 1o 1974, gave wlor-
JARC to 4 which of the number of people  MAtON ON the NuMber of workens polen
m'y. D:m then z\oe:’odlndudod :Zuud cancer in 8ome humans and in pd.n(ri::y d;:po‘;:d ml route, inl:n tialy oxposed nng on some broader
reni OO g " . sity, ali spects of potent '
1 10 POrBONd Wing in the Unted g some National Tox »{m. r:mainl 0 yo :uvo et Oc:z

Biaiss. These subelances wil be Incor-
porated into subsequent Annual Re-
PON1S 88 182001088 DOTTYL. Some chemi:
s Wil be Inohucied 88 & result of testing
perlormed by indusiry in response to
EPA's coquests under the Toxio Sub-
Aanoes Conirol At The National Tox:
loology Program wit slso provide new
Inlotmetion for $hese (eports as tuther
ot results become avaiabie.

loniping radialion, ulraviolel rackstion

{including sunighl), tobecoo, alocholio
boverapes, and some viruses se

{uniess acting In with
ohemioal) beosuse lonizing radkation
thoroughly In 8 ¥ AC

oouniing Otos feport! & reoent

wm»lmlm toiationahlp between
and oanosr. Several publica-

tions Ilu‘td by the Natlonal Canoer
Instute'® expiain the ol

o800 810 NOX lisied separately in this
Report, sinod neither the causes
0116 0ANCETS NOY the SPECHIC Meps in

task. This Report attempis to respond
10 these queslions, and wherevar ade-
quate answers could be obtained, they
are included in Sections 1B and NIC.
[ 1o can ocour

te have boen identifed. Fux-
ther, IARC haa recognized thal these
w0 manufectring piocesses vary
significanty from one country 10
ancther, and that the likelihood is great
of varialion In exposures to whalever
Causes the OMNONS that ave soen. These
ManAscIUnng Proceses have aiso
changed eignificantly in seversl coun-
Irios over the las lew years, partioulady
with fegard 10 the mix of chemicals, eic.
{used in the various steps of the pro-
o08e) which oo-Ad be the putsiive
oarcinogens.'!

Estimating Exposure

Accotding to cleuss (i) of subparsgraph

(4)(A) |NI R.poﬂ 'l 10Qquiredt 10 inoksde
“to which a

slooholic beveagNs, ukieviolel radia-
tion, and viruses (0 0an0er.

Cerlain manuipciuring processss have
8100 besn conpidered by the Intsrna-

mmbadwpluoﬂdnqlnmumod
Steles are exposed.” Substances to
which only & few people are exposed
are nol Incluged for the most part. Yet
$0me subsences which have besn

anyM!m Some wo\nomm have
ahways been presan in the environ-
ment, anct thelr amount varies, depend-
ing on geographical location snd other
enviconmental conditions. Every year
humen aciivities may add more ca-
clnooomlomombulm. water, food,

¥ Nabonal
tional Exposure WWOY (8 repesl of
NOHS) should yield valuble inoima-
tion with reapact 1o more 1ecent poss
bis exposures. Subsequent Annual Re
ports on Carcnogens wil explore this
and othet avaiable date bases, end
their sirengths and krviations.

Reguietory Status

Subparagraph (4XC) of Secton 262 also
roaulm “8 salement idenidying () sach
i the Mt under

soll, and vironment.
ARhough sCierdints stampt 10 eatimate
the amoum of can present in
and added (o the environment, there is
no refieble way 10 precicl who is ex-

o what and when ex:
. Also, since humen
popuistions slways oxposed 1o

ubparagraph (A) for which no efluen,
ambient, of exposurs slandard has
Deon ovlablished by a Federal sgency,
The Fourth Annusl Repon responds lo
this requirement by appenduig 10 the
ceecriplion of each subeance » sum-
mary of Federal reguistions as submi

tod by the penicipaling sgencies. Some
many chemicals al the same Ume, this

may modily the efiects of a speciicex- O ee® u“”' and "“w""“m"'"“
PORI8 ether by erghm) u"""“ . ik

of reducing s action

it exposure is linked to a specitic habit
such 88 sMoking, 8 specific use such as
mMedcal Chagnosi o irestment, of &
fegtnictod environment such a8 the work

fance, to pvm other adverse heath
offects of to improve the quakdy of the
enviionment of lood. Sold of liquia
WANOS OF Wases GHcharged vio the s
M3y COMAIN CHITINGGeNS, yol 1hese may
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bu 6d 83 toxic substances of
polaants 8nd nol spechical-
Dvuwdmwn But 1 ihese tegula-
HONS 10AVOS SXPONUTA 10 OMOINOYENS,
then the 0anoer fisk posed by such
WHAANoM Wil 8lno Cecrenss.

Riek

ing on hoat (actors such as age, sex,
nuirtionsl stelus, oversd health, and
inherited oharacteristics. Only in a few
Instances, where studkes of longterm
human exposures and cancer
n0idenoe in resticted enviconments are
Avnhblo. can tisk be estmated with

Clause {i)) in wubparagraph (4)C) re-
Quites o platement identifying '{or sach
othund, , Of QXPOSUTS fanded
onlabiishedt by @ Fasersl agency with
0ADR0} 10 & BULMANOR CONIBINGd in the
Vit undset subpaiapraph (A), the exient
10 which, on the bas of evaliable
mackos, solentifo, Or other dala, suoh
standard, end the implementation of
wuoch standard by the sgency, decrease
the risk 10 public heakh om exposure
10 the subaance;". This requires quan-
tiked Information on the amouni of pio-
190tion (rom DaNnce! the pubic recelives
from estsblished Federal stancarch,

Eatimating the amMount of hesith protec
1ion s perhape the most diftioult task In
prepading the Annual Repons. One
10a30n is that most Federal laws con-
08ned with Teducing 08noer fisk have
beon enadied wihin the last 15 years.
Given the long pariod belween the in-

The reguiation of ssbesios in the work
plece provides & good exsmple. In
1089, under the Walsh-Healey Act,
which then reguiated only the frms with
Government contracts, the standard for
permissible exposurs was 12 fibera of
83sbaelos per oubic cenlimeter (om3) of
air. Undat the Occupstional Salety snd
Haalth Aot, this standard was reduced
lo & fibsrs/om? in 1972 and to 2
Kberw/om? In 1078. On Aprl 17, 1960,
a joint NIOSH-OSHA Working Group
1900MMBNced the slminelion of sk non-
otsential uses of asbestos and the im-
plamantation of a public heaith program
10 rethiod human exposutes. On April
10, 1084, OSHA proposed a rule lower-
Ing the permisaible exposure 10 0.2 or
0.5 foarsioms (5 micromeiere In length)
and requiing other provisions tor
employes profeciion. The high riak in
workers oxposad prior to 1060 is well

have raduced the cance:.dsk in persons
oxposed to asbestos.

One possible way 10 provide quan.
Akalive estimates of nsk reduction might
be to assums that the cancer risk is
directly proportional to exposure. This
approach aiso supposes thal data on
pnl and present exposure levels are

Dle, o1 thel conditions in all work
e in compliance wilh reguls-
Yiona. Howsver, inlormation supporting
50 assumptions is only rarety ob-
tainable. Neverihetess, i is reasonable
and prudent to accept that [he reduc-
tion of exposure, for any reason, par-
licularly to substances shown t0 be
CAIcinogenc in experimental animals,
will fecreass the incidence of cancer.

This is the basis of current regutatory
Pocien which aim 10 lower humen ex-
POSUI® 10 CONCH-CAUNNG SUDRANCES
and thereby improve public heshh. For
amore detailed discussion of the issues
nvoived, soe the praviousty cied report
to Congress on the assessment of
lechnologies for determining cancer
risks from the environment.?

1. National Center for Heakth Stalistics

2. Office of Technology Assessment,

Hial oxposure 10 & CArCINOOEN B1d the Reforences
onsel of iesase,  » ol 100 sary to e, The 4208 56 on gupomre
ovaluate how much Federal standade Y. sHhough lovele
and other have
wero undwbtm unacceptably high
Ihe human oo sk ';"“““""“‘“‘ by lodey's tandacch. Mesctheloma
" (primanly ment of T

fovely, which 00Uld serve 83 & basetine
(or anticnating etute tiek sacuction, oen
I8 not svallable o acourete.

The risk — the probabitiy of develop-
ing cancer — depends on the intensi:
¥, (oule, 8% GUIation of exposUre to 8
wicinogen. Individuals may respond
dffsrently to simiar exposutes, depend.

12

and lung md other cancers, the IS
oidenoe of which Is increased by ex:
POMNE (0 Sebesios. Qenerally take
20-40 yoars of more to develop end
beoomMe apparent. For these reasons,
we will 00t know unti earty in the next
contury to what extent the series of ex:
posure raductions in the '70s and '60s

Congress of the United States. Assess-
jos lor (

1ARC Scientibc Publicatons, No 3
Lyon, Franos: Internationsl Agency |
Ressarch on Cancer, 1082, p 3
4. Bartach, K., end B. Armstiong, e0
Hoet Faciors in Human Cacnogenes
IARC Scentific Pubkications, No 3
Lyon, France: imernations! Agency (.
Ressarch on Cancer, 1982, p o
5 Griesemer, RA. and C. Cusl
Toward a Classitcation Scheme 1-
Degreet of Expatimentst Evidence |
the Carcinogenicity of Chemwals 1.
Anrwmais. In: R. Montesano, H. Bantac:
and L. Tomalis, eds. Molecular ¢
Celiuiar Aspects of Carcinogen Scree.
ing Tesln, IARC Sclentic Publication
No. 27. Lyon, France. Internation
Agency for Resesrch on Cancer, 198
pp. 250-81
8. internationsl Agency for Ressarc
on Cancer {IARC). Chemonle, Industr
Processes and Industries Associale
with Cancer in Humane. IARC Mom
graphs on ihe Evslusion of he Ce
cinogenic Risk of Chermcals 10 Human
Supplement 4. Lyon, France. IAR(
1982, 292 pp.
7. Inlernational Agency ko Researc
on Cancer (JARC). Long Term an
Shon-Term Screening Aseays for Ca
cinogens: A Critical Apprasal. IARI
Monographs on the Evaluakion of Ih
Caecinogenic Fuk of Chermcals 1
Humans. Supplement 2, Lyon. Franc(
IARC, 1960.
8. Comptroer Ganersl. U S. Oorm
3 Offos. Problems of

Cancer Risks from the Environment.
U.S. Governmeni Printing Ofiice,
Washington, D.C.. 1981. pp. 3. 85-109,
211-214.

3. Cole, P. Epidemioiogical Clues to
Host Faciors in Human Ci

ng Cancer Risk of Low Level lerulm-
Radiation Exposure. Repor 10 the Cov-
gress of the Unked Staies. EMD01-1
:IINW. 0C, 1001

. Offics of Smoking and Heath. The
Heath C of Smoking

In: K. Bartach snd B. Armeirong. eds.
Hosl Factors in Human Carcinogenesis.

Cancer, a Report of the Surgeo:
Genecal. Rockvile, Marylend. US

13
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11, Inleenational Agency for Research
on Canost (IARC). Wood, Leather and
Some Auoolm‘g. Indusiries. IARC

Canost mmm, Nations lm(ﬂmn of
Haakh, Mndl. Maryland: US.
Deparimant of Health and Human Ser-
vioss, 1080,

of the
Carcinogenic Risx of Chemicals to
Humane. Volume 25. 412 pp. Lyon,
Franos: IARC, 1981, pp. 09-139,
249277,

2-ACETYLAMINO-
FLUORENE

CARCINOGENICITY

Incorporation ot this compound itlo the.
foed caused increased incidences of
mdlgr\cm 1umote in & variety of organs
in the fat." Long-srm studies in whioh
Mice were given 2

The 1979 TSCA Inventory repods one
producer but 1o production volume ?

EXPOSURE

Human exposure lo AAF may occur

through inhatstion and skin Sbeorplion

Poopis who face the Qrestest nish to

AAF oxpoaure &1 charnists, chercat
works, and

(AAF) in the dint i\owod incrensed in-
cidences of liver and urinary bladder
cancers.?

PROPERTIES

AAF occurs in the form of crysiafine
noechas. f {8 insoluble in water,

USE

AAFituudunpodtvadbylol
10 sludy

and mutagenicity ol MOMatic amings.

AAF was intended for use a0 &

pesticide, Dt was neves markeisd

because k was carcinopenic in ex-

perimental animals.

PRODUCTION

AAF is od rom Ewope and
distribuled by several spacialty
chemical companies. A typical
distributor stocks about 10 of
AAF and ususily sefis & in 1., &, o
25-gram quanUiies. Total sstmeted U.S.
usage ia less than 20 pounds per yeur.

‘Wieon, AH £ DsEDS, and A J. Cos The Tox-
folly end Cecinogenic  Aclivity  of
2-Acstylarenohsomne. Caron e Vol 1, 1841,

PM
'Stakta, JA., snd MA. Mshiman, ede. Innove:

and Yoxcol Vol 3, mogn:n.

nether NIOSH
nor OSHA estimated the number of U S
workers 0xpoeed 10 this swmal car
TNOQN, K May De fewer than 1,000 v
200 wborslofes that are posaibly
exposed.

AEQULATIONS

EPA reguisies AAF under the Resourc
Conservation 8nd Recovery Act &
the Comprehensive Environmenis

OSHA promuigeted e standar:
for the chermical on February 11, 1974
designeing prolective clothing. hygrens
procedures lor workers, and specie
engineeting fequiremenis for the
menutacture of processing of

ACRYLONITRILE

CARCINOGENICITY

There is suficient evidence for the car

cinogeniclty of acrylondnie in ex

perimental animais.* Acrytonitnie was
when

*foxio Bubstences Cotrol Act, Chemucs:
Subsanos vvacsory, 8

L 18T pubs ecos
‘sernations o o Carcer
Monographe 0n the Evalueson of he Cu
Mok Wpie

0ibgenic Mgk of 0
”mnd 292 0o Lyon, Francs IANC. 1982. pp

MONS 027593



PAOOUCTION

Aooording 10 NCI, the U.8. produclion
ol deoabromobiphenyd reported 1o the
US. Inteinational Trade Commission
wab grealer than 10,000 pounds for
1980. The 1079 TSCA Inventory iden.
likes one oompany producing an
unsialed amount o hexabromobi.
Py Endier, EPA 8100 teporied
00 U.B. prockios of PBBs, 40 Prodyg.
tion of some PBBY 0eased in the iste
1970's. CPSC reporiad that the sote
US. manutacturer of hexstromobi-
phanyl 0eased proouolion in 1974 and
held the remaining sook of the Product
unllt the supply was exhausied in Apiil,
1078, Fiom 1970 1o 1874, about 11
miion pounds of hexabromobipheny!
were manutsoiured by & single U8,
COmpany and marketed under the rede
named Firamaster BP-6 and Fiemaster
FF-1. Commaroial produciion of PRBy
bepan in 1970,

EXPOSURE

FOA 'f"ﬂ. l;-l polential human ex-
posute (10 9 18 thiough Ingestion of
foods conleining PBB voz"duu Present
80U1008 of PBB 800 10 be residues
tomaining in and around planis that
lomedy manutactured, prooessed, or
Poduosd procucts using PBBs. In
1974, the National Oocupational Hazard
Survey eatimated thel 4,900 workers
WO poseibly exposad (o PBBS. For ex-
ample, workers in one company that
manuisotured PBBs were possibiy ex:
Dosed direotly 10 PBBY by skin coniadt,
ahalation, and unintentiona) ingestion;
OVORIONION 0e10010c 1.1 10 1,729 ppb
# haxabromobipheny! in the workers'

———
1910 BuDNNI0RY Comiol Acl, Chemiow
4709 Ivemory. 1979, puble 1eond

soi8 and 0.51 10 581 ppm in theyr
adipose tisue.

REGULATIONS

The category of PBBS, potentiaily con.
1aining up 10 200-300 individual chemi.
cals, is aubject to & special TSCA 8(e)
1aponing ruis. EPA has proposed han.
g and reporiecordkoeping require-
menis lor PBBs under the Resource
Coneervation and Act, Under

section 406 of the Food, Drug, and
Cowmetic Act, FDA reguistes PBB com.
Pounds as unavoidable anvironmental
conlaminants. In cooperation wih the
Conlons for Dissase Control and the
Publio Health Department of the State
of Michigan, FDA monitors the long.
form human heatth effects from acule
axposure to PBBs,

POLYCHLORINATED
BIPHENYLS

CARCINOGENICITY

The evidence for carcinogenicity of
Polychiorinated biphenyis (PCBa) in ex-

animals is sulficient. *! Cor.
tain mixtwres of PCBs (0.0.. Xanechior
500, Arockor 1254 and 1260) were car-
d%hmnmﬁ:o u:u rals ahor od-
ministr , Produding kver
tumors. 249 BCH (1260) was oar-

DNORINC 1]

m :.m 9. Lyon, F:mzwm
“mmwwnmwclu
ARG Manog:ahe on the Evekareon of the Car.
ONoQeNo Avek of Chamicals 1o Humans Vol 19,
140 pp Lyon, France: IARC, 1970, pp 43103

170

CinogeNiC in the lemale 7at, 8180 Procuc:
ing tiver tumors. 42

The evidence lor the carcinogenicly
of PCBe in humans is inadequsle.*' A
slighl incresss i the incidence of

domeetic procuckon of PCBa was about
35 mition pounds. DOMeC producton
teached a pesk volume of 88 milon
Pounds in 1970 and decte8sed [0 sbou!
41 twthon pounds by 1974. PCBY sl
wore 1 1he Unded Siates .

cancer, of the
gkin, has been reponed in a small group
of men exposed occupahionally to
Aroctor 1254, a mixture of PCBs. !

PROPERTIES

PCBs vary in appearance liom mobile,
oily kquids to white crystaiine solids 1o
hatd, noncrystalling reuns. Al iorms ae
insohsbla in water.

USE

Since 1974, all uses of PCBs in the
Uniled Sisles have been confined to
closed sysems. Belore 1972, PCBs
wore used in itanslormer cooling
liquids, heatlransier and hydraulic
fluids, vacuum pump Muids, lubricants,

1929

EXPOSURE

The teloase of PCBs from pror ndusira
uses and the persisience ol the com
pounds in the environmen hav
1A in WidesDread CONMMNAON &
water end 804, with subsequant polen
il oxposure of tha ganersl population
Routes of 8xposurs NCIude Sun SO
1ion 81 ingeshion; & Major B0WCe of 8>
posue i Wvough the dvd. A 197t
1OpORt INGiCaled that ish, cheess, #gg:
800 CONBMINBIOd snimal leed were I
magor U.8. commockiies in which PCB
wore lound. The percentage of loo-
ampies conteminated with PCB
docressed between 1973 and 197¢

fillets in casting
waxes, surface Coatings and sealants,
pesticide exienders, and COpY paper,

PRODUCTION

The 1979 YSCA Inventory identiies one
company producing 35,555,600
pounds o! PCBe.*** PCBs are no
fonger produced in the United Siates,
axcept loc kmitod ressarch and develop-
ment applications; impon and export ol
the compounde has not been permitted
#ince July, 1979, Prior to 1977, snnual

Residues of PCBe have besn detects:
inhuman mik and (at samples colecte:
Irom the general U 8. popuision. EP:
reports that about 12 mékon petson
within 12 miles of three 90Wng and rwn-
PIOJCISd COMMPICill NCHEYMors ma
possibly be exposed 10 releases
PCBa.

REGULATIONS

in 1070, EPA banned PCOs as 8 pest
Cioe ingredient and canceled regiin
fion of produote oontaning PCBe. EP.

d foxic poAs eMuer

“Sindarnatons Agency for Research on Cenoer
{ARC Monopraphs on 1he Evaluskon of tha Car.
Pesk of Chemcals 10 Man 326 pp Lyon,
74, pp 261200
v Coniral Aci, Chemicel
B
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standarde in 1977 snd mockhed th
marking and disposal e m 197!
which was efiective in identiying an
shninating some PCB sources In 197!
EPA issued » ben on manutachuim
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PIUOSVIng, and distributing PCBs in
: Mol Codded

; wing
voluniarly before these ruies ware
{saued. EPA proposed & waier Quality
Oitoria dooument that wHl protect
freshwaist, saiwater, and agqustic
OFgaNINMI, a5 well as human healih,
PCBs a0 1agutated ap hazardous
WaNes under ths Resource Conserve-
{ion and Ry Adl and the Com.
prohenaive Environmental Responss

lion and Lisbilty Act. EPA

. Under the Sale .

ino Waler Acr, EPAhﬁM.m

to Congrase on the nature ang oxtent

ol PCB omgnlmbn. -0 Wl 88 1800m.
«

¥ teowssary, eguisiory action,

10 1973, FDA satabiished toler
for PGB in several 1oods adl hm
100d-procuoing animal, In 1079,
m m\m toler8noss ware reduced

PROCARBAZINE
AND PROCARBAZINE
HYDROCHLORIDE

CARCINOGENICITY

There is sutficient evidence for o
cinogencity in humans of wiensive
chemotherapeutic regimens that in.
Chude dkylating agents, vinca o
Procarbazine hydrochioride, and pred-
nisone. Thare is inadequals evidence
for oarcinogenicity of procarbazing
hydrochloride slone in humans,
There is sutiicient evidence for the
of procerbazing in gx.
Pomental animats, 448447 L::ov:l:‘y
$Xposure of animalt to procarbarine
was ducied by intraperionsal injootion.
In tals, lymph system cancers and can-
Oofa of the Mmammary pland and olfac-
tory nerve were induced in statisticaNy
SQnifcant numbers, in mice, oancers of
the lymph aystem of leukemia, cancers
of the olfactory nerve, pulmonary
eonIasms, and cancers of the uierys

now are 1.6 induced i
basis} in milk ang mmﬂlﬁul‘:’“ﬁ')’: :w"n.bou“"' n uascaly sgnicant
gm. .: m (:’uzbwl) in poukry, Evidence of CAICinogenioly was also
oo, . 0 ‘Ldm found in mioe and rety f [3
POnROlD of anknl origin, 5 ppm In hgn 1 "1™ DY DRVBGE. n s lkowing
and shelfish (sdible , and 0.2
ml:\dwml;l;cngwwfwl\u
s(andard in fish ang 10Mhondl AQency for Resear
m&mmmazmnuwhn .m'umuw-:':mnﬂ:'ﬁ.':
s U Rk ot Humane
bnn)modmuum wmm 411 pp. Lyon, France: wac.'?m op. 3:’::3’
food-packaging material, OBHA DANe kv Posibly SFentoow
Siopied & SO OF 1 MYIT® (40 e v OO
X m.‘wmz ¥ioh .d.m.g.) k:chs.o » lt‘" 124 pp. Betheada, Maryiang, ?:):M
m"f"’c"mm am ARG Mummmgszu?n:s:oc:
e OSHA adopied thase sian. D10 Rkl Cheiows ioumane Suope
10Kic oMot other han omncer.  zzg gy 7P 1ON Fiance WAC. 1982, py

172

intravenous sdministiation and in one
Instance foflowing transplacenial ax-
posute, Two studies in two species of
nonhuman primates suggest thet pio-
carbazine hydiochiorids may elso pl:

REGULATIONS
Thers is no indioation el procerbanne
0carbazig by poss &

nd
waste or polution problem and
theretore, EPA hay iitke inlerest in he

duce leukernis when 3
multiple routes (o the same animal.

PROPERTIES

Procatbazine is & white 10 pale yellow
crysteline powder that 1 eoluble bul
e In water and aqueous

USE

Procarbazine hydrachioride is vsed
mainly an an antineopiastic sgent 10
troat Hoaghin's Gissase and oal-cell car-
cinoma of the lung. FDA approved He
use in 1969, indicating thal the drug
should be used as an adjunci to stan-
dard therapy.

PRODUCTION

The 1978 TECA Invertory 1eports no
procuction data or procarbazine and its
hydrochioride **

EXPOSURE

Possible $xposut® to procarbazing snd
its hydrochloride occurs during
manulaciure of the dnug: direct n;'
POBUTe OOCUrE BUIiNG mm’m o

is wubject to FDA prescription druq
labeling requirements.

PROGESTERONE

CARCINOGENICITY
There is sufficient evidence thal pro

10 arimals. * Progesierond wee lesiec
by SUbCLARNACUS and INraMUBCUIN 1N
jection in mice, rms, rabbis, and dog
and by subouaneous implantstion ¥
mice and rate. In mice and doge. pro
@onlerone was lesled slone; in 16ls #w
rabbAS, A WES OIven In comtanebon we
other chemicals. When given slone
progesierone increased the incidenc
of overien, uierine, and memme
umorg in mice. In female mice, Les
menl of newborn snimals weh pi
000leron® anhanced the OCOLHENOS «
DIOCANGHOUS BN CANOHOUS Ieons :
the genital tracl end incressed man
mery .48 Doge treate
with progesterone lor four yes
developed 8 dose-reisied incidence
mammary gland necpiasme. *¥ %
of

I 1980, the Nationsy Prescription Audt

ioa, fats..8nd /abbity secied the +

reporied 1.5 million p o - poryon

ciipensed 10/ the dkug. Some O B8 1 honcricte o e v o 4

carcinosiatic and carcinogenic. ment &, 29299 Lyon, France WAC, 1962,
202200
“yrserrnanonal Agancy tor Ressarch on Can

e Evaloaon of e C

WAC
“Srouc Subsances Conttol Act. Chemicsl  cinogen P of Chemucals 6 Mumare Yol

Subsiance inventory. 1979 puth seoord

583 pp Lyon, Fianoe WARC. 1079, 00 491 B

m
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