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Laboratories
Paulsboro, New Jersey
April 27, 1945
ATTENTION

¥Mr. P. V. Keyser, Jr.
Dr. A. A. O'Kelly
Dr. W. P. Hawthorne

Carcinogenic Hydrocarbons,
Literature Survey

k A brief literature survey of the cancer-producing hydrocarbons
has been made as requested by Dr. L. C. Beard in his letter (W. M. Holaday/
P. V. Keyser, Jr.) of April 12, 1945,

Carcinogenic activity has been noted in various types of compounds
including hydrocarbons, amino, azo and nitro compounds, hormones, and in-
organic compounds. This report will be confined to the hydrocarbons and
hydrocarbon fractions ideutified as carcinogenic,

Most of the carcinogenic hydrocarbons were originally identified
in the pyrclysis products of coal, wood, petroleum and shale. In some cases
these hydrocarbons exist, as such, in the original materials. The active
hydrocarbons are almost without exception polynuclear aromatic hydrocarbons
and are conveniently classified under the parent hydrocarbons from which
they might be derived, Thus, the threc main types are classified as
benzopyrenes, cholanthrenes, and benzanthracenes,

Identified Carcinogenic Hydrocarbons

(7),(22),(45),(24),
(12),(10),(5),(28),
(29),(38),(u7)
I. Benzopyrenes
1,2-benzopyrens
3,4~benzopyrene

1,2,3,4, dibenzopyrene

II. Cholanthrenes

cholanthrene

20-methyl cholanthrene
16,20~dimethyl cholanthrane
20-ethyl cholanthrene
15,16~benzdehydrocholanthrene
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20-isopropyl cholanthrene
3-m2thyl cholanthrene

meso-dihydro cholanthrene

L-methyl cholanthrene

5-methyl cholanthrene
meso=dihydro 3-methyl cholanthrene
l-ketocholanthrene

ITI. Benzanthracenes

1,2-benzanthracene
10~methyl-1l,2-benzanthracene
9-methyl-l,2-benzanthracene
5,10~dimethyl-1,2-benzanthracene
5,9-dimethyl 1,2-benzanthracene
8,9-dimethyl 1,2-benzanthracene

4,10-ace 1,2=-benzanthracene
9,10-dimethyl 1,2-benzanthracene
8,10-ace 1,2-benzanthracene

10 ethyl 1,2-benzanthracene

5 methyl 1,2-benzanthracene

5 n-propyl 1,2-benzanthracene

6 methyl 1,2-benzanthracene

5,6 dimethyl 1,2-benzanthrzcene

6 isopropyl 1,2-benzanthracene

— 6,7 cyclopentcno-l,2 benzanthracene

3 hydroxy-1l,2-benzanthracene

3 methoxy-l,2-benzanthracene

5 propyl=9,10 dimethyl-l,2 benzanthracene
5 ethyl-9,10 dimethyl 1,2 benzanthracene
5 methyl-7,8 dihydro-1,2 benzanthracene
1,2,5,6 dibenzanthracene

11,9 methylene-1,2,5,6 dibenzanthracene
1',2',3%,4" tetrahydro-1,2 benzanthracene
P 5,6 cyclopenteno-l,2 benzanthracene

IV. Miscellaneous

sym. triphenyl benzene
tetra-phenyl methane
o-amino-azotoluene

9,10 dimethyl anthracene

1,2 cyclopenteno-510~aceanthrene

The Nature of Petroleum Carcinogens

The probability that the carcinogenic hydrocarbons in petroleum
are of the same nature as those listed above has been indicated by various
workers., Roffo (43) found that the fractions of fuel oil boiling betwsen

270-300°C, and 300-330°C, produced tumors in eighty percent of the rabbits

to whose skin these fractions were applied, and the absorption spectra of
— these fractions were similar to thess of knewn eancere-producing compounds.
Spectrographic analysis of distillates of all fuel oils tested shoewed the
presence of the same class of hydrocarbons. Twort and Fulton (59) state
that olls with a preponderance of paraffins have relatively little
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carcinogenic activity, but that carcinogenesis is high in oils with a
preponderance of isocyclic compounds,

Pessano (L41) found that some of the products of combustion in
gascline enzines are in the group considered carcinegenic. Rats respiring
the products of cembustion of fuel oil at hish concentration developed
carcinomn of the lungs. The liquid products formed by combustion of
petroleum, whon applied to the skin of rabbits, produced malignant tumors.

A substance containing the benzo (&) pyrene nucleus, with
docidedly cancurogenic properties, has been isolated (32) from tar such =zs
is used in paving roads,

The prevalence of cancer among paraffin workers has been shown

(63) to be due to irritating impurities- present in the crude paraffin wax.
The pure parzffin (CZLHSO) hzs been tested and found to be non-carcinogenic,

The Most Carcinorenic Petroleum Fractions

Carcinogenic hydrocarbons have been shown to be more or less
concentrated in certain fractions of petroleum. In general, the higher
poiling fractions (fuel oil, lubricating oil, tar, etc,) contain more
carcinogenic hydrocarbons than the lower fractions, Two petroleum oils
used in cotton spinning mills yielded high boiling fractions 31 times as
carcinogenic as the low boiling fractions (58). The heavier grade lubricating
oils are said to be less potent than the spindle oils (54). Shale oil was
found (58) to be about 12 times as carcinogenic as petroleum-well oils; the
most potent shale cil fraction being the unfinished lubricating oil from
which most of the paraffin wax has been removed but which has not been treat-
ed with sulfuric acid or filtered (54)s Wood (&2) found that while minernl
0il of the type used therapeutically was not carcinogenic, heavy lubricating
oils did show some carcinogenicity, end tar showed the same property to a
larger degree.

Twort and Lyth (60) investigated a range of commercial distillates
of a topped Borneo crude oil. They found that the peak carcinogenic activity
wes associated with the fraction having a viscosity of 200-225 centipoises
at 25°C, and that the whole range of oils showed biological activity. This
activity had been predicted from an examinstion of the physical properties
cf the olls which were alone sufficient to condemn their use as lubricants
when likely to eome into contact with the user.

Evidence of the presence of carcinogens in cracked mineral oil was
noted (56) in an investization of the oily, tarry material extrrcted from
the soot cf the expansion chamber of a high-ccmpression, internal-combustion
engine. This material was highly carcinogenic to the skin of mice, In-
general, the carclnogenic potency of crude shole oils decreased as the
cracking temperature wad lowersd but was still present at 4L00°Centigzrade.
These investigators szlso found that a heavy zrade of Diesel fuel oil was
cercinogenic but that a light grade oil was not,

Effect of Treatment of 0ils en Carcincrenicity

Wloodhouse (64) found that the petroleum ether extract of pitch
and the SOp extract of spindle oil distillate from a paraffin-base crude
Wsre carcinogzenic. Lyth (36) noted, during careful fractionation of
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Scottish shusle oil ond a Persien oil, that all samples of petroleum oil which
were treated with ethanol provided residues of lower carcinogenicity and
higher refractive index and density thun the orizinal oil., Twort and Fulton
(59) found that saturaticn by oxidation and rcduction cr treatment by silica
z¢ls or clay reduced the cancerogenic activity of their mineral oils prcbably
tiirough adsorption z2nd polymerization. Alechel extraction and sulfuric acid
treitment reduced the carcinogenicity of the oils by extracting the
carcincgens. The same authors also found that the active azents could be
cenesntroted by extraction with methyl sulfite or methyl sullzte and pieric
acid. They suzgested the process for trecting ¢il for industrinsl use,

Helation of Carcinogenicity to Fluorescence and
Chemical »nd Physical Prcpurties

Twort and Twert (54) found that th. cancer-producing propertiss of

: mineral oils appewcred to be reloted to their flucroscence; oils having a
blue flucrescence seemed more acitive than thesc having a green fluorescence,
weiss (61) noted that strong fluorescence wes almost cenfined to conjugated
ring systems which possessed higzhly mcbile elcctrons. Only the more
symmetrically conjugoted systems cr those which de nct give rise to stronsgly
ionic structures shew fluorescence, The author compared the mobile electrens
with metallic electrens and stated that carcinogenic hydrocarbens belong to

" this group of hydrccarbons, .Hieger (26) fcund that the flucrescunce spectra
of many carcincgenic substznces sheow bands at wave lengths of 40GO, 4180, end
44004%.  Thesc bands are similar tc these ¢f the spectra of 1,2-benzanthrac:ne,
a known carcinogen of high potency,

A relationship between physical properties and carcincgenicity was
observed by Lyth (35) who stated that oils with a refractive index less than
1,5500 were non-toxic while oils with an index excecding 1.5600 were highly
toxic; Pennsylvania oills and certain mildly treated oils were an exception.
The same author noted a relationship between the iodine value of untreated
oils and carcinogenicity. Toxicity increased in the same order as the iodine
value, Pennsylvania oils again excepted.

Fieser and Hershberg (21) found that the behavior of polynuclear
hydrocarbons in lead acetate oxidation, aldehyde reaction, and diazo-coupling
indicated that the most carcinogenic hydrocarbons of the series tested
posscssed special susceptibility to substitution.

Schmidt (48) discussed the theory of the box model of aromatic
compounds and stated that the theory is especially successful in character-
izing the cancer-producing hydrocarbons zs compounds with abnormally high
clectrogen density and low excitation energy.

Cther refzrences relating structure and physical and chemical
properties to carcinogenicity include Bradley (8); Clar (12); Dunlap and
warren (18); Fioser (19) end (20); Fieser and Campbell (22); 1Iball (28);
Kennaway et a2l., (29); Lundzren (34); Shear <t al., (51); and Truhaut (53).

More genercl references to known carcincgens, including reviews of
the literature up to the date of the refercnce, nre Addinall (1);
Andervont (2); Barry (3); Blanc (4); Boyland (5) and (6); Brady (9);
Bruce and Kahn (10); Sutenandt (11); Cook (13) ond (14); Cook et al., (16);
Cook and Kennnway (15) and (17); Hartwell (24); Hewett (25); Kermack (30);
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Kirby (31); Morton et 2l., (39); Roffo (42); Rondoni (4k4); Sampey (L45)

senni€ and Truhaut (46); Sasaki and Yoshida (47); Schirch (49);
Shabad (50); and Siboni (52).

The greater part of the original references were unavailable and
so were guoted directly from chemical abstracts. For these references the

chemical abstract reference is listed in parentheses after the original
reference in the bibliography.

/s/ L. J. Hillenbrand
L. J. Hillenbrand
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In view of the immense zmcunt of published
infcrmation on varicus phcses cf the cancer preblenm it
shculd be emphasized that this literature review gives
cenly a rapid survey cf develcpments in the field of

czncer research as applied directly tc the petroleunm,

ccal tar, cil shele and allied industries. While it is
far from being cemplete, yet it is belisved that mest
¢f the impcrtant work in this particuwlar field has been
cevered, either in the report itself cr in cne cf the
bibijographical references given in the appendix and

referred tc at the bottom of page 1.

M. P. Dcss
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THE CARCINOGENICITY OF BITUMINOUS COMPOUNDS

It has long been reccgnized that the incidence of skin cancer is greater
amcng wcrkers in certain industries and cccupations than amcng the pepulaticn as
a whcles Attention was first directed in l7é7 to the very high death rate result-

ing from scrotal cancer ¢f chimney sweeps; it is eight times more common in these

syorkers than in the gencrzl public in England, and in the United Stoates the ratic

cf cancer cases in chimney sweeps is double that cf the generzl pcpulztion78.

In procticelly all cases it is the scrotum that is attackod; this is clsc the
site in mule spinners cancer discussed later. Werkers in cther industries ccming
inte direct contact with tars, pitches, shzle cils, ets. likewise show a high
incidence cf skin cancer, for example, labérers in planis making briquettzs, ter
rccfing, wocd preservatives, artificial gas, insulatirg compcunds, shale preccucts,
etc,

However, in spite cf the recognition of the fact that bitumincus ccme

pcunds were apparently the ceuse cof skin cancer, it was nct until rclatively
recently that skin cancer was produced in laboratory animels by direct applicaticn
cf tar. This was acccmplished by the Japanese investigators Yamigawa and

Ichikawal22 in 1915. Since then a great deal cf very careful work has been done

in synthesizing and testing various crganic compeunds, particularly pelycyelic
aydrocarbens and derivatives. For lengthy reviews of this work, see References
8-12, 14, 17, 20, 22, 23, 26-29, 32-34, T4, and 87; particularly the review by
J. L. Hartwell cf the National Cancer Institute covering 696 chemical substances,
of which 169 are reported tc be carcinogenic“l. L. F. Fieser summarizes cur

kncwledge in this field as follows3k:

"As judged by all svailable data for the prcducticn cf skin and
subcutanecus tumors in rats and rice, methylchclanthrene probably
is the mest pctent of the knewn chemical carcincgens. Systematic
studies cf synthetic mcdel compcunds have shown that the methyl
greup is of nc impertance tc the functicning of the compound;
- that much, if nct all of the efficacy of cholanthrene is retained
in the analogous hydrcearben 5,10~dimethyl-l,2-benzanthracene; and
that the mcst significent structural feature «f chclanthrene cr
methylcholanthrene is the 1,2-benzanthracene ring system with a
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carbon substituent at the meso position 10, 10-Methyl-1l,
2-benzanthracene evokes sarcomas in mice nearly as rapidly as
methylcholanthrene, and, though it is distinctly less effective
in the productiocn of skin cancer, the substance censtitutes the
nzarest approzch in a simple model compecund to a simulation of
tiie biolegical properties of the hydrocarbon of more complicated
structure,

"\l twelve possible monomethyl derivatives of the inactive 1,
2-benzznthracene have been synthesized and tested for carcino-
zenic activity, and of these the 10-isomer is the most potent.
The meso-substituted 9-methyl compound stands next in order of
potency, followed closely by the 5-methyl derivative, which
prcduced sarcomas in mice with a luitent period about twice as
long as that ¢bserved with 10-methyl-l,2-benzanthracenc,
Methylcholanthrene and benzpyrene can be regarded as 1,
2-benzanthracencs substituted at the meso positions 10 and 9,
respectively, and in model compounds the combination ¢of the two
types of substitution is particularly favorable, 9,10-Dimethyl-
1,2-benzanthracene produced skin tumors in mice with remarkable
rapidity and in this test surpasses methylcholanthrene in speed
of action, though it is less effective when cdninistered by
subcutaneous injection. The thiophenc isclogue of the hydro-
carbon has ccmparable properties.t

Humerous attempts have been made to isolate the definite carecinogenic
compourids in cozl tar by means of distillation, sclvent extraction, etc.’3, but
while very potent fractions have been obtained, the indi&idual compounds have
been difficult to separate. Kennaway and Hieger 16 proved the carcinogenicity
cf 1,2,5,6-dibenzanthracene, the first pure carcinczenic hydrocarbon known.
Cock, Hieger and Hewitt 2L 3p 1933 isolated 1l,2~benzpyrene, &4,5-benzpyrene and
1,2-benzanthracene and estimated that the original coal tar pitch contained not
lzss than 0.003% of the potent l,2-benzpyrene.

Several investigators 22, 24, 25 have attempted to correlate carcino-
genesis with flucrescence, For example, the cancer-preducing material fcrmed by
the action of AlCl3 on tetrahydronazphthalene shews a blue-viclet flucrescence,
shewing three bands, 4000, 4180 and LLOO A.U., which are similar to the
flucrescence spectrum of 1,2-benzanthracene 44, Kennawey and Hieger 62 suggest
the Possibility of the use ¢f the fluorescence spsctrum for-the preliminary

=Xominatien of msterizls suspected of being carcinogenie,

v
B
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An important fact brought out by several investigators is that the
temp:rature to which a tar, shale oil or petroleum oil has been subjected
determines its carcinogenic activity., In general, it would seem that temperatures
up to 500°C. are without effect 52 put above that temperature carcinogens are
formed, the maximum yield lying between 80C and 900°C. 93s 59, Tar and pitch
frem gas werks are far more active than that frem ccke ovens 58, accounting fcr
70% ¢f all cases of tar cancer in the United States while the coke oven product
couses only 5% 113,

Vihile petroleum residues resulting from moderate heat treatment are

inactive 120, yet by passing an inactive Califcrnia petroleum through a tube at
380°C. Kennaway and Leitch obtained a very active carcinogen 59, 60, Even an
inactive medicinal paraffin oil heated to 380°C. under 50 atms. pressure acquired
some carcinogenic activity 101,

Kennaway 56 likewise obtained an active material by passing isoprene
through a tube filled with Hz and heated to 820°C, Watson +15 achieved similar
results with turpentine at 850°C,

Acetylene yields an active product on being passed through a red hot
tube 29 but it must be peinted out that treatment with AlGl3 at room temperature
zlso preduces an active compound 61.'

On the other hand, synthetic lubricating oils produced by AlCl,

pclymerization at temperatures up to 150°C, were entirely inactive 121, 1t is
suggested that the condensation products‘of acetylene are of a more complicated
nature and prcbably more unsaturated than those ¢btained from ethylene.

The carcinogenic activity of tars depends apparently not only on the
temperatures of their formation but also on the chemical ccmpound used as the
base stock 100, For example, a tar made from pinsne at 850°C. was far more
gctive than one from turpentine made similarly, the relative potencies being

100:19, Pinene tars made at 500, 600, 750, 850 and 950°C. had rclative potencies
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¢f 0, 12, 24, 100 and 64, Oxidation of a synthetic tar at 100°C. reduced its
pctency from 100 to 63, and at 150-1609C. its potency fell to O. Oxidaticn with
in acctone sclution of KMnC, reduced the potency to 24; with pyridine as a
sclvent, zlmcst to O. The active censtituents of synthetic tars ferm erystalline
picr:t2s, the remaining filtrate being almcst inactive, and the picrate extremely
prtent. |

Shule cil is carcinogenic, probably as a result ¢f the high temper-itures
to which cil shale is subjccted 104, However, temperatures belew LOOCC, give =
relatively inactive product, 500°C. and alxve being required 101,

In England where high temperature tar is used in briguette manufocture,
there zre mony cases cf skin cancer amcng the werkmen, which is nct the case in
%r:nce where the low tempcrature prcduct is used.

The greatsst amcunt cf investigaticn cf eny type of cececupaticnal cancer

hcs been carried cut cn mule spinners cancer in the cctton mills of Loncashire,

Englonde. Scutham and Wilscn 88 in 1922 first called attenticn the excessive
wccurrence of cancer in mule spinners. Wemen werkers are not affected and abcut
704 «f all cancer among mule spinners is cf the scrctum BL, apparently due to the
fact that 2 mule spinner ot werk wulks to and fre in frent of his machine,
leaning over the moving frame from time to time to join up broken ends of the ysrn,
The base cof the frame is on a level with the groin and the spindles on the f{rame
as they rapidly revolve throw off oll from their bearings onto the clothes, In
the het mills the men perspire freely and so wash cff the natural greass cf ths
skin, thus zllowing the oil closer contact 15, Irritation by'the trousers ~nd
cverzlls also helps the process, It is interesting to note that nc trouble of
this scrt was noticed in England until mineral oil replaced animal and vegetable
2ils as a2 lubricant 16, Henry 43 estimates that 0.25% of all cotten mule
spinners in England suffer from serctal cancer, On the cother hand in the United

States during 1926, for example, there were cnly 33 deaths from cancer of the
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scretum, of which eonly three of the victims were textile werkers and three were
mule spinners; four <f the six were bern in 3Znzland and the cther twe in

Cznada 9, which tends tc show that mule spinner cancer is rarely centracted in

ot

e Unived States. In a2 weelen mill in the United States empleying abeut 200 rule
svinners no cases of scrctal cancer were found 84, Since the methcd of cpsrating
thiz cquipment is the same in both ccuntries this striking contrast is attributed

Lo to the fact that Sccttish shale oil is used in the Lancashire 1ildls.

by Hardilten
Hcwever, the literature is not entirely clear as tc the origin and type cf the cil
uscd in Lencashire in mule spinning 53,

Leiteh 70 brings out a fact of pcssible siznificance, to the effect that

crncer is not knoewn in wcelen spinning mills, sven thceugh the some nachines are

used 25 in the cctten facteries, but points out that the rcem temperatures in the
c:tton mills are much higher, possibly resulting in mcre relaxaticn cf the tissuss
cf the scrotum and purmitting entry of cil intc the sebacecus fcllicles.

Breclibank 16, hcwever, states that in the woeclen industry piecing of breken ends
cf yarn is dcne with both hands with a forward level bending movement of ths bely
and thus there is nct the samoe fricticn of the clethes cn the scrctum as in the
cctton mills, He admits, hewever, that the same cil is used in bcth types cf
mills,

S 2 result of the preliminary investigation cf Scutham and Vilscn
menticned abeve, the Manchester Cancer Ccmmissicn, ccnsisting of mere than fifty
rembers, was crganized in 1925 under the direction of Dr. C. C. Twort te
investijate the mineral cils used in Manchester cctton mills. Lubricating cils
frem the varicus fields thrcughcut the world were found to have widely varying
degrees cf activity., A sample of Venezuela 21l wes very pctent while Russisn

anl Pennsrlvanian samples were cn an averaze less thon cne-tenth as active,

Purified medicinal cil had nc carcincgenic propertics and severzl sapcnilfiable

cils, such as spem, clive, rape, ccticnseed anid neatstset cil, failed te produce
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tumers when applied to mice, even under the most severe experimental conditicrns,
In general terms, the mcre saturated were the constituent hydrocarbons of the
lubricating oil, the less capable were they of inducing cancer in experimental
animals, the physical characteristics being the same 101,

This preliminary report was criticised severely in an editorial in the
"Petrcleum Times" of London h, in ihat while various oil companies (Anglo-American,
Anglo-Persian and Shell-Mex) had contributed £1,000 for two years for the support
of this investigation, yet the Manchester Cancer Commission had not availed itself
of the services and advice of experts from the oil industry relative to the
characteristics and methods of treatment of petroleum oils. The Institute of
Petroleum Technologists, while making no definite criticisms at this time of the
work of the commission, formed a committee of its own to follow cloéely the work
in progress 63, 1n 1934 Dr. A. E. Dunstan, Dr. F. H. Garner and Mr. James Kewley
of the Institute of Petroleum Technologists are shown as members of the Manchester
Commission <1, - '

In 1933, Twort and Lyth 104 of the Manchester Cancer Committee ~eported
that by means of solvents, extracts were obtained of high refractivity and
correspondingly high carcinogenicity. Their recommendations for the selection of
an 0il of low carcinogenicity were as follows:

When selecting from several mineral oils with similar gravity, specify
that with the lowest refractive index; when selecting from those with similar
refractive index, specify that with the highest gravity; when selecting from
those with similar refractivity, specify that with the highest viscosity; and
when selecting from origin alone, choose in the following order:

Russian, Pennsylvanian, Texas, Mid-continent, Mexican, Californian, Persian,
Rumania, Borneo, Venezﬁelan;shale.

However, it should be emphasized at this point that these authors state

definitely that "adequate refining of any of the oils handled, of no matter what

erigin, results in g product seecceessesssrs pPossessing only a very low
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carcinogenicity" 104, Also, that a single extraction of an unrefined distillate
with S0y may profoundly lower the activity of a previously very dangerous oil,
wnil: 3 s:cond extraction may render it almost inert. They state that "it is
nrobahly cormercially feasible to treat oils of any orizin, or oils of any deyree
5sf carcinogenic activity, so that they may be less dangerous than even the very
best of the straizht oils used today"., They evidently assume that untreatved
textile cils are used in the Lancashire mills,

Lyth of the Commission further stated 71 that when the refractivity¥ of

en oil was less than 0.5500 it was found to be non-toxic, while when the value

was greater than 0.5600, the oil was highly toxic. Pennsylvanian oils and

certain mildly treated oils were an exception. The iodine value of an o0il s-ems
to afford an indication of its toxicity, providing the oil has not been treated
and avein the higher the value, the more potent the oil, The toxicity increaszs
in thc szme order as iodine value, except for Pennsylvanian oills which agesin
occupy too high a position. The permanganate values are not regarded as of any
value in connection with estimating the toxicity of oils,

Lyth adds thet extraction with alcohols, acstone, etc., clay and acid
treatment, leads to a reduction in the potency, especially in the case of the
morc potent oils but a corresponding reduction in the refractivity does not always
oceur, Where a marked reduction in the refractivity does occur, there is, without
exception, a marked decrease in carcinozenicity; with a marked increase in
r.fractivity, a corrcsponding increase in potency. Where the refractivity is not
fuch wltered, the potency may or may not be affected and fursner tests 2re
necessary,

In spite of the apparent definite findings and recomendations of the

Manchester Cancer Commission, the Cancer Research Committee of the Institure of

Petrol eum Technologists 2t was not convinced that "che so-called incidence of

\—-—*
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cancer is in 2ny shape or form connected with the use of spindle oils". No
¢loboration of this statement was given, but was possibly based on refined oils
crly being ussd as textile lubricants.

An cditorial in the "Petroleum Times" of London in 1337 once again
attzcked the ccnclusions of the Manchester Committee, pointing out that only on:z
oil from wach of a number of countries was examined ’,

In 1937 the Federation of Master Cotton Spinners Associztion sent out a
jetter to its members recommending that when purchasing spindle oils a guarzntee
should be obtained that the oil conforms to the specifications of the Manchister
Cancer Commission, and that tests had shown thzt many of the oils in use a2t that
time conformed to the specification.

while throughout the reported work of the Manchestur Cancer Coummission
it is stated repeatedly that acid or solvent treatment of a potent oil greatly
reduces or eliminutes its activity 97, 102, 104, 71, yet in 1939 Twort and Lyth 107
investizated acid and clay treated distillates from a Borneo oil and found them
to be active, the maximum potency being at a viscosity of 200~250 cp at 25°C.
Molecular distillation gave a greater concentration of the carcinogenic material
than was obtained by ordinary distillation at from 3 - 10 mm. In confirmation
of prcvious findings the middle fractions of this Borneo cil were mostly
responsible for pathological changes in the organs,

A carcinogenic shale oil was separated by molecular distillatien intc
fractions which were subjected to chromatographic adsorption. Two apparently
pure hydrccarbons have been isolated and are being investigated 2,109,

A rscent report (1941) by C. C. Twort of the Manchester Cancer

Comission 199 states that animal tests are variable, lengthy and costly and thata

%ore relinble estimate of the carcinogenicity of oils can be obtained from the
Tefractive index and viscosity. (Yet the deta on which selection of these two

Properties wes based were obtained by means of this variable skin test.)
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Vloodhouse of the Birmingham Cancer Research Laboratory also states that
mouse tests to determine carcinogenicity are difficult to correlate with human
tendencies to cancer unless these animal tests are strongly positive or
nsgative %21. For example, two oils were tested (a) from a spinning mill where
no cases of mule spinners cancer had been recorded, and (b) from a mill where six
gancers had recently been reportéd. Mouse tests indicated slight carcinogenic
properties in the case of the two oils but a greater action on mice of (z) than
(b)e.

Dr. E. M. Brockbank, chairman of the Manchester Cancer Commission, has
bricfly summerized the investigations of the Commission in a recent publicotion 16,
He lists the hygienic precautions to be excrcised in mule spinning and urges the
adoption of the il specification given previously by Twoft. He also makes this
interesting generalization: "As a general rule an oil that is strongly dermatitic
will not be strongly carcinogenic and vice versa", This is also mentioned by
Kennaway 61 who states that cyclohexene (which is non-carcinogenic) is extremely
irritating to the skin and should produce cancer if chronic irritation were an
essential factor in carcinogenesis,

As mentioned previously, shale oils are very carcinogenic‘and in the
Scottish shale industry the case incidence of skin cancer is about 0.1% per annum
among the oil workers.but 0.5% among the paraffin workers 53 (this is based on a
28 year record)., This activity of paraffin is restricted by Schwarz and Tulipan 84
to the crude product, the refined wax being imactive, which view is supported by
Wood 119 who states that the active camponents are present only in the crude
paraffin ocils,

7ith regard to the refining of petroleum oils, Vioed 120 made an

. investigation of refineries in Pennsylvania and found no scrotal cancer, which

w38 confirmed by Heller L2, However, Heller found evidence of carcinogenic

fampounds in Mid~-Continent oils as refined in plants in Ohio and Indizna. Here
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a paraffin pressman in the Middle ilest was treated for "wax boils" for three

years when a cancerous growth developed on the right forearm and was removed, but
cight years later a second similar growth in the same place had to be removed.

geller 2lso found records of cases of skin cancer in another refinery, using crude
frem the Lima field; eight cases had occurred in this refinery and one was fatal,

411 of these cancers were preceded by warts, The length of exposure before
‘ malignancy appeared varied from four to thirty four years. The part most often

affected was the scrotum and all but onc man worked in the paraffin department,

These cases were caused by unrefined oils and Hamilton 40 states that so far

there is no proof of the occurrence of skin cancer in the U.S. from the use of
refined lubricating and spindle oils which have bcen acid-treated,

Heller 42 believes that the relative freedom from occupational cancer in
the U.S. is due to the mechanization of industrial processes, preventing direct
contact with the pitch and tar; the extensive employment of negroes, who are
apparently less subject to skin irritants than whites; the use of refined
lubricants from crudes which are poor in carcinogenic properties, and the use of
tar frem coke-ovens instead of from gas works,

Phillips 7 reports the particulars of a study carried out by the U.S.
Public Health Service as to the incidence of occupational cancer in Texas. The
records of,li90 individuals having microscopically verified skin cancers were
analyzed, cavering the period 1320 to 1940, The occupation ¢f the largest group
of these patients was outdoor work (farming and ranching); the work of housewlives
comes next in order, followed by various activities requiring moderate outdoor
life. The professions were next , followed by laborers and carpenters., The
riilroad and petrcleum industries'fumished fow cutanecus cancers,

Gafafer and Sitgreaves in a U,S. Public Health report issued in 1940 n
analyze 70 cases of cancer recorded for the mzle members of the sick benefit plan
ot an 2'1_3:._2‘.3_1'_1_1’_\_2_1'_55 company during the period 1933-38; there were 46 deaths. The

4
®ath rate was 0.78 per 1000 and a frequency of 1.2 per 1000 (all U.S. death rate
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5.96 per 1000). Almest 70% of the deaths were related to the digestive system
and the rate for this site was higher than in the total population. Deaths from
cancer of the genito—urinafy system was 6.5% of the total, compared to 15.0% in
the case of the total population.

In 1934 Campbell 205 2L magde labcratory tests on mice with dust cbtained
frem tarred roads. This dust caused warts and cancer of the skin and in six
months 24 out of 59 mice showed typical tar warts, half of which developed
maliznancy. This finding was confirmed by Kling, Samscnow and Heros, 64, 65 wno
A also separated a substance containing the benzopyrene nucleus from the tar.
However, Hogouneg L7 is doubtful of the danger from rcad tar since it usually
takes years of direct contact cf coal tar to the skin to preduce skin eancer,
(Teutschlaender 9l calls attention tc the fact that almest 211 industrial cancers
require an expcsure of about ten years befcre grewth appears, althcugh a few
cases may arise much later.) Valade 111 likewise is cf the opinicn that while
primary lung tumors can be induced in mice painted with tar or expcsed to
inhalation of dust from tar roads, yet these results cannot be transferred to'
humans. Animals other than mice should be employed in experiments and an inguiry
should be carried out on workers expssed daily to such dusts.

While the manufacture of briguettes in England is attended by a high
cancer rate, 58 since high-temperature tar is used, yet in the few plants in the
U.S. making briquettos capcer is entirely absent, partly due to the lack of
contact with the binder since the process here is entirely mechanized and partly
due to the use of petrocleum asphalt as a binder, L2,  This finding was confirmed
by Wood 120 35 hes investigation of briquette manufacture in Pennsylvania.

The addition of glycerildes 89 reduces the carcincgenic potency of mineral
cils but nct to as great an extent as lenolin. Speakman and Chamberlain 89 state
that while alecohcls have not been used for this purpose there can be little doubt
that such pclar compcunds will reduce the risk of cancer formation by prometing

emulsification, since an oil which is easily and completely removed from the skin
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must carry less risk than one which is difficult te emulsify.. These investigatcrs
zlsc believe that polar compounds in a mixture with mineral oil may, however,
functicn in yet ancther way., It is known thet the carcincgenic agents of mineral
cil when asscciated with unsaturated compcunds are free to concentrate at any
surface tc which the cil is applied, the ncn-pclar paraffin molecules offering
little or nc resistance, However, when oil-scluble pclar cempcunds, such as

cleyl alcchel or wool-fat ether, are mixed with mineral oil they ccncentrats at
the surface, excluding the less polar carcinogenic hydrocarbons.

Sequeira 86 stresses the necessity of absclute cleanliness of body and
clcthing, the application cf castor oil 85 to exposed surfaces and medical
inspecticn every three months. Brcckbank 19 suggests a mixture of lanclin ani
clive cil be applied tc the skin. |

Duckham advecates the use of an cil-sclvent cleanser similar tc the
ether scap used in hcspitals in order to remeve all cf the lubricant frem the
pcres 3,

In view cf the suggested use cf lanclin the féllowing should be of
particuiap interest: Dr. E. V. chdry, cf the Washingtcn University Schcel cf
Medicine, St. Lcuis, has just anncunced (N.Y. Herald Tribune April 29, 1945) that
cells can be sensitized to become cancer cells by treating them with a substance
which dces not cause cancer and which will even prevent powerful cancer-prcducing
chem;cals frem exhibiting that property.

Fcr example, when the powerful carcinogen methylchclanthrene is mixed
with lanclin it is withcut acticn when applied tc the skin of mice, although alcne
it always results in cancer. ﬁcwever, when these mice were then treated with
methylchclanthrene in benzene they deveioped cancers more quickly and tumors =f
greater virility than mice which had not received the c;ncer-preventing treatment.
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oIS

API 04629




1. Anon., Cencer from Spindle Oil. 04il and Color Trades J., July 2, 1937, 38,
A letter sent out by the General Committee of the Federation of

Master Cotton Spinners' Association recommends that when purchasing
spindle oil members should obtain a guarantee that the oll conforms to
& specification of the Manchester Cancer Committee which recently issued
a formla claimed to minimize the so-called cancer-producing elements of
mineral o0il, Tests showed that many of the oils in uee at present con-
_form to this epecification and are obtained at regular prices.

2, Anon,, Cancer and Mineral Oils. O0il and Color Trades J., 102, 695 (1942)

The report of the Manchester Committee on Cancer, issued for the
year ended October, 1941, stutes that in efforts to isolate and char-
acterize individual carcinogenic hydrocarbons from shale oll, recently
appreciable quuntities of erystalline material have beez obtalned, but
it is too early to discuss results in detail. As far as can be judged,
all fractions obtained from Venezuelan Oil by chromatographic adsorption
are active, Pr0prietnry'colloide have vuryirg effects, depending on the
conditions of the experiment., A cnlloid containing a chler-compound was
found less efficacious than an olive cil-lanoline mixture as protection
against the carcizogenic acticn of shale 0il, while the reverse appeared
_to be the case when the carcinogenic agent usei was benzpyrenes

L 3, Anon,, The Problem of Cancer. Petrcleum Times, 23, 59, 300 (1930)

(8) The following appeared in a recent issue of the Britieh
Medical Journal in connection with the use of mineral lubricating olls
in the Lancashire cotton mills: "The Mancheeter Cancer Committer, while
studying the part played in the production of malignant growths by the
lubricating cils used in cotton mills, has cbtained information about
the carcinogenetic power of various 0ils and the concentratirn within
then of a cancer-producing principle. Irn the course of this research,
two pure compounde of known chemical cempesition have been proved capa-
ble of producing tumors, and a stuly has been made of the factors which
change & non-~carcinogenic into an active carcinogenic substance. Al-
ready some of the methods for destroying the cancer-producing power of
certain oils have proved to de effective, at least in part, ani one
nethod led to the preparation of a purified oil which, when subjectei to .
vigorous test, has failei altogether to produce cancercus growths,
Representatives of the cotton industry, after comparing this oil with
the erude untreatel oll bave salid that its lubricating pover is unin-
peired, and the Marchester Committee is therefore able to hold out the
hope that before long it may be possidle to put on the market an oil
which fulfills the needs of industry without being & source of danger to
the workers."

Agsunming that the use of spinile oils Ybe such a source of Aanger,
it almoet necessarily follows that other lubricatirz nils which come
into closer physical contact with the worker must be socurces of higher
potential danger than any of the light lubricating oils ueei in the

. looms of the lancashire cotton industry. It might be proved upon in-
veetigation that 1little Aifficultics would present thamselves in the
production of a epinile 0il which is non-carcinogenie, and lest the
present attuck widens itself tn include the whole range of mineral
lubricating oils, it woull be advisable to make an investigation of the
most embdracing character.
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4, Anon.z A D?ngerous Report on Lubricants ani Cancer. Pet, Times, 27, 319-320
1972
Criticizes the report of the Menchester Cancer Cemmittee in that
the Connittee has acceptedi contributions of ilooo for twn years from the
Anglo-Anerlican, the Anglo-Persian ani the Shell Mex tut hus nnt availei
itself of the services and advice of experts frem the oil injusiry
.relative to the character ani methods of treatment of petroleum nils,

5,  Ancne, Manchester Comnittee on Cancer Report. Pet, Tinmes, 38, 295 (1937)

The 1935-36 report of the Manchester Committes on Cancer cluizs
that "with u knowleige of the refractive index of an oil, ani of the
viscosity, one can form 8 more reliable estimate of its cancer-preducins
povers than by the application of the sample tu the skin."

It is pointed out, however, that similar conclusiocn in the 1933-3L
report was based on insufficient evidence uni that snme discrepancies
with animal tests were admitted, ani that in the 1934~1935 report the
aninal tests were reverted to.

It ig alsc pointed out that the abnove coaclusion was based on the
exanination of anly one oil frem each of a number of countries.

6, Occupational Cancer of the Skin. Annual Report, Chief Inspector of Factories

and Workshops, Year 1937, .
4 table showing distribution of epitheliomntous ulceration by

industry for each of the years 1933-1937 ie ziven in an abstract in
Aperican Jourmal of Cancer, 34, 610 (Dec. 1938), Tar distillinz and
cotton mule epinning take the greatest toll. The increased 1937 figures
for tar 4iestillin; cases is attributable to voluntary periodical examin-
ation in some plants.

7. Alapy, H., Cancer Prophylaxis dy Preliminary Treatment with Carcinogenic
‘Polycyclio Hydrocarbons., 2. Krebsforsch. U8, 3209 (1938)

Mice ani rats wers treated with very small dcses of 3 careinoeenic
hydrncarbons (benso-pyrene, metlylcholanthrene ani 1, 2, 5, 6~iibenzan—
thracene as a method of protection mgainst the implantation later of
highly virulent tumors. Ususlly a2 single subcutaneous injection was
naie of the carcinogenic agent Alssolved in sesame nil. The most effi-
cient 40se in mice was 1,5-1y ani the mest favorable time LO-7O days,
befors the implantation of the tumor emulsion. Ditenzanthracere was
scmewhat the most effective, The protecticn in mice was only slicht,
Development of the tumor was delayed 5-6 days ani for 5-6 days was slow.
Growth then became rapi4 ani on the 17th or 18th day after implantation
of the tumor the tumors were of the same size irn the animals with trezt-
nent and the contrcl animnls . No hinirance to tunor growth was obtained
in rats given 1-100y doses, occasionally 150-180y doses 3-U-80 days
before inmplantation of the tumor. A definite active protection cannot
be obtaized by this methed,

\

8 Bachmann, W, B, et al. Proiuction of Cancer by Pure Eyirccarvons. Proc. Roy,
Soc. Bl23, 343-68 (1937)
ith respect to hizh carcinoseric potency, methylchelanthrene is
not surpagsed by any compound yet tested, although it is almost equaled
by cholanthrens. Proiuction of carcinoma is favored Y introduction of
substituents into the 5 position of the 1, 2-benzanthracene mol.;
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2<Me~3, U~benzophenanthrene 1s carcinogenic to s high degree as are
certain hexacyclic hydrocarbons derived from the pentacyclic hydrocarbon
3, 4=benzopyrene,

9. Badger, G. M. et al. Production of Cancer by Pure Hydrocarbons, Proc, Roy.
Soc. B129, 439-67 (1940)

Information as to the most effectusl method for the production of
any particular tumor (painting, subcutaneous injection, feeding) is not
decisive; in the two latter the fur is always contaminated, and inhala-
tion and swallowing cannot be excluded by any of the methods. The 3,
L-benzophenanthrene compounds possess carcinogenic properties, and
apparently are more active than the bdenzanthracenes in the production
of multiple tumors, chbolangioms, and tumors of the lung; the 1, 2-sub-
stituted compounds are more active with respect to gastric tumors,
Compounds substituted on the 1, 2-gide are ususlly more carcinogenic than
those substituted on the 6, 7, 8~side, Among the 1, 2-benzanthracenes,
the 5-n-Bu, 5~n-Am, and 5-n-hexyl resemble the 3, L~benzophenanthrenes
{n their association with a higher incidence of lung adencmes and multi-
ple tumors, and a deficiency in sarcoma productior.

10, Badger, G, M, et al, Production of Cancer by Pure Hydrocarbone. Proc. Roy.

Soc. B131, 170-82 (19u2) .
In the seriee 0f S-alkyl derivatives of 1, 2-benzanthracene (Me, Et,

Pr, ieo-Pr, Bu, CsHji;, 06313- 07815) the higher membere showed progres-
sive dAiminution of carcinogenic power on the skin; member with more than
3 0 atoms in the side chain did not produce sarcoma. With derivatives
of 3, L-bensophenanthrene, substitution in position 2 and, to a lesser
extent, in position 1, promoted carcincgenic action; most of these come
pounds were deficient in power to produce sarcoms. 1, 2. 3, L-Tetra~
methylphenanthrene hai a slight but 4istinct adility to produce skin |
tumors. 3, 4, 5, 6=~Didenzofluorene hai no action on the skin api there-
by differed from the 1, 2, 3, 4=, 1, 2, 5, 6=, and (1,2, 7, 8=compounie.
1, 2, 5, 6~Divenzocarbazole exhibited a slight tendency to produce
tumors of the liver, While multiple tumors could not be ascribed with
certainty to the action of the aiministereid compounds, the most striking
cases of multiplicity occurrei under the influence of 2, 3, L-substituted
phenanthrenes, 1, 2, 5, S=dibensocarbagole ani 1, 2«5, b-dibenzacridiine,

11. Barry, G. et al, Proiuction of Cancer by Pure Eyirocarbons, Proc. Roy. Soc.
3117, 318-51 (1935)

A large numdsr of compeunis, 'chiefly tetracyclic and pentacyclie
arogatic hydrocarbons, were testel for cancer-proidusing action, with
mice as experimental animals . Consiierable cancer-projucing power was
possessel by 1, 2=bensopyrene (fronm coaletar pitch), methylcholanthrene
(a deriv. of deoxycholic acii of dile) and 3, Mwbenzophenanthrene. In
orier to be carcinogenic, derivs. of 1, 2-benzanthracene must contain
substituents in positions 5 ani 6.

12, 3Bergmann, ¥, Mechanism of Tumor Production by Chemical Agents, Cancer
Research, 2, 660, (19u2)
The following principles for tumor proiuction by chemical agents
are hypothatically estadblished: 1. The form and size of a carcinogenic
~— B hydrocarbon ani of its relatei heteruocyclic compounds Astermine {ts
activity. ZXvery snbstance which imitates more or less closely a given
parent structure resembles it also in 1ts blastomatogenic action.
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2. 1In the living cell, the carcinogens are adsorbed by an acceptor
possessing a definlte adsorption area. This sets &n upper limit for the
dimensions of the active compounds., A lower 1limit is given by a decrease
in adeorbability with decreasing size of the molecule. 3. All carcino=-
gens are conceived as parte of an "ideal carcinogenic structure,'

L, A carcinogen can be inactivated by additions which prevent its proper
edsorption. The mechanism of this hindering effect is discussed,

13, Bonser, G. M, Tumors of the Skin Producte bty Blast-Furnance Tar, Iancet 1,
7756 (1932)
The resulte obtained with four samples were remarkably similar to
Berenblun's and blast furnace tar is therefore carcinogenic, though rot
80 potent as the gas tar employed. The reasson that it hus been innocu-~
ous for man is that the yleld 18 small, and it is regarded as n waste
product and ie disposed of without further baniling,

14, Boyleni, E. and Bruss, A. M. Carcinogenic Action of Dibenzcardazoles,
Proc. Roy. Snc, 122B, U429-41 (1937)

Cancer of the bladder is unduly frequent among chemical workers,
ani those deallng wit: naphthylamines and benzidine seem most limdble to
the disease, It has not been demonstrated satisfactorily thet nephthyl-
amines are carcinogenic, and it is possibdle that it is not they which
are responsible for cancer of the blaider, dut impurities formed durlng
their manufacture, such as Ainaphthylamines and dibenzcarbazonles, Sub-
stances of this nature were therefore testei for carcinogenic activity
by peinting on the skin of mice ari one (which proved moet active on

S mouse skin) also by subcutanecus injection intn rats.

The most active was J:l:5:6-4ibvengcarbnzole but this was toxic, It
produced malignant skin tumors in mice ir 180 days. Of the other subd-
stances tested, 1:215:6=iidenzcarbazole was carcinogenic and 1:2:7:
8-iinbenzcarbasole feebly so. The iinaphthylamines, O-aminocazotoluene,
known to produce hepatoma, and diamino-azoberzene (chrysoidine) all
failed to produce tumors on the skin of mice. Spindle-cell sarconmata,
one of which was proved transplantable, were produced in rats by sub-
curaneous injections of a colloidal suspension of 3:4:5:6~4ibencarba~
gole, . :

15, Brockbank, E.M. Mule=Spinner's Cancer, Brit. Med. J., 622=3 (4,26,41)

16. Brockbank, E. M, Mule Spinners Cancer. Epithelioma of the Skin in Cotton

Spianers. H., K, Lewis ani Co., Ltd., london. 36 pp. (1941)
The first known case of scrotal caacer ia a mule spinner was re-
ported in Manchester in 1887, 37 years efter the introduction of
pineral lubricating oil; before that time sperm 0il ani neatsfoot oll
had been the principal lubricants. It is now known that cancer of the
skin, whether of the scrotum or elsevhere, in rule spinners is caused
bty carcinogenic compounds which are present in mineral lubricating oils
though not in lubricants derived from animal or vegetable sources. Some
mineral oils are more careinecgenic than others, that ierived from shale
veing particularly dangerous, ani it has bYeen learnei by experience that
cancer is more likely to be causei if the same lubricant is used cone
timicusly, than if the kind of 0il employei is occasionally changed,
— It has been found alec that by mixing animal or vegetable o0il with

mineral oil the carcinogenic petency of the lubricant may be abated.
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17. Burrows, H,, Hieger, I., and Kennaway, £, 1, Experiments in Carcinogenesis:
the Effect of the Subcutaneous and Intraperitoneal Injection of lard,
Olive 0il and Other Fatty Material in Bats and Mice. J. Path., Bact, L3,
419-26 (1936)

18, Campbell, J. A. ZExperimental Production of Cancer by Dust Obtained from
Tarred Roads. Brit. Med. J., 2.3.34, 233-4
This dust caused warts and cancer of the skin of mice with
metastases sometimes in the lungs; in 6 months 24 out of 59 mice showed
typical tar warts, balf of which developed malignancy.

19, Campbell, J. A, The Effects of Road Dust "Freed" from Tar Products Jpon the
Incildence of Primary Iung Tumors of Mice. Brit. J., Exptl. Path, 18,
215-24 (1937). ‘

It has been shown that dust from tarred roads causes cancer of the
skin of mice, Road dust mimus tar, as removed by benzene, does not
cause cancer of the skin of mice; it stimulates the production of lung
tumors in mice, but not to so great extent as When the tar is aleo
present.

20, Cempbell, J. A. Carcinogenic Agents Present in the Atmosphere and Incidernce
of Primary Tumors in Mice, Brit. J. Exp. Path., 20, 122-32 (April, 1939)
The author has continuesd his research on substances that might

induce lung tumors. He employed chimmey esoot and scot scraped from
exheust pipes of engines burning heavy olls. Rats wWere exposed to these
dusts for 10 min. an hour for 6 hre., 5 days a Week for 1 yr. The death
rate 0f both groups was well within the limits of that for the controls
but the mumber of lung tumors was somewhat higher, Of thoee exposed to
exhaust pipe soot, 33% living 10 mos, or more developed tumers., The |
most active substances tested was dust from tarred roads. Data mre also
given on mice whose siin was painted with "tar! from these substances,

21, Clark, R, V. Cancer from Lubricating Oils, Oil-Color Trades J., 11.9.34,
1278-9 . .

22, Cook, J. W,, Bewett, C, and Hieger, I. Coal«Tar Constituents ani Cancer.
Nature, 130, 326 (1932)
Several hyirocarbons were isolatei from coal tar which were active
. in producing cancsrs and which had the typical fluorescence spectrum of
carcinogenic fragtions, The most active hyirocarbon isoclated was 1, 2-
bensopyrene whigh produced cancer in half the time required dy 1, 2, 5,
6~dibensanthracens, Perylene and 4, S-~benzopyrene were also isolated,

23, Cook, J, ¥. et al, Prodpction of Cancer by Purs Hyirocarbons.
(a) Proc, Boy. Soc. (lomion), B1lll, 455-84 (1932);
(v) Proc., Roy. Soc. (london),HIil, L8596 (1932)

(a) Mice were used as exptl, animals, ani a stuily was made of the
action of 22 different polycyclic aromatic hyirocarbons, contg. 3-8 rings
in their resp. mols. and applied in soln, to the interscapular region,
usually twice weekly. Of these pure compis. only 1, 2, 5, 6~divenzan-
thracens and certain closely related compds., produced cancer; it was
active in 9 4ifferent solvents, ani was effective when applied in 0,003%
soln, in CgHg. Of 273 mice treatel with this compd., 107 developed tumors.
incluiing 77 epitheliomas and 21 papillomae.
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(b) The investization has been exteniei to ineclude 52 aidrl, poly=
cyclic aromatic conpis. Tumors were proiuced by 6~iscpropyl-l, o-
benzanthracene, 5, 6-cyclopentenc-l,2-benzanthracene, phenarthreacenaph-
there, ani 5 derivs. of 1,2,5,5-1ibenzanthrucene: 2'<ie, 3'-le, G=iHp,

9-ie0, 9,10 (06H§H2)2.

. Cock, J. V., Hewets, C, L, anAd KEileger, I. The Isoclatior of Cancer-Prciucirg
Hyirocarbons from Coal Tur, J. Chem. Soc., 395-405 (1933)

The preparaticns derived from cecal tar pitch by a voariety of solvent
extraction methods, the frauctlons separatel by formatien of picrates,
distillution ani erystallization, and the hyirocarboas, l:2-benzpyrrens,
ani 4:5-benzpyrene, perylene ani 1,2-benzanthracene, have provei carcino-
genic ani have given the same flucrescence spectrum (banis at 4000, k180
and L400A®), The orizinal coal tar pitch containei not less than 0.003%
of 1, 2-benzpyrene.

25, Cook, J., W. Synthesis ani Biological Effects of Carcinogenic Hyirocarbons.
Chem. ani Ind., 54, 1022-3 (193 %)

Certnin forms of skin cancer 4ue to occupation causes in industries
where shale cil, coal tar ani ludbricating oil are smployei, have been
shown t0 be dus to the benzanthracens group of hyirocarbons which also
impart fluorcecence to the oils. The exact nature of cancer formation
in the hucan body has not been explained although a similar denzanthra~
cene hyirocarbon has been found tc be produced by tody changes froo

— _substances nornally present in the human body.

2. Cook, J. W. OCarcinogenic Hyirocarbons ani Their Relationship tc the Sterols.
Chem, Veekblai, 32, 563-6 (1935)

Review of historical Aevelopment of recognition of the cancer-
producing constituents of coal tar ani earlier inveetizations; the
developnment of fluorescence spectroscepy and the systematlic stuly of
synthetic carcinogeric hydrocarbons izcluiding a summary of the results
obtained from the examination of a complete series of tetra- ani penta-
cyclic hyirocarbons ani a moderately wide range of btenzanthracene
derivatives. The speculaticn is aivarcel that a mesc E atom in a
completely aromatic structure plays sone role iz the carcinogenic
process. The isolation of l,2-benzopyrene from coal tar and 1ts synthe-
sis are recountei ani an account is given ¢f the cyclizaticn of bile acid
derivatives, ani the eventual syntheeis of methylcholanthrene, a carcino-
genic hydrocarbon related to the sterols. It is inferred that there is
some enxymic factor present in the animal body which is capatle of
effecting dehyirogenation of the stercl ring system ani that excessive
gctivity of this factor may conceivabdbly contribute to the production in
vivo of earclnogenic compounis, .

27, Cook, J. W., et al. Chemical compounis &8s Carcinogenic Agents. 4An. J.
Cancer, 29, 219-53 (1937)
' A fNull survey is ziven of the carcinogenic chenicals, dealins hoth
with their chenical relationships andi their tiologic effects, tringing
together, under well chosen headirngs, all the material published up to
the eni of 1936, They irclude not only the hydrocartons of the benzan-
thracene type, but also the azo compounis, estriz, the styryl quinoline
derivntive discovered by Browning et z2l., ani the inorzanic compounis
zinc chloride and arsenis. A bidliography of 194 references is appended.
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Cook, J. W, and Kennaway, £, L, Chemical Compounds as Carcinogenic Agents,
First Supplementary Report: Literature of 1337, 4Am. J. Cencer, 33,
50-97 (1938)

Authors present an exhaustive review of this subject which should bve
of interest to all industrial physicians, It continues the earlier
review and the two reports together have bibliographies totaling 37U
references,

Davis, E. Chemical Carcinogenesis, Drugs, Dyes, Remedies and Cosmetics with
Particular Reference to Bladder Tumors. J. Urol. 49, 14 (19u3)

Author discusses at considerable length the large number and variety
of proved chemical carcinogenic agents which may be introduced into the
body by ingestion, inhalation, injection or cutaneous applicetion. He
strongly inclines to the theory of some chemical carcinogenic agent.

Many are cited such as derivatives of coal tar, crude mineral oils, an
anilin dye "intermediate", azo dyes and estrogenic substances. The
aniline bladder tumor of dye factory works develops after yeurs of ex-
posure to what are probably extremely small dalily doses,

The theory is advanced that there muy be many other carcinogenic
agents as yet unknovn which are unknowingly encountered in the routine
of daily life, and perhaps through the use of many drugs, patent medi-
cines and coemetics, vitamins, sex hormones, and the tremendous 1list of
anilin dyes used in the coloring of food stuffs and fabrics.

Downing, J. G. Industrial Dermatoses. J. Ind. Hyg., 17, 138-165 (1935)
A review with 208 references. A section on chemical agente includ-
ing inorganic compounds, hydirocarbons and cruie coal tar products and
other organic compounds; treatment and legal aspects,

Feil, 4. O0il Button (Elaiokoniosis), Presse Med., 40, 1541-2 (1932)
Description 0f a dermatitis in industrial workers csused by heavy
mineral oils, including treatment ani prophylaxis,

Fleser, 1. F. Carcinogenic Activity, Structure, and Chemical Reamctivity of
Polynuclear Aroes¥ic Eyirocardons. 4m, J., Camcer, 34, 37-12L (1938)

A long review which includes: I, a.critical evaluation and compari-
son of the methods for determining carcinogenic activity; 1II, informa=
tion concerning the preparation and purification and the commercial
sources of the carcinogenic hyirocarbons: II1, & summary of the work on
correlation of chemical structure and carcinogenic activity, ani IV, a
summary of investigations on the metabdalic fate of various active hyiro-
carbons, There is a very extansive bidliography.

Fieser, L, ¥, Production of Cancer by Polynuclear Eyirocarbons. Univ, Penna.
Bicentennial Conf, Cause ani Growth of Cancer, 1-27 (1941) ,

A review devoted to N-containing carcinogens, relation of careino-
genic hyirocarbons to the steroliis, carcinoganic activity, chem, struc-
ture ani chem, reactivity, nature of a possible reaction leading to
carcincgenesis andi of the metabolism reaction. If carcinogenic hyiro-
carbons can be produced at times in the body by steroid metaboliem, their
moet likely pracursors are among the sternids of the adrenal enrtex, The
initiating action 0of a hydrecarbon in earcinogsnesis probvably involves
substitution in the hydrocarbon at its most reactive center, probadly a
direct interaction of the hyirocecarbon with an S-S5 linkage of the cell
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protoplasm. Metabolic elimination of a carcinogen probadly is a detoxi-
cation produced by & mechenism different from that leading to carcino=-
genesis, and involving a different point of attack in the mol. The
reaction of detoxication and that of carcinogenesis are competitive,
Detoxicatlon may involve biol. hydroxylation to & phenolic deriv,, or
conversion into derivs, of mercepturic acid.

FPleser, L, F. and Fleser, M, Carcinogenic Eyirocarbons. "Organic Chemistry",
194, 814-26.
Carcinogenic activity and structure; correlation with chemical
reactivity; methods of synthesizing carcinogenic hydrocarbone,

Firquet, J, und Malter, M, A, Pitch Cancer as an Occupationsl Disenss,
Archive de Medecine Sociale et 4 'Hyzlene et Revue de Puthologie et de
Physiologie du Travail, II, 797-807 (1939-U0) ,

The authors report their experiences made in medical supervision of
126 workers in the province of Liege, working with pitch or tar., There
were found two epitheliomata only, and no lung cancers, V. Henry mede a
chemical examination of various pitches as to thelr content in 1.2 Yen-
zeneanthracene and 3.4 benzopyrene, (the two most effective cancerogemic
gubstances in animals) and he found in the pitch 1-8% of the first,
traces up to 0.4% in.the secord. The examination of the pitch dust in
the two briquette factories revealed mostly large particles: in the work-
shop 80% of & ilometer of 50~100u, in the storage rooms 90% of 20=~50u.

_Therefore it svems-—uccording to the autbhors~-that substances which
are cancerogenic to animals are not for men, dut more research ie neces-
sary, (The materiel is much too slight for any conclusions in the
opinion of the abstractor,).

Gafafer, W, M., and Sitgreaves, R, Disabling Morbicdity and MNortality from
Cancer among Mals Employees of 0il Refining Company, with Reference to
Age, Site and Duration, 1933~38,inclusive, U.S. Pub. Health Repts. 55,
1517-1526 8.23.40) ‘

Guglienminetti, M. Do Macadam Roads Produce Cancers 3ull. Acad. Med,, 122,
89-94 (1939)

The author first reviews the literature, He questinned various
hospitals in some 0f Germany's large citles regarding the munber of
observed cases of cancer ani sent these reports to the managars of the
road bulliing system in these cities. Increase of cancer was affirned
but without relation tc macadam roads,

Eamilton, Alice. Cancer from Tar and Petroleun, "Industrial Poisons of U,S.",
410-7 (1925) )

Hanilton, Alice. "Industrial Toxicolegy", 134, 253-U .
Occupational cancer is rare ir France. In the U.S. the only pub-
lished case up to 1930 was the case of a man who hai worked for 20 yrs.

at the paraffin process in a petroleun refinery,

In 1928 the Health Committee of the lLesgue of Nations requested its
members to 8id in a world-wide inquiry intc the occurrence of occups~
tional cancer by undertaking a stuiy of the queetion in their own
countries., The Rockefeller Foundation then made it possidle for Imre
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Heller to make an intensive investigation in this country, and his report
vae publiehei in 1930, Heller confirmed the impreesion heli by American
authorities on cancer, that those of occupational origin are very very
rare in the United Statess He found in the records of the two New York
hospitale specializing in cancer only 37 cases of skin cancer that could
possibly be traced to tar and tar products, 26 of these occurring among
men handling gas-bouee tar or pitch, only two in coke-oven tar or pitch
workers. In a Cleveland plant meking carbon and dry batteries, imported
English gas-house pitch was used up to 1906, when it was supplanted by
American coke-oven pitch, There wera 21 omses of cancer among the work-
ers in this plant, only 4 of which were in men handling coke-oven pitch,
and thesa were not considered dbv the physician in charge to be indudbitabdle
cases .

41, ©EHartwell, J, L. Survey of Compounds which have been Tested for Carcinogenic
Activity. U, S. Public Eealth Service, 371 pp. (1941)

This bulletin represents & survey of the field of chemical carcino-
genesis in the higher animals: the action of carcinogens on isolated
tissues, tissue cultures, plants, protozoa, and bacteria is not consid-,
erod. The literatyre is coversd to 193G, and the compilation also.
includes experimonts with 153 compounds from the unpublished work of Dr.
‘M, J. Shear and Dr, H, L. Stewart of the Naticnal Cancer Imstitute. The
results of the testing of 61 of these compounds are newly reported,
while U5 are new to the whole cancer literature. Altogether the work

- comprises data referring to 696 chemicul substances: of these, 169 are
reported to be carcinogenic, apart from 23 observed as causing paiilomes
only. After an introductory discussion, the dbulletin takes the form of
a tabular review on the following classification (figures in parentheses
show the pumber of entries for each categery): A. Inorganic substances
(35) « B. Organic compounds: I, Aliphatic (36); II, Polyeyclic (dicyclic
(26), trieyolie (37), tetracyclic (152), pentacyclic (114), hexacyclic
anid higher (25)]; IIT, Aso-compounds (39); IV, Steroids (86); V. Hetero~
cyclic (59); VI, Unelassified (77). '

¥ithin this arrangement, compounds are iniividually numberei and ,
then groupel according to protetypes and alphabdetically. The tables glve
structural formules, literature references, particulars of species,
strain, sex, and number of animals usel, preparation, 1osage, and route
of administration of compounds, nature of sites of tumors induced, with
details of urstion of experiment and survival rates and other remarks.
The above conditions show the wide range of information necessary in
order to assess the carcinogenic activity of a given compouni. The author
draws attention to the incomplesteness of the data for many of the con-
pounds listei, and urges the more systematic investigation of compounds
already stulied ir a preliminary fashion, and for the filling of large
gaps mnong substances which it would seem desiradle to test. The review
is completed by a bidliography (over 1200 references) ani separate iniexes
to compounis, routes of application, vehicles, aninml species, ani tumor-
sites.,

U2. Heller, I. Occupational Cancers (o U.Se)e J. Inde BHyge, 12, 169=197 (1930)
~— The chemical properties of gag~works, coke—oves, producer—furnace
ani blast-furnace tars ani pitch are driefly outlined with a view to
correlating these properties %o cancer inciience among workmer in the
iniustries involved, Ae a result of extensive surveys ani health record
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examns., gas-works tar and pitch were responsible for 10.2% of the cases
while coke-oven tar and pitch were held responsible for only 5**» Coke-
oven tar is much the less injurious especially when cognizance is taken
of the fact that coke-oven tar is used much more extensively. The
presence of olefins in gaB-works tar seems to be of particular importance
and may be a cause of oil cancer. Occupational cancer does not occur in
the briquet mfg. industry . Mineral oils vary in carcinogenic activity
according to their olefin or uneatd. hydrocarbon content. There is no
method for.the detn. of the amt, of olefins in the various erode oils;

if such a method existed, it would be possible to measure the cancer-
producing power of mineral oils. Cancer is not attributable to the occu-
pagion of mule spinner in the U.S., possibly because of the carefully
refined lubricating oils used on the machines, thus ensuring relative
freedom from olefins or unsatd. hydrocarbons.

Henry, S. A, Study of Tatal Cases of Cancer of the Scrotum. J. Am, Med,
Assn., 102, 1667 (1937)

Hieger, 1, , Spectra of Cancer-producing Tars and Oils and of Related Sub-
stances. Bioehem. J,, 24, 505-11 (1930)

Hoffman, F. L. Mule Spinners Cancer. Monthly labor Rev, of U.S., £7, U57-
475 (192S)

Hoffman, W. J. Industrial Cancer. Prevent, Med,, 6, 7-3I* (193"
Une of the seven types of industrial cancer discussed is cancer of
skin in workers exposed to coal, tar, pitch, soot, shale, petroleum and
arsenic. They may cause an epitheliomatous form of cancer.

Hogouneng, L. The Ceacerlgenic Hydrocarbons from Tar and the Tarring of
Roads. Ann. Hyg# Publ. Socials, 2J, 1-7 (1939)

The cancerlgenio hydrocarbons found in coal tar produce skin cancer
in exposed workers usually only after direct contact with the skin for
long periods of time* It is believed that man is much more resistant to
the action of these materials than lab, animals. - - -

Hueper, V. C. Cancer in Relation te Occupation and Environment, Bull. Am.
Soc. Control Cancer, 25, Ho, 6 (June, 1973)

Owing to induetrial development, the general population and factory
workers in particular, are exposed tomary new environmental factors,
many cf which are disease producing. Occupational cancers are caused by
nuaerome chemical and physical ngenta. Among them are the heavy metals,
nitrates, aromatic ynina oompounds, benzol, asbestos, mineral oil, soot,

‘ radio-active substances, ultraviolet radiation and X-rays. The author
citeB statistics taken mainly from the records of industrial concerns,
but points out their shortcomings.

Cancer of the urinary tract due to coal-tar is the most recent addi-
tion to the list of occupational cancers. It is most frequent in the
aniline dye and related industries. '

Hone Office, Rept. of Departmental Comm, to Consider Evidence eo to Occurrence

of Epitheliomatuus Ulceration Among Mule-Spinners. (London, 1926)
Contains a bibliography on cancer among petroleum refiners.
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50. Hunt, S. S« An Investigation into the Incidence of Cancerous or Frecancerous
Skin Lesions Among Tar Workers in New South Wales. Med. J. Australia,
8.26.33. 281-3
The general conclusion is that tar used in New South Wales for local
road-work is not a serious danger.

51. I.P.T. Cancer Research Committee. Carcinogenicity of Spindle OilB. J. Inst.
Pet. Tech., 2J, 205 (1937)
The 1.P.T. Committee has not been convinced that the so-called
incidence of cancer is in any Bhape or form connected with the use of
spindle oils.

52. International Labair Office. Carcinogenicity of Oils. Ind. and Labour Informa-
tion, ju, 279 (1930)

Tars at varying temperatures have been prepared to determine, at what
temperature carcinogenic compounds are formed, from which experiments it
would appear that such compounds begin to be formed between 570° aaA 600°,
the maximum yield lying between 800° and 900° C. Attempt is now being
made to determine the constitution of a few apparently pure or almost
pure compounds isolated from such tars. Applying their standard test for
determination of carcinogenicity, the staff found that olive oil, neats-
foot oil, sperm oil were non-cancer producing and they have reason to
suppose that natural skin fat is an important factor in the prevention of
cancer. ,

53, International LabourOffice. "Occupation and Health", I, 57 (1931) < I11." 837,
1156 (1931*)

Before mineral oils came into vogue the practice in textile mills
was to use sperm, lard and neat's-foot oils and to some extent castor oil
and colza oil. Henry states that shale oil was introduced about 1850 and
American petroleum oil about 1864, and that, towards 1872, these oils
were being used as components of spindle oil* also that Russian oil was
first Imported about 1880, Rumanian oil about 1900 and Persian oil about
1909, and all these were.used for this class of lubricating oil before
the war. During the war Scottish shale oils naturally came more into use
for lubricating purposes. Oil refiners have their own private formulae
for mixings, but there is no doubt that the bulk of the oil sold for
lubricating spindles, during the past forty years has been principally
made up of natural mineral oil.

According to the 1929 report of the Manchester Cancer Committee, in
the distillation of tars, the carcinogenic products begin to form at a
temperature ranging from 500 to 600 C. and reach a maximum at between 800
and 900 C. The addition of sulfuric acid at the time of use suffices to
make the oils harmless without injuring or modifying their lubricating
power. 1

5I*. International LabourOffice, Occupational Tumors. Suppl. to Occupation and
Health, 1.L.O., Geneva, (Oct, 1939)

Carcinogenic substances are discussed under the headings of hydro-
carbons, non-radioactive inorganic compounds, radioactive substances and
radiation, and parasites and microbes. Attention is called to the ab-
sence of any common physical or chemical characteristics shared by these
various cancer-producing agents.
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It 18 suggested that the cancer problem is essentially bianchemical
ani that its solution will come with the 4iscovery of the nature and
cause of the intre-cellular chemical changee which follow the application
of a carcinogenic sagent,

Jordan, E. Experimerntal stuiies on the Production of Cancer by Gas-works Tar,
T, Krebeforschung, 19, 39-55 (1922)

Author has corroborated the work of others: in white mice treated
with tar for four months or less, 100% showed either cancer ¢r precancer=
our changes, When the tar was disti, at L0O°c the volatile fractionm 4id
not produce these changee but the residue produced the typical proliferas-
tive changes in about % the time required with the whole tar. No prolif-
eraticn could be produced with anthracene oil, Different mice showeld a
narked 4ifference in the rapidity with which they develrped proliferatinn
with the same amt. of injury by the tar. Appasrently the wnrk was not
followel to a point to det. Just how many of the mice with precancerous
changes would have 4developed actual earcinoma,

Kennaway, E. L. The formation of a Carcer-proiucing Substance from Isoprene.
J. Path, Bact. 27, 233-8 (192k)

Kawshata, K., Lung Cancer Among Generator-Gas Workers in the Steel Mills,
Gann, 32, 367-83 (1938)

During the past 6 years, 21 cases of primary lung carcinoma were
observed among the generator-gas workers at the Yawata Iron-Steol Mills,
These workers have ave service periods of 16 years, In no other sections
of the mills hue such frequent appearunce of lung cancer been noticel,
The workers are exposei to the spraying of gas contg, heavy dust. The
inhalei gas contained adbout 0.7% of gaseocus or dust-like tar, Analyses
showed creosote oil 24,56%, phenols 0.31%, cresols 0,07%, naphthol 4.65%,
anthracene 2,00%, piteh o1l 62,67% ani water 5,74%, The metastuses may
appear very early in the brain, spinal cord ani lymph nodes, The durs~
tion of lung canocer is very short, about 7 months,

Kennaway, E. L. Oancer~Producing Constituents of Coal Tar, Brit. Mei.J.,
564-7 (1924)
Cuncer formation by tar products was investigatel dy suthor., Orly
higher fractions boiling at 250-500¢ C. were found active in iniducing
cancer (creosote, green cil, cruie enthracene ani pitch).

Kennaway, E, L. Cancer-Producing Tars ani Tar Fractions. J. Ini, Hyzlene 5,
462-88 (1924)

Experiments on several thousani mice and analysis ¢f a great nass
of clinical records inidicate that tar cancer is causei by a very snmall
guantity of an unstable compouni that exists in the high~boiling fraction
(250° to 500¢) of & high-terp. coal tar, i.e.,, creosote oil ani anthra-
cene oil, Purified anthracene, like all other pure compounis tried, 4ii
not proiuce cancer, Splaghinz with hot, cruie anthracene or creosote
0lls seems to be the usual methodl of contact. Shale oil preduces cancer
but is less dotive than gas works tar; cruie pstroleun is nmuch less
active; ani bvlast-furnace tar (a low-terp. tar) do0es not produce cancer.
The briquatting industry has reported more than half of the lmown cases
of tar cancer, Tar maie by distilling coal at A low temperature (below
550¢) produces cancer very siowly or not at all,
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59, Kennaway, E. L. Experimerts on Cancer-Proiucimg Substances. 3Brit. Medi. J.,
II, 1-4 (1925) _
Cancer has been proiuced in mice by substances cbteined by heating
CoHp, isoprene, yeast, human skin to temps. ranging from 700° to 920°.
A petroleun which produced no tumére of any kind in mice in a prolonzed
. experinent showed very active cancer-producing properties after exposure
to 880°,

60. Kennaway, E, L. ani leitch, A, The Acvatemical Distribution of the Occupaticnal
Cancer. J, Ini, Hygiene, 7, 69 (1325)

61, Kennaway, E, J. Further Experiments on Cancer-Producing Substances. Biochen,
3., 2k, 4g7-504 (1930)

Carcinogenic substances were obtainel by the action at roontempera—
ture of AlClz: on acetylene, xylenme, naphthalene, naphthalene ani tremo-
benzene and %otrahyd.ronaphthalena, the last two beinz the most active,
Two cancers Were also obtained in a series of 10 mice paintel with a
soln, of 1,2,7,8=3ibenzanthrucere.

a~Phenylnaphthalene was preparei by action of AlCl3 on CaiigEr and
Ciiiz+ The iistillates up to 3420 C, containing the hyirocarbon wers
inactive but the resilue in the flask was hichly carcinogenic.

Cyclohexane, cyclohexsne, etyrene, hylrophenanthrene, hyirochrysene,
hyiroretene, perylene, naphthalane and varioue naphthalene derivatives
all gave nezative regults,

62, Kemnaway, R. L. ani Hieger, I. Carcinogenic Substances ani Their Flurrescence
Spectra., Brit, Med. J., No, 3622, 104k=6 (1330)
This paper is a review of a larce ancunt of work by the authors 4in
an atlempt to correlate flucrescence with carcinogenesis.

Tar oils, spinile ani shale oils, which show carcinozenic propertiee
are also strongly fluorescent.

63. Kewley, J, Cooperation. J. Inst. Pet. Tech., 18, 2U2 (1932) )
Mention of the formation of a committee by the Institute nf Petro-
leun Technologists to follow the work of the Manchester Cancer Committee.

8. Kling, A., Samssonor, N, and Heros, M. The Tarring of Highways as a Possidble
tgo?t 1n) the Causation of Pulmopary Cancer. Bull. Acad, Med, 120, 130=
3 (1938 . )

Zxpts. in nice showed that the tar, as usel on roais, produces
cutaneous tumors ani malicnancy in the lungs. 4 substance contz. the
benre (a) pyrene nucleus of deciiedly cancerogenic properties has been
sepd, fron the tar,

Kling, A., Samssonov, N, and Heros, M. Possible Relationship between Tarring
of Highvays and the Increase of Inciience of Pulmonary Primary Cancer,
Bull, Acai. Mei., 121, T8u~G1 (1939)

Since tar contains benzopyrene, a recognized cancerisenic agzent, it
cannst be congsiderel as inoffensive, Experimenis on mice definitely con—
firm thie assumption,
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Koelsch, F. Cancer and Occupation. Monstsghr. Krebsbekampf., 5, 7 (1937)

The suthor, in the form of an abstract, presents a survey of the
relation between cancer and occupation. He includes bone cancer caused
by radioactive substances, skin cancer from soot, tar, paraffin and
lubricating oils (of which those boiling between 250-500° are of especial
importance), skin cancer from arsenic as well as cancer and sarcoma from
ultraviolet and sunlight.

Kunze, G, Mineral Oil and Cancer. Chem. Ztg., 59, 407-8 (1335)

A study of the map of Germany indicated that the number of deatns
from cancer was always greatest in regions where minmeral oil was fourd,
refined or used. While no definite relation is established, the author
suggests the possibllity of the existence of such a relationship. Further
resecarch. on this probdlem is indicated. It 1s pointed out that minerzl
oil by itself does not cause cancer, It may, however, become one of the
contributing factors, together with others,

La.ne,(céucs Occupational Dermatitis, Arch, Dermatol, and Syphil. 43, 184
1941
Describes the case of a 68 yr. o0ld machinist who for 3 yrs., had a
dermatitis of the face, arms, axillas and lower abdomen., Therc were
scattered areas of tan<brown hyperkeratotic follicles and folligular,
plugs. Keratoses were presont on the scrotum and thero were keratotic
areas on the arms. Autopsy revealed carcinoms of the ceorhagus. Dr.
Lane believes the siin changes to be due to o0il to which the man was
exposed in his 40 yrs. as a machinist, and that the condition is that
described by Thito among machinists, oll workers and mule spianers in
England., It apparently is rarely seen in this country, possidly because
oils employed here are less carcinogenig.

Lauber, B, J., Hildebrand, B, and Schocke, H. Possible Therapeutic Action of
Carcinogenic Hydrocarbons in Treatmert of Cancer. 2. Ges. Exptl, Med.,
105, 370-94 (1939) :
Essentially less harmful therapeutic measures are available. The
dangers are demonstratod on mice treated with methylgholanthrers,

Leitc}(x. Al.n Nuls Spinuers! Cancer and Mineral Oils, Brit, Med., J., 2, J41-3
192 A
Rendered an inert California oil very active by heating it. (No
details ag to temperature, etc.).

Crudo oi}s from Assan, Borzneo, Igypt, Burma and Badarpur produce
malignant growths. Galiclian, Russiar, Californian and Persian samples
were nogative,

Lyth, R. The Relation of Carcinogenicity of Minersl Oils to Certain Fhysical
and Chemical Characteristics of These Oils. J. of Ind. Hyg. 15, 226-37

(1933)

Lyth, R« Molecular Distillation of Lubdbricating Oil. Nature, 2.}_?, 374 (1937)
A brief report is givon of the distillatior of a Scottish shele oil,
using a specially designed molecular still, The most striking rcsult is
the inversion in the change in the physical properties going up the ten-
perature scale, i.e., the first fractions show higher refractive indices

and densities than the original oil, with gradually descending values
fron fraction four as the temperature is raised. Data on the properties
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of the shale 0ll distillates are tabulated. These experiments are
part of an 1nvestigation of the interrelation of refractive index
and viscosity to activity on injection, and thereby carcinogenicity
when applied to the skin.

Mioscher, G., Almasy, ¥, and Zehender, %?. Is Thero a Connection Between the
Benzpyrenc Contont and the Carcinogonic Effect of Tar? Schwelz,
Med, Wchaschr. 71, 1002-7 (1941)

The authors have examined the benzpyrene contont of gas tar in
various towns in Switzorland, usinz a method dovisced by Almasy.
Then the tars were purified and thelr carcinogenic effect determined
by painting on mice. The investigators tricd to evaluate thc re-
sults by means of a statistical method in order to overcome the
difficulty offorei by the fact that many mice dic in the long
period neejed for the experimerts. They find a simple, regular
rolationship botweon the benzpyrene content and the carcirogenicity
of the tar,

Marray, J. 4., et al. Discussion on Ixperimental Production of Malignant
Tunmors. Proc. Roy. Soc. (London) B1l3, 268=92 (1933),

A symposium in whick some attentior is paii to carcinogonic
chem, compounds, and to tho immunochemistry of cancer.

O'Brien, H.( 7. )Tho Problem of Cancer and Oil, Petroleun Times, 27, U462
1932
An open letter to the eiitor of the Petrolewn Times (Lonion)
in answer to an editorial in the issus of March 19th. The writer
points out the hunanitarian and scientific valuos derived froo the
cancer research of tho Marchecstor Cormittee and eriticizes the
technological viewpoint of the editorial.

0 'Donovar, Y. J. Cancer from Baniling Anthracense Coke ia the Dye Indusiry.
Br., J. Dernat, and 8ypb.,
Three cases of cancer ir a factory employing cnly 25 mern.

Fhillips, C., ERelationghip betweez Skin Cancer and Occupation in Toxas:
Review of 1569 Verifici Lesions Occurring in 1190 Patients. Texas
State J. Med., 36, 613-16 (19H1)

Prossor-¥hite, R. "The Dermatorgoses 195-238 (1934)
Dermatitis and cancor from petroleun products, shale ani tars.
Exsellont review,

Roffo, A. E. ZExperimental Besearch on tho Production of Pulmonary Tumors by

the Distillates of Fuel 0il., Presse Med., 538 (1940)
The suthor denonstrated an oil, saken fron the strects cof

Buenocs Alres, identical to that fron nmotor car exhaust, which con-
tains carcizogorig¢ substances. Boffo had rats irnhale the cozbustion
gasos 0f fuel 01l ani later founi a nusber of pulmonary cancers
acorng the aninmals, 3y injecting a Aistillate of the fuel oil into
,the auricle of rabbits, he produced tumors in 20%.

Roussy, G. and Oberling, C. Can Tarrinz of Boais be Cornsiilered as o Cause of
Pulmonary Cancer? Bull, Acad. Med, 120, 181-90 (1938)
The danger is not considered to be of sigrificance msltrough the
possibility is admittel
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Sckreus, ¥, T. and Zurhelle, E, ZExperimental Production of Tumors with Tars

t(‘rom W)Iarious Sources and with Paraffin. Deut. Med. Wochschr. 43, £33-L

1323 :
Author investigated the poisonous action of paraffin oil and tar
comstituents by painting mice twice a week. After six months & state of
malignancy was cbtained with paraffin oil. Cosl tar readily develops
malignant tumors. Various purified acid and basic fractioms from coal
tar zive negntive rosults, The neutral tar 0il i1s mogt effectivec as a
tumor inducer,

Schwartz, L. Skin Diseases in 0il Refineries. Safoty Eng,, 210 (Nov. 1.33%4)
It has beon found that workers in 0il refincries have a percentoge
above the average for carcinoma of the chock and of the lip. 4n unusual
provalonce of pigmented pepillomata on tho handa, forcarms and legs of
workers in oll refinerics and amng machinists in contact with oil and
groase was also noted. About 10% of such workers were found to have
thesc growths,

Tho uso of totall;;r enclosod mamufacturing systems and of protective
nintments is suggested,

Schwartz, L. and Tulipan, L, "Occupationzl Discases of the Skin', 1939, 51k,

Scott, A, Occupétionﬁl Dermatosos of the Paraffin Workers in Scottish Shale
0118. Brito Med. J., 8.28.22, 381-5

Sequoirs, J, E. ‘Cancer and other Diseases cf the Skin Caused by Minoral QOils,
Konya and E. African Mod. J., 6, 18«23 (1329) -

Smyth, E. Fo Review ¢of Literature for 1926-1934, inc. ﬁeport of Committes on
Irdustrial Skin Irritants to Am. Publi¢ Health Assn. |

Southa m and Wilson. Cancer of the S¢rotum.  Brit. Med. J,, 2, 971-3 (1922)

Speckman, J, B. and Chamberlain, N, H, Trans, Pareday Soc., 29, 367=8 (1933)
In a study of the carcizogonic potency of mineral oils, Twart has
ghowr that ‘the additior of glycerides reduces tkheir potency, although no
0l1l gurpasceos lacolin in this respoct. ..

Tolelky, Le Occupational Cancor. 4cta 4, Internat, Ver, f. Erebgbekampfizg,
3, 253-75 (1938)
Several isolated cases of lung cancer among generator workors have
bosn reported and among works oxposod to coal dust, tar ard tar iistil-
latos, bdut the number is srall,

Toutschlaonder, O, Industrial Cancer, especially $ho Types Occurrirng in
Gormany. Z. fuor Krebsforsch. 32, 614=27 (1330)
Discusscs x~ray cancer, carncer of briquetto workers, mulo spirnors!
cancer, which has nect arvearcd ir Germany, ard paraffin carcer anong
troso who work iz thc petreloum industry,

Toutscklaender, 0. Oceuwpatioral Carcer, with Spocial Comsideration of its
Prevertion anid logislaticn or tho Subjoct. lied. Walt, 11, 1267-72
(1341-5 (1937) -
Ceccupations in which there 1s danger of dovelopmont of cancer are
rovieweﬂ:; anny data aro glven rogariing substances corsidered carcirnogeric,
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the location of malignant tumors, their latont period, protéctivo neasure
of an industrisl-hygiexnic typo, quostions of insuranco, otc, There is no
sp. ogent comnen to all carcinogernic substances as a promoter of cancer
growth.

Touschlaender, O, Does Tar Require Ultra Violet Light to Produce Skin Cancer?
Klir, Wchnschr., 16, 1284-5 (1937)
Fhite nico wore paintod with tar. Cancers developed not oxly in the
irrpiiatod arimbdls but also in thoso kopt in a dark chanmber sc that not
nly a proparatory but also ar iniependent cancorogenic effuct must bve
aseribed to tar.

Toutschlaender, 0. ILight ani Skin Cancer. 2tschr. f. Krobsforsch. 50, 81-52

(1940) .
The author irnvestigates the problen of whethor cr not a photodynanic
influonce is nocessary in tho genesis of tar cancer. Ho conducted ex~-

perinents on tarred nice kept iz a dark room. Since skin cancor developed

on tho painted sidn, it is ovidont that ultra~violet lizht is zot a
roquisite in tar cancer gonesis. The sane is shown by the development of
spontacecus skin cancors irn two will groy house nice that lived in a
briquet factory.

,Nevertheloss there is a wilespreai beliof that both cancer of
radiant source ani tar cancer of the skin are causei by cyelic hyirocar-
bons. According to Roffo, both types are origiratod by oxldatiorn and
lecomposition of cholesterol 4z the tissues which may be causod by radla-
tion as well as by chamical influsnce-—-cancer-provoking cyclic hydro-
carbons arc finally gercrated. Frophylaxis oust, therefore, gusrd against
tho influonce of ong or both factors, . ,

Touraino, A, and Bour, H, OCancer fron Iubricating Oils, Rev. Mod. Franc. 20,
285=92 (1939) - - .
A very compleste reviow of cancor from lubricating oils, its occur-
ronce, clinieal syopitoms and tho nedico=logal aspects of such, cases.

Twort, €. C, and Ing, E.R. Mulo Spinrors' Cancor and Mineral Oils. lLancet 1,

Twort, Co C, and Julton, J. D. Exporinmonts on the Nature of the Carcinogenic

Jdgents in Minoral Oils. J. Path. and Bacteriol., 32, 149-161 (1329)
Tron a corsideratior of the chanical reactions involved, tho

authors are of the opirior that it is to benezonoii hydrocarbons that
cortain ninoral olls owe their carcinogenic properties. Treatmont of
tho o0ils with sulfuric acid lod to almost total abolition of their car-
cinogenic properties, and sinilar rosults were obtained by the adoption
of nethods of oxiiation ani reductioz.

Twort, C. C. and Twort, J. M. Studlos on tho Origia of Cancer., 2Ztschr. f.
Krebsforsch., 32, 491 (1930)

This is a general survey of the work of the Tworts, and is based on
experiments on 45,000 mice, a smaller mumber of ratas, guinea~pigs, and
rabbits, and on the use of some hundreds of varieties of tars and oils of
various capacities to cause cancer. There is but little probability that
an acquired physiological immunity against cancer-producing substancos
oxists. Tho authors' various substances are dividod according to their
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cancer-forming capacity in micé. 80 that every group has about ton times
the power of the preceding ono,

99, Twort, Co C. and Twort, J. M. Classification of Four Thousand Experimontal
€1l and Tar Skdn Tumours of Mice.
The study from which this classification was made was based upon
29,100, animals .

100. Twort, C. C, and Fulton, J, D. Further Experimonts on the Carcinogenicity of
Synthetic Tars and Thoir Fractiozms. J. Path. Bact. 33, 119-43 (1930},

101.. Twort, C, C. and Twort, J. M« The Carcinogonic Potoncy of Mineral Oils, J.
Ind. Byz. %}_ 204-22 6 (1931)

Painting mice with refined shale oil induces cancer more roadily
than painting with rofinod potroleum well oill. The most potent fraction
fron shale 0}l is unfinished lubricating oil from which mosgt of tho
paraffin wax has boon romoved but which had not deen treated with E-SOy,
and filterod. Tho '"'hoavier grade oils aro less potent thar spindle oils.
The Cancer-producing property of olls appears to be related to fluores—
cences O01ls having a dluo fluorescence scem more active than those
having a greon fluoresconce, Chrysone dissolved in oleic aclid possesses
‘earcinogenic propertios,

102+ Twort, C. Ces and Twort Js ¥« The Rolative Potoncy of Carcinogenic Tars and

A mothod has boen deviaed whoreby the potoncy of any givon carcino-
gonic agent can be compared with that of & standard agent. A unit of
ecarcinogenicity~ U L. - has been establiehed, and a concentration of 500
earcinogezic unite por cubic coztimeter is consideroi to induco the
maxirn rolative rosponse in a nimals whon tho agent 1s applicd twico a
wook,

The carcinogonic powors of oils rato as follows, ir descending
order: Shale, Vonezuelan, Bornoo, Bumanian, Persiar, Califormian,
Mexican, Kibcontinental, Texan, Ponngylvanian, ani Russiaxn,

'Eypothoﬂ.cal staniard agent 100,0
Peun, ¥1 0.1
Cal, pet, oil 3.0
011 No. 3 0.6
Shale 01l hS 0
Pitch 25,
Gas tar 94,0
Pineno synthotic tar ‘ 706,0
Bffoct of refining .
Ponn, 01l : 0,1
¥othyl sulfite oxtract 22,0
011 Fe. 3 0,6
Distillate 300-~380C, /12 12,0
Kethyl sulfite oxtract 5340
Shale oil 48,0
Oxidized at 150-160eC. 0,3
Plnono synthetic tar concontrate 3745.0
Oxiaizged at 100eC. 2369.0
Cxiiizod at 150-160°C. 58.0
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fwert, C. C, and mlton, J. D. Concemtration of the Carcinogenic Principle
ir 0Oils and Tars, J. fuer Krebsforsch. 35, 543-73 (1932)

Ir tho attempt to assess U.C, by physical ani chemical characteris-
tics, the specific gravity, refractive index and iodine number appeared
nost pronising, though other features may also ultinmately prove to be of
value.

103.

104, Twort, C. Co ani ILyth, R, The Selection of Non=carcinogonic from Carcirogenic
0ils, Jo Bys., 33, 464=T3 (1933)

All the aminal and vecetable olls tested by the authors on arimals
have proved to be incapable of iniucing tunor formation during the life
of their aninmals. On the other hani, oleic acid and linoleic zeii,
unsaturated fatty acids which nay be present in cormercial saponifiable
0oils, bhave froquently induced tunor fornation; observations which in
thoir opinion are of the highest inportance in relation to nmany cancers
other than those of tho skir, and possibly oven of those of the skin it-
self,

It has been found that the carcinogenic constituents of a given
cruioc are not equally distriduted in the yariocus proiucts of distillstion
obtained fron this crude. The activity of the first products to come
over in the still, the nmotor spirits, etc., is negliglble, and that of
the lomp oils, burning oils, lisght fuel, etc., is also of little account,
but when we reach the boiling rango of tho lubricating oils 2 definite
carcinogenic activity nay become manifest., Anong the latter the nost
active grades are, on the wholo, tho spindle grades, closely followed by
0lls of a Redwood viscosity of 500 to 1500 at 70° F,, with a grajual
docroase in activity as one approaches the internal combustion engine
(notor car) grades. The crule oils themselves, as a rule, aro somewhat
less potont than the notor car oils, btut of course, it will necessarily
depond upon tho anount of refining to which the latter have been subjected
bofore ,being narketed, , .

105. ®wort, C. C, and Tvort Je Ms Corcinogenicity of Spindle Oils, 01l and
Golourdeu Je, 92, 1193l (1937)

A physical an a nimal test for ocarcinogenicity and a physical and
an aninal test for demmaticity of nineral textile oils are described. The
average resul $8 of these tests on 66 oils (excluding shale 0ils) collect-
ed H5=10 yrs., ago and on 66 oils collected recently are tabulated, (The
aninal test for carcinogenicity is not yet completed for the recent oils,)
These results iniicate that the original oils are definitely worse than
the recent oils in both the dermatitis tests, while in the cancer physical
test there is 20 sigznificant differonce, It is expected that tho figures
for the recent oils in the animal tost of carcinogenicity win be lower
than these of the original oils.

It is concluded, however, that little is being dono to improve mile
spindle oils fron the biological standpoint. There arc also indications
that the average oil used in some of the cotton=spinning towns is nore
dangorous than that used in others. .

106. Twort, C, C. ani Twort, J. M., Notes on Some of the Procedures Adopted for
Angossing the Biological Activity of Mineral Oils, O0il Cabur Trades J.,
S, 251=5 (1338)
Minoral oils may induce dermatitis or cancer of the sidn. In dotg.
tho carcinogenic aspect 3 essential detns. are made: 4., n and kinetic
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viscosity (XV). The data collected are bdased on the utilization of.
formulas for assessing the biol. activity, espeeially from its carcino-
genic aspect. In Formula A, R = (n-1)/d where R = sp. refractivity,

n = refractive index and d = density. In Formula B, R = n-(d/2),
Formula A is used in obtaining the cancer refractivity C2 from Formula
C which 4s OR = Re¢ 3(d-=0.900)/20. In Formula D the refined cancer re-
fractivity RCR = CR -~ (XV/50). Results, where thgso minoral oils havo
boon employod, are shown in tables in which mineral oils are grouped
according to toxicity and according to the n drops Tho significance of
d. in rolation to the n drop among oils of similar toxicity and the
significance of viscosity in relation to tho n drop among oils of
spparontly sirilar toxicity are shown. Tho real difficulty in arriving
at tho truo biol. activity with greater accuracy is the lack of uni-
formity of tho inert fully hydrogenated constituonts. There is quite
good correlation betweon carcinogonicity, refractivity, n drop and
toxicity.

107. ‘Twort, J. M, and lyth, R. The Concentration of Carcinogenic Materials in

¥ineral Oils by Distillation Prccessos. J, Hys. 39, 161-9 (1939)
Twolve ocld~-treated lubricating cuts of a crude, Bormoo mineral

oil, woro testod for carcinogenic activity. Tho wholo rangeo was bio-
logically active, vhich activity had bdoen foreseon from an examination
of tho phyesical charactoristics. Tho pook activity was around & vig-
cosity of 200=-250 Centipoisos at 25° C. Mclecular distillation gave a
groater concortration of the carcinogeric material than ordinary dis-
tillation at from 3=10 mm, In confirmation of provious findings, the
niddle fractions of a Borneo orudo, oil were mostly responsible for
pathological changes in tho organs——fa%ty infiltration of thd liver and
hyalino dogenaration of the spleon. lang tumors were more prevalont
than 4g¢ usual whon this type of agent is usod for tesiing carcinogenity
for the skin, Their incidernco was rathor higher in the nmore viscous
frogtions: this inoldornose was apparently not correlated with carcico-
ganity for the skin,

108, Twort, J. Me and Lyth, R, Skin Cancor due to Eandling Coal Tars Used for
Prosorvation of Fighing Nets., Nature, 4L, Y46 (1939)

Seversl fishermen contrected cancer of tho skin after handling the
tars, Mouse expl¥s, showed that 4ifferent coal tars differed ir their
ca recinogenic activity, although all producod some cancers. Creosoto
0il and anthraceno 01l worvc also carcinogonie, Only coal tar made in
vortical low-tenp. Petorts should be used on nets. .

109, Twort. C¢ 6 Mule-Spinnors! Cancor: The Nocd for Using the Correct Oils.

01ledolour Trados J., 8.29.41, 325

The eanser-producing powers of nineral oils used in the cotton
industry froo difforont flelis of origin, iz tho cruie and refined
statos, woro thoroughly exaningd and tho resul ts showod that thers is
a dangor of ary one producing cancor of the skin if appliocd long onough
but the oils froc cortain fields are the more likoly to do so. Spocial
attontion was paid to the oxnmirnation of the physical characteristics of
various nineral oils, and it was proved that a knowledge of their
refractive injex and viscosity provides a poro relicbls estinate of
their cancer—producing powers than the application of the samplo to the
sidn, This test 1s accurate, ropid and inexpensive, while that with tho
sikin is variable, lengthy and costly.
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The chiof lino of iavostization has dcor a continuaticn of the work
on the polecular distillatior of nmineral olls with tho objoct of isolat=
inz the gubstancos responsidle for thoir carcinogonic activitics. Anizel
oxporinents with fractional distillatos fron a Vonezuolan oil aro in
progroes., Fractions obtained by molocular distlllation of a carcinogonic
shale oil Lave boon subjocted to ghromatographic absorption ani two
apparently purc hyirocarbons have boon isolatod in small guantity; these
aro heing investigatod chemically., Painting oxporinments with fractions
obtaincd by this nmathoi hayo shown that many of tham are highly toxic for
nico., None of the substancos so far tostod has bdeon shown to possess a
high carcinogenic activity.

A few spindle grade oils and threc oils intended ae vohicles for
insocticides have bocn tosted for carcinogenicity.

4 colloidal naterial intendod as a protective agalnst carcinogernic
0lls has boon tested. Thero arc indications that it has sone protoctive

action,

Tho carcinogonic activity of two products formed during the purifi-
catior of carbonisation has boon tosted, ani found to bo less than that
of the avorago gaa tar,

110, Ullnaon, K,, Oppenheim, Me and Rille, J, E. J. Ind. Hygiene, 8, 288, 364

(1926)

Tho losions caused by cruie petroleun are the sane as thoso
caused by crude coal tar, showing the analogous substances rmst bo
present in both, The final products of distillation are tho nost active,
ospocially paraffin oil., The carcinogenic agent is presont in fractions
fron 200° 0. to 450° C., tut it 1s not cortain that the sane substance

causcs both dermatitis end cpiltheliona. . ,

o111, Valado; P. Ga.:écer of tho Buman Iang from Dust fron Tarred Roads. Presso Mod.,
2.1.39, 161 . ) .

i 112. Van Themische, M, B. Chanical Cencer. Ing. Chinm., 20, 30-5 (1936)
Morc than twico as nany casos of cancer iue ¢o soot worc found among

swvoopers than smong any, other cecupation. Porsonal cloanlinoss and
clothing that fits tightly around the oxtremitios and arcund tho neck
arc the Yos} peeventivees. Similar care will do much toward preventing
cancer due to exposurs to gasoline and its dorivatives, paraffins, oils,
and grosses. Such procautions are ovon nore nocossary in cases oxposed
to tar, pitch, rosin or aniling dyos. Strict neiical sup ervision ani
tho uso of processes which avoid contact of tho workers with tho product
vill furthor reduce the danger. . .

113, VWampler, F. J. Occupational Diseases of the Skin (by L. Schwarz). "Indus-

trial Nedicine", 1943, 327=9

Chimney sweeps' cancer has been reported in Ingland more frequently
than in any other country. It is sald that the incidence of cancer
among chimney sweeps is eight times more common than among the general
porulation. Ca ncer of tho scrotum of chimnoy swoops, however, is on tho
deelino in EIngland and it is roported as being practically non-saistoat
in othor countries, except for an isolated cas¢ or two in Germany. Tho
local irritation and rubbing in of the soot as the swWweep is cramped in
dosconding tho chimney 1s said to be the cause.
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Tar is usod in duilding roads, in making roofing paper and folt,
Pitch is used for making conduite, lacquors, insulating matorial, groasos,
and mirernl cements, and workers at thosc occupations aro affoctod with
comedonos, tumors, warts, koratoscs, and opithelioma, mostly of the
scrotun, lip, face and hands,

No cascs of mulc spinners! cancer havo beon roported from Franco,
Germany, Russia, or Poland, Tho author modo examinations of thousands
of rmle epinnors employed ir tho Unitod States and did not fird any
casos of scrotal cancor, although thero wore mamy casos of folllculitis
ard koratosos of tho thighs camisod by oil=gosked trousors.

Wariek, He Molarodorma and Keratoses from the Action of Asphalt., Arztl.
Sachverst, Ztg.. é‘;, )"'9 (19“0) .

In the preparation of cork plates (heat-insulation plates of
asphalt and cork) much dust develops under very unfavorablo working
conditions. Two workors, who had boen working for threo months, suffored
fron pigmontation, inflarmsatory changes and hyperkeratoses of the face,
forearns and haxds. Tho hyperplastle procossos wore intensifiocd in the
older workers, The symptons wore aggravatod by light. The intonsive
action Qf asphalt dust is considered to bo tho csmuse,.

Watson. 4. ¥, Tar Cancor i{a Mice, III, An Apparatus for tho Preparation
undor Standard Cornditions of a Highly Potent Carcinogenic Agont of low
Toxicity. Brit. Jour. Expor, Path., 12, W41.7 (1931) .

Yith an ada ptation of the apparabus of Eague and Wheoler tho
author has suoceeded in nalidng from purified twpentino, at 850¢ C. a
roclatively non=toxic tar which olicited tupors after 210 days in 90% of
tho survivors froo a group of 37 nice; nost of these growths wers

nalignont,

Wolwart. Cancer fron Paraffin Wax and Minoral Oils. Soifons. 2tg., 62,
7%-3 (1935)

Most chonists and dermatologists bollove that workors in paraffin
factories got cancor fron the paraffin itsolf while Schorbor and Toutsch-
lasnder clain that caneer dces not como from paraffin but from nineral
Oillo. . ., .

Windaus, A, and Rennhak, 8, Some Derivatives of 3, U-Benzopyremc. 2. Physiol.
Cham. 249, 256-66 (1937)

By analegy to xsrays(®x-rays produco and xerays curoe cancer'")
carcinogenic hydrocarbons should bo tested for possible therspoutic
valuos. Sugzos tive rosul ts havo boen odtainod with 3,U4=bonzopyrne (I),

Wooi, P, Co The Non=Carcinogonic Fature of Purifiocd Mineral Oils. J. 4n.
Mod, Assn., G4, 1641 (1930)

Tho gonoral clinical ovidenco that thope oxists 20 rolatiorn botwoen
the therapoutic use of refinod potroleun products and the occurronce of
cancor 1s confirmed by experimental studies. .

Wooi.é.gaiés Paraffir Not Productivo of Cancer. J. Cancor Ros., 13, 97-102

7001 E. B._ Skin Losions Anong Tar Workorss J. Cangor Ross, 13, 549 (1329)
Differont typos and composition of tars are discussed. Only tar
obtained frem the 4istn. of coal at high temps. contains a substance
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carcinogenic to certain lab. animals., Workmen baniling coal tar showed )
tar warts as a result, but no other effect, Xo irritant action on the
human sikin was found from low temp. distillate tar or from petroleum_ tar.

Woodhousé. Ds Le Carcinogenicity of Synthetic Lubricating 0ils., J. Inst,
Pet. Tech., 20 1057"63 (193)4)

Yamagiwa and Ichikawa., Experimental Study of the Pathogenesis of Carcizoma.
J. Cancer Res., III, 1-21 (1918)

In 1915 produced cancer by the experimental application of tar to
tho ear of a laboratory animal,
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Industrial cancer vOs first recognized In England in the
latter part of the eighteenth century, when It was established that
chimney sweeps were particularly liable to cancer of the scrotum.®
This was caused by soot. Progress In this field of study was very
slow at first, and It was not until 1915 that two Japanese Investi-
gators announced the first case of carcinoma In an experimental
animal. They produced first papillomas and then true cancer of the
epidermis on the ears of rabbits by painting with tar over long
periods of time. 39 During the thirty years that have elapsed since
that discovery, a great deal of work has been done with various coal
tar and petroleum fractions and pure compounds either occurring in
these fractions or prepared synthetically. Numerous species of tost
animals, Including mice, rats, fowl, rabbits, and dogs have been
used, and many methods of application, Including oral administration,
Intramuscular, Intravenous, and subcutaneous Injection, and painting
on the akin. The method that appears to be the most widely used at
present consists of painting a solution on the akin of a special In-
bred strain of sloe. Mice are preferred over animals having longer
life-spans since they respond more rapidly. The special strains are
used to Increase the precision of the test. Painting la preferred
to other methods of application because there la less likelihood of
Interference by simultaneous spontaneous carcinomata. The carcino-
genicity of a given ocmpoupd Is influenced by many factors including
the genetlo constitution of the animal species and strain, Its age
and sex, the diet, the physical condition of the animal, the purity
of the compound, the dose, the physical state of the compound, the
solvent used, and the route or site of application.25

While carcinogenic properties are generally associated with
certain polynuclear aromatics and their derivatives, there are many
substances entirely unrelated to these compounds which have been re-
ported as having similar cancer-producing ability. Among these may
be mentioned asbestos54'57 , inorganic compounds of arsenic end of
zinc25, aqueous potassium hydroxide end aqueous hydrochloric acid25,
ethyl alcohol® 5, glucose35, fructose25, and a auabcr of nitrogen
compounds, most of which contain one or more benzene rings25. Radio-
active elements and compounds are not included in this discussion since
the mechanism of their producing cancer la probably quite different,
i.e., physical rather than chemical. Materials which havo been roported
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as carcinogenic and whose carcinogenicity is probably due to the
oresence of polynuclear aromatics include coal tar end pitch2s-27

bilue shale oil3, mineral oils and asphalt“-, tobacco tar>®, tars
obtained in the destructive distillation of tea“?and cofiee“?,

diesel fuel®2, distillates from Borneo crude petroleum>*, combustion
geses from fuel oil“?, the SO§ extract from a spindle oil produced
from a paraffinic crude petroleum®, the products obtained by heating
acetylene, lsoprene, yeast, & non-carcinogenic petroleum fraction, or
human skin to 700 - 900°9C30, and the products obtained by treating
a.cetylenei Xylcne, naphthalene, or tetrahydronaphthaleno with aluminum
chloride’’. The carcinogemicity of tars produced by heating various
substances tends to increase with increasing temporature.2,4s It

is probablo that the carcinogenic hydrocarbons prescnt in certain

coal tar and petroleum fraoctions were to a large extent formed during
the process steps and were not present in the coal or crude petroleum
from which they were derived, BHowever, the carcinogenicity of a given
fraction depends upon the source as well as the method of processing.
sccording to the Manchester Committee on Cancer“?, the following order
of increasing carcinogenicity prevails: Russian, Pennsylvania, Texss,
Mid-Continent, Mexican, California, Persia, Romanian, Borneo, Venezuela,
and shale. This correspands roughly to the order of increasing aromati-
city. )

A laxrge number of compounds have been tested for carcino-
genicity. Hartwell has published a survey?> which includes 696
compounds tested. Of these, 146 were carcinogenic, and 23 additional
ones produced papillomas bdut no true cancers. While some of these
compounds have been tested under only one or two sets of conditions,
others have been studied very extensively. The three compounds that
have received the most detailed study are the three derivatives of
1,2-benzanthracene: 1,2,5%,6-didenzanthacens, 3,4-benzpyrens, and 20-
methylcholanthrene. All three arc potent carcinogens. It has been
estima.t:g that they have been inveatigated in 60 different labora-
torlea.

A list of moet of the known carcinogenic compounds is
given 11 Table 1,pages 54Q. Structures, complete with numbering
systems, are included, since lack of uni{formity smong verious in-
vestigatars in this field has led to some confusion. There is
fortunately less deviation in the current papers than in the case
of those written ten to fifteen years ago. The mumbering used in
this report corresponds to that used by Hartwell®® It should be
understood that the carcinogenicity of the-compounds shown in Table
1l varies considerably in degree and that the results have boen
verificd by soversl laboratorics in some cascs whilc in others the
results of only onme or two experiments are available. The readsr
1s referred to Hartwell for more detailed information and for re-
ference to the original experiments. It will be observed that
most of the compounds are sither hydrocarbons or tholr derivatives
containing at least three benzenc rings or nitrogen compounds con-
talning at lcast two benzens rings. More specifically, the first
of these classes congists, with only three cxceptions, of derivetivcs
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of phenanthrene. The exceptions are tetraphenylmethans, trirhenylbenzene.
and triphenylethylene. 1In Table 1 the hydrocarbons are subclassified
further as derivatives of 1,2-benzanthracene, 3,L4-benzpyrene, cholanthrene,
end other derivatives of phenanthrene. Examination of the struetures
showa that &ll cf these are derivatives of phenanthrene.

Whnile the work that has been done on the production of cancer
by exposure to various compounds has made it possidle to draw certain
conclusions regarding the effect of chemical structure, it is not as
yot poassible to predict with any degree of certainty the carcinogenicity
of a given compound from 1ts structure. A phenanthrene derivative may
or may not, for example, be carcinogenic depending upon such factors as
the length of an alkyl side chain, the position of a benzene ring, or
tho position of an alkyl group. BHowever, a paraffinic or naphthenic
hydrocarbon or onse containing only oneo or two dbonzene rings may with
a rcasonable dcgree of confidence be assumed to be non-carcinogenic.

The amount of compcund required to produce an expsrimental
cancer on a test animal is surprisingly small. Doses of 1,2,5,6-di-
benzanthracens and 3,4-benzpyrene as small as 2.5 and 4 micrograms,
rospectively, give positive rosults when applied to mice.!®®*Discontinuous
application, e.g., once a weok, of a given total guantity of material is
moro effective than contimmous exposure.)® A single application of 20-
mothylcholanthrono in 0.5% dongome solution is capable of producing cancer
on the akin of mice."“? ¥hen different carcinogenic hydrocarbons, e.g.,
methylcholanthrene, benspyrene, and dibenzanthracene, are applied
successively the effeot is additive’>. The investigators who mede this
observation offer the hypothesis that carcinogenisis is essentially an
accunulation of abnormal protein within the cell.

Since so many compounds have been tested for carcinogenicity
it 18 only naturel that several attempts have been made to correlats
this property with other properties, either physical or chemical.

Such a correlation would be extremsly useful in that the determination
of the physiocal or chemical property would dbe much simpler than the
rather long and tedious proocess of exposing experimental animals to
the substance ir question. JFluoresoence spectra have received more
study {n this regard than any other propertys.”.25,2Mhe author of a
reoent paper made the statemsnt that all known oariinogenic chemicals
are fluorescent.’? However, it is obvious from a glance at Table 1
or Hartwell's tabulation that this is too broad a claim. However,
many investigators have used fluoreacence spectra to good advantege
in this fleld, and there appears to be a definite correlation with
carcinogenicity, at least with ocertain types of compounds. The
correlation may be due in part to the fact that fluorescence spectra
have been used as a guide in selecting fractions from coal tar for
physiological tests; it is oonceivable that other carcinogenic com-
pounds, which ere not fluorescent, exist or cculd be synthesized.

A rough parallelism between the carcinogenicity of poly-
nuclear arocmatics and the diazo coupling reaction has dbeen observed.2l,22
Attempts have also been made to correlate refractive index. or more
specificelly, specific refraction, with the carcinogenicity of oils.
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The Manchester Committse on Cancer®® recommended that spindle oils

of various rangcs of specific gravity have specific refraction values
below certain limits to assurc the absence of carcinogenic propertics.
However, it {8 obvious that thore can be no general correlation between
a physical property of this nature and carcinogenicity, for slight
changes in structure, such as the position of a methyl group, vhich
would have little effect upon cpticel properties, affect carcinogenic
properties profoundly; furthermore the presence of a large concentra-
tion of a non-carcinogenic arcmatic would raise the specific refraction
of a mixture much more than would the presence of a smsll amount of &
potent carcinogen.

The probability of obtaining a general correlation detween
carcinogenicity and some more easily determined property would be
groatly enhanced if there were a clearer understanding of the mechanism
of the action of carcinogenic compounds. It is, of course, very
difficult to obtain such an understanding, for so little is lknown
about cancer itself.

Whether or not carcinogenisis by hydrocarbons and related
compounds i{s in any way connected with spontaneous cancer is a
question that has received much conjecture. That such a releticnship
does exist is suggested by the fact that certain derivatives of
estradiol (see Table 1) which 18 closely related to the sex bormone
estrone, are carcinogenic. Spontansous cancer quite often occcurs in
the reproductive organs. Furthermore, the very potent carcinogen,
20-methylocholanthrene, can be produced by the degradation of dea-
oxychclic acid, cholic acid, or choleaterol, the firat two of which
are normal constituents of humsn bile and the last of which is
present in all tissues of the human body.?2 These degradation
reactions were, hovever, conduoted under drastic oonditions which
are in no manner related to those prevalling physiologically, and
there is no evidance that 20-methyloholanthrens is formed in the
body through the degradation of bile acids or aholesterol. The
possible connection between eancer produced spontanecusly and
carcinogenisis by methylcholanthrens or mlated compounds thepefore
remains a matter of conjecture, at least for the present.

There has, for obvious reasons, been little attempt to
induce cancer in human beings through exposure to the various com-
pounds that are carcinogenic to mice. Thero is, therefore, no
direct correlation botween the susceptidility of man and the test
animals, There is, of course, an indirect correlation of occupaticnal
cancer largely through exposure tc coal tar and dye intermediates
ceused by materials which are carcinogenic to mice. Eowever, many
of the compounds shown in Table 1 40 not occur in any products known
to have caused occupational cancers, and 1t 18 conceivable that some
compounds harmful to mice ere imnocous to man. Until that can be
proved, the only safe policy is to regaxd all compounds which are
hermful to mice as dangerous and to avoid exposure by humena.

EE2:VAC
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TABLE 1

CARCINOGENIC COMPOUNDS

1. Derivatives cof

The following derivatives of
1l,2-benzanthracens:

3-methyl
Semethyl
6-methyl
9-methyl
5-ethyl
10-ethyl
5-n-propyl
5-n-butyl?
5-n-anyl®
5.n-hexyl?
6-1-propyl
3-hydroxy
10-bydroxy ¥
10-aldehyde, ~C =« 0
o9
10-methylensacetoxy, -{:-O-C-CH3
H
EO

{ o
10-methylenecarbomethoxy, -?-0-0-053
4

All compounds listed by HartwellZ® unless otherwise indicated.

1,2-benzanthracene

H

1
10-cyanomethyl, -?-CN

pt
3-methoxy
10-methoxy
4,9-dimethyl
4,10-dimethyl
5,6-dimethyl
5,9-dimethyl
5,10-dimethyl
6,7-dimethyl
9,10-dimsthyl
6,7-dimethyl
9,10-dimethyl
5«chloro, l0-methyl
T-chloro, 10-methyl
5-cyano, l10-methyl
7-cyano, 10-methyl .
1,2,7,8-dibenzanthracene’*
1,2,5,6-dibenzanthracene
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The following derivotives of
1,2,5,6-d1benzonthracens:

EFEH
9-methoxy 5,6-cyclopenteno -é-§-¢-
2’ -mothyl BHE
37 -mcthyl 6,7-cyclopenteno
L-methyl 1’,27,37,4 -tetrehydro
9-methyl Nz selt of 9,10-endo
- Y ,9-mothylene -Q- alpha,beta succinic acid:
: | ¥,
L,10-dimethylene, -(’:-g- | ) H-C-C-ONa
v , EE ‘ /\‘ '
3,4 -dimethylene (phenanthra- ]
8,9-dimethylene acenaphthene ) L\\,/) H-C-C-ONa
- | ©

2. Derivatives of

3,4-benzpyrene y -’13

3,4-benzpyrene

The following derivatives of

3,4-benzpyrenc:

5-aldehyde 17,27,3’,4 -tetrahydro

4’ -methyl 10-acetyl

Semethyl

17,2°=dihydro, 4/-methyl
3,4,8,9-dibenzpyrens
5,10-d1hydro-3,4,8,9-dt -

benzpyrene

7-wmethyl,1,2,3,4-dibenzpyrene

3. Derivatives of |

Cholanthracene . ™9
SO PN NG
[
Cholanthrene 16 s

The following derivatives of cholanthrene:

20-methyl 15,20-d1methyl
20-ethyl 16,20-dimethyl
20-1isooropyl 15-hydroxy, 20-methyl
20-tert-butyl " 15-ketc, 20-methyl
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L, other Derivatives of FPhenanthrene

A

Colchicine e~
P FE
H,C-C-N- 0-CE;
" 0-CB;
= l ' 1,2,5,6-dibenzflucrene l
! . 0-CE,
H;C-O-g N~
8

3, k-benzphenanthrene

A

o

The following derivatives of 3,4-benzphenanthrens

1-methyl?

2-methyl?

2-ethyl?

2- 1soprogy12

T-methyl

8-methyl?

2,9-diethyl

2-methyl; 1)2:311“'
dibenzphenanthens

Chrysens

& ’
\7',—

1,2-dimethyl chrysene?
S5emethyl chrysencl?
4,5-methylene chrysened’?
5,6-dimothyl chrysenc??

Cholesterol oleate

CHs H

CBs H- C (Cﬂa)a-c -(CH3)2

OH

Estrediol benzoate
CHs

/w_cm
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Equilenin benzoats

- zAf“e
oNes

Estredoil caprylate ’
e [ 77
CHs-(CB2)-C-0- \_/\/

1,2-cyclopentene phenanthrenc?

Estradiol 3-n-butyrate, 1l7-benzoate

CH»-(CHz ):-5-0 N /j j

5., Other Arcmatic Compounds

Tetraphenylmothane
1,3,5-triphenylbenzene
Triphenylethyleno #°
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5. Organic Compounds Conteining Nitrogen

2-amino, l-naphthol
Alpha naphthylamine:®
Beta-naphthylamine

0 OH

Acetylcholine, CHs- c-o0- ~CHz-N-(CE3 )5

o-amino azotoluene , —\C"; /—~<Hz
< ya i N /"NBZ

\

p-dimethyl asminoazobenzene (butter yellow)

/ /

Scarlet red

e e
-N=K- .-__//
_/ A

s,

Indcle \__,/

(T

NN

B
val k30
&, - -a-/ \ 23 / ’/\ .
\/\ /[ gzg-\—— >°NH2
E,c *o- -C-CH;

Benzidine!”

(O
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1,2,5,6-dibenzacridine 1,2 5,6-dibenzcarbazole
//~\W 1
j

A |
- /\
m/\(} | ’ J

Ny 7 - ~
9 )
~

1,2,7,8-dibenzacridine 3,4,5,6-dibenzcarbazole

9 gng

. /\/ ' l\,/ ~
\/Q — L

7. Miscellaneous

Arsenic trioxide Zinc sulfate
Potassiun arsenite Bthyl alcohol
Aquecus hydrochloric acid Fructose
Aqueous potasaium hydroxide Glucose

Zinc chloride Galactoss
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For those wishing to acquire & more extensive background in
this field, a reviev by Fleser°® is recommended as a good starting
point, followed by the original papers by Cook and co-workers. For a
detailed tabulation of carcimogenic compounds Eartwell's book?5 should
be consulted.
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