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$2.65 :’% " Despite the fact that the existence of

‘; environmental carcinogens has been known

luce bnlliant differsasg for about 175 years, professional interest
shols, Pt

and appreciation ‘of these pathogenic prod-
o ucts of the modern industrial cconomy and
Hq their increasingly important role as causal
,;g?lxazl;:glt:séu;}f'agmts of human cancers have .rmnaiucd at
icture. No Specialiiy 2 rather low level. Ouly during the last
ter soluble) section/=2 decade has the general public been made
) '_"_"';_,..;ware of the presence of carcinogens in the
(30 cc; $2.00 155 s human environment through the widespread
' (25 cC : 1 . . . . .
=3 publicity which radioactive fallout and ciga-

. ';'.PE;
$1.50 "—"é‘é

%' avironmental cancer hazards. The general
'population has been alerted also to such
B¥ possible dangers to health from industry-
Skrelated sources and products by the atten-

A = EEEon which lately has been given in the
, New YOTk 58, H. 3‘:’3 public press to carcinogenic hazards from
) - SMEea air pollutants and food additives and con-

"}_; aminants. Since the modern economy of
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all countries will be based to an increasing
degree on the growth and diversification of
industrial activities and the greater use of
industrial products, undesirable and danger-
ous carcinogenic health hazards from such
sources will assume considerable  stature
as public health problems which will demand
comprchensive organized study and exten-
sive preventive control measures.

I. Significance of Environmental
Cancer Hazards

Envirommental carcinogens, i.e., physical,
chemical, and parasitic agents being constit-
uents of the human cnvironment, are prac-
tically the only recognized causes of cancer
in man.

() A few of these agents have been for
ages constituents of the natural environ-
ment, such as ultraviolet radiation of st~
light (especially active in areas with dry
and sunny climate and causing skin cancer),
radioactive contaminants of the air, water,
and foodstuffs from natural sources, par-
ticularly in restricted areas with highly

radioactive soil and rocks (such as a certain
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region in the “Ore Mountaing,” Germany,
where the population is said to have a
generally increased cancer incidence), ar-
senical pollutants of drinking water ob-
tained frum arsenic-containing soil or rucks
(such as a region near Cordoba, Argentina,
where an endemic type of arsenic cancer of
the skin exists), and infections with Schis-
tosoma hematobium (such as those observed
in Egypt, Iraq, and South Africa and caus-
ing there an endemic oceurrence of cancer
of the bladder). .

() A second group of cenviromnental
carcinogens is man-made, and alse has been
a part of the human environment for many
years. Fxposure to soot containing cancer-
producing aromatic hydrocarbons has doubt-
lessly existed as long as man has used
carbon-contaiting matter for heating  his
living quarters and for cooking his food or
for smoking  foodstuffs  for  preservative
purposes.  Age-old habits, such as chewing
betelnut quids or khaini quids, indu'ged in

by inhabitants of certain oriental population

groups, or smoking tobacco products, also
have created cancer hazards affecting espe-
cially the oral cavity and respiratory tract
for many generations. e

+

TavLe V—Recognized IHunmn Carcinngens, “Their Origin and Distribulion in the
- Flwman Ewviromment, and Cancer Cansed hy Them *
R Arsenic
Sites of Arsenic Cancers.—Recopnized : Skin, Lumz, Liver; Suspected: Mouth, Esophagus,

" . Larynx, Bladder

Exposure  Stipmata.—Dermalosis, Neuritis, Arleritis, Gastroenteritis,
Laryngitis, Perforated Nasal Septum, Bronchitis, Anemia,

Compounds of Eeconomic Importance (1ri- and pentavalent) —Arsenic metal and
ores of silver, gold, copper, tin, lead, cobalt, nickel, antimony iron (pyrite) : realgar, orpiment
arsenic acid, arsenions, arsenic trioxide, arsemic pentoxide, sodivm arsenite, calcium arsenate,
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(c) Another group of man-made env;ron;iég;r G -.i‘ Popul.
mental carcinogens, however, of recent date;g__ ~,txonzl Gr
is constituted of a rapidly increasing num‘t‘f A ::::m:r;“_
ber and varicty of chemical and physiaxl‘:;& S Farmers,
agents which are the products of the mod-oSEEE manufact
ern industrial development. These agents 2 ‘::'::' e;
are by far the largest number of environ=1§ - il refine”

3%
mental carcinogens of the so-far-known ;2¥

Ly v,

, hair faa

envirommental carcinogenic spectrum, These {252E bait mak ~ -
- . [, : av
new industry-related carcinogens are, i R :;‘:g‘:“
part, highly potent agents. They are eﬂ".':" % arsenical
countered in a considerable  number ofs% > acid wor

goods, medicines, cte.) and are pollutants 23
of the general air, water, and soil ( indqu
trial wastes, residues of pesticides, mdioﬁ{.
active fallout). TTuman exposure to thcse.g
recognized  environmental  carcinogens OC",;?
curs thus from varivus sources and at nu‘-é’; :
merous opportunities. All these contacts 1035
specific carcinogens as well as to all cal’Ci'W,gl
nogens add to the total carcinogenic load

-

Tremo!
¢ taining

5

[

Liver Cirrhosis; Magne -
: Alumin
alloyss e Calciin
Iron, -
- Siliea
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- copper arsenate, lead arsemate, cupric acetoarsenite (Paris Green), cupric arsenite (Scheele’s .
- Green), Schweinfurt Green, London purple, Wolman's salt, arsine (Arseniuretted Hydrogen).
. arsanilic acid, cacadylates, arsplienamines, lewisite, cie, tryparsamide; carbarsone: arcetarsone

(Stovarset),

Operations and Products scith Contact to .lrsenic for Producers, Processers, Users, Con~
sumers, Residents—Copper alloy; lead shot; dust, fumes, mist, vapors in and around meetal ore

smelters and refinerics: dust and water draining off slag heaps of mines and smelters; water ;;

from arsenic-containing rock ; pigments in paints, ink, glazes, glass, soap, and dves of textiles
and paper; decolorizer of glass: mordant; preservative of wood, peits, furs, hides; dehairing
agent of pelts; herbicide; pesticide (cattle and sheep dip, grasshopper and mosquito bait, in-
sccticide of potato heetle, [apanese beetle, cotton boll weevil, codling moth, gypsy math);

algicide; rodenticide: gas purification by Thylox process; war gascs (lewisite, cte.) hair lotions
animai feed additive; pharmacenticals (tonics, antianemic preparations, Fowler's solution, Dono~-

van's pills, Asiatic pills, cacexlylates, arsplienamines, caustic ointments, gte.).

* Table 1 continued thru page 27/249
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Population Groups with Occupationel and Entironmental Exposure 1o Adrsenic.—~Occupa-
tional Groups: Airplane pilots, arsenic roasters, artificial fluwer makers, book binders, bronze

] 8% workers, cannery workers pecling fruit treated with insecticides, citrus fruit orchard workers,

H 45 cotton plantation workers, cut-glass workers, dyers, dyestuff makers, clectroplaters, cnamclers,
physical Stz

farmers, fur handlers and préparers, galvanizers, gardeners, glass mixers, glass workers, glue
the mod 35aa  manufacturers, gold refiners, ink manufacturers, inseclicide nakers, insccticide sprayers and
e ager{g7~‘< - dusters, japan ninkers, jewelers, lead factory workers, fead shot workers, lineleum colos

" workers, lithographers, mincrs of arsemic, copper, zing, silver, lcad ores; il cloth manufacturers,

oil refinery workers, paper {colored) makers, paper glazers, paper hangers, paper primters, pelt amd
hair factory workers, pencil (colored) makers, pharmaceutical workers, photographers, peison
bait makers, ‘potiery decorntars, pottery plant glaze dippers and mixers, printers, pyrites burners,
rotogravure ' workers, rangers, rubber compounders, mordant mixers, rubber pressers, rubber
tire manufacturers, sealing wax makers, seamstresses handling fabrics yeld or treated with
arsenicals, sheep dip manufacturers, smelter workers, sulfur burners, sheep wool cutters, sul furic
acid workers, stevedores, tannery workers, taxidermists, textile printers, tinners, tobacco proces-
sers, velvet makers, vincry workers, vineyard workers, war gas mamniaclirers, weavers of yarns
dyed with arsenical pigments, weed killer producers, wire drawers, wounl preservers, wax goods

! _manufacturers, zine mixers, zine smelter chargers, felt hat carroters, ferrosilicon workers,

Nonoccupational Groups: Resilents in vicinity of metal smelters amd of orchanls, ficlls
and woords dusterd and sprayed with arsenical pesticides; persons comsiming drinking wouler and
foedstuffs contaminated with arsenical algicide and insecticide residues ;) persons smoking tobaceo
with arsenical residue and inhaling arsenical air pollutants {rom hurnt coal; weteruns with war-
gus foisoning: paticnts gicen  prolonged treabments rith arsenival  preparations (anemia,
psoriasis, syplilis, teypanosomiasis, cte.) ; inhabitants of rooms with arsenic-containing wall paint

or wallpaper,

~

Asbestos

Sites of dsbestos Cancers—~Recognized: Lung
Exposure Stigmate.—Chronic fibrosing pneumonia involving first lower lobes (ashestosis),
asbestos bodies in sputum, asbestos warts of skin (fingers).

Compounds of

- et Economic
rees an.q-;.'k Importance
Chrysotile,
Amphibole,
Amosite,
Crocidolite,
Tremolite con-
taining
Magnesiun,
Aluminum,
Calcium,
Iron,
Silien
water \"‘;:“" 3
tiles’ ‘:,‘:“‘ G 4
Tiring "3\'3,';{
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Operations aml Products
with Contact to Asbestos
for Producers, Processers,
Users, Consumers, Residents
Ashestos rock miuing, loading, ship-
ping, crushing, milling; asbestos
spinning, weaving, mixing, cutting,
pressing, molling, plastering, ce-
menting,
clothes, cloths, shcets, blankcts,
curtains, brake linings, yarns, conds,
ropes, twines, ribbons, artificial
suow, filler in rubber goors, plastics

camd rool  coutings, filter cloths,
_filter pads, filter paper, artificial

" wound, tiles, shingles, cand boards,

vall hoards, partitions, panels,
paper, clutch facings, clapboard,
pipe coverings, pipes, insulation
blocks, insulation jackets, jaskets,
pump packings, clectric wire insula-
tion, structural  heat  insulation,
facings of acoustical building ma-
terials, catalyst supports in sulfuric
acid procduction, putties

Population Groups with
Ocenpational amd Enviionmental

Iixpenure to Aslwstos
Occupational Groups:
Ashestos rock  miners,
truckers, ernshers, millers; ashestos
spinners, weearers; electrical ap-
pliance and  wire manufacturers,
masons, carpenters, heating cquip-
ment workers,  rubler  workers,
shingle and  tile munufacturers,
Danldingg  meterial  manuiacturers,
filtering  waderial manufacturers,
molders of asbestos preedncts, as-
hestos-asphalt makers, putty manu-
facturers, ashestos cement makers,
ashestos  paper,  cardboard,  and
brake-lining producers, ashestos felt
msulation soorkers, ashbestos soumd
insulation worker, asbestos  insu-

foaders,

Iator, pipe coverer, asiwstos tube
wrpper, aslestos cork insulation
worker

Nonocenpattonal  Groups @

Residents in vicinity of ashestos

processing and textile mills inhaling
plant cttluents polluted with ashestos
dust.

. 17/239
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. ARCHIVES OF PATHOLOGY

Chromium

Sites of Chromium Cuncers.—Recognized : lung, nasal cavity; Suspected: stomach
Exposure Stigmata—~Dermatitis, cutaneous “chrome holes,” ulcerated and perforated nasal

septum, laryngitis, tracheitis, hronchitis, chronic fibrosing pneumonia, chronic gastritis, indolent %

intestinal ulcers

Compounds of Economic Importance (Di-, Tri- and Hexavalent).—Chromite ore, chromium . o~

metal, chromium alloys (iron, nickel, cobalt), chromium oxide, chromium trioxide, chromous

chloride, chromic chloride, chromyt chloride, chromic nitrate, chromium oxychioride, chromium E: A

boride, chromium carbide, ammonium chromate, sodium chromate, potassium chromate, strontium
chromate, calcium chromate, barium chromate, lead chromate, zine chromate, sodium dichromate,
potassium dichromate, chrome sulfate, chrome alun, amnionium chrome alum, potassium chrome
alum, stearate chromium chloride, chromium acetate, chromic acid, ammonium dichromate,
copper chromate, chrome hydroxide, chrome phosphate, chromite ore roast, chromate roast
lcached residue, stearatochromic chioride

Operations and Products with Contact to Chromiwm for Producers, Processers, Users, Con- ‘
sumers, Residents.—Mining, grineling, mixing, chromate manufacture, clectrometallurgical chrome

production, stainless steel manufacturing and processing industrics, production of chromium
compounds for tanming, phatographic, paint, ink, textile, shingle, rubiber, plastic, glass, petroleum,
pyrotechnical, pottery, printing, wool preserving industries: clectroplating plants, aviation-,
railroad-, shipbuilding industries; dye manufacturing industry, chemical and pharmaceutical
imdustries, explosive-nunulacturing plamts, match manufacturers, wax aml wax-product indus~
trics; oil and fat industry; Fibervias manufacturers and processers; cement industry ; blue print
industry ; metal wares and machinery, clectrical appliances, anti-corrosive and antirusting agent,
polymerization cataiyst, oil cracking catalyst, anticorrosive primer paint pigment, pigment in
paints, inks, glass, plastics, rubber, shingles, linoleumn ; glazes, enamels, ete.; glass and pottery
frosting and ctching agent: chemical cleaning fluid; textile monlant: axidizing agent in dye
production, bleaching agent for fats and oils; leather tannery aud funshing chemicals; dry
battery chemicals; wood preservative amd stainimg agents; Fiberglas coupling agent: corrosion
retarder in refrigeration brines: in air washers, in cooling water of diesel engines, locomotives,
automobiles, boilers; ingratdient of match-heads, explosives, coments, water-repelient for fabrics,
felt hats, glass fiber, drapes, paper.

Population Groups with Occupational and Enzvironmental Exposure to C hiromirn,.—Occupa-
tional Groups: ubrasive nukers, abrasive workers and polishers, airplanc sprayers; bleachers,
blue print makers, colored candle makers, cement manufacturers; chemical workers, chiromate
and chrome pigment producers; chrome platers; chrome-stecl manufacturers and processers;

chrome ore mincrs, loaders, shippers, grinders and mixers, chrome-alloy producers and proces .- £}

sers, crayon makers, dye manufacturers, dock workers, electroplaters, electrometallurgical
workers, ciamelers, enaniel makers ; explosive manufacturers, Fiberglas producers and proces-
sers, fumiture polishers, glass aml pottery frosters, ink makers, linolewm workers, lithographers,

match producers, mordanters, paint manufacturers, painters, metal cutters and welders, oil re- ;::":
finery workers, pyrotechnical workers, printers, paper dryers, paper waterproofers, photo-
engravers, photographic workers, pottery glaze makers, pottery glazers, ref ractory brick makers
and masons, railroad engineers, rubber workers, plastic manufacturers, soap makers, stainfess -
steel producers, processers, buffers and polishers, pyrotechnical workers, shingle manufacturers,

lcather finishers, tannery workers, textile printers and mordanters, textile waterproofers, wax

ornament workers, welders, woexl stainers and preservers, boiler scalers, dry battery makers,
colored glass producers, fat bleachers

2ok Alloys (-

Iron, Chr*

25 Nickel G-
¢ Nickel St 2

~i. Naphther

(3
L

i Nickel G

2 2is, Nickel €

. Nickel t

Nonoccupational Groups: Residents in vicinity of chromate plants, airplane manufacturing §ab

and maintenance establishments, railroad yards, shipping building plants, scrap metal smelters, oil

refineries; home users of paints containing chrome pigments and of chromate-containing anti-

rusting agents in steamn heating plants; consumers of drinking water containing industrial wastes *1*
polluted with chromates and of fats bleached with sodium dichromate, B =

18/240 Voi. 71, Mar., 1961
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Sites of Aromatic Amino Ca
. testine, lung, liver, prostate.

: Exposure Siigmata.—Excretion of aromatic amino compounds and their metabolites in
% urine, hematuria, often no symptoms of prodromal character.

3 Campounds of Ecomomic Importance—a-naphthylamine, g-naphthylamine, benzidine. xenyla-

$7 CARCINOGENS IN HUMAN ENVIRONMENT

Nickel

Operations and Products
with Contact to Nickel
for Uroducers, Processers,
Users, Consumers, Residents

Nickel ore mining, shipping, load-
ing, grinding, smelting, refining,
nickel carbonyl production, metallie
nickel production, Monet metal and
stainless  steel manufacture and
processing, nickel alloy production
and processing, nickel plating, paw-
der metallurgy, anodizing alumi-
num, acrylic plastic production,
hydrogenation of vegetable oils,
hydrogenation catalysis in chemical
industry and synthetic coal oil pro-
duction, enamel and glaze produc-
tion and application {ceramic
industry), glass production, elec-
tronic industry, elcctrotype manu-
facture, German silver production,
electric appliance industry, alkaline
storage battery production, flash-
coating of metal surfaces, textile
mondant for stabilizing metallized
dyes, nickel soaps as additives to
crankease oils, sealing agent for
anodizing aluminum

o Aromatic Amines

’

] Sites of Nickel Cancers—Recognized: nasal cavity, paramasal sinuses, lung
S .. Exposure Stigmats—Dermalitis, nasal polyps, chemotoxic pneumonia

Population Groups with
Occupational & Fnvironmental
Ixposure to Nickel

Occupational Groups: Acrylic plas-
tic producers, abrasive manufactur-
ers, aluminum anodizers, ceramic
gluze makers and glazers, coin
makers, electroplaters, clectronic
appliance  workers  (“Fly-Back™
transformers, dipolar antennae),
enameclers, painters, paint manufac-
turers, German silver manufactur-

" ers and silversmiths, hydrogen
manufacturers, Monel metal pro- |

ducers and processers, margaring
manufacturers, glass producers,
metal flash coat operators, nickel
alloy (copper, silver, aluminum)
producers and processers, nickel-
chrome alloy workers, nickel ex-
tractors, nickel ore miners, loaders,
shippers, grinders, and mixers,
nickel smelter and refinery work-
ers, nickel polishers and buffers,
stainless steel workers and proc-
essers, nickel carbonyl manufactur-
crs, powder metallurgy workers,
oil refincry workers, storage bat-
tery manufacturers, textile dyers
and workers, tale manufacturers
Nonoccupational Groups: Users of
nickel-containing  kitchen utensils
acl tableware

»

neers—Recognized : bladider, ureter, renal pelvis; suspected: in-

mine, auramine (magenta, phenetidine, chloronitroanilines, d-uitraliphenyl, o-tolidine, diphenyla-
mine, naphthylamine aldehyde condensate, phenyl-a-naphthylamine, xenyhunive antioxidant,
i+ yellow AB, yellow OB, a-naphthylamine thiourea, B-naphthalenc-azo-B-naphthol, ¢tc.), naphthol
pitch (B-naphthylamine still coke), aminostilbenes, cual tar petroleum fuel additives (oxidation
inhibitors). e -
Operations and Products with Contact to Aromatic Amines.—roduction, handling, loading,
processing, using of these amines, cleaning of stills, hawdling of fars of stils, their use in
lacquer production, repair and smaintenance activitics on cquipment, empiying and disposal of
barrels and containers, use in production of dyes and rubber antioxidants, production of rubber,
redenticides, pharmaccuticals, lipsticks, colored margarine, buticr, baked goods, cheese crackers,
:: ete., dyeing and use of textiles and leathergoods with dyes with carcinowenic aromatic amine
’, ingredients or impuritics, red sky writing, mt catching, production and handling of sevurity
paper, use as reagents in tcsts for chlorine, aml other inorganic ions and metals, for scpur:uin;n

lattery makers,

nmnufacmring_ .
‘1al smelters, oil
containing anti- - .
ndustrial wastes T

cr
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. ter, margarine, baked gowls, repasr and mainicnance men, truckers, yard men, workers employed=; '; roing

R wats SN

.
¥z o

) i 8 S - rhy :~'t'£.;'\". E
. Cyoh WM ARCHIVES OF. PATHOLOGYRA
. ) ST R .ti(\.(‘:;-

of phenol mixtures, laboratory use in tests for ofeuit bloord and for folliculinization, in biologics
stains, in quantitative and qualitative analysis for various metuls, handling of coal tar, patent G
fuel and crude anthracene; stahilizer of carotenes, industrial chemicnl antioxidants; azo-d)'cs;dit';}”
and triphenylmethane dyes, ete,, molding compositions, lacquers, detergent manufacturers using:{:f;_\
whiteners, manufacturers of gasoline and aviation fuel, gasoline dyes (Sudan IV, but}c{xf
yellow). _— "i i

Population Groups with Occupational and Environmental Exposure to Aromatie Amint.r—‘i SR,
Qccupational Groups: Producers of dye and antioxidunt mtcrmediates, and of dyrs and (mlioxl“:}éi"
dants, pharmaccuticals, radenticides, industrial and biologie laboratory reagents, cosmetics, but-';‘,}i:'

N )
i welders, -
=

T 2, A
Ngessi Nonon .
5

in flane zone of uromatic amine operations, rubber manufucturers, rat catchers, textile, plas(ic.t‘fsxd an
chinaware dyers and printers, laboratory techuicians, security paper manufacturers and proces—: 2
sers, airplane pilots, chemical workers, coal tar, patent fuel and crule authracene producers a.nd';;“
landlers, painters, pharmacentical workers, chemical workers, leather dyers, citrus fruit dyers,” i E
fur dyers and furriers; marmalade, jelly and candy makers; soit drink manufacturers, ink:% EE 2o i b
makers, pholographic chemical wanufacturers, pharmaceuticnl manutacturers, colored wax goods:-* '
makers, lithographers, ‘ ' R

Nonoceupational Gronps : Residents in vicinity of aromatic amine production aml C()IISlllnpli.u".,':; fE:
plants, rubber factories, users of fouxstufls and cosmetics dyed with colors containimg cnrcino-j'u"z_ ;
Kenic aromatic unine impurities, patients treated with carcinowrenic amino compounds (pyridium,..-
o-tolidin, fuschin, auramine, light Green SF, brilliant Blue, ete.). users of rubber goods conmet{iE
taining carcinogenic antioxidants, users of detergents with carcinogenic whitening agents of 75
aromatic amine nature, of polishes with similar-colored ingredients, wsers of brightening and 85
whitening agents in houschold tletergents of

aminostilbene nature, consumers of the sweetener .
Dulcin(p-phenetyluren) aml of bladider
chioride. ) :

amalgesic, phenylazo-a-e-diaminopyridien monnhydro-'_‘ e

A
Y

P

ot S fudwthie

P PRI

\ - Benzol ' .

: ” e

Sites of Benzol Cuncers.—Revognized : blood-forming tissues (lcukc';ni:ls; lymphosarcomas?) } el sy

Exposure Stigmats.—Anemia, leukopenia, aplasia of bone marrow; erythrocytosis, leuko=5, o SRERI LN sethyl s
cytosis, leukemoid reactions, hyperplasia and maturation arrest in bone marrow, allcrgic_‘é.'a’i,-_;‘ Tl

agranulocytosis of benzol-containing drugs, purpura. ) %3 ) >

b

t "y )
Compounds of Economic Importance~Benzol, benzol derivatives with hematatoxic propertics \' "f:u (RS

. .‘_.,'; 2 ;
SEag smustare
or producing allergenic dyscrasias of the blood-forming tissues. (drugs). o ﬁ‘g_«;&chlqrw U
Operations and Products with Contact to Benzol for Producers, Processers, Uscrs, Cane.- {5

. S
sumers, Residents.—Coal tar procluction and refining, petrolewm processing, parafin cxtmctim"':\‘.é'

and refining, production of rubber and rubber gouds, production and uce of paints, pamt re;“.'"a%g;. K
movers, lacquers, rubber cements; bronzing, silvering, and gilding liquids; artificial Ieather’._'\;E""
resins, styrene, dry-cleaning fluids, leather enamel, waterproof fabrics, linolcum, motor an(ih‘-:;;_ e
aviation fuel, industrial solvents, plastics; extraction of bones, fats, and oils; cleaning of & S gl
machinery (dcegreasing) ; manufacture of chlorinated, sulfonated, nitrated, oxidated, alkylat, 'r.’:tff;é 1o

hydrogenated, and dehydrogenated benzol derivatives; production of explosives, pharmaceuxical:._;j‘_?;
antiknock chemicals, detergents, photogri,pliic chemicalss rotogruture printing; coke overm ' SiavH
operation; petrochemical production, . R St

QOccupational Groups: Coke oven worke. s, coal tar

facturers, service personncl of automobile - -~ airplanes, solvent manufacturers, paint and ’,, Jy
paint remover producers, puinicrs, degreasers, p...ters, rubber workers, rubber cementers, dry';.;-',
cleaners, linoleum and plastic manufacturers, makers of organic chemicals, explosives, pharma= & ;
ceuticals, detergents, rotogruzure printers,vvan manufacturcrs, paraffin and wax refiners; oil,“.;};')" < BT
fat, and bone extraction workers; airplane (ope workers, alcohol workers, aniline workers, 3"-7'-?2
glass workers, ashestos-product impregnators, dry battery makers, beauty P Aoy

parlor operators, belt‘_.x‘sg'- Y
scourers, benzol purifiers, brake lining makers, bronzers, burnishers, rubber gasket makers and - 34 Ky

hbs !

&s

i o i
refiners and users, petrochemical. mamlo-.iggt. $

sealers in can industry, earbolic acid makers, chemists, chlorodiphenyl workers C-"clohex:\n-,_‘*';{-ﬁ. o t;- = s

maleic anbydrid-, ethylbenzol-, aniline-, nylon-, styrene-, isopropylbmxzo(-_-diphcnyl manufac- -, & .._}ym e
turers; clutch-disk impregnators, coal tar stil cleaners, moitlanters, 1itrobenzol workers, m'tro-r'éi.ff‘ 5 1‘:‘.":‘:3:,':‘ v
cellulose workers, pencil makers, perfume makers, pharmaceutical workers, phenol producers, - eI 4

photographic chemical manufacturers, picric acid makers, plastic textile makers, polish pro- -
ducers, polishers, pottery decorators, putty makers, cobblers, compositors, dye makers, enamelers,
engravers, flavoring extract makers, glue manufacturers,

20/242

ink makers, lithographers, metal “‘\ b
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oty : o T
‘on, in h,a‘og,tﬂ L millinery workers, mirror silverers, pyroxylin plastic makers, rubber buffers, cement
coal h}i‘?p“akc;:’: e B mixers, compounders and dippers, rubberized asbestos board imanufacturers, rubber pressroom
£ azé-dy‘:s',‘fdi%“igg 23 workers, rubber reclaimers and treaders, shade cloth workers, shellackers, shellac makers, shoe
fncturéq{;‘{,‘sﬁf&‘%.{egg &.. factory makers, shoe finishers, weoden shoe heel coverers, smokeless powder makers; tar, pitch,
lan IVﬁhbuttcr:"g
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S ey i 3
natic Aminess =t
vs and autw.ru»v}: L ' Nonoccupational Groups: Home users of paints; of paint, lacquer, and vamish renovers, spot

g welders, wire insulators, window shade makers. .
ks R N X )
cosmexjc.s;'\tzml‘;,', s ¥ removers, dry cleaning fluids, rubber canents, hematotoxic drugs, polishes.

RGSs Ji. on WY P
rkers ‘employ s?,’?’% N s *  Isopropyl Oil : ;"
wxmc'_‘p lasnc,fi‘ N N ;_Sitc: of Isopropyl Qil Cancers—Recognized: paranasal sinuscs, larynx, lung. : ';5‘9
ers and ~pt°‘c£$.’-1‘,‘."i’w ¢ : - Exposure Stigmats.—None, . Lot
: producers and 1743 i . . ] ] we
rus fruit dyéri,f-.‘,” sl e Compoufxds of Operations and Products. with Pop.ulnhon Groupi with . g&.:‘tgl
wi{acturers, mk"x{',{ .| . Economic Im- Contact to Isopropyt Qil for Qceupational and Envnrnnmc.uta[ H ]
ored wax goods & " ,° . . portance Produccers, ProccsScrs.' Users, - Exposure to Isopropyl Qil . éj”

e h‘:.:;;:%:‘ SRR ] Consumers, and Residents . R
nd con.sm'npu;r? x‘;:" t:'Cmde isopropyl al-  Production of isopropyl alcohol Occupational groups: producers of ) “ 3
inining carcm&{% Fc3de cohol liquor ' ' : isopropyl alcohol , é;'
unds (vyfif,ﬁunﬁ}ef"‘-’ PRT IR Mustard Gas (Bis (2-Chloroethyl) Sulfide) . o
ther goods cgu-.:;‘&& ,».1 *Y.Sites of Mustard Gas Cancers.—Recognized: lung, larynx, ’ :'%; :
Hng agents '°E?‘°:-'\.';., e i "' LExposure Stigmata.—Chronic chemical bronchitis, bronchicctases, cmphysema, chemical '3‘::1
hrighteningand ;i ep BERT pheumoniz. . R

.
oz

3 sy, T B . . .' . o . i
I the W"‘“‘mﬁ‘z Z335'e, Population Groups with Occupatiomal and Environmental Exposure to Mustard Gas

en mk'd‘:‘!;;%i ; Compounds of . Operations*and Products with Population Groups with " ‘4%
waendd T 2. "Economic Im- .° Contact to Mustard Gas for Occupational and Environmental N
SAFEC" T portance. Producers, Processers, Users, Exposure to Mustard Gas B E T
it DT ! Consumers, and Residents ‘.‘:‘:33}’?,‘
i e s gop’dichlorodi-  Production of sulfur- and nitrogen  Occupational Groups: producers, Lifi‘x;gf,
ocytosis, leuko-- S 755894’ othyl sulfide or  mmstards, filling of gas ammuni- loaders and shippers of mustard R i
narrow, allergic :‘*:" i, Yperite or Lost; tion, transportation of gas  gmas and gas ammunition; users and By s
7 N ¥ ﬁ . " and related nitrogen ammunition, handling of gas am- recipients of gas ammunilion, cspe- ‘21351‘,
tuxic pt.‘o‘pcrtics :;', -4 mustards  (tris(2- munition :'i:\ll)- military personnel, also med- y?"' ‘-’}
<t Uday chloroethylmine) ical personnet (physicians, nurses, i'gi,_ Y
re, Users, Con- - '-s-',:'; ‘7': B ‘ cte.) . %Q:“ﬂ(
ralfin extraction - LREE S - - Nonoccupational Groups: civilians b i’,{,

raints, point re- - of areas exposed to war gas

rtificial leather, ' > - ) Anthracene .
um, motor and v 04 Sites of Anthracenc Cancers.—Recognized: skin of hands, forearms, scrotum.
Is; cleaning of %24, Exposure Stigmata—Chronic dermatitis, pliotosensitivity, comedones, melanoderma with
dlated, 3”‘1!13&(1,"";"':3 73X greenish tint, hyperkeratoses, warts. .
'pharrnaccuticals,fi.:i :> £ : Compounds of Operations and Products with Population Groups with
ngs f:okeovm?‘& %! . .. Economic Im- Contact to Anthracene fnr Occupational Exposurc

e T N . portance Producers, Processers, Users, te Anthracene.
whemical manu-. 4 . . Consumers, and Resider.s . g
irers, paint. and ~7 s 7 Paramaphthalens, Coke oven and gas house o [/ tar  Occupational Groups: anthracese
© crmenters, dry H#t. - Anthracene Oil distillation, manufacture of alizarin  plant workers, brick manufacturers,

- dyes and anthraquinone, purifica- dye workers, grease factory work-

losives, pharma- « :'1. : ;
tion of anthracenc oil, antl acene  ers, lumber picklers, diesel engi-

ax refiners; oil; - . %S

y

e workers, art- :’. -, eake, grease manufacture “wood neers, mechanics, chemical workers
r operators, belt ‘v""" -~ . prescrvative, briquette making.
shet makers and 71 592 * . lubricant of wire rope, diesc. fuel,

+
:,
7

Tove s . paint, lubricant of clay molds for
: . brick making, waterproofing of
lumber, stabilizer of gasoline, in-

rs; cyclohexans,; (T

henyl ‘'manufac-
r workers, nitro-"

- secticide, fungicide, protective coat~ e .‘f é‘;
.crs, polish pro- ing against . ultraviolet radiation, S 1S [t
'kers, enamelers, - manufacture of synthetic tanning g ﬁ . gr 2
wraphers, metal agents, ingredient of printing inks : L'; 5 ."‘(
N " ‘ R EAT O 8
71, Mar.,, 1961 ~ . . 21/243 o ‘!,
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< T,T-‘i‘-' e
Coal Tar and Pitch iE X

Nites of Cout Tur Caneers.— Recognized : skin, scrotuny, lip, larynx, lung; suspected : bladder. & < . Heavy O
Lxposure Stigmuta.—Chronic dermatitis, melanoderma, hyperkeratoscs, wacts, papitiomas, ;
pholoscnsitivity, loss of smcll.
Compounds of Economic Importance~Coal tar, pitch,
tar, coke oven tar, blast furnace tar, eoal tar grease,
bases, pitch coke, Bergius oil tar, coal tar naphthalenes.

Operations and Products with Contact 1o Coal Tar and Pitch for Producers, Processers,
Uscrs, Consumers, and Residents,— Production of tar and pitch in lluminating gas manufacture,
coke ovens, blast furnaces, tar distillation, enamel and coatings of iron and steel surfaces,
oil and gas pipes, slips, docks, locks, water pipes, tanks, pilings, ete. industrial fuel, foundry 1R
mold and core binders, target pitch for clay pigeons, carbon electrode pitch, roofing and waler .
proofing tars and pitches (roofs, decks, reservoirs, bridges, tunnels, foundations, dams, refain.
ing walls, laminated felt and fabric), impregnation of paper conduits and fiber pipes for electri- -
cal conduits and drainage purposes, coal tar paint, impregnation of fish nets, caulking material for 3% 5
boats, rubber softener, reclaimer, and compounding materials, pitch coke roofing PAper, -~ WESRRC
medicinal omiments, cosmetic products (soaps, hair lotions) manufacture of chemicals, battery. '>“: oy
boxes, manufacture of tiles, linoleum, printing inks, rubber composition, varnishes, solvents,
disinfectants, pesticides, ore flotation reagents (cresylic acid), heavy-duty cleaners, degreasing
agents of engines and machinery parts, mannfacture of resins, plasticizers, synthetic tanning ’
chemicals, drugs, explosives, quinoline derivatives (S-hydroxyquim{ines), pickling inhibitors, e
production of phthalic acids, dye intermediates, chlorinated naphthalenes, vehicle for insecticide ° :

pten 7

¢ a4
g

2 b,
-

refined tars, topped tar, gas house
coal tar light oil, coal tar acid oil, tar "

sprays, silicon-carbide production, animal dips, patent fuc[\, briquettes, cork stone manufacture, (5, : :::b‘:::
insulation fape, _ : . o  Black. [
Population Groups with Ocenpationsl and Environmental Lxposure to Coal Tur and ¥ Black: C
Piteh~Qccupational Groups: Artificial stone markers, asbestos gols workers, asphait workers, - fa I Black, N ~
battery (dry) workers, brick layers, corkstone makers, carpenters, brish makers, coment makers 5 X v :

Fe g;ﬁ-i-: Furnace
SRR Channel

(plastic), coke oven workers, chimney sweepers, coul tar workers and refiners, cardage factory
workers, clectrode makers, clcctrmnctnllurgicnl workers, fishcrmen, boat builders, flue cleaners
and gas house workers, insulators, painters, pavers, pitch workers, lens yrinders, roud repairers,
roofcrs, roofing paper and shingle makers, fope makers, shipyard workers, soap makers, paper
conduit manufacturers, insulation board makers, still (coul tar) cleaners, water proofers, wood
* preservers, clectrical enuipment manufacturers, clectrician cobblers, brickyard workers, wood
picklers, rubber workers, pipe manufacturers al layers, briqucttc and futent fucl makers,
slokers, smakeless fucl praducers, chemical workers, impregnated felt makers, tar paint nanu-
facturers, glass-blowers, pitch-brivkers, ~wheclers, ~shovellers, -pilers, -grinders; fucl staoseers,
hostlers, briquette tippers, railroad stokers, weather-proof stone makers, water-proof concrete
manufacturers, and users, electricians, electric appliance and cable manufacturers, taper conduit
munufacturers, cosmetic workers, insceticide bomb manufacturers, farmers.

Nonoccupational Groups: Residents living near tarred roads, steel plants, ms houses, rail- -
read yards, power houses using conl fuel; users of insecticide bombs containing methylated
naphthalenes made from coal tar, cosmetics, wmcdicines.

'
..

Creosote - T

f

v

Sites of Creosote Cag:ccr:.—-Rccogniml: skin (hands, forearms, scrotuny, face, neck, penis) ; : ‘J;\"‘
Suspected: lung. : . S

. “y
Lxposure Stigmuta—Chronie dermatitis of hands, forearms, face, and neck, melanoderma, , ;T
papules, hyperkeratoses, warts, telangiectases. T

Compounds of Operations and Products with -« , . Population Groups with "
Economic Contuct with Creosote for <.+ Occupational and Environmental ;.. .3
Importance Producers, Processers, Users, Exposure to Creosote - :2

Consumers and Residents vt R
Wood and Peat Distillation of wood, peat and coal, Occupational Groups: Distillers of it
Creusote fractionation of blast furnace, coke woord, peat, coal tar; creosoters of 3
Coal Creosote oven and gas retort, coal tar, cre- lumber, telephone and electrical s .
Creosote Oil T osoting  lumber (poles, _pilings,  line workers, railroad track work-:
Carbolineum boards, blocks, shingles, railroad
22/244
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Middle Oil
Heavy Qil

brick, tile and pipe pressers, fur-
nmace men, diesel engine engineers,
riveters, roofers, Lysol manufac-
turers

tics, mine props), “dicsel engine

amd industrial furnace fuels, lubri-

cant of brick molds, tile and pipe

molds, sheep dip, Lysol manufac-

ture, skin and hair lotions, expec-  Nonoccupational  Groups:  Con-

torants, tonics, emectics, germicides  sumers of medicinal preparations

- . : containing creosote, users of cose

. metic preparations with creosote

. Industrial, Commercial and Domestic Soots

" Sites of Soot Cancers.—Recognized: skin, scrotum, lung.

: Exposure Stigmala—Chronic dermatitis, comedones, hyperkeratoses, warts, papillomas, bi-

., tuminosis (anthracesis) of lung.

g4~ Compounds of Operations and Products with

2304 . =", Economic | Contact with Soots for

ST ::tﬁ', 1 -+ Importance ~ Producers, Processers, Users,
geoy L T o Consumers and Residents

‘rocessers, i
:mfa(:lurt","‘l R

‘nd water i\;,.t'f’": . ]

1, retaine v Population Group§ with

Occnpational and Enviroumental
Exposure to Soots

QOccupational  Groups: Chimney

e

besl

;% ™ Soot, "’Carbon

Industrial and domestic furmaces

sweeps, cooks, meat and fish smok-

m,é'“ Black, Bone Black, and power plants, ships, carbon ers, coffcc roasters, coke oven
:.; Lamp Black, Oil black plants, oil field and oil re- workers, oil field and refinery

.V F413

Black, Incomplete
Combustion Prod-
uct of all kinds of

finery flares, smudge pots, coffee
roasting plants, automobile and die-
sel engine exhausts, rubber manu-

workers, carbon black and other
black manufacturers, soot burners,
furnace men, garage cmployees,

Y. carbonaceous mat-  facture, plastic-, paint-, ink-, black diescl truck drivers, hus drivers,

& . ter Acetylene paper, carbon paper, and thermmal 1axi «lrivers, painters, ink and

l’zl Black, Furnace dry cell manufacture; absorbent, paint manufacturers, printers, rub-

workers, ;_;.r?f;‘r-s: g" g;m}f' Oil Furmace exleoswc, phonograph fCCO}'d. shoe  her compou.ndcrs, foundry work-

o makers " TAESEE Y ack, Natural Gas  polish, confectionery,  linoleum,  ers, orchardists and farmers using

o f 1 S O Furnace Black, leather coating, fertilizer, pesticide,  smudge pots (burning used crank
;e ISE colored' concrete and grinding aid

F'('f‘dt'rtr:. N
'rs, paper :..‘f.f N
vrs, WOOd : :f‘ .
TS, “'OCKi Ve :; i
! makers,: 5
A manys,” A
' :lou'cr:,"_;-“‘;
concrete

Channel Black

in cement industry, cosmetics, soot
from railtvad engines, incinerators,

_smoking and roasting of foodstuffs

(meats, fish, cotfec, ctc.), dust from
abraded automobile tires, coke
ovens, sinxdge pots, curing of to-
bacco, charconl broiling of meats

*awd fish, printing, metal foundry,

case oil and old rubber tircs, etc.),
tobacco farmers, railroad engineers
awl train personnel, roundhouse
workers, eyvebrow peneil manufac-
turers, plastic amld explosive work-
ers, carbon paper makers, lacquer
and varnish manufacturers, farme-
ers using diesel tractors, shoe pol-
ish manufacturers, linoleum and

r comdutt ."t'{’f:_ ;— " soat burning,_ charring of liquor lc:nhcx: Processers, lif]}li(l oxygen
oY e casks, cosmetics, charcoal and tur-  explosive makers, plastic manufac-

R B -5 1 pentine making, lacquer turers, concreters, plastic makers
R T e - - . Nonoccupational Groups: Residents

.t A
RAb e
brnllier Co

wihylated

in arcas near carbon black plants,
railroad yards, harbors, oil refin-
crics, power plants, ‘along roads
with heavy truck and automobile
teadlie  (exhaust, rubber tire dust)
roasting coffee or smoking and con-
suming  sinoked  {oodstuffs, drink-
ing hanl liquor aged in charred
wowden caskets, or eating charcoal

th Lreliy2e . . . - broiled and often burned meats or
with e/ ex - L s . . .
nmental’ ik S SO : fish, using eyebrow pencils contain-

S A MAR RO
ole | s\::ﬁ’: sy Lo
Sk K BRI 2

EEER

L AR o
clectrical & ;*122
vk Workes R0

RS

t. "0’!‘-

A "_i,t;:

ing carbon black, operating home
incinerators, smoking tobacco prod-
ucts cspecially those cured by fuel
oil smoking, and holding burning
end of cigars in the mouth (chutta),
production of soot and tar in acci-
dental burns of skin or in burns
assncinted with use of kangri, kairo,
or kang

R4
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Mineral Qils: Petroleum-, Shale-, and Lignite Oils, Greases, and Solvents

Sites of Cancer.—~Rcecognized : skin, scrotumn; suspected: larynx, lung.
FExposure Stigmatu~Chronic dermatitis, comedones, hyperkeratoses, warts, papillomas
Compounds of Economic Importance—~Crude petrolcum oils, shale oils, lignite oils, Bcrnim
hydrogenated “coal oils, Fischer-Tropsch hydrogenated -coal oils, crude thermo-cracked oils,
crude steam-cracked oils, catalytically cracked oils, residual oils, industrial fuel oils, Bunker C
fuel oils, home fuel oils, diesel oils, lubricating oils and grcases, cooling and cutting oils,
kerosene, light lubricating oils, gasoline, naphtha gas oil, petroleum spirits, engine distillate
green oil, blue oil, polymerized and oxidized aliphatic and aromatic hydrocarbons and epox-.
ides from volatilized gasoline exposed to ozonides, distilled and cracked native asphaits, -
Operations and Products with Coniact with Mineral Oils and Greases for, Produccrs,’s!
Processers, Uscrs, Consumers and Residents.~Production work in oil refineries, lignite oil, %, )}
shale oil-, Bergius oil-, and Fischer-Tropsch-oil’ production plants and their maintenance-, '-'._ 4
repair- and yard operations including pumping stations of pipe lincs and trucking,’ fumac? i
of industrial and domestic oil power and heating plants, fextile (cotton, wool, silk, synth\?uc
 fiber, asbestos) and metallirgical factorics, greasing and oiling of tnachincry, degreasing |
of metal parts, servicing of automobiles and: trucks and milroad cars and airplancs, repair:)
work on such velhicles, production of ruliber, ink, paint, carbon black, detergents, petro- .- :
chemicals, plastics, linoleum; oiling of roads, paving and repairing of roads, printing, oiling T
of water surfaces in antimosquito work, spray painting, ncbulizing and spraying of cutting
oils and of. pesticides with an oil or kerosene base, curing of tobacco leaves and servicing :
of smudge pots, production of medicinal and cosmetic preparations. R R
Population Growps with Oceupational and Emrironinental Exposure to Mineral Oils.—:%
Occupational Groups: Workers in oil refinerics, lignite oil and shale oil plants, truckers, oil .
tanker cmployees, workers in oil storage facilities, oilers, garage men, automobils .:rrvicc:.‘*l;. %
station cmiployees, painters, printers, insecticide sprayers, tertile workers, rubber workers, |1 55
melallurgical workers, machinists, mechanics, gunsmiths, optical lens grinders, greasers, oil 374
furnace attendants, railroad cngineers and roundhouse workers, ink, and paint manufac-
turers, rond workers, carbon black producers, farmers and orchardists using smudge pots, W
tobacco farmers, repair and maintenance men in oil refineries, textile, metallurgical,’ and_l‘-
other plants, airplane pilols spraying insecticides or oil on water surfaces, detergent max'mj;‘,t
facturers, makers of medicines and cosmetics containing mineral oils. L O DRI
Nonoccupational Groups: Residents of arcas sprayed with insecticide mists,” users of ."": gt
medicines (laxatives, ointrucnts, sprays) and cosingtics (hair lotions, creams, etc.) containing i 6
mineral oils, consumers of drinking water polluted with mineral oil (naturally or artificially),” RS+
or of foudstuffs from insecticide sprays, ship fuel oil dumpel into bodics of water, home uscjz R
of insecticide bombs, paint honibs, etc., urban population inhaling automobile and diesel engine

exhaust containing noncombusted gasoline and oil. EOLEE
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Petroleum Asphalt, Bitumen, Tar, Coke, Pitch, Carbon: Lignite Tar, Shale Oil Tar, _
Synthetic Hydrogenated Coal, Bergius Oil Tars x P

ts

s

Sites of Petrolcum Asphalt Cuncers—Recognized : skin, scrotum; suspected: lung, lzxry'\'rr(.:--‘,_ﬁq P e .

Exposure Stiginatu—Chronic dermatitis, melanoderma, hyperkeratoses, warts, papillomata...; F20%

Compounds of Ecenomical Importance.~Petroleum distillation and cracking products, lignite 7 %
and oil shale retorting products, hydrogenated coal, Bergius oil distillation products; bitumen,

s

petroleum coke, petroleum carbon, petroleum pitch, blown asphalt, residual asphalt, sludge‘ o
asphale. ) -

£ Ty o
P 2 15 ey
4 T é
SRR
AL
._'__b,‘g'-"?.‘
S NS :
k& aAn
= X 1.8

Operations and Products with Contact 1o Petrolcwm Asphalt and Petrolewms-, Lignite-,
Shale-Qit Tars, Coke, and Uitch—Pclrolcum refnery, shale oil refincry, lignite retorting plant,
Bergius oil manufacturing plant, production and handling of asphalt paint, enamel, mastic,
acid-resisting and water-proofing coatings, vamishes, acoustical compositions, acoustical and
building and paving blocks, adhesives compositions for roofing, armature carbons and windings, *
fabrics, asbestos filler, artificial lumber, asbestos-cement panels, asbestos felt, calking com-
pound, chewing gum, tiles, shingles, rubber, fucl, lacquers, disinfectants, foor coverings, medicine,
paints, ointments, ornasaents, piavements, pipe impregnating agents, paper impregnation, preserva- 354
tives, scaling wax, stair treads, tree surgery compounds, vases, water-proofing agents, riv-er‘f;._*'-{
bank protective coatings, bailery boxes, brick sidings, road comstruction, roofing materials, “'r

i
casting molds, caving-bend protectives, cement, cork composition, damXilike and ditch protec~%-zd

- Y

s

tives, depilatory, erosion preventive, fibrous roof coatings, pavement filler, carboids,.concrete,”:
ST
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: xr "37:;".‘_;; ey
. 1 _;’ oy Kol Pr;:,’.) 1.3 Sl .
IOLO_‘(-)‘)’E.;.Q ;:;} . {‘E"’ CARCINOGENS IN HHUMAN ENVIRONMENT
AR R N . : , .
ats \,‘»f\h i3 - leather compasition, mirror hacking, mortar, putty, pipes, pl:‘mks, fclt. xmprcgnnhlon, m.blc
Tt tops, hruke lining, clutch facings, cords, undercoating of automobile and railroad cars, insulating
oMY bourd, stucco, ropes, tubes, wall board, wrapping cloth, carpets, antifouling paint, briquette
has _ binder, foundry cores, electrodes, rubber ingredients, pipe conting, expansion joints, macadam
"kgdcrg'f;-‘s ! material, japans, cattle sprays, buriai vaults, dust laying material, phonograph records, friction
L otls,

clements, electrical appliances, knobs, insoles, pipe dips, plastics, rotogravure ink, shoe fillers,

lunker C- vF s - washers, frothing oils, linolewn tars, electrical insulation material.

. .:_; )
ung oils,z [R5

g NG AL Population Groups with Occupational and Environmentol Exposure to Petroloum Asphalt
d;sullaxc;:;;k W_Petmlqom-, Lignite-, and Shale-Oil Tars, Coke, and Pitch~Occupational Groups:
e cpo:g-“._v {ooke

'.,_P etrolewm~,” lignite- and shale-oil refinery workers, truckers, painters, masons, carpenters,
;2% 0 chemical workers, electrical. workers,” clectrometalluryical workers, road construction workers,
‘:, roofers, dam-dike-, levee, revetment-, jetty-construction workers, feft-paper, shingle, and tile
f.}};:& manufacturers, concrete workers, paper conduit manufacturers, pipe dippers, rubber workers,
s:cl‘ foundry workers, building material producers (blocks, felt, acoustical composition, wall boards,
panels, fillers, calking compounds, cork), furnace attendants, tree surgeons, battery box manu-
; ;- facturers, antificial leather makers, automebile and railroad maintenance workers, garage at-
§.:3c0 tendants, pharmaccutical manufacturers, .cosmetic manufacturers, farmers, briguette makers
3:<7 and users, brake lining manufacturers. .- | -

- Nonoccupational Groups: Users of asphalt depilatories, shale oil tar ointments: residents
. near asphialted roads and high-traffic highways with dust from abraded rubber tires, nund

asphait-petroleum tar oil coating, near oil refineries with efluents from catalytic cracking
towers, A - :

halts, 23, -';‘;Y;'
OIS AT

'roducers;. u-g{;:“‘;':&

mite (01‘1_-, ,"?:“{,%—_‘f

PN - -
- . R R .

. Paraffin and Petroleum Waxes

. Sites of Paraffin or I uye Cancers.~—Recognized ; skin; suspectal: lung stomach,
Lxposure Stigmate.—Clironic dermatitis, wax boils, folliculitis, comedones, scleruderima,

i melanoderma, papules, warts, hyperkeratoses,

'iﬂ‘ * Compounds of Ecomomic Importunce.—Paraffing (crule, semirchned, fully refined), micro-
. orystalling waxes, slop wax, slack wax, sweat way, scale wax, tank-buttom wax, black wax,
Foots oil, petrolatum (solid, jelly, liquid), synthetic Fischer-Tropsch hydrogenated c¢oal waxes.

‘o Operations and Products with Contact to Puaraflins and Waves for Producers, Processers,

Users, Consumers, and Residents—\Wax pressing, extracting aml refining, wiax blemling, ol
refining, adhesive for laminating paper, filler of mieshed fabrics, saturant of cotton braid and jute,
conting of wires and cables, water- aml rot-proofing of textiles, tarpauling, polish for shoces,
furniture, automohiles, floors, ete.; waterproofing of brick walls, luster cleaner, coating of
fruit and vegetable prescrves, waterproofing of cellophane, impregnation of wrapping and
buililing paper, rayon fiber lubricant, impregnation of cartridges, desensitizer of explosives,

s -

naining
naally), T

O
vme use - o)

! engine - | . histologic impregnation material, absorbent of neutrums, oiling of wool yarns, of cugs, amd
LA % . of plastic beads, cthyl cellulose cuating of metal in Cottrell precipitrons, artificial fruits and

o = . flowers, barrel lining, beater size for various paper stocks, helting impregnation, beer can

Tar, J: . lining, binding agents, blasting supplies, bottle cap liner coatings, Drewers’ pitchh composition,
"_:"A% 4 candles, capsules, carbon paper, cheese coatings, chewing gum ingredient, collapsible tube
lanmx, ‘v'«“’?}: £+ lining, cosmetic creams, hair dressings, cosmetic baths, crayons, dehydrated foed packages,
lHomata, 7R ¥ deicng compound, dental waxes, dressings for mechanical belts, drinking-cup impresmation, egg
, lignite . ! «-?’ prescrvatives,” electrical insulation, ficld ration’ packages, heat-sealing compounds, lipsticks,
situmen, X é’é;'.,d. gr:' meat coating, metal drum lining, mildewproofing, “ointments, ordnance packing. paperboard

sludge. 375
R e i

cartons and drums, paper milk bottles, fruit and vegetable contings, printing inks ingrodient,

L J,,x‘.:‘f -radio parts, min clothing, rubber compositions, rust preventiatives, sealing and luting com-

tes, and 3. 3% 2 %0 pounds, ship launching grease, leather stuffings, depilating wax, feather remover of fowl,

a plane, ,“?b* g::‘ dielectric paper, transfer and photographic papers, lithographic papers, nonabsorbent creped

mastic," :;& %“%{e cellulose, impregnation for sanitary napkins, waterproofing of insulating hoards, mobls for
i

~'5' photoengraving and clectrotyping, roofing paper, shrouds for goals amd machinery, wulch
; paper, soda straws, souml records, stop-off for glass ctching, tank tar treatment for wine,

) 53 f'k ctc, galvanized iron coating, glass fabric impregnation, grease typewriler ribhon, wax acid
'cdicine,;ﬁ..‘:'i_:ifh,’ e5- bottles, wax emulsions and sizings, wax figures and toys, match sticks, manufacture of chlo
'L'sem-"i;',%{z‘- %» - rinated paraflins, potting compounds, cosmetic surgical material, cutting and cooling mls,
., river ‘«-.(:::,i;‘.“ :l») laxative preparations, horticultural wax, lining of acid pipelines.
terials, 'l‘»{?—‘{w% L 1’0/’:4Iatx:on Groups with Occupational and Environmental Lxposure la Paraffins and 1 arxes,
"'O‘m;-'.\:',- :’fﬁ%‘; Occupational Groups: [Vax pressers, petrolewm refinery workers, producers, users proces-

LIS G

Unerete, L L et ) sers of the various products listed, Kgnite and oil shale distillation. ~ .
. . '
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2 M3 2 . ) - ;
¥ o ?3 ' Nownoceupational Groups: Pepsons /*urmh‘ral-/y iflj«'rh'd‘fnr nu‘d{ru} or cosmetic reasoms
3 Xy with paratlin and waxes, habitual users of paratlin oif laxatives, cosmetics containing paraffins

¢ ; 3?’ and waxes of impure grade, consumers of foolstuffs conted with parallins or waxes and
N _‘ ¥ packigced in paraffinized conainers, users of chewing gum containing waxes, etc,
<,

A" 0

Ionizing Radiations: X-Radiation, a-, f3-. v-Radiations ’ P s
Sites of' lonizing  Rudiution Cuntcr.r.——thogniml: skin, bOﬂ&

subcutancous tissue,
hiematopoictic tissues, lung, liver, larynx, thyroid, kidney:

suspected @ breast, uterus.

U
G,
ml.amimln

i Exposure Stigmata.—Chronic radiation dermatitis, radiation ulcer of skin, melanoderma,
| leukoderma, atrophie foei, hyperkeratoses, chronic periostitis, leukopenia and hyperleukocytosis,
3 ; telangiectases, loss of hair. ' . S5
ah Devices aund Compounds of Ecomomie Importance—Cosmic radiation, Ionizing radiation - i -
";.? i from earth crust and in water of ponds, springs, ete. due to presence of radioactive compounds, ; £ 3 SRR
% l matural radioactive elements and their compounds of uraniume, thoriume-, and actinovranium- ?;,- <l A' .- »
z— : series; artificial radicactive substances, radioactive isotopes, cathode tubes, roentgen-tubes, 33 R
! i television tubes, radar tubes, radio tubes, clectron-guns, synchrotrons and related accelerators i3
) ﬁ i of particles. - : ' i
E: ‘3{ ‘ Operations and Products with Contact 1o Tonizing Radiations for Producers, Pracessers, 2
b fj : 2 Users Conswmers, and Rrx:'«l.-nl.r,—CuIlw:l‘um_\' und -ray tube und apparaus mansfacturr, x-ray 5
.4;{_ . - diff ruction “PPuritus, production and use of television and rdar cquipment, roentgenology, ;
: “l rudiolugy, atinie enery preluction amd . laboratory operations, rudiophysics, operation of s
h A E industrially nsed F-ray el colalt homb, photographic equipment, sterilization of fouds, drugs [
,"’ I‘: and surgical dressings with ionizing radiatis ms, clectrostatic climinators, fuoroscopes, lminescent -
: f‘é ' paint m dialy, watches, e, divgnostic amd therapentic nse of fomizing  radistion, cosmetic "
i h depilation, ionization devices, resistunce devices, defay devices, identification devices, are meas- -
= % uring deviees, weighing devices, radioactive thichness gauges, rudiogrphy of castings, forgings,
= paintings, chicken cres, and webdss medienl sunl inrlustrial use of radioisotopes, ionizing energy
d use for chemical reactions ( polymerization, cte.) Mintug of radioactize ores or other minerals s
}' present in rudicactively contuninated ores ( coal, cobalt, cie)), uranium ore smelters, ‘and :
= ;K‘r‘ refineries. . ) :
§’;’ Poputation Groups woith Occupationad and Encironmental lxposure to fonizing Rudiation.— ;
k K Occupational Groups: Atowie energy plant and Iaboratory workers, military personmnel handling i
& - § stieh deviees as well as fission amld fusion hombs, hiolomists, chemists, chemical workers, gas .
3 oL 1] mantle niumfacturers, Libwnatory technicians and attemd ‘

s inchuding cleaning persounel and
persons handling laboratory wastes, liminors dial painters, handlers and

.
.
.

<hippers af serap metal

b

morti s, operators of electrostatic eliminators and persons working in rooms where such . f: s
devices are used, ( textile-paper-printing plants), radivlogists, radinm fabaratory teorkers, R
radism refinery workers, research workers using radioactive material, roesigen and cathode
tube manufacturers, television and radar tnbe makers and operators, roentgenologists, !muf -
ticians, shoe salesmen, uranium dye workers, ccramic workers, glass mnnut‘aclqrers, tile g}azers,’,j‘
uranivm ore miners, mincrs in rodiogctive wines, uraniwm paint makers, to- LA 5

Nonoccupational Groups: Patients receiving jonizing radiation for diagnostic or therapeutic
reasons, persons exposed to x-rays for remowul of hair, or.for fitting shoes, persons consuming g
foodstuffs contaminated with radioactive fallout or indal i

ing such material or having skin3 i
contact, persons bathing in radioactive water or drinking such water, residents near radicactive
plants. . . LT TR

’ Ultraviolet Radiation
. Sites of Ultraviolet Rudiation Canccr.r.—Rc:ognized: skin (basal
) ; suspected melanociarcinoma.
LExposure Stignmute.—~Chronic
i papillomas,

3
G ; with luminous paint, repatir persomnel of such devices and handling them, nurses, pharmaceutical : !
» gé . workers using radionctive isotopes and tracer substances, physiciste, Mriysicians, pathologists, * s :
< 1}

g
&

v

.

AP 'prescn:. -
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actinic dermuititis, melanadera,

X

Ay
3

Vi
=]

& Sources of Operations and Products with Population Groups with Occum'l-";‘: 95 ﬂ}ym" .
2k Economic Contact to Ultraviolet Radiation tional  and Environmental PRIES R :
» A Importance i

RIS R NTIE T SN

A

for Producers, Processers,

Fxposure to Ultraviolet Radiation.®

i o ) Users, Consumers, Residents " ;i
ST Sunlight, Radiation Outdoor oceupations especinlly in Occupational Groups:  Agricul-
YA .’3 H from Welding Arc, dry, sunny climates and oy high  tural laborers, hoatmen, cattle men,
EXg E; Mercury  Are & altitude  or  on large  hodies of  construction workers, oil operators,.
; il 26/248
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A '(:'ARC[NOGENS IN HUMAN ENVIRONMENT
a

va - Carbon Arc Ul-  cweuler rellecting  solar ultraviolet  pharmaceutical  manufacturers of
S traviolet Lamps radiation, welding, administration  vitamin D prepasations, railroad
(Flame Arc), Fluo- of ultraviolet radiation for cos- engincers, cowboys, drivers  of

rescent Lamps. metie and medicinal purposes, ex-  trucks and buses, farmers, fsher-

posure to intense radiation from wen, gurdeners, herders, house M
S fluoreseent Jamps. painters, lunibermen, miners of sur-
i . face ines, masons, nurserymen,
.- oiltield  workers, railroad track g5
oo ) workers, ranchers, roud workers, ‘F‘;:fh
r A rural mail carriers, suilors, sports- L iR
ot . o ) men, stockmen, vineyard workers, : g‘*
s o s . welders, barbers, beauty-shop op- TR y
pabe - - ' erators, lifeguards, policemen. . gd
< . ~ Nonoceupational  Groups: Resi- ﬁ

dents of dry-sunny regions, ol

X {
tn-tubes, i3,
3

-illﬁ

clerators’’’ 2 . . R
~3 RPN < mountaitous arcas, of ocean shore
wccssers, S NTRAE L 1l S e N arcas, golfers, .sunbatln.rs, witter ¥
re, 2-ray Ty Sn a2t g RS ) sportsmien, lennis players, persons ity
renology, SPASKE! 4. FA .- - receiving ultraviolet radiation treat- o
. e - ) . ) ments  for cosmetic or  matdical b

.o reasons (skin diseascs, tnberculosis,

Ay
l"' drugs S rivkets, ctc.)
rincscent ‘s & S -J-
COLMele TR

. T Canas
reomeass 7 Y wmiteag
. o

c A critical analysis of the distribution of  cancers receives weighty additional support

rgings, o . these established human carcinogens in the  {rom the following facts:

< encrgy i¥ 5 8 reneral environment of man demonstrates (@) Striking quantitative and qualitative
minerals * *4 jf," 7ia widespread exposure to such agents. differences which cannot be attributed to
wrs, and ,5’;‘}?‘# = While for most of these agents a conclusive  racial factors exist in the epidemiotogic
Hation—s “5‘ - proof of their cancer-producing action, and  cancer panovama in different parts of the

,,nnd“ng"'_.'é'?,.. ¥ thus the cxistence of an actual cancer haz-  world. The general cancer panorama as to

[ S ST~ . - » .y . .
TS, __;-5..‘5::*? Y ard from contact with these agents, is lim-  different organs affected and to imcidence
gas D2 e - 5 '
wnel and 2T jted  to occupational - exposures, general  mates for various sites involvad among w-

ap metal ' H
acentical '_{‘;"
wologists, T
Y YaTecs
vre such™h s

“experience with carcinogenic agents indi-  habitants ol countrics of the  Western

. cates. that without any doubt, many of the World, for instance, ditlfers fundamentally
! nonoccupational exposures to the modern  from that present among natives of Africa.

PR > . . . . -
workers; %Ly ndustrial carcinogens by the general popu- (b) Cancer incidence rates for males and
vathode ;g‘-.‘ “ fation ‘must constitute a cancer hazard, at females in different parts of the world show
s SR < » . . . . I3 . . ",
is, beau- MM T present quantitatively undetermined, which marked fluctuations, which i part can be .o

ki

- glaz i i . . P .
“""5 -in somie persons causcs or contributes to  traced to the influence of definite environ-

«'mmxﬁc:.‘i: r e, ¢i-the causation of cancers. ~mental factors active in only some but not
msuming 107 ¥+ The evidence on hand, when critically and  all regions and population groups to differ- g
ng .rkinj'.’:':ﬁu'_?-‘“ ﬂ;i‘competcntly evaluated, in fact strongly sug- . ent degrees upon the members of the 2 :!3 A
"imcfi_“i ‘Zfﬁi;‘i’,{i‘ % gests that the majority of cancers affecting  sexes. _ ‘;35
*ad % the following organs arc attributable to (¢) The recent changes in the incidence A K

iy .

> exposurcs to environmental carcinogens: rates of several cancers, especially lung

}.zf ’:¥

L1, . . .

, skin, mouth, paranasal sinuses, larynx, lung, cancer, cannot he attributed to alterations in AR ELE
, . . R . . .. N tbel T
3 esophagus, stomach, intestine, liver, blood- the biologic composition of the human pop- Q’"ng‘:
.. forming organs, boue, bladder, kidney and ulation, i.c., endogenous factors, but must ?éi‘-}r:j‘

25
Pour P '3:1;:'-

Y 4 4,

;; ¥ thyroid. The probable existence of similar  be related o rather recent and important

T
AN

. . . . N . (43
§. causal relations can be suspected, moreover, changes in the quantitative and qualitative E-_'_!'f,.‘,»
on . for at least a part of the cancers affecting composition of the carcinogenic  spectrum "“:é?,% :
Agricul- - wir the brain, breast, and uterus. in most industrialized countries. iﬂfvﬁ: !; -
tle men, . ,:;—& The important role which environmental (d) Similar causal factors must underlie {:‘,‘2,{:% y-
e agents evidently play in the production of the observed higher frequency ot cancers "-,253- i
] ~ 7 70 TR
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shea!
o EE |




7

DMTRIDEY

2N

s {:v :'.’;‘
.“_-.-_ SV AL B
Diatastad i
G o
_f- ',‘ .;:f{‘.'» 350k
et
- it

Ay
-

ZRKATRET,

.
4w

el L
R 120401 14

TRBITE

~
&l

CAYIGN
2CL

LSRR

TRV

-
A3

SN

1505

BRI

3ok g

Y

o A A e e ame s e e memee mea

e G-y -

{ I CEATI AT

£

of various organs among inhabitants of
urban areas over that found among those
of rural ones.

Educated guesses concerniug the possible
or probable causes of some of these obser-
vations are justified by applying the evi-
dence  existing  on recognized  human
carcinogens to these developments. How-
ever, in most instances such tentative con-
clusions prove to be ecither insufficient or

ARCHIVES OF PATHOLOGH
o RN
BRI

logic phenomena cited. It “becomes quite

- * .. - M & ‘-7 r’
obvious that additional environmental c:msd-

factors of so-far-unknown' nature must'-‘b_é,"
active in the production of human cancers
and their cpidemiologic fluctuations in dif;

ferent population groups and during various g

¥
periods. It is likely that some such factors .4
may be represented by the numerous chemi~

BT > v el
cal agents which were found capable of prq-i,,

ducing cancers in experimental animals and’

s

P

totally inadequate for providing satisfactory
explanations for all aspects of the epidemio-

TABLE 2Potential THuman Carcinogens, Their Origin and Distribution n

the Cancers Caused
Aliphatic and Aromatic Epoxides

Siles of Lpoxide Cuncers—Suspected : skin, lung, blood-forming tissues.

the Human Environment, and

Compoundls of

Opertions and Provducts with
Feonomic Im-

Contact to Aliphatic and Aromatic

portance Epoxides for Producers,
. Processers, Users, Consumers
. b
and Residents ~~

Aliplatic and
aromatic epoxide
monomers and

Production of aliphatic and aromat-
ic epoxides and epoxide resins,
plastics al polymers, atmospheric

polymers, oxidation prducts of aliphatic and
Vinyeyclohexene aromatic constituents of volatilized
dioxide, sasoline by ozone and ozonidles,

Fthylene oxide,

sterilization of instruments amd
Propylene oxide

dressings, Towld preservadive, fumi-
. gant, pulymerization products of
cthylene oxide aud propylenc oxide

used as lubricants, vehicles, sol-

T vemts, hinders, intermediates in pro-

. “duction of rubber and in food,
pharmaceutieal, cosmetic, agricul-
tural, textile, paper, petroleun amd

- other inlustries : ointment bases for
open dressings, vehicles in supposi-
tories, carricrs of drugs, (anti-
bioties,  sulfonamides), cosmetic.
cremms,  lipsticks,  hair dressings,
assistants in rayon spinning, dis-
persants of dyes and lakes, sizing
and fnishing components of tex-
tiles, demulsifier of crude petroleum
ail emulsions, selcctive solvents for
aromatic fractions, additives to tin-
ad copper-plating baths, solutions
for clectropolishing aluminum, in-

gredients of buffing compounds, im- -

pregmation of electrical. contacts,
film former on silver conductors,
intermediates of plastic and resin
production, solubilizing and spread-
ing agents in agricultural sprays,
binlers in detergent soaps, inter-
* Table 2 continucd thru page 37/259
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which have become an integral part of th
human economy (Table 2).. i

'Occupmim\:ll " Groups:

by Them= -~

Population Groups with 'Occupae -1 <t

v

tional and Environmental Exposure. .
to Aliphatic & Aromatic Epoxides - -

-

Worker -
Kroups producing, processing, using, - WP
laudling the various items listed . DRSS
Nonoceupational Groups: Residents 23 ﬁq{ _,3;,,:*
of urban arcas inhaling volatilized Y 2
Fasoline oxidized and polymerized R
by .ozone and ozonides formed by -3
photochemical action of intense * .3
solar radiation; users of consumer "
gols containing epoxides (mono-, :
mers or polymers), ",

Vol 71, Mor,)
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:cotx{es.?lﬁqrv.ﬁté‘};’:‘l- - © mediates in antistaling .agmts' of ] é‘i
nental ciusag \{'; . bread and stabilizers 9{ ice cream, . l“é{‘
ure r'nustbef-‘:‘ 4 N softeners of leather, mtermcdmt‘es - l%
e v - of household detergents and dis~ e
man -cancer: Toel e e persants of liouschold cleaners gj;‘;‘_
"Ons":in'dl PO coatings of drums, barrels, cans, ;mg.s' !
B structural plastics for castings, et z
- lamination of glass, encapsulation :g"f‘ {
.- - ' of electrical parts, aircraft parts, ;%’f::’ ; !
ble of-o b s - tanks, pipes, solder, e "('—.};""f i
N eof;pnr).,,: AR TPV C B-Propiolactone ;fq‘f!r,‘ i
nmma.].;_' 1d Mt 227 Sites of B-Propiolacione Cancers.—Suspected: skin, conncctive tissue ,,...?5 i
’ B 'C(xnp(xjnds of Operations and Products with Population Groups with Occupa- t;“; E;( t
* " Economic Contact to DBeta-Propiolactone tional and Environmental Exposure ,'; i
" Importance for Producers, Processers, Users, to g-Propiolactone ‘n}f?\s':, i
) Consumers, Residents e
Hydracrylic add 8-  Production from formaldehyde and  Occupational Groups: Producers !"’;
lactone hydrolyses ketene, acrylic polymerization agent, and industrial users of B-propio- ;%'f}'ﬁ_
under formation of chemical intermediate for propionic  lactone, producers of virus vaccines R i
. polymeric ‘acrylic compownds, virucide for biclogic  (poliomyelitis, hydrophobia) amd ",.,,;;‘:
ester acids - products, air disinfectant. of human tissue implants, plasma; ‘3:;:“.
- ' . plastic manufacturers. T3
o . : .. Nonoccupational  Groups: Recip- g 7;?}; .
ients of biologic preparations steri-
: -, ST : lized with @-propicdactone, persons ‘
y 02 . T inhaling air sterilized with this
~ listed ;'i.'li-. - ) virucide,
‘csidents :i::?’ﬁ; 4 }‘ ’ Carbamates

. Sites of Carbamate Cancers—Suspected : lung, hematopoietic organs.
. Exposure Stigmata—Leukopenia, transplacental penetration with effect on fetus(?)
_. Compounds of Operations and Products ‘with
Economic Contact to Carbamates for
Importance Producers, Processers, Users,
Consumers and Residents
Production of urea from ammoni-

Population Groups  with  Occupa-
tiomal and Environmental T posure
to Carbamates

Urcthan (Ethyl

Occupational  Groups: Yroducers
Carbamate),

 Urethan aldehyde
condensate,
Thiourethans,
Alkyl-N-phenyl

: carbamates, '
Isopropyl-N-":"
" (chlorophenyl)
carbamate,”
Polyurethans

PR

um. carbamate, production of car-
bamates and polyurethan plastics,
fungicides, weed killers, insecti-
cides, insecticide repellents, snaili-
cides, ™ sadative for fish, rubler
vuleanizers, accelerators, plastic
stahilizers, antioxidants, diesel fucl
additives, corrosion inhibitors, se-
lective so'vent of chemicals and
drugs, surface active agents, resins,
plastics, adhesives, rubber (solid
and foam), water-resistant textile,

" bristles, fihers, casting and potting

compouruls, coating materials for

wire, glass, wood, metals, elc,

plasticisers, hypnotic, sedative, an-
esthietic, antispasmodic, anticonvul-
sive, antileukemic, antipyretic,
diuretic, antiseptic, anthelmintic,
enzyme inhibitor, miotie, trypano-
cidal, ingredient of quinine scleros-
ing agent, ingredient of cosmetic
astringent, latent flavor developer
in packased food, dye intermedinte.
ingredient of nonluminous candles.

of carbaumates ad urea, farmers,
railroad track workers, cmployces
of fish nurseries, road workers,
pharmaceutical manufacturers, rub-
ber and plastic manufacturers, dye
workers, cosmetic workers.
Nonoccupational Groups: Persons
treated with carbamate medicinal
preparations and possibly the off-
spring of pregnant women given
such  preparations; residents of
areas in which carbamate pesticides
are dusted or sprayed; users of
cosmictics containing urethan: con-
sumers of  foodstuffs  containing
carbamates as latent flavor devel-
opers.
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Sites of Chlorinated Fydrocarbon Cane
Exposure S Ligmate—Jaundice,

Compounds of
Economic
Importance

Carbon tetra-
chloride-tetra-

- chlormethane,
Chloroform-tri-~
chlormethane
DDT-dichloredi-
phenyltrichioro-
ethane; )
Aramite-2-(tert-
butylphenoxy)- -
isopropyl-2-
chloroethyl sulfite
Chilorinated
Niphthalenes
(Halowaxces)

Sites of Estrogen Cance

blackder( ?).

toms in the male, cirrhosis of liver(?).

Compounds of
Economic
Importance

Estradiol, R
Estrone, Estriol,
Equilin, 4-
Equilin, Di- -
ethylstiibestrol,
Hexestrol, ete.

; H it S 3 : 5 :
““ ¢ 3 gu .” s it ; S
2 % J Vo NA Y 3 > k i,
. . <t = T
v ot AT
o e - e '*"_3;_ = ’:.:C.
. . ARCHIVES OF PATHOLOGY | JRedete?. . -
’ - . # T3
Chlorinated Hydrocarbons: Carbon Tetrachloride, Chloroform, DDT, ' RS .I
Aramite, Chlorinated Naphthalenes .
rers—Suspected: fiver, lung, skin. e
liver degencration and cirrhosis, dermatitis. i
Operations and Products with Population Groups with j';.,
Contact to Chlorinated Hydro- Occupationat and Environ- e
varbons for Producers, Processers, mental Exposure to 5
Users, Consumers and Residents Chilorinated Hydrocarbons - ‘»1 e
Carbon Tetrachloride-Chioroform : Occupational  Groups: \Workers B dt“ )
Manufacture of chlorinated hydro-  producing, processing, using, and "'15—- AL i
carbons, of benzophenone and car- handling the various items listed. - HHT¥aRNG A 1
bon disulfide, dry cleaning agent, Nonoccupational Groups: Persons :';,3}.
Spet remover, mint remover, de- using  carbon  tetrachloride and . ;
greasing agent, organic solvent, cx- chloroform as cleaners or as fire- e\t
tractant of fats and oils (fat extinguishing fluids at home or as "o
wasle, cssential oils, alkaloids), paint removers; persons consume 2
solvent for gums, resins, waxcs, ing foodstuffs containing DDT.and ..
aml rubber, fumigant, fire ex- Aramite as residucs or- inhaling e
tingnisher  fluid,” production  of such materials following spraying v
Freon refrigerants, lair shampoo dusting of these agents for rea~ -
preparations, anthelmintics, anes- sous of persowal sanitation or of § “
thetie, pharmaceuticals pest control ; persons using chlorine "3
DDT-Aramite:  Insceticide-miti- - ated  naphthalenes around the
cide, livestock dip, moth repellent house or around the farm  as
for woolens and furs, soil poisoucr  ureases of miachinery or as impreg-
Chlorinated  Naplthalenes:  Sol-  nation agent of lumber
vents,  plasticizers, crankcase il
additive, upper cylimler oil, cutting
ail ingredients, contact insecticids,
ovicide, soil pofsoner, woexi impreg-
mating agent (for shuttles in weav-
img), impregnating  of papcr
cajacitors, wood preservative, seal-
ingg compounds, coatings, ingredi-
ents of fire-retarding paints
Estrogens (Natural and Synthetic) -
rs—Suspuected : uterus, breast, prostae(?), bloud-furming tissues,
Exposure Stigmate—Clandular endometrial hyperplasia, gynecomastia, feminizing symp-
Opcrations and Products with Population Groups with Occupa- 3
Contact to Estrogens for tional and Environmental Exposure : -
Producers, Processers, Users, to Estrogens Ce
Consumers and Residents e
Production of estrogenic chemi- Occupational  Groups: Chemical b
cals, manufacture of estrogenic  and pharniaceutical manuniacturers iae
preparations  for medicinal, cos-  of estrogens, producers of cstro- i
metic, and agricultural uscs,  genic cosmetic preparations, farm-
hawdiing of estrogenic animal feed  ers using estrogens in feeds; for
and implantation of estrogenic pel-  the chemical caponization for fowl =3
lets into fowl, cosmetic lotions and and for the artificial - induction of"?}_;,;
creams. actation in dairv stock and for- ity -
. . . N =
~ _. stimulation production of -CEBS. tae3d

30/252

. I Taes SO\
Nonoccupational  Groups:  In-, 8

fants and adults receiving eStrom 1
great. ; A

O

fenic tre.:\tm‘ent fo'r a AR i_z.v;.‘,'-
variety of ailments (menopaml - :l::
. . s ,‘;ﬁ&,él-n S :‘L
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symptoms,  hypogenitalism,  dys-
menorrhea,  arrest  of  lactation,
arteriosclerosis, carcinoma of the
prostate aml breast, gonorrhea of
vagina i infants, ele.; users of
cstrugemic  cosmetic  preparations;
consimers of meat from animals
given estrogenic feed or estrogen
unplants.

ixiny ) g .

\Workers-= o4 o . Diethylene Glycol
DGR/ N

he. and- '?i-}. e Sites of Diethylene Glycol Cancers—Suspected: bladder.

< listed, 2S5

W 43 Compounds of Operations and Products with Population Groups with
Economic Contact to Diethiylene Glycal Occupational and Environmental
'Imponancg for Producers, Processers, IExposure 1o Diethylene Glycol

N7 !a T

Diglycol, 2,2-

Users, Cousumers, Residents
Production of dicthylene giycol and

Qceupational Groups: roducers,

Constme « i‘.’:’é':! 1 . gl i
"I)T i *. oxydicthanal, of dertvatives  (cthers), anti- processers, users of the various
and «5y BNE : freeze, plasticizer of polyvinyl  items listed

. N Seadln
lnhahng‘:}\:\’\. &

-praying ; =}

IS

AR

chlorine ? {eiP S

. =
.._v5!‘\_i’r . B

v v

alcohol, solvent of phenolic resins,
dyestuffs, and in toluene manu-

. facture, textile fiber sizing amcd

finishing agent, hygroscopic con-
ditioner of synthetic fibers, coup-

Nonoceupational Groups: Smokers
of cigarctie tobaceo treated with
dicthiylene glycol humcctant.

- - -'t -
wl the'*j%;‘t‘{ e ling agent in Iubrication, soaking, .
arm ”\;:-‘?5 4 O kaitting and similar textile opera-
UMPreg=3} LT - . tions, humectant of tobacco in
S P SR " eigarettes, leak preventive ap-

A . - ‘{5\”“.\

Sitas of 8-Hydroxyquinoline Cancers—Suspected: uterus, rectum, brain, Madder. ;gké':

Compounds of Operations and Products with Population Groups with Oceu- ?’;‘:l'
Economic Comtact to 8-Hydroxyyuindline pational and Enviconmental Fx- ff‘:,’éﬁ‘. '

Importance for Producers, Processers. . posure to 8-Hydroxyquinoline G i

{Tscrs, Consumers, Residents ;\‘-:,'{:a i
. B-oxyquinoline, Production from quinolines in coal  Oceupational - Groups: Manufac- %&m
8-quinolinol, tar, its use in chemical analyses as  turers and industrial users of the Y

its copper amd

plial to jute packing of gas mains,
dehydeating and desul furizing
agent of nautural gs, softener of
glue, plasticizer of cork, resin
binklers, book  binding  adhesives,
solvent in alkyd resing in steam-
set inks, inhibitor in magnesiun
foumtry  samd mold  mixes, addi-
tive of oils used for metal cut-
tingg, agricultural  sprays  and
_polishes, diluent of brake fluids.

8-Hydroxyquinoline

a precipitant of metal ions (chelate

various products, gardeners, mili-

; i .. zinc chelate - former), as a stabilizer of hy- tary  persomuel, pharmaccutical ":‘t"'
};-ar;n‘;’fig;’:fi- %X, complex, its drogen peroxide (employed as & manufacturers, cosmictic manufac- 3‘3
;) or:v:f_qi‘:c_i; 2. benzoate and ' bleaching agent in cosmetics as a  turers, tobacco growers, foud proc- ‘EJ‘Z
~"" fowl ’;‘;};w,:_. ¥ - sulfate and its rocket propellant), as an anti-  cssers,  chemical  workers  amd “-52
“l’“ 05-5;: 3;1’):,; K ialochloro - . catalyst in chemical reactions, as  chiemists, fluorescent screen manu- :; :
B fo.‘};" N ;:]‘ e B and diiodo a fungicide in ointments amd pow-  facturers,  adhesive  producers, “eieid!
. [ AL At . - R4
CCES. g R R L compounds g ders  (athlete’s foot, Dutch Elm  chemists. ] f}
. R . . . . N B gt
: Zi 2ri phenyl-mercury- disease, textiles, paints, in ad-  Nonoccupational Groups: Users of By
o porsos K3 . . . . - T RN e
i ;_}"L’_::;-‘ 4 .‘,'“. 8-hydroxyquino- hesive of paraffinized mitk con-  cosmetics, reetal suppositories, con- x C’;" ‘ .
PR3y N - . . . . . .. o !
great rf?(: ;,%:g; li line tainers), in fluoroscopic screens,  {raceptives, fungicidal powders aned {"'\&; -
opausal - B SR A - - : . B I
RGN Ay, Hueper N 31/253 "‘vﬁa !
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in baby powders, ag an :\n-l\cbncidc,
antiseptic, antiperspirant, deolor-
ant, bactericidal agent in rectal
suppositories and spermicidal agent
3 . in contraceptives, food preserva-
tive, fungicide for tobacco leaves,
emulsion paints, separation reagent
of beryllium from aluminum.

{
g ) Surfactants-Detergents . : L ;
? Sites of Surfactant Cancers—Suspected: skin, lung, alimentary tract, bladder.

Compounds of Operativns and Products with

. Economic Cowtact to Surfactanis for
Importance Producers, Processers, Users,
. Consumers, Residents ,
. Daxdeeyibenzol Production of dodecylbenzol pe-
. derivatives, troleumt  or petroleum products
X Polyoxyalkylene (kerosene), production of deter-

sorbitant alkylates
{Tweens) (Tween

gents (household and .industria!)
from the basic chemicals, packag-

F: . 20-Tris © ing awl shipping and subscquent
(polyoxyethiylene) handling of detergent powders and
sorbitan mono- liquids, for production of soap sub~
laurate) stitutes, soap additives, dentrifices,
{Tween 80-Tris additives to lubricating oils, dry-"
(polyoxyethylene) cleaning  liquids,  ore Hotation

; sorbitan mono- - agents, rubber latex fabrication, as

{ cleate) cleaners of metal surfaces (elee-

! Polyoxycthylene troplating), degunming of sitk and
{R)stearate scouring of wool, as car washes,

additive to foodstuffs,

¥

4 .- . .

] Tannic Acid
Sites of Tannic Acid Cancers~Suspected : liver *
Exposure Siligmate.~—Jaundice, liver necroses.

Compounds of Operations and Products with
Economic Contact to Tannic Acid for
Importance Producers, Processers, Users,

! . Consumers, Residents

.. listed (petrochemieal workers, des,
. tergent  manufacturers, handlers, .

ointments, amchacidal drugs, baby
powders, processed foods contain-
ing  additives  with  8-hydroxy-
quinoline or packaged in containers
using this chemical in adhesive,
smokers of tobacco treated with
i,

% Thiour:

Population Groups with’ Occupa- 6-Meth: ~
- ¢ K

tional and Environmental

Exposure to Surfactants
Occupational Groups:  Worker
groups producing, processing, us-
ing, and handling the various items

and - shippers, manufacturers of
soaps, dentrifices, lubricating ols,
rubber Iatex, ore flotation ma- .-
terials; electroplaters, garage men, 4
silk amd wool manufacturers, bak-l o
ers, processed food m:\nufacturefs._i.i

[

dry clcaners. ' : <

Noneccupational  Groups: Users .
of certain houschold detergents and - 5
dinnerware contaninated with de-
terigent  residucs, consumers  of
foistufls containing certain emul-
sifiers, fat substitutes, stahilizers, -

or dentrifices with such additives .

. s
Population Groups With Ry

Occupational and Euvironmental
Exposure to Tannic Acid

Tannic acid, Producers of tannic acid and tan~  Occupational Groups: Workers ™
Tannin nin from vegetable products (tree producing, processing, handling and =
bark, nut shells), leather tanning, using the various items listed <
slime depressant in ore flotation Nonozcupational Groups: Patients.?
agent, cotton and rayon dye mor- i third-degree cutaneous burns - )
dant, thinner of drilling mud, pro-  yreqted with tannic acid prepara--SiRAR
tein fiber curing agent, antioxidant, yons or taking orally tannic acid'-'z;';.‘.?':
' solutizer process for removal of  ,renartions for intestinal disorders :’7}-— ?
.+, mercaptans from gasoline, manu-_ witl, or without ulcerations, con-\'x\},-r‘ e
~' .. facture of water-repellent fabrics, . sumers of tannic  acid-containing Saa g
N © e ebe] il o pyrogallol manufacture, weighting . . goodstuffs, - - - it beessi .”1.::»
! . . T s . of silk, fur dye, clarification agent-:.. -, . VRN
,f) L T of fruit juices, precipitant. of -
0 . . o gelatin, cosmetic astringent, .as- .
. - tringent of mucous membranes (in- N - R
E testine) in diarrhen, cutaneous - P ¥
s burn remedy, ingredient of red 2% Pitel
. . . . Tt SR S -
AN wine, tca, nuts, fruits, hop, etc. ' _ ‘." T Sper
A . ' B ) O Sns o T aRsnd Fo w&;;‘ N
o 32/254 S - Vol. 71, Mar, 19615 35 Huey -
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ks, baby SeUEERRY . ", 4 Thiourea, Thiouracil, Thicacetamide, Acetamide and Derivatives 533
¢ RET P . 1
I):;::;féy‘-. ; . Sites of Tlefmrea, cle. Canccrs.—:Suspeclal: liver, thyrotd ;"{
mtainer's'“{'i*':“" 3 Exposure Stigmata.—Hypothyroidism. ﬁi i
mlhesive,'l'-_’g, wsnd ’§ -, Compounds of o  Operations and Products with Population Groups with B vor e
ol with SR “z * 3 Economic Comtact to Thiourca, Thiouracil, Occupational and Environmental ) Q,
A AL, . *Importance Thioacctamide, Acctamide for Fxpemure to Thioura, Thiouracil, {, ?{,
PRSI o - T Producers, Processers, Users, Thiorcetamide, Acetamide "}Lfl‘
P Pt ) Cousumers, Residents : FB B
SR G "_ % Thiourca of Thio- Thiourea: Inhibitor of thyroid Occupational Groups: Producers, { E?
+ i AT j?,' carbamide, 2-. - function (mudicinal antithyroid  processers, and users of these com- 33‘.%4
Occuﬁa:':{;»}_v i ‘,; «* Thiouracil, '»' Co agmg)'. ft.mgicidc, accelerator Qf pounds in the different industrics Lt '25
ntal “1;—1‘_:: inagis ‘11.16-M?ﬂ1yl-2.~tluo- . sprouting in dormant tubers, pesti- and accupations b2
wtg HA gé;f.:'?;:%hal o ot ¢ U acil, g~ ’ cnd!:. ﬂ‘}""’ proofing agent of nylon,  Nonoveupatiomal  Giroups:  Con- ; ";‘(f
R vy S 6-Propyl-2- weighting agent of silk, dye bath  guners of foodstuffs contaminater ¥
3 3 thx?uracxl, I adjuvant of textiles, gold or sepia il these substances; persons re- ;
: i X};mf: : tsznb:g:m?sent_ in lemfgmphyidurza ceiving thiourea and thiouracil 7 *
: ¢ ins ol : itute in urea-formalklehyde rrati i '
S A AR | Ethanamide - resins, pickling inhibitor and fn. o o medieal reasons ©
handlers.ﬁf-.-‘.i-"g* -0 - o - .o grodientin clmni.ng and plating of
irers -Fof 14z 3 v ) mf:t:\ls. prcpnrafnon of nonglare
tingcils, 5 e - mirrors, sypthesxs of sulfathiazole .-
fon s ma,-{' o Th!oumcll : Antithyroifl agent . .
age mcn,v.;, ~i§° . Tlumcctamxdc': Organic solw:'nt - .
ers, bnk-z;"&(f in lc?thcr. textile, and paper in- ’ P &
fnclum,’-‘féf y- _ dustries, accelerator .o.f vulcanizing R -
Y of Buna rfxl?ber, stabilizer of motor . s
. Us.crs' fuel cx_mlmnmgtctracunyl lead, com- ¢ ;
: "% bined ‘with mercury a mordant of . ;s
Icnts and SeCd ST olubili f iboflavi ):‘Ec %3
with devive] g.r.\n!.s ubiizer of n avn.n ‘.r:!) ;
ers ’oiv":” Acctamide: Solvent of “organic e SV
SR oA s and inorganic chemicals, soldering *:3 ¥4
P, o flux, dye solvent in textile industry, ?é ety
© 7 ingredient of urea molding com- %‘h—-&g
pound, activator in bleaching lignor, iy
wetting agent, accelerator in dye- f"i}.-
ing, raw product for pharmaceuti- - -‘5';;’
o 0. ¢ cal manufacture, nutrient for mold : rm’if
} 1P o growth, humectant for paper, anti- ﬁ}fr’
& ) acid in lacquer, explosives, and E15E
L , cosmelics, plasticizer in leather, i%' Sk
A .. - 7 cloths, films, and coatings o a1
' . L. o . P v . . . ’3.‘%"‘
: + Thermic and Oxidation Products of Oils and Fats of Vegetable and Rraigl A
‘ “hﬁi s - - Animal Derivation: Waxes and Greases . i".\.;d il
l’atimts,,f_@!"f { Sites of Vegelable and Animual Fat Cuncers—Suspected: lung, alimentary system, bladder ‘,’3-‘;’:'!' ;r
s b“m:f_-'i'&?f*— Compounds of Opcrations aud Products with Population Groups with E;k,ﬁi i
prepara- .r o2 Economic . Contact to Processed Qils and |,  Occupational and Enviconmental TR
nic acid | TS Importance Fats to Producers, Processcrs, Exposure to Processed Vegetable ;Ttihi' 1? :
disorders ‘;'*;%’ ’ " Users, Consumers, and Residents =~ and Animal Fats and Oils .f,f.f}-"'
ons, con= i A@IEENE. [ apd Vegetable Dairy products, margarine, salad  Occupatiomal  Groups: Deep-fat- ?3‘I§
imtaining - P{ Qils and Fats, dressing,  shortenings,  coatings,  fryimg cooks (restaurunts, “ready ';’:ﬁl
Shortenings, paint ingredients, vaenishes, lino- 10 cat” food industry), margarine st
Candle Pitch, leom, iuks, soaps, detergents, sur- Mmanuficturers, processers and re- i 1'}';,
Bone Pitch, face active agents, degreasing finers of oils and fats, soap-, ‘.'.é;:.'i-’i
o Rubber Ditch, agents, emulsifiers, lubricants, varmish-, ink-, linoleum-, paint-, vt
' Margarine Emulsi-  plasticizers, refining and render- ‘leferpent manufacturers, mukers w;.'i-’
. .. fier, Glycerin . ing of oils and fats, hydrogenation of shortenings and salad dressings ﬁ%;‘
. 1" Pitch, Wool Fat, of oils and fats, deep-fat frying  Nonoccupational Groups: Dumies- i;?;{
gl ¥ Sperm Oil, Fish of fish, meat, baked goods, resin  tic cooks, consumers of poly- - '3»"
e ' - AY S
[«l"., 1961‘ \“’:v-‘ tfear ” Huepcr o » .\._ 33/255 154 £
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Oils, Polymerized
& oxidized fatty
acid e.aulsifiers
and contaminants
of heated fats &
oils, or of chromiic-
acid-treated fats
and oils (bleached),
palyoxyethylene
(8) stearic acid

et g ers

Vimer % € SeeemmoeeteeTYR

Sites of Poly
Compounds of

P10

9,
e e N

RN

Monomers and
polymers of the
various polymers
listeld as well as
their different
copolymers and
related polymers
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pnxlucl;ou, core b;ndcrs, jnpans,
production of candle and  soap
stocks, refining of vegetable oils
with alkalies, refining of refuse
greases (packing house, grease,
- bone grease, parbage and sewnge
greases, woolen mill  wastes),
lacquers, lubricant for borings

Water-Insoluble Carbon and Silicon Macromolecular Polymers: Cellophane, - -,
Polyethylene, Polyvinyl Chloride, Polyacrylic Plastics, Polystyrene, -
Polyamides; Polyphenol-Formaldehyde Plastics, Polysilicones
. Polytetrafluoromethylene
mer Cancers—Suspected: site of implantation and mucosal comtact

Operations and Products with
Contact tor the Various
Hydrophobic Carbon and Silicon
Polymers for Producers,
Processers, Users, Consumers, and
Residents
Carbon  Polymers: Production,
processing, use and consumptxon
films, packaging materials, impreg-
mation of containers including ol
containers, bottles, fubes, flasks,
hoxes for fowdstufls, medicines,
cosmetics, chemieals, lining of cans,
barrels, te., coting of textiles,
paper, cte, sheets, plates, rods,
tubing, pipes, striuctural material,
glass  substitute, water provting,
textiles, yarn, thread, optical goods,
funnlun:. houschold and  garden
supplies, wax hlends, electric ap-
- pliances, ludher substitute, rubber
substitute, bristics, surgical prosthe-
ses, materials, sprays for mothball-
ing of machinery and ships, etc.,
sausage skins, textile finishes, den-
1al prosthescs, cosmetic surgical im-

plants .
Polysiloxanes:  Water repellent,
lubricants, anticaking and  antj-
foaming agents,
pellents, polishes, rubber, metal-,
and plastic-mold  cast releasing
agents, slippage improvers for
textiles, hydraulic fluids, water-
proofing agents for leather, ma-
sonry impregnation agent, stopcock
grease, filler for high-voltage con-
ductor in aircraft, moisture-proof
sealing compounds, resins, rubber,
foamn rubber, hand lotion ingredi--
ent, antifoam mist in treatment of
prcumonia amnd  pulmonary  edema,
ingredient of antibiotic paste, sur-
gical prostheses

. Occupatioual

grease and oil re-

merized and  oxidized fatty acid
pralucts from dccp fat fqng or‘
as emulsifiers in margarine and % e
salad dressings or shortenings; -
consumers of breads and rolls pre- :;'.
pared with the emulsifier pol)'-l :
oxyethylene (8) stearic acid “gf,

Population Groups with

Oceupational amt Environmental

Exposure to Hydrophobic Carbon

aml’ Silicon M\crmnolecular
Polymers.

Groups: \Vorkurs
engaged in production, processing,
use, andd consumption of items listed

medical amd dental protheses, of r.
cosmetic surgical implants, of cos-
melic,  sanitary, and  medicinal
preparations containing these poly-
mers as ingredients; persons using
consumer and household gouods
containing tliese polymers
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A‘Comﬁmmds 0
ellulose glycolal .2
Snb:man, Koﬂu -
->r £ Operations a.°
‘v L Lrocessers, Use
h polymers, packin,:
adhalve, deterg-
hold | detcrg:nts. .
= ,dnlhng fluids, i .

ammg *rubbet

2 émulsxms, nylot",
"y Dexttan Il
X . .

:?‘ .Polyvinyl ;
\;;'4..' intravenous usc.,
¥ ehnlant of d~
‘g-and fruit juice

gUms in lithog .
Nonoccupational Groups: Users of - ‘ ) ;‘i : .detergents.

' "'-4'15"- s

(lce crcnm)
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: """"i',Water-SolubIe Carbon Macromolecular Polymers: Sodium Carboxymethyt Cellulose,
R Dextran, Polyvinyl Pyrrolidone, Polyvinyl Alcohol

. P .J-.
I fattyagd 3

Sites of Polymer Cancers—Suspected: soft tissues arowul implants, lung, mucosal contact
“areas, organs and lissue of retention and deposition.
T Compounds of Economic Importance—~Sodium carboxymethyl cellulose {(NaCMCQC)-sodium
¥ cellulose glyeolate (CMC); dextran; polyvinyl pyrrofikme (Periston, Plasmosan, Masdone,
icol & - Subtosan, Kollidon); polyvinyl alcohol, iodine polyvinyl pyrrolidone.

i).l‘-' Operations and Products with Contact to Flydrophilic Curbon Polymers for Produccrs,
B> Processers, Users, Consumers, and Residents—Production and processing of monomers and
7+ _polymers, packing and shipping, industrial use and application; sodium carboxymethyl cclinlase:
« adhesive, detergent additive (soil antircdeposition agent), whitener retention agent in housc-
> hold detergents, fltration reducing agemt in drilling mud, emulsifier of oils in water base
" drilling fluids, ingredient of printing paste for textiles, emulsion agent for paints, ceramics,’
- creaming rubber latex; antistick compound, preparation of grease-proof paper, size of paper
> and textiles, filtration agent of uranium ores, paint thickener, thickener of polyvinyl acetate

’

- emulsions, nylon sizing, cmulsifier and stabilizer of ice cream, cheese, thickener of foodstuils.'
- Dextran: Plasma expamler, size of paper and textile, thickener, adjunct to il well drilling

ric aadi il
PR

da
3
N

itact . ~ .
ps with > -7
nvironmental

Polyvinyl Pyrrolidone: Hydrogen peroxide stabilizer, germicide for topical oral aml
S intravenous use, plasma expawder, adsorbent of toxius and dyes, hair lacquer, drug dispersamt,
" retardant of drugs, suspending agent of cosmetics and fomdsiulfs, clearingg agent of beer
- and fruit juices, copolymer of plastics, lm former, sulstitute for “shellac aml other natural
gums in lithography and printing processes, redeposition ol soil preventive for househuld
. detergents, : > C

O Polyvinyl Alcohol: Ingredient of cosmetics, emulsifier and zelatin substitute in foodstutls
75 (ice cream),- coating of camlies aml confectionery, meticated films, txcterial  culture

Id
(A0

of items listed <~}
ups: Users of .-
protheses, of -
alants, of cos-,.

nd medxcmal_; i ¢, 71 medium, adhesive, pharmaccutical preparations (sutures. dressings), sausage casings, size for
ng these pOlY-r.:E;g,f! AR felt and straws, improver of ccramic clays, coating of paper, size of nylon, cotton fabrics,

persons using * T Yieid

P

- stencil screens, tape, boiler scale inhibitor, release agent of molds, of plastic  compouds,
semipermeable membranes, polarizing films, gaskets, helts, ingredient of iuk, photographic and

Y -
e
~ e [

s

sehold goods i %
.mers R g‘ﬂ_ screen printing cmulsions, gasoline hose, solvent-resistant gloves, heat-seal coatings, electrical
C “_' and acoustical insulution, additive to paraffin wax-alninum  salt waterproofing  compournl,
-7 bonding material of synthetic nonwoven fabrics, surgical prosthetic material for filling tissue
3 »i- defects A . .
. ;' - . Population Groups with Occupational and Eovironmental FExposure to Hydrophilic Carbon
- - Polymers.—QOccupational Groups :~ Producers, processers, users and consumers of the vari-
.ous items listed.
Nonoccupational Groups: Users of lair sprays, cosmetic preparations, and fordstuffs con-
> ; taining these polymers, recipients of medicinal preparations by various routes contiaining these
<t polymers; users of houschold detergents inhaling dust or mist.
' . ‘L . ' Beryllium
. ] ?_f . Sites of Beryllium Cancers—Suspected: lung, hones. <
* - e hY Exposure Stigmata:—Acute and c_hr(mic berylliosis, demonstration of berrylliumy in biologic
. { @ £ materials, granulomas of skin and other tissues.
':‘?7{*4" fé Compounds of Operations and Products with Papulatiem Groups with
. _ “;.1 o Economic Contact to Deryllinm for Occupational  and | Environmental
333 Immportance Producers, Processers, Users, Foxposure to Derylfium
lnic 308 - - Consumers, Resilents
:‘~ '-'gL Glucinium, bery! Ore mining and milling, production  Occupational - Gorups: Workers
-4 beryllium alloys and provessing of alloys for cylin-  produeing and processing the vari-
5 of copper, der heads of motors, springs, metal — ous items  isted  and  becoming
A 77 alumimm, parts  in  precision instruments, expised (lung, skin, cte.) to beryl-
magnesium, nickel,  watches, coir wheels, ball beariugs, lium-containing dust, fumes, {rag-
steel, emerald, screws, clectrodes  for  welding, ments ’
: aqu:m}:\rinc, . clectrical contacts, surgical instru-  Nouoccupational Groups : Exposure
71, Mar., 1961 -::y.;bcryl]mm chloride, ments and ltccdlcs, high-tempera-  to phosphors  from  broken fluo-
yi Hucper - >  33/257
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heryllium oxide,
sodium

beryllium fluoride,
beryllium nitrate,
heryHium hromide,
heryllium boro.
carbide, leryilium
sul fate, beryflium
zine silicate,
beryilium Stearate,
heryllium silicate

Siles of Cobalt

Compounds of

Economic .

. Imporiance
Cohalt ore, cohalt
alloys, cobaltous
acetate, cohaltous
carbonate, cohalt-
ous carbonyl; co-
baltous chloride,
cobaltous nitrate,
cobaltous oxide,
cohalious hydrox-
ide, cobaltous
phosphate, co-
baltous sulfate,

- cobalt naphthenate

Sites of Selenium Cunee
Exposure Stiymate—Cj

Compounds of
Feonomice
Importanee

Copper ore,
sulfuric aci
shudyee, seliniferous
plants, alloys with
copper, stainless
steeld, cadinium,
sclenium dioxiie,
selenium oxy-

dicthyldithio.
carbamate, sodium
selenate, cacimium
sulfoselenide
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szcvr.r.—-—Suspccted :

additive for

ture membranes,
heeyllium  glass for windows in
X-rity (ubes, crucibles, refractorics,
phosphiors i fluorescent tight tubes,
ceramic  glazes, dental cements,
high-temperature resistance tools,
pipes, green rlass, cosmetic and
medicnd powders,  artificial enr-
erahls, slielding in atomic energy
operations, gas mantles, clectric are
cirbons, Krinding agents, soldering

aml welding adhlitives, metallurgic
electrolysis

o :. Cobalt

Operations and Products- with

Contact to Cobalt for Producers,

Privessers, Users, Consumers,
. Residents -

Mining and smelting of cobalt ore,
deactividor of gum _formation iy
msoline, convection “loop in py-
clear feactors, carbide cermiets,
catalyst in Fischer-’l'ropsch syn-
thesis, pigment and colors in glazes,
glass, paints, cmamels, plating, al-
loys in various types of steel
(high-spcuf, die and valve, tool),
wool dye, ingredient of vitamin
Bu. accelerator of drying of paints
and varnishes .

Selenium

re.—Suspected : liver, thyroid,
rehosis of liver, Jaundice,
Operations apyj Products witl
Contact to Selenivm for
Producers, Processers, Users,
('nnsumcrs, Residents

Copper refining, sulfurie acid pro-
duction

hy-pr(xlm't,
celerator, pigment for glass, paint,
plastic
tronic rectifier,
pimem in ceramic, paper, leather,
printing jul,,
chloride, selenium gl

both  giving selenium as

rubbee vulcanizing ac-

(red, brown, amber), elec.
photoclectric cefl,

ete. decolorizer of
88, stainless steel additive, soi]
insect repelling  and

poisoninyg in Ereenhiouses and citrus
fruit, chennica] oxi«ﬁzing catalyst,
toner

xerograpiic
photographic printing, cosmetic and

medicinal agem (hair Jotion against
dandruty)

in photography,  fitm  in
plates  for electro-

parts of pumps;

connective tissuc, lung, '

... Nonoccupational

Ly
g
" metics, eatime fomlstuffs maturally - &

ARCHIVES OF PATHOLOGY .

Fescent light tubes, residents of
vicinity of beryllium smeliters amd
fluorcscent-tube plants

Population Groups with
Oceupatioual and. Euvironmentat
Exposure to Cobalt

‘Cupationa -
. . R 11 Sy
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}{cmatxte, iron
.f metal, iron oxide
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Smce the expcnemcs with experimental

” 0y
7 % 3ianimals by the administration of known
.'.'”"1?'_'}& - human carcinogens, p'xmcuhrl) those of
corkers en- t%n ;occupational type, have amply demonstrated

R .}\:v. a‘

_{:'“"" Tthat ¢ among the ' large number of cxpcn- i
e ‘fx Fmental carcinogens some will be 'found
"»"-:—‘-;'?{g; “Wwhich- are carcinogenic also to man. ’ For
g '_";’;E‘ thns reason, all experimental carcinogens

PR Al must be looked upon for™the nme beingr
e xas potenml human carcinogens” until evi-

dence* to “the’ -contrary becomes available.™

ggpecnlly fondstuffs, cosmetics, home rem-
edus, sanitary goods, houschold goods, and
fother articles of general and uncontrolied

~ with™"

ironmental

enium e
.

v ‘objccti(mnblc since these agents may create
icancer hazards which are difficult or im-
‘possible  to  demonstrate. with  the at-
iprescnt-n\'nilnble epidemiologic methods and
; therefore may escape discovery. .
The available factual and circumstantial
e\'idcnce on environmental human carcino-
-gens and cancers thus indicates that exog-
cenous factors may account for many and
Cdiverse cancers afllicting mankind. )
! The following statements of two inter-
4 pationally prominent mudical scientists sup-
. port this interpretation of the evidence:
- (a) Folke Henschen, Professor of Ia-
thology, Karolinska Institutet, Stockholm,

vorkers_en-
. processing, - " s
listed
s: Persons -
ning . oS-
i< naturally
vium (sel-
in selenifer-
meat from
wh plants) .

€14

:that under proper experimental conditions
these ‘agents elicit cancers “of the same or - :

o F‘f‘l{z} 3 vother organs in one or several animal spe- =
& n‘;’,c:es ‘it seems scxentxﬁcnllv sound to assume"gﬁ e

Thcn' presence in consumer goods, such as -

_consumption and exposure appears to be

:- Iron

. -Sites of Ironm Cancers—Suspected; lung, liver.

" Exposure-Stigmata—Siderosis of the lung, siderocirrhosis of the liver,
Operations and Products with
Contact to Iron amd Iron Oxide
Dust to Producers, Processers,

e Users, Consumers, Residents
Hematite Mining, iron ore trans-
portation and shipping, iron and
- grinding and
polishing of iron casts in foundrics,
polishing of glass, mirfors, optical
(watches),
production aud use of

“iron oxide as pigment in paints

" (iron work, ship hulls, ete.), rub-
. ber, linoleum, paper, ceramxcs

Population Groups with
QOccupational and Environuental
Exposure to Iron and Iron Oxide

Oceupatiomal  Groups:  Hematite
miners, foundry tworkers, wutch
makers, mirror polishers, paint
manufacturers, piinters.

Swulm‘ *! think it is prumally the most
urgent problem to investigate in finest de-

“tails the exogenous causes of cancer. This

problem scems to me to be easier and more
fruitful than the researches on cellular

changes in beginning cancer, of course very

important too.” (May 9, 1955).
. (b) Austin M. Brues, Director, Division

of Diological and Medical Resecarch, Ar-
“gonne National Laboratory, Lemout, IlL:

“But if there is an increase in lung cancer,
and if this is due to an extrinsic factor, then
somcthing in our enviromment has been per-
mitted to go well above the allowable level
according to the criteria used in our prob-
ably best-regulated business. . . . The
question of environmental carcinogenesis is
quite properly attracting increasing atten-
tion, and one-can foresee that it is likely to
become a source of financial, importance in
cancer research.”  (Presidential  address,
46th Annual Meeting of the American
Association for Cancer Rescarch, 1933).
Once an adequate amount of reliable and
valid causal data on environmental carci-
nogens  becomes available, the controb of
many human cancers by recognized  and
proven public health methads of a preven-
tive nature should offer the same prospects
as thuse successfully applicd in the past for
the control of wfectious disenses, because
of the existence of many similarities in the
behavior of the causal agents of these 2
classes of pathogens and of the discase
manifestations clicited by them (Table 3).
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Tapte I —Similarities in Lpdemiologie and
-Symptomaiic Patterns of Lntironmental
Cancers and Infections Discases

1. Carcinogenic spectrum is ns wide und vuried as pathogenie
spectrum of Infectioge d bumses.,

2. 8hilt in main turget orgnn dependent on routo of introduction
of enusal ngent ocenrs In Loth Rronins of disonasey,

3. Carcinogens, like Infeetious pathogens, may display definita
tissue and orgnn alliniies, .

4. Minor changes in chiemtlend structure of carcinogens may canse
change in tirget organ stnilar to thit seen sometimes with
differant struing of nudcro-urgonisins,

5. Careinogens vary among cach ofher as markodly i potency
A3 lnfectious pathogens do In virulence.

6. Differcnces in {nelivirlual susceptibility to the action of causal
ARPNLs sre foand in cancerous us well us infectious diseases,

7. Curcinogens nre ng species-specifte as infectious patliogens,

8. Successive changrs in the reuctlon stutus of the host and In
the churseter of thn fenetion produrts cimructerize not ouly

the enncerization provess Lut also some chironie infectious
conditions.

9. Cancers and Infevtious discases have ucontritupsd distribus fony_

pattern.

I1. Characteristics of Environmental
Carcincgens

L. Definition.—\Vhile there is no entirely
scientifically satisfactory definition of car-
cinogens, the following definition may be
adequate for all practical purposes: A car-
cinogen is a chemical, physical, or parasitic
agent which when coming in contact with
and introduced into animals, including man,
under proper conditions elicits cancerous
reactions in one or several organs and tis-
Sues regardless of the roule of exposure
and the dosc or physical state of the agent
used. Carcinogens are capable as a rule of
producing cancers in one or several species
but not in all species and in one or several
tissues, but not in all tissues. The target
organ of the carcinogen niay, moreover,
vary with the species. The carcinomatous
reaction, morcover, may appear in an organ
or tissue which is remote from the site of
primary contact. It follows from these
statements that a carcinogen which is capa-
ble of producing cancers in experimental
animals may or may not exert the same
action in man or not at the sanme site. For
this reason, cvery cffort should be
to obtain evidence

made
on members of popu-
lation groups which become exposed to any
agent capable of causing cancers in animals,
The population groups most
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suitable for

-

Aincriminaling circumstantial  evidence. 'Iﬁrgmml cane.
3

'z l;.:t.
. . d;-"“' e -
. ARCHIVES OF PATHOLOGI343 FoARCINOG!
. < -,

such purposes are usually industrial pli'fr‘j
ducers or uscrs of such agents. As long a5 29
human evidence is
mental carcinogens

it parties «

not on hand, expef ¥Sdemonstrati

remain merely suspet % “f‘gr a partic
of exerting a cancerous action on man, i.&;;:?iw'ecognized <o
they remain “potential human carcinogens. i “?C;inogcnesis .
Any restrictive and precautionary measuré ‘;z}gical viewpa " !
which may be applied as a matter of com" ‘r:tg‘grobable @
mon scnse to such agents for the protection ¥ agent until -
of the population, therefore, cannaot b

based oun conclusive scientific facts but ot G

would indecd be foolish and irresponsible,
on the other hand, to hightly dispose of sudjf
potential cancer hazards as being “calow -
lated risks™ which must be tolerated 25
unavoidable by-products of normai living

ffgﬁe adopted . ¢
¥ - A
g1rresponsibl.

F
=
5
2

3

in an industrial economy. rEESEperienced is
The acceptability of a chemical or physi-sfue with * speci
cal agent as a noncarcinogen depends o8, alleged car

6 F P

the adequacy of the test procedures, i.e'.,'j{& Talore, shou‘.:
dose, routes of introduction, frequency,23%xF the " experii -
intensity, and duration of exposure, !cngth‘f;-t}fg)"'ShO\ﬂ‘
of observation time, number and species of SEZFas

animals, and type of vehicle including . sol<3
vent and dispersing agent. Unless chemt-
cally variable and ill-defined mixtures irt';'_,_-gg-
tested, the agent investigated  should ) I
chemically identified and pure, and the in;
struments, vehicles, cte., used in the test
procedures should be free from other cardjs
nogenic agents, including contaminati_ow
from carcinogenic air pollutants. RE

N () Che

»

fensive list

AN <~§. =
Likewise, final recognition of a physiczf;s  hemicals <
and chemical agent as a carcinogen shoul%; ppEpacaemcals -
not be grauted on the basis of observations .
reported by one investigator, or group ‘of ¥
investigators, only. This acceptance should.s
depend on the reproducibility of the results 5\ 3%
B

TasLe 3A.—Dose Partations for Diffcrent -5
Carcinogens at 50% Tumor ¥ield oy
Level for Treated Animals o

Careinogen Ant., ug,
1 203, 5-Dilenzangireene
20-Methylcholanthene -
3, 4-Benzpyrene $0
4+Dimethylaminestilbene Hty
C-Dlme(hylamlnmxo)wnzrne 500
* R. Boyland. Ay \L: i 3
Vol. 71, Mar.,, 1960 Hueper
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T Ry
yents, A‘(-IQ 18 353’;’
on h'\ﬂd Q’{perl‘;'
in mcrcly suspeu,\

"by at least two, better even more, indeperd-
-ent parties of investigators. llowever, tht
“demonstration of carcinogenic properties
for a particular agent by investigators of
‘recognized competence in experimental car-
; dnogenesis should be regarded from a prac-
“tical viewpoint as adequate cvidence of the
 probable carcinogenic qualitics of such an
for the PfOtCCtlosz “agent until this conclusion is either sub-
cfore, mnOthe‘*J\ “stantiated or refuted by the results of
wific“facts bUb on.,‘ Yinvestigations by other competent experi-
tial - eyxdencc., ,Itw: #imental cancerologists. This attitude should
and xrrcsponsxbleﬂlbc adopted to guard against any loose and
ly dispose of s‘m:h‘* fxrresponsxb!e positive or negative claims
as. being " calqy’ Ui Y 1 which might be advanced on the basis of

be’ tolerated ; as'«’ ~dl-plaxmed and incompetently interpreted
of. “0}’“‘31 h‘fmg . results of experiments by insufficiently ex-
R IR RS _” .,penenced investigators or planted by parties
chemical or phys‘. 'f. Swith - -special “interests. Reports on the
igen + dcpends o,,-_, Jaﬂeged carcinogenicity of chemicals, there-
t pmccdures .é, 294" fore, should contain detailed information on
wtion, .frcquenqw s the - experimental procedures used before

wer and species of %
icle including sol.,
it. Unless chem,.dg.a
ned ‘mixtures are'ﬁf
vated - should be'-" .
pure, and the inoiss
used in the tgg{.;,,
from other carc,-ff’_

,as scientifically acceptable cvidence.

i 2. (Classification of* Carcinogens.—Car-
cmogen; may be classified according to sev-
eral principles. | -

(a) Chemical Classification: In the cx-
4 tensive listing of experimental carcinogens
prepared by Hartwell, carcinogens are ar-
ranged on the basis of their chemical char-

¢ contaminationg i3] acteristics. This grouping is useful for
llutants. ;“‘“ demonstrating the distinct scatter pattern

. of carcinogens upon numerous classes of
" chemicals and our present lack of definite
factual knowledge concerning the special
chemical characteristics which convey car-
cinogenic properties to some but as a rule,
not most of the member compounds of any

tion of a plwslcal
nrcmogen shoul s s
is of obscr\'atxong‘“ -
ator, or group ‘of i = 3]
acceptance shouId;r
ility of the resultg

% the biologic availability of this component
.to the tissues of contact. If the component

.ié'f{' particular class. The concept of “chemical
ons for.Different 723" group carcinogens” thus has only restricted
171.:::::’;.: Yicld ¢ ﬁ, : applicability and is generally valid at pres-
r——— -_x~; ;,ent for only two classes of carcinogens: .
o Amb. g ‘radioactive chemicals and chemicals posscss-

e . ing estrogenic propertics.
;; : ‘ " Even in chemicals which may contain in-
'mﬁg ._'tramolecularly the active carcinogenic com-
. w0’ § . ponent, carcinogenic activity depends upon

I"ol. 71, Mar, ]96
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‘uble chromates have proved, when tested on

{ exposure, lcngth.; ’the) should be given serious copsideration |

cannot be released by the metabolie forces |
of the body from its inactive state, the car-
cinogenic compunent remains carcinogeni-
cally ineffective. Thus, most of the various
food dyes which contain B-naphthylamine
or a-naphthylamine in their molecules have
been carcinogenically inactive when “tested | -
on rats, although 2 have shown carcinogenic
properties for mice (Orange SS, Oil Yel-
low HA). Expericnces made with various .
chromates differing in the degree of their
water solubility have been of similar nature. -
The highly water-soluble and corrosive '
chromates as well as the almost water-insol-

w1

WY e

-

ls'

0

RV

'y 'ml':

i

rats and mice, to be carcinogenically little-
or ineffective, while chromates of medium -

solubility have proved to be highly potent . ;
carcinogens. It is likely that similar differ- 7;-3
ences in solubility or biologic availability Y o
of certain inorganic and organic arsenic '«,,:%?
compounds may account for the contrasting - e
statements made concerning the occurrence fjé;
of arsenic cancers among members of pop- r:‘
ulation groups exposed to various arseni- o
cals. . }""E
(b) Target Organ Classification: Carci- .%;
nogens have been classified according to the fsn‘.
specific organ or tissuc in which they elicit f.-',?'.r
cancers, i.e., skin, lung, liver, bladder, cte. el

v

he 8

This classification has some practical merit,
if one is interested to know the various car-
cinogens which have been shown 1o clicit
cancers in a certain organ or tissue regard-
less of the route of administration. 1low-
ever, in many instances the site of the target
organ depends upon the route of introduc-
tion and for this reason may change when
the route of introduction is altered. Tt may
be mentioned, moreover, that minor chemi-
cal changes in some members of the hepato-
carcinogenic azo-dye group shift the target
organ from the liver to the bladder.

The following 4 classes may be estab-
lished on this principle used in a modified
form:

I. Cancers at the site of primary contact (ar-
scuic, asbestos, chromium, nickel, soot, tar,
petrolecum oils, x-rays, etc.: skin, lung, nasal
sinuses, bone, lenkemia)

N

3
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ket

o

39/261

N J--\\l-‘m"v:;; ?d‘:
SO _j‘
2K et



% .
B
¥
4l
>3
]
- ST
e ‘-
_;‘ o ™
32w R
¢es
TN

s
Free
.{;J y

qes
:‘3#
FX )

‘2 ¢ “‘: X
«'%
'14 y

1

L)

iy

"

Al
o
a4
‘ L)
’1”-
LT D bR R W tioges 3 g M0 Ui T g o

s 7k
ar

LS|

2%
A o
)
635
¥

-
)
e

e A

PELRET 7= ¥ e A5 LA

LAk R
T

e

A IR 2RI

vy

L3

PUVWEN

s ber P—en -

o

-~

T e Y ST o o e e Bk c By

B Ll T S ¥ AP R S,

> Wi

AT WA s €1 e R WA S T f Mt

1L Cancers at the sitc of excretion
amines, arscnic: bladder, skin)

IIL Cancers at the site of secondary  retention

and storage (radium, benzol, arsenic, tho-
rium X, azo dyes, etc.: Lore, bone marrow,
liver, skin, etc.)

1V. Cancers at the site of special affinity (hor-

mones, organotropic chemicals thyroid,
liver, genital organs, bload-forming organs)
(estrogenic chemicals, goitrogenic chemicals,
hepatotoxins, myclotoxins).

(¢} Human Carcinogenicity Classification
or Species Specificity Classification: Carci-
nogens may be grouped according to their
species-specific activity, i.e., according to
the various species in which any particular

_carcinogen may he capable of cliciting can-
cers. Of main fmportance in this respect

(arom:\tic

.

is a classification in which (he relative sig-

‘nificance of carcinogens concerning  their
carcinngenicity to man represeits the guid-
ing principle. The following groups may be
established when this principle is applied.
L Recognized himan carcinouens (nuiinly oc-
cupational earcinogens and 1 few environ-
mental . ones  [solar  radintion, ionizing
radiation from naturui sourees, arsenicals,
sout, schistosomiasis])
Suspected human carcinogens for which the
total available evidence texperimental and
. human) is not complelely conclusive as o
their carcintogenicity to man (estrogens, iron,
tohiicco extractives)

11

Potential human carcinogens for which the
available evidence is restricted o observa-~
tions on experimental animals amd  which
represent constituents of the human econ-
omy, i.e, with which man has frequent and
intimate comtact in the form of consumer
goods, industrial activitics, industrial or
industrye-refated environmental pollutants
IV, Experimental carcinogens, which are chemi-
cals shown to cause cancers in experimental
animals bhut which are not constituents of
any part of the human cconemy or human
cavironment auwd which, thercfore, are en-
tirely at present of scientific significance.

(d) Carcinogenic Potency Classification :
An attempt has recently been made to dis-
tinguish between strong amd weak carci-
nogens and to use such distinctions for the
establishment of screening methods of food
additives and contaminants for carcinogenic
properties and potency (Table 3A)* In

* Tahle J.A—Doylaud, Berenbhun ;
amd Shimkin.
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practice the establishment of such a classificzs

tion is bound to encounter distinet difficultiosy “Of th

for several reasous. Existing expexjicqqg‘ -tangfhrs:_‘o st
with a large number of carcinogenic tesiis 5;?:;;5‘:
performed on numerous carcinogens * kat - B
shown that even when strictly standardizei3 JBEns: 10, 16

- - ARAY
test conditions are employed. the potent);;‘ %
rating for any particular carcinogen mazsiay
vary considerably with the different straint 392
of the same species, with the sex as well 2599
with different specics. The potency rating 3

is also subject to marked fluctuations de?

x4y o R
S Nsugaest. that

pending upon the particular type of test ZRvracse carcin o
conditions used, iec., the route of introducr ¥ \y‘hcn ithese.; x
tion, the type of vehicle, the use of singleEaiorm, espc-u N
or repeated administrations, the length of; Je.x:e of very

drocarbon ~

the observation period, martality rate from
other causes among animals in test serieS._
ete.  Quite apart from the considerable s
difficulties encountered in defining in gen 4§§§Yc becom
erally acceptable terms, focal and general_f
tumor yield, length of latent period, metastat- |
ic spread, growth rate, and accurately what3
are the criteria of a strong carcinogen i
comtrast to a weak carcinnogen, there exists;
at present no reliable method for measuring ;e=¥ak .

in absolute terms carcinogenic potency of £ sei.preparation -
a chemical for any particular species, much gigaence critic -
fess for several or all species., !

X

gommon Gt

e t

ntroduction
14

i

The marked discrepancies in uC.’H’CiﬂO;"
genic potency” between different species for,
a particular carcinogen are well illustrated:h :
by observations made on, several aromatic 2333
amines. Benzidine is doubtlessly highlv}i% ATE
carcinogenic for man, but seems to be ratheg L &8
weakly carcinogenic for dogs, since it took’:;;
some 7 yvars for demonstrating the preﬁ%{f_}‘_
ence of bladder tumors in 2 of 6 dogs .fed 3

s

garcinogen: '
¥idcarcinogen -

benzidine for many years (Spitz et::;l;jz‘;?‘
Similar observations exist for Z—acctyln{ﬁé? RS
noftuorene, which is evidently a most potent-meis
carcinogen  for rats, causing  cancers | kg
many organs in this species. Dogs, on thgg‘ v
other hand, reacted only after 7 tn R yearS: ;
of exposure to relatively massive doses 0?*‘
this chemical with the development of blad

et

. . . O 52 2
cancers of the tung in experimental nmmals,f;%\.
v d

by the inhalation of carcinogens which ung’

P yime
Y




MeceaP s bt Bt .

fdoubtedly at least'in part are responsible for
ancers of the human lung is one example
for the existing methodologic shortcommgs
Sxmxlar deficiencies exist for many carci-
nogcns in regard to determining their car-

ndné}ilze’d LRy t ¢ ts of the ali t
e v ’ ] id ‘1 ; 1 1
potisas 3 :cmogem’c'po ency to parts of the alimentary

nt stramafr » ,,,.Expcnmcnts with carcinogenic palycyclic
15 well 37pAy aromatic’ hydrocarbons adsorbed to the sur-
ey ratn\xg& 3 ;ace of carbon particles “('soot, carbon black)
‘ionsjds- ﬁ,,’ ‘suggest. that the - carcinogenic potency of

ﬁ* these carcinogenic compounds is reduced
when these agents are administered in this
of smgl 252 form, especially when the carbon particles
|Lng1_h~‘ : ‘. Y gre of very small size, because the adsorbed
‘ates irqrn \ydrocarbons are not readily eluted and
teleased for action from such p:u'txcles by
? s substances of the host organism, ie., they
G ; ; ave | become bxologxcany unavmhble.

3 "dxfferent chemxcal classes there is often no
u.ly»}x i "c'ommon “quantitative denominator between
nogen;'}“‘ u__:“ ‘thcm for the estabhshmcnt ‘of , comparative
re ex1§t3 % poxemy “rates. " Likewise, :pecxes—:pccxﬁc
ncasuring, " absorption or removal rates of éarcinogenic
'preparatlons ‘subcutaneously injected influ-

'ence critically tumor yield at the site of

A< "l-‘:,

)tency ,_qr,}g
ws, muchs: ~"§:~ ]

':\}é*\ ] introduction as well as the appearance and
mn_mo;i,é:.distribution of cancers in remote organs.
weies, for 4 All systems proposed to classi.fy or grade
“lNrated = Ji carcinogens on’ the basis of presumptive
-lmmatxc”«‘« ;\camnogemc potency have been applied to
v hlghly; :; 7pol)cydlc 1romatxc hvdronrbons. Little

be rathcr"a %,
““aromatic amino- and '\zo-cumpounds, none

the pres for metals or radiations.

dogs fedmiel - (¢) Classification by Carcinogenic Com-
et aL)_‘:_ pleteucss. Recent observations on cocarci-
wetylamj “nogenesis have given rise to the concept of

‘a multistage mechanism in the cancerization

"Cffsfjr,l;g. i .fprocess i.e., the separate action of “initiat-
~. on t{lt\"’ »mg " and “promoting” factors in the proc-
' 8 )’C%I'S: cssce of cancerization and cancerigenesis
douses: o*f’s\.,*(Bcrcnblum; Shubik; Foulds: - Setila;
of b1§d~ s he “Graffi; Salaman, ete.). Walpole in analyz-
- fv’: SRR ’-f;ng these data reccntly proposed to distin-
+ producey; gulsh between - “initiating carcinogens,”

“promoting carcinogens," and “complete
. " i.e., carcinogens which com-

" cocarcinogenic, or promoting, basic fraction
of creosote oil, proposed that all promoting
carcinogens were in fact weak carcinogens,

e e TR TN - S VTSP P S S

W
buie initiating and promoting properties.
It is remarkable, however, that under cer-
tain circumstances even carcinogens of the
initiating as well as of the prowoting type
may clicit tumors without the coaction of
the other complementary carcinogenic fac-
tor, i.e, that they behave like complete
carcinogens. Among the known initiators
this is true of urcthan, triethylenemelamine,
and B-propiolactone, while among promot-
ers this has been observed for croton oail,
phenol, and Twcen 60 and may be present
also for dodecanol.
findings and his own observations with the

i.e, they exert an effect synergistic with
that produced by the “carcinogens” tested.
. Setild, - 'on the other hand, has recently

-stated that in his opinion all promoting

agents exerted a purely nonspecific, cell-

* proliferation (hyperplasia)-stimulating ~ ac-

tion, and thus they did not constitute a
factor essential for carcinogenesis.

* Saffiotti and Shubik, in contrast, have
argued from their observations on the ef-
fects of low concentrations of carcinogens
given in single duses alone or followerd by
repeated doses of the same carcinogen or
of croton oil, that a clear distinction can be
made between an additive action of carcino-
genic effects and a promoting action of a
cocarcinogen on a carcinogenically sensi-
tized tissue. Tt is also certain that not all
cell-proliferation-stimulating agents act as
“cocarcinogens”™ or are “weak carcinogens.”
On the other hand, experiences with certain
hyperplasia-producing  chemicals  adminis-
tered in combination with “complete carci-
nogens” indicate that such effects upon

-certain organs may be essential for “pro-

moting” cancer  development in organs
which would not oceur if the carcinogen
would be administered alone.  Carcinomas
‘of the thyroid, for instance, result in rats
by the combined administration of a goitro-
gen (thiouracil) with 2-acetylaminofluorene,
which when given alone does not cause
cancers of the thyroid. Cancers of the
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breasts in mice arc observed when methyl-

cholanthrene administrations are combined
3 with that of cstrogens (Jull). Estrogenic
o treatments in combination with administra-
tions of acetylaminofluorene are ineffective
in rats for increasing the incidence of
breast tumors, while this cffect is obtained
when in the experimental management cs-
trogens are replaced by progesterone (Can-
tarow, Stasney and Paschkis).

It remains an open question whether or
E not the various properties (promoting, hy-
5 perplastic, carcinogenic, or tumorigenic)
by ascribed to promoting agents are in all cases
identical and thus perhaps dilferent phase

e

N

28 2 3

on hand for the development of a useful
and rational classification of carcinogens on
the principle of initiating, promoting, and
complete carcinogens as proposed by Wal-
. pole. :
There exists apparently a second group
.. of possibly “incomplete” carcinogens. These
are agents which need to become active the
co-action of some endogenous or hereditary
factor, or of some exogenous factor or
factors of  exogenous (dietary) nature,
which are totally unrelated to the chemical
cocarcinogens. Urethan, for instance, will
elicit pulmonary tumors in certain heredi-
tarily predisposed strains of mice or will
* cause the development of skin tumors when
- its intraperitoneal introduction js combined
with cutaneous applications of croton oil.
A number of azo dyes, of the butter yellow
type (dimcthylnnﬁnoazobcnzcnc) are most
prone to causc the devclopment of liver
cancers in rats, if these animals receive a
diet deficient in riboflavin. Such carcino-
gens appear to be conditional carcinogens
which nced the complementary action of
another factor for realizing their carcino- -
genic propertics.
42/264
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- aspect from their toxic effects. \While cellsi3

,H‘ effects of the same property or represent
) possibly scparate biologic qualities inherent
“ in the same chemical. At any rate, in view -
;‘ of the highly fragmentary and controversial
i evidence available on these interesting and
o provocative aspects of carcinogenesis, there
ﬁ‘ appears to be at present insufficient evidence

4
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The amount of available information BN e int
conditional carcinogens is very scanty andZ: g&xemm
little understood as to the actual role WhiQ 200 geve:
“complementary factors” play in such typss aphic
of carcinogenesis. It is, moreover, obviost AR oo |
that with a few exceptions “carcinogens: e den”
are complete carcinogens which need neithet 3% ich 1- -
cocarcinogens nor complementary factor$33423 "fe::fphc,}.«'
for the production of cancers. It is fdf,'_',"‘;-, ength « .
therefore, that at least at the present time 3 rd-pra. !
the available data on complementary oL AR e acti . &
conditional carcinogenesis do not lend them- 22 T the, «
selves to the developmient of a useful andixs sthe’ phe- ;
scientifically sound classification of card 2She int i
nogens. i

3. Action Mechanism of Carcinogens.—:

The carcinogenie effects of chemicals upon 132
cells and tissues differ in one fundamenta 2%

and tissues will recover anatomically andH Eiiental ¢
functiomlly from toxic cffects, unless they S3Es.

are killed by them, and may at times everi 3
acquire after recovery an increased re TE
sistance to a repeated toxic action of AR
particular chemical, the biologic cffects of T
carcinogens are definitely long-lasting, -if T
not permanent, and for this reason makes
once carcinogenically exposed . cells mors;
susceptible to repeated exposures.

ing the earcinogenic effect of chemicals o§
cells more readily understood, one may oM Ziae T
pare the action of carcinogens on cells withiz

that exerted by light rays upon the emfxlsig&i ;&g{
of a photographic film. In both instances. e

the activating agents act upon certain’spéi.
cific elements present in the exposed Rogl ey o
dium. This action does not need to beFukes
continuous or prolonged; it may be'raﬂlcl;::; &2
brief or intermittent. The degree ‘of * the.
biologic and photochemical cffects produceé 5
on the tissues and the emulsion, resmcti»'g}g
ly, has a direct relation to the total dose. 7y

of the activating agent administered. - R
While right from the start the carcino-?;%%.
genic as well as photochemical effects pro- e
duced are indelible and permancnt'and'{'
result in additive and cumulative change.fx‘:i ety
in the exposed medium upon repeated eXpos; L

sures, they are initially not demonstrable in'=

A i1}

cither medium ‘unless additional ,'f“CIOFﬁ:;;'
Vol. 71, Mar, 19617355
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CAR(.LINOGENS IN HUMAN ENVIRONMENT

come into play, i.e., factors which are cither
generated in the host organism or applied
as developers and fixatives to the photo-
graphic film. Under the influence of such
factors there occurs a gradual development
of demonstrable and visible alterations
which represent the cancerous growth or
the photographic image, respectively, The
length of time required for visualizing the
end-product of the interaction between
the activating carcinogenic or actinic agent
and the medium, i.c., the host organism and
the photographic emwlsion, depends upon
the intensity of expusure as well as on the
relative reactivity of the exposed medium,
ie. the relative degree of constitutional or
acquired sensitivity and susceptibility of the
person and the degree of sensitivity of
the emulsion. respectively. The develop-
mental period in the cancerization process
is known as “latent period.” s

1t may vary, depending upon the specific
exposure conditions prevailing and the re-
activity of the host organism, between 6
months and 50 ycars, according to experis
ences made in man with occupational car-
cinogens. If the action of a carcinogen is

ism is high, the developiment of the cancer-
ous response in the tissues may be so slow
that it never reaches a manifest stage dur-

+ing the lifetime of such a person but re-
-mains in some intermediary “precancerous’”

stage. Under corresponding circumstances
the photographic image may not be visual-
ized at all by the application of developing
chemicals, or only a faint and indistinct
image appears on the film. ‘ )

For making a photographic image on a
film permanent, fixatives have to be em-
ployed, because without their action, even
a well-developed image will ultimately fade
and disappear. Somewhat similar phenom-
ena have been observed in human and ex-
perimental  cancerous  reactions.  esions
which were clinically and/or histologically
cancers have regressed spontancously, i.e.,
they werc not biologically cancers. Such

reversible cancerous reactions have been

= found, for instance, in the skin of workers

=~} ~
. Xy Hucer
e =3

b e
ATt l
(i

YL T i A et LRIA e e e e At bk A=+ A s An
e H

exposed to the carcinogenic action of coal
tar as well as in the mucosa of the urinary
bladder in dye workers having occupational
contact with carcinogenic aromatic amines.
Such phenomena are known as “false posi-
tives” in industrial medicine. In fact, this
course of cvents is the rule for the histo-
logically “cancerous” lesions of the skin in
monkeys appearing after repeated paintings
with coal tur, because these reactions tend
to regress and heal despite continuéd apph-
cations of the cancerous material.

The permanence or irreversibility of a
Cancerous response thus depends upon the
action of some biologic “fixating” mecha-
nism probably provided by the hest organ-

- ism,

4. “Safe Dose—Itis technically possible
lo determine a “minimal” cffective dose of
a well-defined carciunogen  under specific
experimental comditions applied to experi-

- mental animals of an established strain

belonging to a certain species.  Such in-

formation has obviously more scientific than

practical value in assessing even crudely the
relative degree of caucer hazard to human
beings from contact with such agents he-
cause of the well-known species-specificity
m the qualitative and quantitative reactivity

- of different species 10 environmiental chern-

ical and physical carcinogens. The limited
value which this type of information pos-
sesses under the prevailing circumstances
is even more restricted by the fact that in
the great majority of experiments the num-
ber of animals used is insufficient for ad-
judging the presence of wenk carcinogenic
effects among members of the specics used.
For obtaining .any information possibly
applicable and valuable to the human prob-
lem many hundreds of animals would have
to be cmploved in such tests, as apparent
from the following considerations.
Observations made in uccupational carei-
nogenesis i man and in experimental ear-
cinogenesis in animals have tdemonstrated
that the degree of ‘carcinngenic response,
i.c., the incidence rate of cancers amony the
population at risk, decreases with the inten-
sity and duration of exposure. Carcinogens

.~ 43/265

LR Rt

IS

B

'37_* R A

T
2

~ay
- a

o Lo e B i
T
2
S

R ]

i

N

o]
i
LY

Sy
DRPIRETLC ~g

;.._‘.
S e
A i Ao

\'j."

3 o P tR N

ot es g

2 At el devie stieme S

respve’
57 danat

I TR T P
Y
St
i

-b-
o
37
s

[T L

Ly

(o
Aad

n

B o fed B

)

3.

o Bt
e

Aoa.
“Fhiyt

-y v

et
¥

P R
e
Foadn Lo
Aol

..‘,;‘..'."VL_ E
Jailal
i

g, P 0 AN I AL R I
. ek dy 2 e
¢ 5 bR M 3

v

:
Sl
bt

! -
i
L

N

ol |
1Y rhmt gl o s s

B

(4
ES

-,..‘.w...u..
Y
'l

S50
A

&
'.
[P

T
-
& .
" a
."""

. L emu e
PN VIRPL FVRPE S Rty
"

i i

1T
Bk

)
R
%)
AL
A 1Y

I
4

b

i fie

oA

i -
4 £

[

el Ls




0

LI

Y

ser &

Gkl

N

e

R R LA AN B

-

43y

39,

<

YL IR T e, e

ariy

s L I TS
- VN

!

I A D
(IR

o3

a

§‘ .
,.
i

7"'
-; /,
.

~p

o~

o

..
r,.o

-

thus behave in regard to dose response like
chemicals when tested for toxic and phar-
macologic properties. It may be mentioned
in this connection that the toxic and phar-
macologic responses of animals to chenicals
are quantitatively as well as qualitatively as
spccres-specxﬁc as those obtained with car-
, cinogens. The results of such tests have
., nevertheless generally been accepted and

.,have profitably been used for many- years .

iin scienceé and industry despite- their limi-.

tations concerning their direct: applicability °

‘to-man. The available pharmacologic and
toxnco!ogtc methods make it relatively easy |
to determine in animals minimal cffective
toxic and pharmaculogic doses, which per-

" mit the setting of rather reliable safety’

standards for man. The test methods avail-
‘able for such a purpose in. experimental ~

ARCHIVES OF PATHOLO'G?-

the most potent human carcinogens wot
have to be included in the class of che':'-

icals (B-naphthylamine; 3, 4- benzpyrﬂ: e

arxemcals) which can safely be incorpd
rated in foodstuffs. Any chemical which
cnp'lblc of producing cancers of any t)'EY
in any tissue or organ of any specxes whc#.
introduced by any route and in any
should be considered as a potential hut
carcinogen until its innocuousness for 1 """,
.has definitely been established. *Scre
“tests for carcinogenic propertxea ‘of ch

LY

:cals entering consumer- gooda}_,are >

“ticularly  indicated for ! those - chemici
displaying sume chemical and physical
larities with known carcmogcns (Tabl&
or producing in man’ or’ animals *biolog
effects often found. with carcmogms an”'
suggesting therefore a pOSbele carcmo

chemical carcinogenesis, on the-other hand,™~action (Table 5) (Hueper), "+5ind ;';::

are at present inadequate for this purpose.

In an assessment of the potency of a
carcinogen, proper consideration must be
given to the fact that marked variations
exist in the relative carcinogenic, potency of
chemical and physical carcinogens for dif-
ferent species as well as for the same tissue
or tissues in different species. The target
organ or organs of different species for the
carcinogenic action of an environmental
agent alsu may vary. Under no circum-
stances should a carcinogen be considered
safe for human consumption because it does
not clicit any cancers when given by mouth
to mice or rats, while it produces cancers
when introduced by some other route (sub-
cut;mcuus, cutaneous, elc.), since some of

'lAm.r 4—Chmnml and Physical Sitmilaritics
with Knowen Carcinogenie Chemicals  ~

1) cmmlrul compensition, structure, spatial conﬂgunuon,

electronie density . s
(2} Polymerizing nnd cross-linktug tcnde'lcles
(3) Protein complex formativn . .

(4) Sulthydryl hinding or Inactivation

(3) Enzyme action (inhibillon or activation) (fermentative me-
tabolism stimulation, coenzyme I ond catalose depres-
ston, ete,)

(6) Potentinl carcinogenic mctabniite formatlon, paritcularly
compounds having a hydroxyl nnd an amino group ortho
to ench othier {n an aromstic systen of 2 or more rings.

(7) Refractivity, fluorescence, Infrared and ultruviolet sbsorps
tion spectrum

The following calculation conveys a geg
eral
range which must be explored in screenis
operations for giving pr'u.tlcally valuablfu
information. . _,:z,‘mf

We have in the United States al cance

morbidity rate of about §.living cancec %
5 *1‘~» cm(

cases of all types and causes.among 1,
persons per year.
would be present in a series of expenmentzb
animals exposed to one single carcmo,’
if only one cancer would appear: durmg;g"l
given year among 200 animals tested.’ The
carcinogen thus would display a’ potem'-}}‘
equivalent to that exerted by the enhm,.
group of exogenous and endoﬂenous &rﬂ'
nogens active in the general populatxon. lﬁ'
is apparcent that the establishment of sax;)

‘e Sl 34 )
LY St eg
TasLe 5.—Bivlogic Stigmata for Carcwogmcdf ok

Suspect Chemicals - »‘*;:\,.v,

:~4}b¢_r

.. () Anatomicul rencttons (utypical rcl!ular hy;;erplml.s h‘,\ 3%

perkerntoses, earcinomstold, sareowatoid and leukemﬁ&l

renctions, mucnsat palyps, pnpmomas, adenomatoid, pn- &

liferations, adenomas) AR N ':F'
(2) Radtomimetic and mutegenle effects (mitotie pobom) :7:‘;:‘
(3) Iepatotoxle, myelotosie, carcinolytic and tan:l.n

ctlects < s
(4) Estrogentc effects TEeL f‘ii
(3) Sensitization phenomena {chemonllergles, photonmmnﬂ? ba
T tion) “ T iy
©) Congenital ahnormalities in offspring after lnuoducuuﬂ— Soma -
inte pregnant, mntemal orgonism R ;1'.:»\» i)
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This same: attack. 1'5»le “"3“‘:
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¥'CARCINOGENS IN HUM.IN ENVIRONMENT
Tasce 6.—Tumor Yield from Gradualed Doses of

34-Benzpyrene, Subcwtancously Injected into
C-57 Black Mice as Single Dose and as

limits on the basis of such experimental

nogens “would:=r ] !
observations would be tmproper because

bt}
ass of. ch 2“"-

4-benzpyrené§“t‘.f (8) the human population often becomes 12 Monthly Refracted Doses *
be incorpos exposed to the same agent from several No. of Tumers Within 18 Months

sources; (b) it has contact with numerous

nical Which 33153

. oo DU : rerye : ave o Dose, No. After After
of ‘any: type > gmronm.en.ml carcinogens \vhu:h may .cxert Me, e Singlo Dose  Refracted Dase
species wheni23 3. Synergistic action, and (c) it sustains a
IR 55 D . s whic 0.025 72 G 2
in”"any’ dosa ,“d.egree of contact ‘\\xt‘h these agents \\:huh 00s o 7 5
lcntiaLhur,xﬁZ’,}f gnenher can quantitatively or qualitatively g,:c: :; i g
ness for“map ey "be determined nor can be controlled effec- oo o - T a
{d. > Screeninexg tively as long as it is present. The recently —_

ies ofchem; { published rather unrealistic and arbitrary Totad number of tumors & 19

¥ recommendations made on this subject by

x X X ; . * W. C. Iueper ant Wm, W, Payne,
the Food Trotection Comimittee ( Publication

at which the development of a cancer may
“ensue. Practical industrial experiences with
a certain highly potent. occupational carci-
nogen, namvly, B-naphthylamine, recently
demonstrated as an impurity in 2 former

physical simis5 . -
1s (Table '4):;?'7 _cember, 1959) are in need of critical exam-
mals - biolopisz2y ination” and modification before they are
cinogens fand 3

S o
3¢ suitable for practical adoption because they
3 do not provide sufficient protection to the

- s’
* carcinogenicis . . X
{:\1_; ol L _“consuming pub“c ag;\inst. cancer hazards . fOOd (I)’CS and stilt pcrxmllcd as cosmetic
s e 8 . . cos {vellow . . e
nveys. a- ge «3‘; , from food additives and contaminants. dyes (ycllow OB and yellow AR) indicate
the ']'Do-teﬁ“;‘}:' 2 Since a so-called “safe dose” of a carci- that cxposures-to a few micrograms per

in screening 3 nogen for man cannot be determined with  day are suflicient to create a definite bladder
nny . bli'_:-‘g ; ;the existing methods, wisdom and reason cancer hazard in man. D.nly contact with
e S

ai T AN minute doses of certain carcinogens sus-
tained over a long period of time thus may
be sufficient for producing cancers in those
persons of the total population at risk who
are for coustitutional or other reasons most
susceptible.

Experimental information recently ob-
tained on this aspect strengthens this view.
The total cancer yield of graduated doses
of 3, 4-benzpyrene administered subcuta-
neously to scries of mice either as a single
dose or in 12 monthly refracted doses was
studied. Tt was found that the total cancer
yicld was much higher when certain

~decrees that under such circumstances only
"2 “zero dose” is a “safe dose” for all
& known, suspected, and potential human car-
{¢inogens wherever such a level of exposure
‘can be attained. It is-obvious that the
sexistence of a number of* natural carci-
2. nogens (ultraviolet radiation. in -sunlight,

T

car duringiz 2 “arsenical impurities in many environmental

=tested-.-§.Th2§£; “agents, ionizing radiations, etc.) prevents
¥ a’ ‘potefigys

ies acancer s
living cancers:
among 1,000 4
¢ altack “ratp st
vxpcrixhgxi\ 3l of
¢ carcinogen’Z;

57

Lot vag

e

b .such a’goal from being attained in all in-
19 . . ) .
v thc”enti:é'rf ¢ stances. However; .tfzrs Sact is sc:xrce.ly a
{CNOUS, CareiLre ‘:vahd excuse for munimizing the additional
t)pulation"f‘",‘:lé;‘::; . ancer hazards which may be imposed upon
2 * the general pepulation if such unavoidable

BRIy

ent of safetjr,’ﬁ'f'
3!

SsIes, exposures to carcinogens are reinforced by  amounts of benzpyrene were administererd
C. R & . ¢ . .
ureinogenically - avoidable exposures to the same agents In 12 equal fractions than when the total
.'Zx‘_"\\‘, vy . . . . e . I .. . . [
“_.j;rﬁj “‘when incorporated indiscriminately and in-  amount was given by a single injection
-“_.“\.‘ )

- 2o By
hyperplasins, b,’,iﬁ"‘“
1 and hukemoi{{‘q,
mlenomataiyg Prow;, ke

(Table 6). Since almost all exposures of
man (o cnvironmental carcinogens arc of
long duration and of the often-repented
type, the cited experimental observations
are of distinct significance in adjudging the
seriousness  of environmental cancer hae-
ards even in the presence of contact with
apparently small or minute amounts of

4 judiciously into consumer goods (arsenical

pesticide and  feed additive residues in
*foodstuffs, estrogen in meat, rtadioactive
" materials in foods, drinking water, ete.),

- medicinal prcpm"nliuns' and environmental
pollutants. .

Such additional but avoidable exposures
may indeed increase the carcinogenic lod,
especially in sensitized or hypersensitive,

‘;.mct:\bolically abnormal persons, to a level

after introduct v

O
AR % 3

carcinogens.
To Be Conciuded.
- 45/267
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Congen.iiai Defects Due to Thalidomide ... condition, basal asbestosis, and stress its assaciation not - .
. e, . -0 20 only-with malignant mesothelioma of the plewa buy - -
SR —We vers ‘mcrcstctli to re?iD)r. .\:L A. Lgcmzxerlhs1 also of the peritoneum.t PP - L
aase [2DAFD a.JeCIMOST &, D.] 1447) of 3 obaby itk . . Yoo DO . .
multple congeaital deformities which were attributea to Briefly, {ue, folk> wmc., .p_omt..s “.‘er“ made: : - :
\3:ldomide. Similar features were observed at (1) There is a condition, limited or basal asbestosis,
sscropsy recently performed on a baby born in this where the lesion is more OT less confined to the lung
nospital. In this case, however, the date of prescription bases, presumably due to the downward movement of
»i thalidomide has been checked from the original - the sharp asbestos fibres, before they become asbestos.
. ssCriphiot. - B st podxes.»fl'.hxs prod.u‘.:es no pulm?nary si@gns or symptoms, -
il Cose History—A woman égcﬁ;ﬁd‘vi;d; “delivered Do aJl’ ~ is not evident ‘chmcall’y, and is us_uatiy oyerlookcd at .
R “a 5% lo. (‘i.‘? kg) female infant at 41 weeks’ gestatior{ necrapsy. It will b e missed even microscopically, uq[e%g .
ine has aae other live normal child aged 8. Thz mother  Scctions are examined from the lung basex. .- ° o T
azs prescribed “ triptizol (armitriptylise) 25 mg. tds. on” {2) While this basal ashestosis is unlike- classical ...
eatzmper 14, 1961, for depression, aod thalldomide asbestosis in most particulars, it appears 1o attain locally .
(= distaval ™) was added on October 10, 1961, 25 mg. daily.. a carcinogenic concentration, and as this lesion does oot
One h‘:mdr:d‘t‘ablcts were prescribed: She returned to her  shorten the “patient’s life the carcioogenic action of
general practitioner on January H, 1962, and reporied that  agbestos can presumably act for a longer period. Indeed, ~
e v;f: nﬁmtu&xf’ ifziﬁgc&isﬁgglﬁmz - this basal asbestosis may be found later to praduce more
have zross upper limb deformities and an abnormal, malignant tUMOUrs th an classical asbes.msls. e
- (3) In three years in the necropsy sexvice of a teaching .

Fastened face. On the tenth day of life a systolic murmur 4 : - .
*23 heard for the first_time. Her general condition was- hospital six cases of malignant muesothelioma were
otherwise goad and she was discharged. She reumed to  encountered, three pleural and-three peritoneal. and in

the routize follow-up clinic aged 6 weeks in cardiac failure five of these the basal asbestosis was demoanstrated. . The
and was admitred to the Royal Hospital for Sick Children, lung bases are only a. few millimetres distant from the -~
where spe died on November 19. .. -~ ” peritoneum OVér the diaphragm, and the occurrcace of .-
\ec-ozsv.—There was gross shortening of both forearms - peritoneal mesothelioma in basal asbestosis is mot 77
#th 2bsence of ulnar bones and flexural deformities of both [ 1havsected - L e e
wrists. There wers only four fusiform digits on both hands - 4p 9&1 o f . ;h- U . edS\;_ I>f> e
and a vestigial thumb had been amputated from the left (4) In 1961 in four centres in the United States ound -
1 asbestosis out of 15 cases of

Rind on Sepiember 19. The heart was enlarged and showed nine examples of basa
(runcus arteriosus and a high interventricular septal defect. pleural and peritoneal mesotheliomas in which adequate

The luczs showed terminal congestion but were otherwise lung was available for study. In 2l but two of them -
2;‘:1‘131- n:r; lwas andefﬁdenz of S;G left dfiapélmm '(li'lhe the basal asbestosis had been overlaoked, - _ .. ...7
gut was no apart from the absence of the appendix. (5) In very few of these cases was an industrial or-_ .

a 'a Py -
T e ey e e e e the oo hom o Occupational exposure o astewss meationed, but this is-
the right side. - All other organs were examined but found of no significance unless direct questions are put to--
normal. e T s L L L.TEE s Sl patients or their relatives. - What is more important 1S -
It ap that this woma n‘.»”" . pregx;'a'x-if.ﬁ;ai-ls{ Ehat the world’s annual cot_xsumptioo of asbestos hz.ts‘f :
taking thalidomide and continued to take it for four to increased from 500.000 tons :&942 to 2’400000 tonsk;: T
five secks after conception. In a recent article in this 1961, and that asbestos is rtod y used 131 such a.uw o

journal (October 13,.p. 944) Drs. C. Lutwak-Mann and variety of man; fac £ Pl uc;s that, b:orcucaseg a.t..:‘
M. F. Hay, working on rats, suggest that thalidomide least, the ,pum er o peog ;::' oi T:y thexpo &
affects the preimplantation embryo, in addition to the asbe;tqg. s fenonpous, ;[ilch " gevion m:s exmposedn -

1oxic effect on limb buds. The generalized aboormali- g in factories W ate »ma ¢ *
ties in this baby are in keeping with this suggestion, and .

this case re-emphasizes the potential dangers- of 3

prescribing any drugs to females of child-bearing age draw attention to asbestos as a modemn urban hazard. |
ahether pregnant-or not. e . i e Asbestos is virtually ind&strucuble, and while strontum-~ -
— . 7275 " "< 90 has a half-life of 28 years asbestos has a half-life
,g;,;“m? :ﬁ:’l to Dr. 1. ‘iv’ Farquhar for P“’P‘”‘ on foA of an infinity of years. The article demenstrates. on-
Do - " evidence from necropsies that a Earge and increasing. )

factories. e i e o m _
In January, 1963, will appear an article? in which 1

_If_m' etes . . %7 ANNE STEWART. - percentage of the population are inhaling asbestos fibres. :
E‘Eggf’fgﬁ‘g“‘mﬂ Matemity Hospital, ~ . As these tend to gravitate to the Iung bases there will -
: - ~Z_%- .~ be a cumulative effect, and one womders if in 20 years™

—_—

Exposur - . - C “time- asbe;tos-induced mesotheliorna may not be-—as
e to Asbestos Dust and Dlﬁ’use‘ Pleural ~ comrmon as cancer of the lung is to~day.—I am, etc, _

. Mesotheliomas Departmeat of Pathology. - ——> 1. G. TeoMsoN. -
SIR—The letters of Dr. W. J. Smithers and his University of Capetown Medical School, - R TR
sollzagues (November 3, p. 1194) and of Dr. W. T. E.  _ Observatory, CB, South Africa. . 7 %7 pne e

M:Czughey and his colleagues (November 24, p. 1397) : :
d¢ras atention to the association between malignant | Thomson, I G, 5. Afr. med. I, 196Z, 36, 759. " E
mesoinelioma of the pleura and exposure to asbestos . —;,-,cls(sasch"la’ R 0. C, and MacDonald, R- R.. fid. [
¢ust In the first letter it is mentioned that the degree of ) . . ’ -
Suimonary asbestosis in these cases of pleural meso- Risks of Primary Vaccination =
el oma may be variable, and in the second that the - SmR,—Professor G. W. A. Dick (November 17, p. 1275) |

durztion of the exposure to asbestos dust may be reprints a table (I) on “ Mortality per Million Pnmary
mzimment._ It would appear that they have not noticed  Vaccinations ™t which seems to me to mislead. Thereis
2 recent article in which I describe a new pulmonary no mention of the aumber at risk in each separate age
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