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Carcinogenic Hydrocarbons,
Literature Survey

A brief literature survey of the cancer-producing hydrocarbons
has been made as requested by Dr. L. C. Beard in nis 1etter (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 identified as carcinogenic.

Most of the carcinogenic hydrocarbons were originally jdentified
in the pyrclysis products of coal, wood, petroleun 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,

;ggntified Carcinogenic Hydrocarbons

(7),(22) (45),(24)
(12),(10),(5),(28),
(23),(38), (A7)

1. Benzopyrenes
1,2-benzopyrene
3,L4=benzopyrene
1,2,3,b, dibenzopyrene

1. Cholanthrenes

cholanthrene

20-methyl cholanthrens
lé,ZO-dimethyl cholanthrene
20-ethyl cholanthrene
15,16-benzdehydrocholanthrene



20-isopropyl cholanthrene
3-m2thyl cholanthrene

meso-dihydro cholanthrene

L-methyl cholanthrcne

5-methyl cholanthrene

meso-dihydro 3-methyl cholanthrene
1-ketocholanthrene

171, Bengzanthracenes

1,2-benzanthracene
10-methyl-1,2-benzanthracene
9-methyl-1,2-benzanthracene
5,10-dimethyl—l,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 l,z-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 cyclopenteno-1,2 benzanthracene

3 hydroxy—l,2-benzanthracene

3 metho -1,2-benzanthracene

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

1,9 methylene=1,2,5,6 dibenzanthracene
11,21,34,4! tetrahydro-l,2 benzanthracene
5,6 cyclopenteno-l,2 benzanthracene

IV. Miscellaneous

sym, triphenyl benzene
tetra-phenyl methane
o—-amino-azotoluene

9,10 dimethyl anthracene

1,2 cyclopenteno—5lO-aceanthrene

The Nature of pPetroleum Carcinogens

The probsbility that the carcinogenic hydrocarbons in petroleun
are of the same nature as those listed above has been indicated by various
workers. Roffo (i3) found that the fractions of fuel 0il boiling between
270-300°C, and 300-330°C, produced tumors in eighty percent of the rabbits
to whose skin these fractions were applied, and the sbsorption spectra of
these fractions were gimilar to Wiwss of kmown cancer-producing compounds.
Spectrographic analysis of distillates of all fuel oils tested showed the
presence of the same class of hydrocarbons. Twort and Fulton (59) state
that oils with a preponderance of paraffins have relatively little
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carcinogenic activity, put that carcinogenesis is high in oils with a
preponderance of isocyclic compounds.

pessano (L1) found that some of the products of combustion in
zasoline engines are in the group considered carcinegenic. Rats respiring
the products of combustion of fuel oil at hish concentration developed
carcinomn of the lungs. The liquid products formed by combustion of
petroleum, when applied to the skin of rabbits, produced malignant tumors.

A substance containing the benzo (&) pyrene nucleus, with
docidedly cancuerogenic properties, has been isolated (32) from tar such =zs
i3 used in paving roads.

fhe prevalence of cancer among paraffin workers has been shown

(63) to be due to irritating impurities- present in the crude paraffin wax.
The pure parz{fin (CZLHSO) has becn 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 hizgh 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 oil fraction being the unfinished jubricating oil from
which most of the paraffin wax has been removed but which has not been treat-
ed with sulfuric acid or filtered (54)e Wood (&2) found that while mineral
0il of the type used therapeutically was not carcinogenic, heavy lubricating
oils did show some careinogenicity, &nd tar showed the same property to a
larger degree.

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

Evidence of the presence of carcinogens in eracked mineral oil was
noted (56) in an investigation of the oily, tarry material extrrcted from
the soct cf the expansion chamber of 2 high-ccmpression, internal-combustion
engine. This material was highly carcinogenic to the gkin of mice. In-
zeneral, the carcinogenic potency of crude shale cils decreased as the
eracking temperature was lowered but was still present at L0OCCentigrade.
mese investigators clso found that a heavy grade of Diesel fuel oll was
carcinogenic but that a light grade oil was not.

BEffect of Treatment of 0ils en Carcincrenicity

vioodhouse (64) found that the petroleum ether extract of pitch
and the S0p sxtract of spindle oil distillate from a paraffin-base crude
wsre carcirozenic. Lyth (36) noted, during careful fractionation of
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gcottish shule oil ond a Persian oil, that all samples of petroleun oil which
were treated with ethancl provided residues of lower carcinogenicity and
higher refractive index and density thun the orizinal eil. Twort and Fulton
(59) found that saturaticn by oxidation and reduction cr treatment by silica
z¢ls or clay reduced the cancerogenic activity of their mineral oils probably
tirough adscrption znd polymerization. Alcchel extraction and sulfuric acid
trontment reduced the carcinogenicity of the oils by extracting the
carcincgens. The same authors also found that the active azents could be
ccncsntrated by extraction with methyl sulfite or methyl sullate and picric
zcid. They suzgested the process fer trecting cil fer industrial use.

Relation of Carcinogenicity to Fluorescence and
Chemical »nd Physical Prcpurties

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

' mineral cils appeared to. be relnted to their flucrescence; oils having a
blue flucrescence seemed more active than these having a green fluorescence,
weiss (61) noted that strong fluorescence was almost ccnfined to conjugated
ring systems which possessed highly mcbile electrens, Only the more
symctrically conjugated systems or those which de nct zive rise to strongly
jomic structures show fluorescence. The author compared the mobile electrens
with metallic electrcns and stated that earcinogenic hydrocarbcns belong to

- this group of hydrccarbons. -Hieger (26) fcund that the [lucrescence spuctra
of mony carcincgenic substances show bands at wave lengths cf 4000, 4180, end
Li00AC, These bands are similar te those ¢f the spectra of 1,2-benzanthraczne,
a known carcinogen of high potency.

A relationship between physical properties and carcinogenicity 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 oils and certain mildly treated oils were an axception.
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 as compounds with abnormally high
clectrogen density and low excitation energy.

Other refzrences relating structure and physical and chemical
properties to cercinogenicity include Bradley (8); Clar (12); Dunlep and
warren (18); Fioser (19) end (20); Fieser and Campbell (22); Iball (28);3
Kennaway et =l., (29); Lundgren (34); Shear <t al,, (51); and Truhaut (53).

More genercl references to known carcinczens, including reviews of
the literature up to the date of the refercnce, Ars Addinall (1);
Andervont (2); Barry (3); Blanc (4); Boylond (5) =nd (6); Brady (9);
Sruce and Kahn (10); Sutenandt (11); Cook (13) and (14); Cook et al., (16);
Cook and Kennoway (15) and (17); Hartwell (24); Hewett (25); Kermack (30);
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Kirby (31)3 Morton et al., (39)3 Roffo (42); Rondoni (ik); Sampey (45);

sennié and Truhaut (46); Sasakl ond Yoshida (47); Schurch (49)3
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 orizinal
reference in the bibliography.

/s/ L. de Hillenbrand
Ls Jo Hillenbrand
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In view of the immense smcunt of published
jnfermation on varicus phcses of the cancer preblenm it
should be emphasized that this literature review gives
enly a rapid survey cf develcpments in the field of

cancer research as applied directly tc the petrecleun,

cczl tar, cil shcle and allied industries. While it is
s.pr frem being ccmplete, yet it is belisved that mcst
of the impertant work in this particular field has been

ccvered, either in the report itsell cr in cne cf the

bibliographical references given in the appendix and

referred tc at the bottom of page 1.

M. P. Decss
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THE CARCINOGENICITY GF BITUMINGUS COMPOUNDS

1t has long been reccgnized that the incidence of skin cancer is greater
amcng werkers in certain industries and cccupations than among the pepulaticn as
2 whele. Attention was first directed in l7é7 tc the very high denth rate result-

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

sorkers than in the genercl public in England, and in the United States the ratic

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

In proctically all cases it is the serctum that is atiasked; this is elsc the
site in mule spinners cancer discussed later, Werkers in cther industries ccming
inte direct contact with tars, pitches, shcle cils, ets. likewise show a high
incidence of skin cancer, for example, labérers in plunis making briquettss, tar
rccfing, wocd preservatives, artificial gas, insulatirg compcounds, shale preducts,
etc,

However, in spite cf the recognition of the fact that bitumincus ccm-

pcunds were apparently the cause of skin cancer, it was nct until relatively
recently that skin cancer was produced in laboratcry animals by direct applicaticn
of tar. This was acccmplished by the Japanese investigators Yamigawa and
Tchikawal22 in 1915. Since then a great deal cf very careful work has been dcne
in synthesizing and testing various crganic compounds, particularly polycyelic
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 Naticnal 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 follows3b:

nAs judged by all aveilable data for the preducticn cf skin and
subcutanecus tumors in rats and rdce, methylzhclanthrene probably
is the most pctent of the kncwn chemical carcincgens. Systematic
studies cf synthetic mcdel compcunds have shown that the methyl
greup is of nc impcrtance tc the functicning of the compound;
- ?hat 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-l,
J-benzanthracene evokes sarcomas in mice neerly as rapidly es
methylcholanthrene, and, though it is distinctly less effective
in the production of skin cancer, the substance ccnstitutes the
nsarest approach in a simple model compeund to a simulation cf
the biological properties of the hydrocarbon of more complicated
structure,

n:31 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 cof
potency, followed closely by the 5-methyl derivative, which
prcduced sarcomas in mice with a lutent period about twice as
long as that cbserved with 10-methyl-l,2-benzanthracenc.
Methrylcholanthrene and benzpyrene can be regarded as 1,
2-banzanthracenes substituted at the meso positions 10 and 9,
respectively, and in model compounds the combination cf 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 odministered by
subcutanecus injection. The thiophene isclogue of the hydro-
carbon has ccmparable properties.™

Numerous attempts have been made to isolate the definite carcinogenic
compounds in cocl tar by means of distillation, solvent 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 carcincgenic hydrocarbon known.
Cock, Hieger and Hewitt 2L 3n 1933 isolated 1,2~benzpyrene, 4, 5-benzpyrene and
1,2-benzanthracene and estimated that the original coal tar pitch contained not
less than 0.003% of the potent 1,2-benzpyrenes

several investigators 22, 24, 23 have attempted to correlate carcino-
genesis with fluorescence, For example, the cancer-preducing material fcrmed by
the acticen of AlCl3 on tetrahydronaphthalene shows a blue-viclet flucrescence,
shewing three bands, 4000, 4180 and 4kOO 4.U., which are similar to the
flucrescence spectrum of 1,2-benzanthracene LL, Kennaway and Hieger 62 suggest
the possibility of the use cf the fluorescence spectrum for-the preliminary

&:mination of meterizls suspected of being carcincgenic.,
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An important fact brought out by several investigators is that the
temperature to which a tar, shale oil or petroleum 0il has been subjected
determines its carcinogenic activity. In general, it would seem that temperatures
up te 500°C. are without effect 92 but above that temperature carcinogens are
formed, the maximum yield lying between 80C and 9000C, 53s 59, Tar and pitch
frem gas werks are far more active than that from ccke ovens 58, accounting fecr
704 of all cases of tar cancer in the United States while the coke oven product
cruses only 5% 113,

Vihile petroleum residues resulting from moderate heat treatment are

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

¥ennaway 56 1ikewise obtained an active material by passing isoprene
through a tube filled with Hy and heated to 8200C, Watson 112 achieved similar
results with turpentine at 850°C.,

Acetylene yields an active product on being passed through & red hot
tube 59 but it must be pointed out that treatment with Al’.:l3 at room temperature

zls0 produces an active compound 61..

On the other hand, synthetic lubricating oils produced by AlCla

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 prcobably more unsaturated than those cbtained from ethylene,

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

100:19. Pinene tars made at 300, 600, 750, 850 and 950°C. had relative potencies
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of 0, 12, 2L, 100 and 64, Oxidation of a synthetic tar at 100°C. reduced its
pctency from 100 to 63, and at 150-160°C. its potency fell to O. Oxidaticn with
~n acetone sclution of KMnC, reduced the potency to 24; with pyridine as a
sclvant, zlmcst to O. The active censtituents of synthetic tars ferm crystalline
picr:teas, the remaining filtrate being almest inactive, and the picrate extremely
prtent, |

Shele cil is carcinogenic, prcbably as a result cf the hizh temperatures
to which ocil shale is subjected 104, However, temperatures belcw LOOCC, give 2
relatively inactive product, 500¢C, and abcve being required 101,

In England where high temperature tar is used in briguette manufocture,
there nre mony cases cf skin cancer ameng the wcrkmen, which is nct the case in
%rgnce where the low tempcrature prcduct is used.

The greatest amcunt cf investigaticn cf any type of cccupaticnal cancer

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

gnglond. Scutham and wilscn 88 in 1922 first called attenticn the excessive
.ccurrence of cancer in mule spinners. Wemen workers are not affected and abcut
709 «f all cancer among mule spinners is cf the scrctum BL, apparently due to the
fact that » mule spinner ot werk wulks to and frc irn freat of his machine,
leaning over the moving frame from time to time to join up broken ends of the ysrn,
The base of the frame is on a level with the groin and the spindles on the frame
as they rapidly revolve throw off oil from their bearings onto the clothes, In
the het mills the men perspire freely and so wash cff the natural greass cf the
skin, thus sllowing the oil closer contact 19, Irritation by'the trousers ~nd
overzlls also helps the process. It is interesting to note that no trouble of
this sort was noticed in England until mineral 0il replaced animal and vegetable
oils as a lubricant 16, Henry b3 estimates that 0.25% of all cotten rule
spinners in England suffer from scrctal cancer. On the cther hand in the United

States during 1926, for example, there were only 33 deaths from cancer of the
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seretum, cf which enly three of the victims were textile werkers and three were
mulz spinners; four <f the six were born in Inzland and the cther two in
Canada 9, which tends te sﬁcw that mule spinner cancer is rarely centracted in
eue United States. In o weclen mill in the United States emplcying abeut 200 mle
spinners ne cases of scrctal cancer were found 84, Since the methcd of cpsroting
thiz cquipment is the same in both ccuntries this striking centrast is attributed
by Hardilten LO 5 the fact that Sccttish shale oil is used in the Lancashire mills.
Hcwever, the literature is not entirely clear as tc the origin and type cf the ¢il
used in Lencashire in mule spinning 53,

Leitch 70 brings out a fact of pcssible siznificancse, to the effect that

crncer is met knewn in weolen spinning mills, sven thcugn the same nnachines are

used as in the cectten factories, but peints out that the rccm temperatures in the
c:tton mills ere much higher, possibly resulting in mcre relaxaticn ¢f the tissues
of the scrotum and purmitting entry of cil intc the sebacecus fcllicles.

r¢ clibank 16, hcwever, states that in the weelen industry piecing cf breken ends
of yarn is dcne with both hands with a forward level bending movement of ths bely
and thus there is nct the same fricticn of the clcthes cn the scrctum as in the
ccttzn mills. He admits, hcwever, that the same cil is used in bcth types cf
mills.

.s a result of the preliminary investigation of Scutham and Vilscn
menticned above, the danchester Cancer Ccmmissicn, ccnsisting of mcre than fifty
zembers, was crganized in 1925 under the directicn cf Dr. C. C. Twoert te
investisate the mineral cils used in Manchester ccttcn mills. Lubricating cils
frem the varicus fields thrcughout the world were found to have widely varying
desrees of activity. A sample cf Venezuela ~il was very pctent while Russizn

an’ Pennsvlvanian samples were Cn &n averaze 1ess than cne-tenth as active.

i

Purified medicinal cil had nc carcincgenic prioperties and several sspcnifisble

cils, such as spem, clive, Tape, ccttonseed ani neatsfoet cil, failed tc produce
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tumors when applied to mice, even under the most severe experimental conditicrs.
In general terms, the more saturated were the constituent hydrocarbons of the
Jubricating oil, the less capable were they of inducing cancer in experimental
animals, the physical characteristics being the same 101,

This preliminary report was eriticised 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 0il industry relative to the
characteristics and methods of treatment of petroleum oils. The Institute of
Petroleum Technologists, wnile 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, 1In 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 21, - '

In 1933, Twort and Lyth 104 of the Manchester Cancer Committee —eported
that by means of solvents, extracts were obtained of high refractivity and
correspondingiy high carcinogenicity. Their recommendations for the selection of
an oil 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

origin, results in a product seecccessoscore possessing only & Very low
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carcinogenicity" 104, u1so0, that a single extraction of an unrefined distillate
with S0y may profoundly lower the activity of a rreviously very dangerous oil,
wnile a second extraction may render it almost inert. They state that "it is
nrobably commercially feasible to treat oils of any orizin, or oils of any degree
5f carcinogenic activity, so that they may be loss dengerous than sven the very
best of the straizht oils used today". They evidently assume that untrezted
textile olls are used in the Lancashire mills.

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

an 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 oil s»ems
to sfford an indication of its toxicity, providing the oil has not been treated
and a7ain the higher the value, the more potent the oil. The toxicity increas<s
in the szme order as jodine value, except for Pennsylvanian oils which again
occupy too high a position. The permanganate values are not regarded as of 2ny
value in connection with estimating the toxicity of oils.

Lyth adds that extraction with alcohols, acstone, etc., clay and acid
treatment, leads to 2 reduction in the potency, especially in the case of the
more potent oils but a corresponding reduction in the refractivity does not always
occur. Where a marked reduction in the refractivity does occur, there is, without
excention, a marked decrease in carcinozenicity; with a marked increase in
r-fractivity, a corrcsponding increase in potency. Where the refractivity is not
mich sltered, the potency may or may not be affected and further tests z2re
necessarys

In spite of the apparent definite findings and recomendations of the
Manchester Cancer Commission, the Cancer Resezrch Ccmmittee.of +he Institure of

— Petroleum Technologists 51 was not convinced that "cthe so-cailed incidence of
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cancer is in 2ny shape or form connected with the use of spindle oils". No
clpboration of this statement was given, but was possibly based on refinzd oils
crly being ussd as textile lubricants.

An uditorial in the "Petroleun Times" of London in 1937 once a7ain
attaclked the ccnelusions of the Manchester Committze, pointing out that only one

oil from wach of a number of countries was examined 3,

In 1937 the Federation of Master Cotton Spinners Association sent out =
jetter to its members recommending that when purchasing spindle 0ils a guarantee
should be obtained that the oil conforms to the specifications of the Manch:ister
cancer Commission, and that tests Vhad shown thcet many of the oils in use at that
time conforimed to the specification.

Yhile throughout the reported work of the Manchsster Cancer Commission
it is stoted repeatedly that acid or solvent treatment of a potent oil greatly
reduces or eliminctes its activity 97, 102, 104, 71, yet in 1939 Twort and Lyth 107
jnvestizated 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 oil were mostly
respongible for pathological changes in the organs.

A carcinogenic shale oil was scparated by molecular distillation inte
fractions which were subjected to ehrometographic adsorption. Two apparently
pure hydrecarbons have been isolated and are being investigated 2,109,

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

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

more relisble estimate of the carcinogenicity of cils can be obtained from the
refractive index and viscosity. (Yet the datz on which selection of these two

properties was based were obtazined by means of this variable skin test.)
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tloodhouse of the Birmingham Cancer Research Laboratory also states that
mouse tests 1o determine carcinogenicity are difficult to correlate with human
tendencies to cancer unless these animal tests are strongly positive or
nsgetive }21. For example, two oils were tested (a) from a spinning mill where
no cases of mule spinners cancer had been recorded, and (b) froma mill where six
cANCErs had recently been reportéd. Mouse tests jndicated slight carcinogenic
properties in the case of the two oils but a greater action on mice of (2) than
(b)e

pr. E. M. Brockbank, chairman of the Manchester Cancer Commission, hes
bricfly summarized the jnvestigations of the Commission in 2 recent publication 16,
He lists the hygienic precautions to be excreised in mule spinning and urges the
adoption of the 0il specification given previously by Twort. He also makes this
interésting gcneralization: nps a general rule an oil that is strongly dermatitic
will not be strongly carcinogenic and vice versa'. This is also mentioned by
Kennaway 6l who states that cyclohexene (which 1s non-carcinogenic) ig extremely
jpritating to the skin and should produce cancer if chronic irritation were &an
essentizl factor jn carcinogenesis.
As mentioned previously, shale oils are very carcinogeﬂic‘and in the

Scottish shale industry the case jncidence 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 &
28 year record)e This activity of ggraffin is restricted by Schwarz and Tulipan 8L
to the crude product, the refined wax being imactive, which view is supported by
wood 119 who states that the active components are present only in the crude
paraffin oils.

vHith regard to the refining of petroleum oils, Vood 120 made an

_ investigation of refineries in Pennsylvania and found no scrotal cancer, which
was confirmed by Heller L2, However, Heller found evidence of carcinogenic
campounds in Mid-Continent oils as refined in plents in Ohio and Indiana. Here

_ ol boils are fairly common and in some cases 1ead to skin cancer, 1n one case
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a ngnffin pressman in the Middle 1lest 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 grewth in the same place had to be removeds

Hzller also 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 yeers. 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 LO states that so far

there is no proof of the occurrence of skin cancer in the U.S. from the use of
refined Jubricating and spindle oils which have becen acid~treated.

Heller L2 pelieves that the relative freedom {rom 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
jubricants from crudes which are poor in carcinogenic properties, and the use of
tar from coke=ovens instead of from gas works.

Phillips 77 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, covering the period 1320 to 1940, The occupation cf the largest group
of these patients was outdcor work (farming and ranching); the work of housewives
comes next in order, followed by various activities requiring moderate outdoor
life. The professions were next, followed by laborers and carpenters. The
railroad and petroleum industries'furnished few cutanecus Cancerss

nafafer and Sitgreaves in a U.S. Public Health report issued in 1940 3
analyze 70 cases of cancer recorded for the mele members of the sick benefit plan
cf an oil refining company during the period 1933-38; there were L6 deaths. The

4
eath 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). ilmest 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—urinﬁry system was 6.5% of the total, compared to 15.0% in
the case of the total population.

In 1734 Campbell-zot 21 pade laboratory tests on mice with dust cbvtained
frem tarred roads. This dust caused warts and cancer of the skin and in six
months 24 out of 39 mice showed typical tar warts, half of which developed
malignancy. This finding was confirmed by Kling, Semsonow and Heros, 6Ly 65 wno
also separated a substance containing the benzopyrene nucleus from the tar.
However, Hogouneg L7 i3 doubtful of the danger from rcad tar since it usually
takes years of direct contact cf coal tar to the skin to produce skin cancere
(Teutschlaender 91 calls attention tec the fact that almest 211 industrial cancers
require an expcsure of about ten years befcre groewth appears, althcugh a few
cases may arise much later.) Valade 111 jikewise 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 inquiry
should be carried out on workers exﬁosed daily to such dusts.

while the manufacture of briguettes in England is attended by a high
cancer rate, 58 gince high-temperature tar 18 used, yet in the few plants in the
U.S. making briquettes 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 petroleum asphalt as a binder, L2, This finding was confirmed
by Wood 120 4n his investigation of briquette manufacture in Pennsylvania.

The addition of glycerides 89 reduces the carcincgenic potency of mineral
cils but nct to as great an extent as lenolin.,  Speakman and Chamberlain 89 state
that while aleohols have not been used for this purpose there can pe little doubt

thet such pclar compcunds will reduce the risk of cancer formation by premeting

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 tc emulsify.. These investigatcrs
~1sc believe that polar compounds in a mixture with mineral oil may, however,
functicn in yet ancther way. It is known that the carcincgenic agents of mineral
o311 when asscciated with unsaturated compcunds are free to concentrate at any
surface tc which the cil is applied, the non-pclar paraffin molecules offering
1ittlc or nc resistance. However, when oil-soluble pclar ccmpcunds, such 2s

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

Sequeira 86 stresses the necessity of absclute cleanliness of body and
clething, the application of castor oil 85 to exposed surfaces and medical
inspecticn every three months. Brcckbank 15 suggests a mixture of lanclin and
clive cil be applied tc the skin.‘ |

Duckham advccates the use of an cil-sclvent cleanser similar tc the

ether scap used in hcspitals in order to remcve all cf the lubricant frem the

3

pcres .

In view cf the suggested use cf lanclin the féllowing should be cf
particuiap interest: Dr. E. V. chdry, of the Washingtcn University Schccl cf
Medicine, St. Louis, 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 frcm exhibiting that property.

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

MPD-VL
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1. Anon., Cancer from Spindle 0il. 0il and Color Trades J., July 2, 1937, 3&
A letter sent out by the General Committes of the Federation of

Magter Cotton Spinners' Association Tecommends that when purchasing
epindle oil members ghould obtain & guarantee that the 0il conforms to
a specification of the Manchester Cancer Cormittes which recently lssued
a formla claimed to minimize the so-called cancer=producing elements of
pineral oil., Tests showed that many of the oils in use at present con-
form to this epecification and are obtauined at regular prices.

>, Anon., Cancer and Mineral Oils. 011 and Color Trades J., 102, 635 (19u42)

The report of the Manchester Committee on Cancer, issued for the
year ended October, 1941, states that in efforts to jgolate and char-
acterize individual carcinogenic hydrocarbons from shale oil, recently
appreciable quantities of crystalline material have been obtained, but
1t is too early to discuse regults in detail. As far as can be judged,
all fractions obtained from Venezuelan 0il1 by chromatographic adsorption
are active, Proprietary colloide have vuryirg effects, depending on the
conditions of the experiment. & colloid containing a chlor-compound was
found less eofficacious than an olive oil-laroline mixture as protection
sgainst the carcinogenic acticn of shale 0il, while the reverse appeared
_to be the case vhen the ecarcinogenic agent used was benzryrenes

— 3,  Anon., The Problem of Cancer. Petroleum Times, 23, 59, 300 (1930)

(a) The following appeared in & recent issus of the British
Medical Journal in connection with the use of mineral lubriceting oils
in the Lancashire cotton mills: "The Manchester Cancer Committee, while
studying the part played in the production of malignant growths by the
lubricating cils used in cotton mills, has cbtained information adbout
the carcinogenstic power of various oils ani the concentratinn within
then of a cancer-producing principle. In the course of this regearch,
gwo pure compounds of kpown chenical compeeition have been proved cepa-
ble of produsing tumors, ani a study has been nede of the factors which
change a non—~carcinogenic into an active carcinogenic substance. Al-
reaty 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 gubjectel to .
vigorous test, has £2ilei altogether to produce cancercus growths,
Representatives of the cotton industry, after comparing this oil with
the eruie untreatei oil bave sail that 4ts lubricating pover is unin-
paired, ani the Marchester Committee i therefore able to hold out the
hope that before long it may de possidle to put on the market an oil
which fulfills the needs of industry without being a source of danger to
the workers,"

Agsuning that the use of spinile oils be guch a source of A4anger,
it almost necessarily follows that other lubricetirz onils which come
irto closer physical contact with the worker must be sources of higher
potential danger than any of the lisght lubricating oils usei in the

_looms of the lLancashire cotton industry. It night be proved upon in-
vestigation that little 11fficultios would present themselves in the
production of a spinile oil which is non=-carcinogenic, and lest the
present attuck widens itself tn include the whole range of nmineral
lubricating oils, it woulld de aivisable to nmake an investigation of the
most embracing character.
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y, Ancn., & Dangerous Report on Lubricants ani Cancer. Pet. Times, 27, 319-320
(1932) -
Criticizes the report of the Menchester Cancer Comnittes in that
the Comnmittee has accepted contributions of ilooo for twn years from the
Anglo-Anmerican, the Anglo-Persian and the Shell Mex but hus nnt availei
jtaelf of the services and advice of experts fren the oil iniustry

_relative to the character ani methols of treatment of petrolewn nils.

5, ancns , Hanchester Cormittee on Cancer Report. Pet, Times, 38, 295 (2937)
The 1935-36 report of the Manchester Committeo on Gancer clalzs
that "with a lknovledge of the refractive index of an 0il, ani of the
viscosity, one cau form a more reliable estimate of 1ts cancer~producing
powers than by the application of tre sample to the skin."

It is pointed out, however, that similar conclusicn in the 1933-34
report wns based on tneufficlent evidence ani that some discrepancies
with animal teats were admitted, ani that in the 1934=1935 report the
aninal tests were reverted to.

1t is alsc pointed out that the abnve coaclusion was basedl on the
examination of eoly one 0il from each of a number of countries.

g, Occupational Cancer of the Skin., Annual Report, Chief Inspector of Factorles
— and Workshops, Yeaer 1937. .
4 table showlng iigtribution of epithellonatous ulceration by

jndustry for each of the years 1933-1937 is 2iven in an abstract in
Aperican Jourmal of Cancer, 34, 610 (Dec. 1938), Tar distillinz ani
cotton mule spinninz, take the greatest toll. The increasel 1937 figures
for tar Aistilling cases ig attrivutadble to voluntary periodical exanin-
ation in some plants.

7. Alspy, B, Cancer Prophylaxis by Preliminary Treatment with Carcinogenic
‘Polycyclic Hyirecarbons. 2. Krebsforsch. U8, 3209 (1938)

Mice andl rats were treated with very soall dcses of 3 earcinnegenic
nydrocarbons (benso-pyrene, metlylcholanthrene and 1, 2, 5, 6~iibenzan-
thracene as a method of protection against the implantaticn later of
highly virulent tumore. Usually a sinzle subcutaneous injection was
naie of the carcinogenic szent Aissolved in gesame oil. The nost effi-
cient d0se in mice was 1,537 and the most favorable time L40-70 doys.
befors the implantation of the tumor emulsior. Ditenzanthracere vas
scoewhat the most effective. The protecticn in mice was only slicht.
Development of the tumor was delayed 5-6 days ani for 5-6 dnys was slow.
Growth then became rapid ani on the 17th or 18th dey after implantation
of the tumor the tumors were of the sane size irn the animals with treat-
ment ani the contrcl animnls , ¥o hinirancs to tumor growth was obtained
in rats given 1=100y doses, oceasionally 150-180y doses 3-1-80 iays
vefore inplantation of the tumor. A definite active protection cannot
be obtaized by this methed,

8. Bachoann, W, E. et al, Proiuction of Cancer by Pure Hyirccarbons. FProcs Roy.
- Soc. %}21. 343-68 (1937)
ith respect to hizh carcinoseric potency,<mathy1chclanthrene is
not surpassei by any compound yet tested, although it is almost equaled
by cholanthrene. Proiuetion of carcinona 15 favorsi hy introduction of
substituents into the 5 position of the 1, 2-benzanthracene mol.;
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2<e-3, 4-bengophenanthrene 1g carcinogenic to & high degree as &Te
certain hexacyclic bydrocarbons derived from the pentacyclic hydrocarbon
3, U=benzopyrenes

9, Badger, G. M. et al. Production of Cancer by Pure Hydrocarbons. Proc, Roy.
Soc. Bl129, ¥39=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 1atter 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 propertles, and
apparently are more active than the benzanthracenes in the production
of multiple tumors, cbolangiome, and tumore 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 usually more carcinogenic than
those substituted on the 6, 7, 8-side. Among the 1, 2-benzanthracenes,
the 5-n-Bu, S~n-hm, snd 5-n-hexyl resembls the 3, L~benzophenanthrenes
in their assoclation with a higher incidence of lung adenomas and oulti-
ple tumors, and a deficiency in sarcoma productior.

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

soc. B131, 170-82 (1942) .
Iz the series of 5-alkyl derivatives of 1, 2-benzanthracens (Me, Et,

Pr, iso-Pr, Bu, CeHi1s CEH13 07815) the higher members showed progree-
sive diminution o carcinogenic power on the sikin; member with more than
31 C atoms in the side chain 21d not produce sarcoma. With derivatives
of 3, L-bensophenanthrene, substitution in position 2 and, to & lesser
extent, in position 1, promoted carcinogenic action; most of thege com=
pounis were deficient in power to produce sarcoma. 1, 2. 3. L.Tetra~
methylphenanthrene hai a slight but iistinct ability to produce skin
tumors. 3, 4, 5, 6=~Dibenzofluorene pad no action on the skin anl there-
by 4iffered from the 1, 2,3, 4, 1,2, 5, 6=, ant 1,2, T, g=compounis .
1, 2, 5 é-Dibenzocsrbazole exhibited & slight tendency to produce
tumors of the liver. While multiple tumors could not be ascribed with
certainty to the action of the aiministered compounds, the most striking
cases of multiplicity ocourrei unier the influence of 2, 3, Lbogubstituted
phenanthrenes, 1, 2, 5, Emdibensocarbagole ani 1, 2=5, f-divenzacridiine..

11, Barry, G. et al, Proiuction of Cancer by Pure Eyirocarbons. Proc. Roy. Socs
3117, 31851 (1935)

A large numbder of coupounds.-chie!ly tetracyclic ani pentacyclie
aromatic hydrocarbons, were testei for cancer-proiucing action, with
nice as experimental animals . Consiierable cancer-proiucing povwer was
possessel by 1, 2=bensopyrene (from coaletar piteh), methylcholanthrene
(a deriv, of deoxycholic acii of dile) ani 3, 4bengophenanthrene. In
orier to de carcinogenic, erivs. of 1, 2=benzanthracene must contain
substituents in positions 5 ani 6.

12, Bergmann, Fe Mechanism of Tumor Production by Chemical Agents. Cancer
Research, 2, 660, (1942)

The following principles for tumor proiunction by chemical agents
are hypothetically establishei: 1. The form and size of a carcinogenic
hydrocarbon ani of its related hReterocyclic compounds Aeternine 1ts
activity. ZEvery substance which imitates more or less closely a given

parent structure resembles it also in 1its blastomatogenic action.
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2, In the living cell, the carcinogens are adsorbed by an acceptor
possessing & definite adsorption area. This sets an upper 1imit for the
dimensions of the active compounds. A lower 1imit 18 given by & decrease
in adsorbability with decreesing size of the molecule. 3. All carcino-
gens are conceived as parts of an "ideal carcinogenic structure, "

L, A carcinogen can be inactivated by edditions which prevent ite proper
sdgorption. The mechanism of thie hindering effect is discussed,

13, Bonser, G. M. Tumors of the Skin Producte by Blast-Furnace Tar. lancet 1,
7756 (1932)
The results obtained with four ganmples Were remarkebly ginilar %o
Berenblun's and blast furnace tar is therefore carcinogenic, though rot
so potent as the gas tar employed. The reason that it hus been innocu~
ous for men is that the yteld is small, and it is regarded as a waste
product and is disposed of without further haniling.

14, Boylani, E. and Brues, A. M. Carcinogenic Action of Dibenzcarbazoles,

Proc. Roy. Snc. 122B, 429-L1 (1937)

Cancer of the bladder is unduly ¢requent among chemical workers,
ani those dealing wit: naphthylamines and benzidine seem most liabdble %o
the diseass, It has not been iemonstrated satisfactorily that nephthyl-
amines are carcinogenic, and it is possidble that 4t is not they which
are responeible for cancer of the blaider, tut impurities formed during
their manufacture, such as Ainaphthylanines and dibenzcarbaznles, Sub-
stances of this nature were therefore tested for carcinogenic activity
by peinting on the skin of nice apd one (which proved most active on
mouse skin) also by subcutanecus injection into rats.

The most active was 3:l:5:6-4ivenzearbaszole but this was toxic. It
produced palignent skin tunmors in mice ir 180 days. Of the other sub-
siances tested, 1:215:i6=iibenzcarbasole was carcinogenic ani 1:2:7:
g-iinbenzcarbascle feebly so. The dinaphthylamines, O=aninoazotoluene,
known to produce hepatome, and diamino-azoberzene (chrysoidine) all
failed to produce tumors on the skin of mice. Spindle-cell garconmata,
one of which was proved transplantable, wera produced in rats by sub-
curaneous injections of a colloidal suspension of 3:4:5:6-1ibencarba~
gole. -

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

16, Brockbank, I. M., Mule Spinners Cancer. Epithelioma of the Skin in Cotton
Spinners, H. K, Lewis ani Go., 1td., london. 36 pp. (1341)

The first known case of scrotal cancer {a a mule spinner was To=
ported in Manchester in 1887, 37 years efter the introduction of
nineral lubricating 0il: bvefore that time spern 0il ani neatsfoot o0il
nad deen the principal lubdricants. It is now known that cancer of the
skin, whether of the scrotun or elsewhers, in pule spinners is caused
by carcinogeaic compounds which are present in mineral lubricating oils
though not in lubricants deriveid fron animal or vegetable aources. Some
mineral oils are more carcinogenlc than others, that derived fren shale
being particularly dangerous, and it has been leaznel by experience that
cancer is more likely to be causel 1¢ the same lubricant is used con-
timicusly, than if the kind of oil employed is occasionally changed,

P It has been found alsc that by nixing animal or vegetable o0il with
mineral oil the carcinogenic petency of the lubricant may be abated.
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Burrows, H., Hleger, 1., and Kennaway, ®, L. Experiments in Carcinogenesis:
the Effect of the Subcutaneous end Intraperitoneal Injection of lard,
Olive Oil and Other Fatty Material in Bats end Mice. J. Path. Bact, 143,

419-26 (1936)

Campbell, J. A. Experimental Production of Cancer Dby Dust Obteined from
Tarred Roads. Brit. Med. J., 2.3.34, 233-4
This dust caused warts and cencer of the skin of mice with
metastases sometimes in the lungs; in 6 months 24 out of 59 mice showed
typical tar wartis, nalf of which developed malignancy.

Campbell, J. A« The Effects of Road Dust nFreed" from Ter Products Jpon the
Incidence of Primary Iung Tumors of Mice. Brit. J. Bxptl. Path. 18,
215-24% (1937). ‘

It has been shown that dust from tarred roads causes cancer of the
gkin of mice. Road dust mimus tar, 2as removed by benzene, does not
cause cancer of the skin of mice; it stimulates the production of lung
tumore in mice, but not to so great extent as when the tar is also
present.

Cempbell, J. Ae Carcinogenic Agents Present in the Atmosphere and Incidence
of Primary Tumors in Mice., Brit. J. Exp. Path., 20, 122-32 (4pril, 1939)
The author has continued his resenrch on substances that might

induce lung tumors. He employed chimney soot and soot scraped from
exhaust pipes of engines burning heavy oils. Rats were exposed to these
duste for 10 min. an hour for 6 hrs., 5 days & week for 1 yr. The death
rate of both groups wae well within the limits of that for the controls
tut the mumber of lung tumors Was somewhat higher. 0f those exposed t0
exhaust pipe soot, 33% living 10 mos, Or mOTe developed tumors., The .
most active substances tested was dust from tarred roads. Data mre also
given on mice whose sidn was painted with tgar! from these substances.

Clark, R. V. OCuancer from lubricating 0ils. Oil-Color Trades J., 11.9.34,
1278-9 .

Cook, J. W., Hewett, C. and Hieger, 1. Coal«Tar Constituents ani Cancer.
Nature, 130, R6 (1932)
Several hyirccarbons were {solatei from coal tar which were active
. in producing cancers and which had the typlcal fluorescence spectrun of
carcinogenic fractions. The most active hyirocarbon jgolatel was 1, 2~
bensopyrene vhiah produced cancer in half the time required vy 1, 2, 5,
§-dibenganthracens, Perylene and L, H-benzopyrene were also isolated.

Cook, J. ¥. et al, Prodnction of Cancer by Paure Hyirocarbons.
(a) Proc. Boy. Soce (lomiom), Blll, Les-84 (1932)3
(v) Proc. Roy. Soc. (London) , BL1T, 485-96 (1932)

(a) Mice were used as exptl, animals, ani & gtuly was made of the
action of 22 different polyeyeclic aronatic hyirocarbons, contg. 3-8 ringe
in their resp. mols., and applied in soln, to the interscapular region,
usually twice weekly. Of these pure compis. oaly 1, 2, 5, f=dibenzan~
thracens ani certaln closely related compis. produced cancer; it was
active iz 9 1ifferent solvents, and was effective when applied in 2,003%
soln, in CgHg. Of 273 mice treatel with thie compd., 107 devaeloped tumors.
incluiing 77 epitheliomas ani 21 papillomae.

API 04634




)8

(v) The investization has been extenied to include 52 adisrl, poly=-
cyclic aromatic compds . Tumors were proiuced dy f~isopropyl-1l, 2-
benzanthracene, 5, g-cyclopentenc-1,2-benzanthracenw, phenarthroacenaph-
thece, ani 5 derivs, o¢f 1,2,5,6~1ibenzanthrucere: 2tdie, 3'-=Me, 9=iHp,
g-lie0, 9,10 (CeHgJHg)g.

2, Cock, J. W., Hewety, C. L. an” Kieger, I. The Isolation of Cancer-Proiucicyg
Hyirocarbens from Coel Tar, J, Chems Soc., 395405 (1933)

The preparaticns derivel from coal tar piteh by a variety of solvent
extraction methois, the fractions separatel by formatien of plerates,
iistillation ani crystallization, ani the hyirocarbons, l:2-benzpyrens,
ani 4;5-benzpyrene, perylene arndi 1,2-benzanthracene, have proved carcino-
genic ani have given the same flucrescence spectrum (vanie at 4000, 4180

and L4L00A®), The orizinal coael tar pitch contained not less than 0.003%
of 1, 2-benzpyrene,

25, Cook, J. W. Synthesis ani Biological Effects of Carcinogenic Eyirccarbons.
Chem. ani Ini., 54, 1022-3 (1935)

Certain forms of ekin cancer due to occupation causes in industries
where shale ril, coal tar ani lubricating 0il are employei, have been
shown t0 be due to the benganthracens group of hyirocarbons which also
impart fluorcscence to the oils. The exact nature of cancer formation
in the huran body has not been explained although a ginilar benzanthre-~
cene hyirocarbon has been founi te be produced by tedy changes froo
‘subatances norpally present in the human bodiy.

26, Cook, J. W. OCarcinogenic Hydrocarbons and Their Relationship tc the Stercls,
Chem. Weekblai, 32, 563-6 (1935)

Review of historical development of recognition of the cancer-
producing constitusnts of coal tar ani earlier investizations; the
jevelopnent of fluorescence spectroscopy and the systenatic stuly of
synthetic carcinogerio hydrocarbons izcluiing a sumnary of the results
obteined from the exanmination cf a complete series of tetra- ani penta-
cyclic hyirocarbons ani & noderately wile range of benzanthracene
lerivatives. The speculaticn is aivarcei that a mesc H aton in a
completely aromatio structure plays sone Tole in the carcinogenic
process. The isolation of l,2-bengopyrece from coal tar and its synthe-
gls are recounted ani an account is given of the cyclizaticn of bdile acid
dorivatives, ani the eventual synthesis of methylcholanthrene, & carcino-
genic hydrocarbon related to the sterols. It is inferred that there is
some enxymlic factor present in the animal hody which ie capable of
effecting iehyirogenation of the gterol ring system ani that excessive
gctivity of this factor may conceivably contritute to the production in
vive of carcinogenic compounis,

Cook, J. W., et al. Chemical compounis &8 Carcinogenic Agents. 4n. Je
Cancer, 29, 21959 (1937)
: A 121l survey is given of the carcinogeric chenicals, dealing doth
with their chenical relationships ani their tiologic effects, trinzing
topether, under well chosen heaiirgs, all the material publishedi up %o
the eni 0f 1936, They izclude not only the hydrocartons of the benzan~
thracene type, but alsc the azo compounis, esiriz, the styryl quinoline
lerivntive discovered by Browning et 2l., ani the inorganic conmpounds
ginc chloriie and arsenic. & bibliography of 194 references is appendei.
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Cook, J. ¥. and Kennaway, £, L. Chemical Compounds as Carcinogenic Agents,
First Supplementary Report: Literature of 1937. Am. J. Cancer, 33,
50=97 (1938)

Authors present an exhaustive review of this subject which should be
of interest to all industrial physicians., It continues the earlier
review and the two reports together have vibvliographies totaling 374
references,

Davis, E. Chemical Carcinogenesis, Drugs, Dyes, Remedies oapnd Cosmetics with
Particulsr Reference to Bladder Tumors. J. Urol, 49, 14 (1983)

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

Many are cited such as derivatives of coal tar, crude mineral oile, an
enilin dye "intermediate", azo dyes and estrogenic substances, The
aniline bladder tumor of dye tactory works develope after yeaurs of ex-
posure to what are probably extremely small dally doses,

The theory is advanced that thers may be many other carcinogenic
agents as yet unknovn which are unknowingly encountered in the routine
of daily life, ani perhaps through the use of many drugs, paetent medi-
cines and cosmetics, vitamine, sex hormones, and the tremendous 1lis® of
anilin dyes used in the coloring of food stuffs and fabrics.

Downing, J. G. Industrial Dermatoses. J. Ind. Eyge, 371, 138-165 (1935)
A review with 208 references. A section on chemical agents includ~-
ing inorganic compounds, hydrocarbons and eruvde coal tar products and
other organic compounds; treatment ani legal aspects.

Feil, 4, 041 Button (Elaiokoniosis)s Presse Med., 40, 1541-2 (19372)
Description of & dermatitis in industrial workers caused by heavy
mineral oils, including treatment and prophylaxis.

Fleser, L. F. Carcinogenic Activity, gtructurs, and Chemical Remctivity of
Polymuclear Aroestic Eyirocarbons. An. J. Cancer, 34, 37-12b (1938)

A long review which {ncludes: I, a.critical evaluation and compari-
son of the methods for determining carcinogenic activity; II, informa~
tion concerning the preparation ani purification ani the commercial
sources of the carcinogenic hyirocarbons: 111, & summary of the work OB
correlation of chemical strusture and carcinogenic sctivity, ani 1V, a
summary, of investigations on the metabalic fate of various active hyiro-
carbons, There 18 a very extansive bidliography.

Fieser, L. 7. Production of Cancer by Polymuclear Eyirocarbons. Univ. Pennsa.
Bicentennial Conf, Cause and Growth of Cancer, 1-27 (1941) ,

A review devotel to N-containing carcinogens, relation of carcino=-
genic hyirocarbons to the sterolds, carcinoganic activity, chem, struc-
ture ani chem, reactivity, nature of a possible reaction leading to
carcinogenesia ani of the metabolism reaction. If carcinogenic hydro-
carbons can be producei at times in the body by steroid metabolism, their
mest likely precursors Ars amoung the sternids of the airenal enrtex. The
initiating action of a hydrocarbon in earcinogenesls provably involves
sudstitution in the hyirocarbon at its most reactive center, probably &
direct intersction of the hyirocarbon with an S-S linksge of the cell
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protoplaam. Metabolic elimination of a carcinogen probably is & detoxi-
cation produced by & mechanism 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,.
Detoxication may involve viol., hydroxylation to & phenolic deriv., or
conversion into derivs, of percapturic acid.

Fieser, L. F, ond Fleser, M., Carcinogenic Hydrocarbons. "0rganic Chemistry",
194k, 814-26.
Carcinogenic activity and gtructure; correlation with chemical
reactivity; methods of synthesizing carcinogenic hydrocarbons.

Firquet, J. and Malter, M. A, Pitch Cancer 88 &an Occupational Disenses

Archive de Medecline Sociale et d'Eygiene et Revue de Pathologie et de
Physiologie du Travail, II, 797-807 (1939-%0) ,

The authors report their experiences made ip 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. Fenry mede &
chemical examination of various pitches as to their content in 1.2 ben-
zeneanthracene and 3.4 benzopyrene, (the two most effective cancerogenic
substances in animals) and he found in the pitch 1-8% of the firet,
traces up to O.4% in.the second. The examination of the pitch dust in
the two briquette factories revealed mostly large particles: in the work-
ghop 80% of & dlameter of 50-~100u, in the storage rooms 90% of 20-50u.

Therefore it scems~—uccording to the authors——that substances which
are cancerogenic to aninals are not for men, dut more research is necee-
sary. (The materisl is much too slight for any conclusions in the
opinion of the abstructor,)

Gafafer, W. M. and Sitgreaves, R. Disabling Morbidity and Mortality from

Cancer among Male Imployees of 011 Refining Company, with Reference to
Age, Site and Duration, 1933~38,inclusive, U.S. Pub. Health Reptse B9
1517-1526 8.23440) ‘

Guglieninetti, M. Do Macadam Roads Produce Cancers 3Bulle Acad. Med,, 122,
g9-94 €1939)

The author first revievs the literature. BHe questioned varioue
hospitals in some of Germany's large eities regarding the munber of
observed cases of cancer ani sent. these reports to the managers of the
rosd dbuilding system in these cities. Increase of cancer was affirmed
but without relation tc pacadan rosads.

Eamilton, Alice. Cancer fron Tar snd Petroleun, #Industrial Poisons of u.5.",
410-7 (1925) '

Hanilton, Alice. "Industrial Toxicology", 134, 2534 .

Occupational cancer is rare in Prance. In the U.S. the only pub-
lishei case up to 1930 was the case of a man who hai worked for 20 yre.
at the paraffin process in a petroleun refirery.,

In 1928 the Eealth Committee of the Lesgue of Nations requeetel 1ts
members to aii in a worli-wide inquiry into the occurrence of occupt~
tional cancer by undertaking a stuly of the question 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 hig report
vwas publiehet in 1330. Heller confirmed the impression heli by American
guthorities on cancer, that those of occupational origin are very very
rare in the United States., He found in the records of the two New York
hoapitals specializing in cancer only 37 cases of skin cancer that could
possidbly be traced to tar and tar products, 26 of these occurring among
men handling gas-bouse tar or piteh, only two in coke-oven tar or pitch
workers. 1n & Cleveland plant making carbon and 4ry vatteries, imported
Inglish gas-house pitch wae used up %o 1906, when it was supplanted by
American coke-oven piteh. There were 21 oases 0f cancer &mong the work-
ers in this plant, only 4 of which were in men handling coke-oven pitch,
and these were not considered bv the physician in charge to be indubitabdle
cases .

41, BHartwell, J. L. Survey of Compounds which have veen Tested for Carcinogenic
Activity. U. S. Public Eealth Service, 371 pps (1901)

Thig bulletin represents & survey of the field of chemical carcino-
genesis in the higher animals: the action of carcinogens oD isolated
tissues, tissue cultures, plants, protozos, and bvacteria is not consid-,
ered. The literatyre is covered to 1939, and the compilation also,
includes experiments with 153 compounds from the unpublished work of Dr.
M, J. Shear and Dr, H, L. Stewart of the National Cancer Institute. The
results of the testing of 61 of these compounds &re newly reported,
while 45 are new to the whole cancer literature. Altogether the work

' comprises data referring to 696 chemical substances: of these, 169 are
reported to be carcinogenic, apart from 23 observed as causing peiilomes
only. After an introductory diecussion, the bulletin takes the form of
a tabular review on the following classification (figures in parentheses
ahow the number of entries for each category): A. Inorganic substances
(35) « B. Organic compounds: I, Aliphatic (36); II, Polyeyclic (dicyclic
(26), trieyolie (37), vetracyclic (152), pentacyclic (114), hexacyclic
and higher (25)]3 III, Aso-compounds (39); 1V, Steroids (86): V. Hetero-
eyclic (59): VI, Unelassified (77). '

¥ithin this arrangement, compounds are $pdividually numbered and ,
then groupei according to protetypes and alpbabetically. The tables give
gtructural formulas, literature references, particulars of species,
gtrain, sex, and mumber of animals usei, preparation, dosage, and route
of administration of compounds, nature of sites of tumors induced, with
details of durstion 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 compound. The author
Araws attention to the incomplsteness of the jata for many of the com-
pounds listel, ani urges the more systematic investigation of compounds
already stuilied in a preliminary gashion, and for the filling of large
gaps anong substances which it woull seen jegirable to test., The review
is completed by a bidliography (over 1200~;eferences) ani separate indexes
to compounis, routes of application, vehicles, aninal species, and tunor-
sites.

4. Heller, I. Occupational Cancers (im U.S.). J. Ind. Rye., 12, 169-197 (1930)
— The chemical properties 0f gag=works, GOKe—0vod, producer-furnace
ani blast-furnace tars ani pitch are briefly outlined with a view to
correlating these properties to cencer inciience among woricen in the
iniustries involvei, As a result of extensive surveys ani health record
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examns., gas-works tar and piteh were responsible for 70.2% of the ceses
while coke-oven tar and pltch were held responsible for only 5.l%. 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 gae-works tar seems %o be of particular importance
and may be a cause of oil cancer. Occupational cancer does not occur in
the briquet mfz. industry. Mineral oils vary in carcinogenic activity
according to their olefin or uneatd. hydrocarbon content. There is no
method for.the detn, of the eamt, of olefins in the various crude oils;
if guch a method existed, it would be possible to measure the cancer-
producing power of mineral oils. Cancer is not attritutable to the occu~
pagion of mule spinner in the U,S., possibly because of the carefully
refined lubricating oile used on the machines, thus ensuring relative
freedom from olefins or unsatd. hydrocarbons,

Henry, S. 4. Study of Fatal Cases of Cancer of the Scrotum. J. Am, Med,

Assn., 109, 1667 (1937)

BEieger, I., Spectra of Cancer-producing Tare aﬁd 0Oils and of Related Sub-
stances, Biochem. J., 24, 50511 (1930)

Boffman, F. L. Mule Spinners Cancer. Monthly labor Rev, of U,S., 27, ué?-
L75 (1928)

Hoffnan, W, J. Industrial Cancer, Prevent., Med,, 6, 7=34 (1936)
une of the seven types of industrisl cancer discussed is cancer of
gkin in workers exposed to coal, tar, pitch, soot, shale, petroleum and
arsenic. They may cause an epitheliomatous form of cancer,

Hogouneng, L. The Cancerigenic Hydrocarbouns from Tar and the Tarring of
Roads. Ann. Hygs Publ, 8001510. _21, 1"7 (1939)

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

Hueper, W, C. Cancer in Relation to Oeoupetion ani Envirommeat, Bull. Am,
Soc. Control Cancer, 25, ¥o, 6 (dJune, 1943)

Owing to indeatrial development, the general population ani factory
workers in particular, are exposed to maxy new envirommental factors,
many 6f which are disease producing. Occupational cancers are cnused by
nunerous chemical ani physical agente. Among thenm are the heavy metals,
nitrates, aromatic smino compounds, benzol, asbestoe, mineral oil, 800%,
radis-active substances, ultraviolet radiaticn and X-rays. The author
cites statistics taken mainly from the recoris of industrial concerns,
but points out their shortcomings.

Capcer of the uripary tract 4due to coal-tar is the most recent addi-
tion to the 1ist of occupational cancers. I¢ is nost frequent in the
aniline iye and related industries, :

Bome 0ffice, Rept. of Departmental Comm, t0 Consider Evidence as to Occurrence
of Tpitheliomataus Ulceration Among Mule-Spinners, (London, 1926)
Contains & bibliography on cancer among petroleum refiners.
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50. Hunt, E. 5. an Investigation into the Incidence of Cancerous Or Precancerous
Skin Lesions Among Tar Workers in New South Wales. Med, J, Australie,
8,26.33, 281-3
The general conclusion 1s 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 Oi1ls. J. Inst.
Pet., Tech., 23, 205 (1937)
The I.P.T. Committee has not been convinced that the so-called
jncidence of cuncer is in any shape Or form connected with the use of
epindle oils.

2. International Labar 0ffice. Carcinogenicity of Oils. Ind. and Lavour Informe-
tion, 34, 279 (1930)

Tars at varylng temperatures have been prepared to determine at whaet
temperature carcinogenic compounds are formed, from which experiments it
would appear that such compounds begin %o e formed between 500° and 600°,
the maximum yleld lying between 800° and 900° C, Attempt is now being
made to detearmine the constitution of & few epparently pure or almost
pure compounds isolated from such tars. Applying their steandard test for
determination of carcinogenicity, the gtaff found that olive oil, neats-
foot oil, sperm oil Were non-cancer producing and they have reason to
suppose that patural ekin fat is an important factor in the prevention of
cancers, ,

53, International lawurOffice. "occupation and Health', I, suT (193W): II, 837,
1156 (1934) ‘

Before mineral oils came into vogue the practice in textile mills
was to use sperm, lard and neat 's=foot 0ils and to some extent castor oil
and colza oil, Eenry states that shale nil was introduced about 1850 and
American petroleum 01l about 1864, and that, towards 1872, these olls
were being used as components of spindle nil; also that Russian oil was
first ioported about 1880, Rumanian 01l about 1900 and Persian oil about
1909, ani all these were used for this class of lubricating oil before
the war. During the war Scottish shale 0ils naturally came nore into use
for lubricating purposes. Oil refiners have their own private forrulse
for mixings, ut there is no doubt that the bulk of the oil sold for
lubricating spindlvs during the past forty years has been principally
made up Of natural mineral oil. .

According to the 1329 report of the Manchester Cancer Committee, in
the distillation of tars, the carcinogenic products begin to forn at a
tegperature ranging from 500 to 600 C. ani reach a maximum at between 800
and 900 C, The adiition of sulfuric acii at the time of use suffices to
make the oils harmlese without injuring or modifying thelr lubricating
po'ﬁro .

Internatinnal Labour Office, Occupaticnal Tumors. Suppl. to Occupation and
Eealth, I.L.0,, Geneva, (Oct, 1939)

Carcinogenic substances are digcussed unier the headings of hydrc-
carbons, non-radioactive inorganic compounis, radioactive substances ani
raiiation, ani parasites and microbves. Attention is called to the ab-
gence of any cormmon physical or chemical characteristics sharei by these
various cancer-producing agente.
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It is suggested that the cancer problem is essentially biochemical
ani that its solution will come with the discovery of the nature and
cause of the intre-cellular chenical changes which follow the application
of a carcinogenic sgent.

55, Jordan, E. Ixperimental studles on the Production of Cancer by Gas-works Tar,
7. Krebsforschung, 19, 39-55 (1922)

Author has corroborated the work of othsrs; in white mice treated
with tar for four monthe or less, 100% showei either cancer ¢r precancer=
our changes. When the tar was distd. at 4OO° the volatile fraction 4i3d
not produce these changes but the residue produced the typical prolifera-
tive changes in about % the time requirei with the whole tar. No prolif-
eration could be produced with anthracene oil. Different mice ehowel 2
marketi iifference in the rapldity with which they developed proliferation
with the eame amt. of injury by the tar. Apparently the work was not
followedi to a point to det, just how many of the mice with precancerous
changes would have ilevelopel actual earcinoma.

56. Kennaway, E. 1. The formetion of a Carcer-producing Substance from Isoprene.

56A. Kawshata, K. lung Cancer Among Geperator-Gaes Workers in the Steel Xille.
Gann, 32, 367-88 (1938)

During the past § years, 21 cases of primary lung carcinoma were
observed among the generator-gas workers at the Yawata Iron-Steel Mills.
These workars have &av, service periods of 16 years,  In ne other sections
of the mills has such frequent appearance of lung cancer been noticed.
The workers are exposei to the spraylng of gas contg, heavy duet. The
jphaled gas contained about 0.7% of gaseous or dust-like tar. Anslyses
showed creosote oil 2,56, phenols 0.31%, cresols 0,07%, naphthol 4.65%,
anthracens 2.00%, pitoh 01l 62.67% ani water 5,74%, The metastases nay
AppeAr Very early in the brain, spinal cori and lymph nodes. The dura-
tion of lung cancer is very short, about 7 months, ,

57. Kennaway, E. L. OCancer-Producing Constituents of Coal Tar. Brit. Mei,J.,
564-7 (1924)
Cunoer formation by tar products was investizatei by suthor. Oznly
higher fractions boiling at 250-500 C. were founi active in inducing
cancer (creosote, green cil, crule anthracene ani pitch).

Kennawsey, E, L. Cancer-Producing Tars ani Tar Fractions. J. Ini, Eysiene 3,
B62-88 (1924)

Zxperiments on several thousani mice ani analysie of a great nass
of clinical records iniicate that tar cancer is causel by a very snall
guantity of an unstable compouni that exists in the high~boiling fraction
(250° to 5000) of & high~terp. coal tar, i.e,, creosote 0il and anthra-
cene 0il, Purified anthracene, 1ike all other pure compounies tried, il
not proiuce cancer. Splaghingz with hot, cruie anthracene or creosote
olls seems t0 be the usual method of contact. Shale oil proiuces carncer
tut ie less active-than gas works tar; crude petroleun is much less
active; ani blast-—furnace tar (a low-tenp. tar) 4oes not proiuce cancer.
The briquetting industry has reportedl more than helf of the lkmown cases
of tar cancer. Tar made by distilling conl at A low temperature (below
§50°) proiuces cancer very slowly or not at all.
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59, Kennaway, E. L. ZExperimezts on Cancer-Producimg Substances. 3Brit. Med, J.,
II, 1-4 (1925) _
Cancer has been produced in mice by substances obtained by heating
CoHo, isoprene, yeast, human skin to temps. ranging from 700° to 920°.
A petroleux'n which producei no tumers of any kind in mice in a prolonzed
. experinent showel very active cancer-producing propertles after exposure
to 880°,

60. Kennaway, E. L. ani leitch , A, The Aratcmical Distribution of the Occupaticnal
Cancer. J. Ini. Hygiene, 7, 69 (1925)

¢1. EKennaway, E. J. Further Experiments on Cancer-Producing Substances. Bilochen,
J., 24, ug7-504 (1930)

Carcinogenic substances were obtained by the action at roontempera—
ture of 41C1: on acetylene, xylene, naphthalene, naphthalene ani tremo-
benzene and 2etrahyd.ron5phthnlena. the last two beinz the most active.
Two cancers were also obtainel in a series of 10 mice paintei with a
soln, of 1,2,7,8=-iibenzanthrecere.

a~Phenylnaphthalene was prepared by action of AlCl} on CEHsEr and
Cifiz. The 1istillates up to 342 C, containing the hyirocarbon wers
inactive but the residue in the flask was hizhly carcinogenic.

Cyclohexane, cyclohexene, styrene, hyirophenanthrere, hydrochrysense,
hyiroretene, perylene, naphthalene and various nsphthalene derivatives
all gave nezative results.

62, Kennaway, B. L. ani Hieger, I. Carcinogenic Substances ani Their Flurrescence
Spectra. Brit. Med. J., Ne. 3622, 104k=6 (1930)
This paper is a review of a large ancunt of work by the authors in
an atlempt to correlate fluorescencs with carcinogenesis.

Tar oils, spinile ani shale oils, which show carcinozenic properties
ere also strongly fluorescent.

63. Xewley, J. Cooperstioz. J. Inst. Pet. Tech., 18, 2l2 (1332) .
Mention of the formation of & committee by the Institute of Petro-
leum Technologists to follow the work of the Manchester Cancer Committee.

&. Kling, A., Samssonmor, N, and Heros, M. The Tarring of Highways as a Possible
tguzt in) the Causation of Pulmonary Cancer., Bull. Acad. Med, 120, 130~
3 (1938 : .

Zxpts. in mice showed that the tar, as usei on roais, precduces
cutaneous tumors and malisnancy in the lungs. A4 subetance contz, the
nenre (a) pyrene nucleus of deciiedly cancerogenic properties has been
sepi. fron the tar,

Kling, A., Samssonov, N, and Heros, M. Poseible Relationship between Tarring
of Highways and the Increase of Incidence of Pulmonary Primary Cancer.
3ull, Acai. Mei., 121, T784-91 (1939)

Since tar contains benzopyrene, a recognizel cancerisenic agent, it
cannst be considerei as inoffensive. Experiments on mice definitely con-
firm this assumption.
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Koelsch, F. Cancer and Occupation. Monatsghr. Krebsbekampf. 5, 7 (1937)

The author, in the form of an abstract, presents & survey of the
relation between cancer ani occupation. He includes bone cancer caused
by radioactive substences, 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. 2%ge, 39, 407-8 (1935)

A study of the map of Germany indicated that the mumber of deaths
from cancer was always greatest in regions where mineral oil was fouri,
refined or used. While no definite relation is established, the author
suggests the possibility of the existence of such a relationship. Further
research. on this problem is indicated. It is pointed out that mineral
0il by itself does not cause cancer. It may, however, become one of the
contributing factors, together with others.,

I..r.'.ne,(c.g“.GS Occupational Dermatitis. Arch. Dermatol. and Sypkil. 43, 18k
1841
Describes the case of a 68 yr. old machinist who for 3 yrs. had a
dormatitis of the face, arms, axillas and lower abdomen. Therc were
scattered areas of tanebrown hyperkeratotlc follicles and folligular,
plugs. Keratoses were presont on the scrotum and therc were keratotic
areas on the arms. Autopsy revealed carcinoma of the csophagus. Dr.
Lane belioves the sikin changes to be due to oil to which the man was
exposed in hig 4O yrs. as o machinist, and that the condition is that
described by Whito among machinists, oll workers and mule spinners in
England. It apparently is rarely seen in this country, possibly because
oils employed here are less carcinogenig.

Lauber, B, J., Hildebrand, E, and Schocke, H. Possidle Therapeutic Action of
Carcinogonic Hydrocarbons in Treatment of Cancer. Z. Ges. Exptl, Med.,
105, 370~34 (1939) :
Essentially less harmful therapeutlc measures are available. The
dangers are demonstrated on mice treated with methyleholanthrere,

Leitc}(x. A{n Muls Spizasrs’ Cancer and Mineral Oils. Brit. Med. Ju, 2, H1=3
192 A
Rendered &n inert California oil very active by heating it. (No
detnils ag to temperaturs, etc.).

Crude 0i}s from Assan, Borneo, Egypt, Burma and Badarpur produce
malignant growths. Galician, Russiarc, Californian and Persian sanples
were nogative.

Lyth, R. The Relation of Carcinogenicity of Mineral Oils to Certain Physical
and Chemical Characteristics of These Oils. J. of Ind. Eyg. 15, 226=37

(1933)

Lyth, R. Molecular Distillation of Lubricating Oil, Nature, }}_?_, 374 (1937)
A brief report is givon of the distillation of a Scottlsh shale oil,
using a specially designed molecular still., The most striking result 1s
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 originsl oil, with gradually descending values
fron fraction four as the temperature is raised. Data on the properties
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of the shale oil distillates are tabulated. These experiments are
part of an investigation of the interrelation of refractive index
and viscosity to activity on injection, and thereby carcinogenicity
when applied to the skin,

73. Miescher, G., Alnasy, P, and Zehender, Z. Is Therc a Comnectlion BetWween the
Benzpyreno Contont and the Carcinogenic Bffoct of Tar?t Schwelz.
Med. Wehnschr, 71, 1002-7 (1941) \

The suthors have examinod the benzpyrene content of gzas tar in
various towns in Switzerland, using a method dovisod by Almasy.
Thon the tars were purified and their carcinogenic effect doternined
by painting on mice. The investigators tried to evaluate the ro-
gults by means of a statistical mothod in order to overcome tho
difficulty offored by the fact thot many mice dio in the loxng
period neejed for the experimerts. They find a simple, regular
rolationship botweon the benzpyrene content and the carcinogenicity
Of.the ta.r,

74, Murray, J. 4., et als Discussion on Experimental Production of Maligrant
Tumops. Proc. Roy. Soc. (London) B113, 268-92 (1933),

A symposium in which some attentior is pald to carcinogonic
chem, compounds, and to tho immunochenistry of cancer.

75« O'Brien, H.( 7. )The Problem of Cancer and 0il, Petroleum Times, 27, U62
1932 .

An open letter to the editor of the Potroleun Times (Lonion)
in answer to az editorial in the issus of March 19th. The writer
points out the humanitarian and scientific valucs derivel froa the
cancer research of tho Marchestor Cormittee ani criticizes the
technological viewpoint of the editcrial.

16, 0 'Donovaz, V. J. Cancer from Handling Anthracene Coke in the Dye Indusiry.
Br. J. Dermat. and 8pph.,
Three cases of cancer ir a factory employing cnly 25 mer.

77. Phillips, C. Helationghip between Skin Cancer and Occupation iz Toxas:
Review of 1569 Verifiol Lesions Occurring in 1190 Patients. Texas
State J. Med,, 36, 613-16 (13u1)

78, Prossor-¥hite, R. "The Dermatorgoses’ 135-238 (1934)
Dermatitis ani cancor from petrolewn products, shale ani tars.
Exsellont review,

8., Roffo, A, H. ZIxperinental Besearch on the Production of Pulmonary Tumors by
the Distillates of Fuel 0il. Presse Med., 538 (1940)
The suther demonstrated an oil, taken fron the streots of
Buenos Aires, idextical to that fron motor car exhaust, which con-
taing earcinogoric substances., Roffo had rats inhale the cocbustion
gasos of fuel 0il ani later founi a number of pulnonary cancers
arorg the aninals., By injocting a iistillate of the fuel oil into
_the amuricle of rabbits, he produced tumows in 20%.
8l. Roussy, G. and Oberling, C. Caon Tarring of Roais be Considered as a Cause of
Pulmozary Carcer? Bull, Acad. Hed, 120, 181-90 (1933)
Tho danger is not comsidered to be of sigrificance although the
possibility is adrdttel,
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g2, Sckreus, ¥, T. and zurhelle, E. Experimental Production of Tumers with Tars
irom garious Sources and with Peraffin. Deut. Med. Wochschr, 49, 633k
1323 .
Author investigated the poisonous action of paraffin 01l and tar
comstituents by painting mice twice a week. After six months & state of
malignancy was obtained with paraffin oil.’ Coal tar readily develops
malignant tumors. Various purified acid and basic fractions from coal
tar zive negative rosults, Tho neutral tar 01l is most effectivc as a

tumor inducer.

Schwartz, L. Skin Discases in 0il Rofineries. Safoty Eng., 210 (Nov. 193Y)

It has been found that workers in oil refinories have & percentoge
above the averagoe for carcinoma of tho chock and of the lip. An unusual
provalonce of pigmented pepillomata on tho hands, foroarms and legs of
workers in oil refinerics and amng machinists in contact with 0il and
groase wos also noted. About 10% of such workers were found to have

theso growths.

£3.

Tho usc of totan& encloscd mamufacturing gystems and of protective
nintments is suggested. .

Schwortz, L. aad Tulipacn, 1. "Occupationnl Discases of the Skin®, 1939, 51k,

Scott, A.‘ Occupé.tioﬁl f)emz'a.toéos of tne Paraffin Workers in Scottish Shale
— . Oils. 3Brit. Med. J., 8.28.22, 381~5

Sequoeira, J. E. ‘Cancer and oi'.hei' Diseasos ¢f the Skin Coused by Minoral Cils.
Eonya and E. African Mod. Jo, 6, 1823 (1929) -

Suyth, H. F. Review of Literature ¢or 1526-19%%, inc. Report of Committeos on
Joaustrial Sidn Irritants to Am. Public Health Assa. .

Southa m and Wilson. Cancer of the Scrotum.  Brit. Med. Jey 24 971-3 (1922)

Speskman, J. B. and Chamberlain, N. H. prans, Paraeday Soc., 29, 367-8 (1933)

In a study of the carcinogonic potency of mineral oils, Twart has

ghowr that -the additior of glycerides reduces tkeir potoncy, although no
0il gurpassos lacolin in this respoct. .

9. Toleky, Le Occupational Cancor. Acta d. Invernat. Ver, fe Erobsbekampiuzg,
3, 253-15 (1938)

Severnl isolated cases of lung cancer among generator workors bave
bosn reported and among works oxposed to coal dust, tar ard tar jistil-
latos, but tho mmnber is srall,

91. Toutschlaonder, 0, Industrial Cancer, especially tho Types QOccurrirg in
Gormary . Z. fuor Erebsforsch. 32, f1b=27 (1930)

Discussos X~-ray carcer, carcer of briquetto workers, mulo gpirnors’
cancer, 7kich has net arpearod ir Germaxy, acd paraffin carcer =a0ng
troso who work iz the petroloun {ndustry.

92, Teutschlaender, O. Decpatioral Carncer, with Spocial Comsideratioz of its
Prevertior ani logislaticxn oz the Subjoct. lied, Wall. 11, 1267-72
(1341-5 (1937) -

Cccupations ir which there 1s danger of dovelopmont of cancer are
roviewod; DA~y inta aro given rogariing gubstancee consiidcred ecarcirogenic,
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the location of nalignant tumers, thelir latont period, protéctivo neasure
of an jniustrisl-hygienic typo, quostions of insuranco, otc. There is no
spe ogent comnen to all carcirogernic substances as & promoter of cancer
gmwthn

Touschlaonder, 0. Does Tar Require Ultra Violet Light to Produce Skir Cancer?
Elir. Wchoschr., 16, 12845 (1937)
White nico wore paintod with tar. Cancers developed not only in the
irradiatod animals but also in those kopt in & dark chanber ec that not
nly a proparatory but also ac independent carcorogenic offoct must be

ascribod to tar.

Toutsczh;ﬁend.er, 0., light ari Skin Cancer. Ztschr., f. Krobsforsch. 50, g8l-92
1340) .
The author irvestigates tho problen of whothor cr rot a photodynanic
influonce is nocessary ia tho gornesis of tar cancer. Ho conducted ex-
perinerts on tarred nice kept iz a dark room. Since skin cancor developed
on tho painted sidn, it ie ovidont that ultra-violet light is zot a
roquisite in tar cancor geresis. The sane 1s shown by the devclopmeat of
gpontareous skin cancors ir two wild groy house nice that livel in o
briquet factory.

_Novertheloss there is a widospread beliof that both cancer of
radiant source ani tar cancer of the gkin are caused by cyclic hyirocar-
bons. According to Roffo, both typos are origiratod by oxilatior and
iecomposition of cholestercl iz the tissues which nay be causod by radia-
tion as well as by chomical mfluancg-—cancondprovoking eyclic hydro-
carbons arc finally gencrated. Frophylaxis must, therefore, guard against
the influonce of ong or both factors. ) . . .

Touraine, A. and Bour, H. Cancer fron Lubricating Oils., Rev. Mod, Franc. 20,
285=92 (1939) : - .
A very complste reviow of cancor frorn lubricating oils, its occur-
ronce, clinieal syoptoms and tho nodico=lozal aspects of such cases.

Twort, C, C. and Ing, H.R. Mulo Spinrers' Cancor ani Mineral Oils. Lancot 1,
752 (1928) . . ;

Twort, C. C. and Fulton, J. D. Exporincnts on the Nature of the Carcinogonic
Agents in Minoral Oils. J. Path. and Bacteriol., 32, 149161 (1929)
Fron a coraideratiorn of the chaenical reactions involved, the
authors are of the opiriox that it 1s %o bonezonoii hydrocarbons that
cortain nineral oils owe their carcinogenic properties. Treatmont of
tho oils with sulfuric acid lod to almost total abolitior of thelr car-
cinogenic properties, and sinilar rosults were obtaired by the adoption
of nethods of oxidation and reductioz. .

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

This is a general survey of the worik of the Tworts, and is based on
experiments on 145,000 mice, a smaller mumber of rats, Zuinea~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 immmnity agalnst cancer-producing substancos
oxists., Tho authors' various substances are dividod according to their
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cancer—forming capacity in mice, so that every group has about ton times
the power of the preceding omno.

Twort, C. C. and Twort, J. M. Classiftication of Four Thousand Experimontal
C4l and Tar Skdn Tumurs of Mice,
The study from which this classification was made was based upon
29,100 animals . )

fwort, C. C. and Fulton, J. D. mrther'l'.xperimonis on the Carcinogenicity of
Synthetic Tars and Thoir Fractione. J. Path. Bact. 33, 119-43 (1930},

™wort, C. C. and Twort, Jo Ms The Carcinogonic Potoncy of Mineral Oils. J.
Ind. Byg. 13, 204=22 6 (1931) .

Painting mice with rofined shalo oil induces canceor more roadily
than painting with refined petroleum well oil., The most poteat fraction
from shalo 0}l is unfinished lubricating 0il from which most of tho
paraffin wox has boon romoved but which had not been troated with ExS0y
ani filterod. The " hoavier grade oils are less potent thar epizdle oils.
The Cancer—producing property of oils appears to beo related to fluores-
conce., Oils having a dluo fluorescence scem more active than thoso
baving a greon fluoresconce, Chrysone dissolved in olcic acid possesses
‘carcinogenic propertios,

™wort, C. C. and Twort, J. M, The Rolative Potoncy of Corcinogenic Tars and
0ils. J. Hyge, 29, 373~9 (1931) .

A nothod has boen devised whoreby the potoncy of any given carcino-
gonic agent can be compared with that of & standard agent. A unit of
carcinogenicity= U.L. - has been establiehed, and a concentration of 500
carcinogeric units por cubic coztimeter is considercd to induco the
maximm rolative rosponse in a nimals whon tho agent 1s applici twico &
woek.

The carcinogonic powers of oils rate as follows, in desceniing
order: Shale, Vonezuelan, Bornoo, Bumanian, Persiaz, Californian,
Mexican, Mii-Continental, Texan, Ponngylvaniar, ani Russian.

‘Bypothotical standard agent 100,0
Ponun. nl . 0..1
Cal, pﬁto oll 3.‘0
011 Ro. 3 0.06
Shale 01l 48,0
Pitch 25,0
Gas tar )
Pineno synthotic tar ‘ 706,0
BEffoct of refining .
Pcm- 911 : 0'1
Mothyl sulfite oxtract 22,0
011 Ne. 3 0,6
Distillate 300-380eC,/12m 12,0
Kethyl sulfite oxtract 53,0
Shale ¢il 48,0
Oxidized at 150-160eC. 0,3
Pirono synthetic tar concontrate 3745,0
Oxidigod ot 100¢C, 2369.0
Oxiiizod at 150-16000. 58.0
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twort, C. C, and Fulton, J. D, Concemtrstion of the Corcinogeric Principle
ir Oils and Tars, J. fuer Krebeforsch. 35, 543-73 (1932)

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

103.

Twort. C. Cs ani Lyth, R. The Selection of Non=carcinogonic fron Carcirogeric
Oils. J. Byzs., 33, 464=73 (1933)

All the aminpal and vecetable oils testeld by the authors orn arircals
have proved to be incapable of iniucing tunor formation during the 1life
of their animals. On the other hani, oleic acid and linoleic acid,
unsatursted fatty acids which nay be present in commercial saponifiable
oils, have frequently induced tumor fornmation; observations which in
thoir opinion are of the highest inmportance in relatlon to nmany cancers
othor than those of tho skir, end possibly oven of those of the skin it-
gelf,

104,

It has been found that the carcinogenic constituents of a given
cruio are not equally distriduted in the yarious products of distillstion
obtained from this crude. The activity of the first products to come
over in the still, the motor spirits, etc., 1s nogliglble, and that of
the lamp oils, bturning oils, light fuel, etc., is also of little account,
but when we reach the boilinz rango of tho lubricating oils a definite
carcinogenic activity nay bocome manifest. Anong the latter the most
active graies are, on the wholo, the spindlo grades, closely followed by
0ils of a Redwood viscosity of 500 to 1500 at 70° F., with a grajual
docroase in activity as one approaches the internal combustion engine
(ootor car) grades. The crule oils themselves, as a rule, arc sonewhat
less potant than the motor car oils, but of course, it will necessarily
depond upon tho amount of refining to which the latter have been subjected
bofore being narketed, , .

105. Twort, C. C. and Twort, J. M, OCorcinogenicity of Spinile Oils. 0il and
Colour Trades J..ﬁ, 1193-31- (1937) .

A physical an a nimal test for carcinogenicity and a physical and
an aninal test for dermaticity of nineral textile oils are described. The
average resul $8 0f these tests on 66 oils (excluding shale oils) collect-
ed 5-10 yrs. ago and om 66 oils collected recently are tabulated. (The
aninal test for carcinogenicity is not yet completed for the recent cils,)
These results inficate that the original oils are definitely worse than
the recent oils in both the dermatitis tosts, while in the cancer physicael
test there is no significant differonce, It is expected that the figures
for the recent oils in the animal tost of carcinogenicity will be lower
than these of the originsal oils. e

It is concluded, however, that little is being dono to improve oule
spindle oils fron the biologlcal standpoint. There are also indications
that the average 0il used in some of the cottonespinning towns 1s nore
dangorous than that used in others. .

106. Twort, C. C. ani Twort, J, M. Notes on Some of the Procedures Adopted for
Assossing the Blological Activity of Mineral Oils, 01l Calour Trades J.,
S, 251=5 (1938) ) ,
Mincral oils nay induce dermatitis or cancer of the skir. In dotg.
tho carcinogenic aspect 3 essential detns. are nade: 4., n and kinetic




107.

108.

109,

_5'25-

viscosity (KV), The data collected are based on the utilization of.
formulas for assessing the biol. activity, especially from its carcino-
genic aspect. In Formula 4, R = (n=1)/d where R = sp. refractivity,

s = refractive index and d = dengity. In Formula B, R = n-(d/2),
Formula A is used in obtaining the cancer refractivity CR from Formula
G whick 48 OR = Re 3(d~0.900)/20. In Formula D the refined cancer re-
fractivity RCR = CR - (KV/50). Results, whero theso mineral oils have
boon employod, are shown in tables in whick mineral oils are grouped
according to toxicity and according to the n drop. Tho significance of
d. in rolation to tho n drop among oils of similar toxicity and the
significance of viscosity in relation to tho n drop among oils of
apparontly sipilar toxicity are ghown. Tho real difficulty in arriving
at tho truo biol. activity with groater accuracy ig the lack of uni-
formity ¢f tho inert fully hydrogenated constituonts. There is quite
good correlation betweon carcinogonicity, refractivity, n drop and
toxicity.

Twort, J. M. and lyth, R. The concentmtio£ of Ourci.nogonic Materials in

Mineral Oils by Distillation Prccessos. J, Eyge 39, 161-9 (1939)

Twolve acid-troated lubricating cuts of a crmudo, Bornoo mineral
0il, wero testod for carcinogenic activity. Tho whole range was bio-
logically active, vhich activity bad boon forescon from an examination
of tho physical charactoristics. Tho pook activity was around & vig=
cosity of 200-250 Centipoiseos at 25° C., MNclecular distillation gave o
groater concontration 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 nostly respoasidle for
pathological changes in tho organs—fa%ty infiltration of thé liver and
hyalino dogenaration of the spleozn. lang tumors were noro prevalont
than is usual whon thias type of agent is usod for testing carcinogenity
for tho sidn., Their incidenco was rathor higher in the more viscoue
frnotionss this inoidonce was apparently not correlated with carcirco-
gonity, for the skin,

Twort, Je Me and Lyth, R, Skin CanGr due to Eandling Coal Tars Usod for

Prosgrvation of Fighing Nets. Nature, 14k, 446 (1939)

Seversl fishermen contracted cancer of tho skin after handling the
tars. Mouse exp¥s. showed that different cosl tars differed ir their
ca reinogenic activity, although all producod sone cancers. Creosoto
0i1 and anthracene 01l werc also carcinogonie, Only coal tar pade in
vorticsl low-termp., retortis should be used on nets. .

meort. G. C» Mule=Spinnors? Oancer: The Nood for Using the Correct Oils.

01l=dolourTrados J., 8.29.%1, 326

#he eanser-producing powers of nineral oils used in the cotton
industry fron difforont flelds of origia, in tho crude and rofined
gtatos, woro thoroughly exaninod and the reosul ts showod that there is
a dangor of ary one producing cancer of the skin if appliod long onough
btut the oils fro- cortain fisclds are the more likely to do so. Spocial
attontion was pald to the oxamiration of the phyeical characteristics of
various minersl oils, and it was proved that a knowledge of their
rofractive iniex and viscosity provides a Dore relisble estinate of
their eaneer—proiucing powers than the application of the samplc to the
gldn. This test 1s accurate, ropid and inexpensive, while that witk tho
glicin is variable, lengthy and costly.
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The chiof lino of iavostigation has beoz a continuaticn of the work
on tho molecular distillation of mireral olls with the objoct of isolat-
ing the gubstancos responsidle for thoir carcinogenic activitios. Anizel
oxporinents with fractional distillatos fron a Vonezuolan 01l are in
progross. Fractlons obtained by molocular distillation of a carcinogonic
shale o0il have boon subjocteid to ghromatographic absorption and two
apparently puro hydrocarbons have boon isolatod in snall guantity: these
aro heing investigated chemically. Painting oxporiments with fractions
obtaincd by this mathoi hayo shown that pany of thom arc highly toxic for
nico, Nome of the substancos so far tostod has beon shown to possess 2
high carcinogenic activity.

A few spindle grade oils ani threc oils intonded as vohicles for
insocticides have becn tosted for carcinogenicity.

4 colloldal naterial intendod as a protective agalnst carcinogenic
0ils has boon tosted. There arc indications that 1t has sone protoctive

action.

The carcinogonic activity of two products formed during the purifi-
catior of carbonisation has boen tosted, ani found to bo loss than that
of tho avorago gas tar,

110, Ullnann, E,, Oppenheim, Me and Rille, Js E. J. Ind. Hygleno, §, 28g, 364

(1926)

™o lesions caused by crule petroleun are the sane as thoso
coused by crude coal tar, showing the analogoue substances st bo
present in both, The final products of distillation are tho nost active,
ospocially paraffin oil. The carcinogeric agent is presont in fractions
from 200° 0. to 450° C., tut it is not cortain that tho sane substance
causos both dermatitis end opitheliona. . ,

Valado; P. Cancer of tho Euman Iang fronm Dust fron Tarrod Roads. Pressc Mod.,
2.1.39, 161 . ) .

Van Themische, M. B« Chonical Cencer. Ings Chinm., 20, 30-5 (1936)
Moro than twico as nany casos of cancer ue to soot werc found among

swocpers than emong any other cecupation. Porsonal cleanlinoss and
clothing that fits tightly around the oxtrenitios and around the neck
arc the dos§ peeventives. Sinilar care will do much foward preventing
cancer due to expasure to gasoline and its dorivatives, paraffins, olls,
and groases. Such procautions are ovon nore nocossary in coges oxposel
to tar, pitch, rosin or aniling dycs. Strict nedical sup ervieion and
tho uso of processes which avoid contact of tho workers with tho product
will furthor reduce the danger. . .

Yaxpler, Fo J. Occupational Diseases of the Skin (by L. Schwarz), "Indus-

trial Vedicine”, 1943, 327-9
Chimney sweeps' cancer has been reported in Ingland more frequently

than in any other country. It is sald that the lncidence of cancer
among chimney sweeps is eight times more common than among the general
population. Oa ncer of the scrotum of chimnoy swoops, bowever, is on tho
decline in England and it is roported as being practically non~oxlstoat
in othor countries, except for an isolated cas¢ or two in Germany. Tho
local irritation and rubbing in of the soot as the swoop is cramped in
desconding tho chimney is said to be the cause.
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mar is usod in duilding roads, in maiding roofing paper and folt.
Pitch is used for making conduits, lacquors, insulating matorial, groasos,
and mnernl cemerts, and workors at thosc occupations arc affoctod with
comedonos, tumors, warts, koratoses, and cpithelioma, mostly of the
scrotun, lip, faco and hands,

¥o cascs of mulc spinners' cancer havo boon roported fron Franco,
Gernany, Russia, or Poland. Tho author modo exaninations of thousands
of tmule spinnors employed ir tho Unitod States and 4id not find any
casos of scrotal cancor, although therc wore many casos of folliculltls
ard koratosos of tho thighs cmused by oilegoakod trousors.

Wariek, He Molaxodorma and Keratoses fron the Action of Asphalt., Arztl.
Sachverst., 2tz., 66, 49 (1940).

In the preparation of cork plates (heat=insulation plotes of
asphalt and cork) much dust develops under very unfavorablo working
conditions. Two workors, who had bdeen working for threo nonths, suffored
f-on pignontation, inflamnmatory chongoe and hyperkeratoses of the face,
forearns and hands. Tho hyperplastic processos wore intensifiod in the
older workers. The symptons wore aggravatod by light. The intonsive
action @f asphalt dust is considered to bo tho cmuse.

Watson. A, F. Tar Cancor in Mice, III, An Apparatus for tho Preparation
undor Standard Conditions of a Highly Potext Carcinogenic Agont of Ilow
Toxicity. Brit. Jour. Bxpor. Path., 12, L41-7 (1931) .

With an oda ptation of the apparabus of Hague and Wheoler tho
author has succeeded in naking from purified twrpentino, at 850¢ C. a
rolatively non=toxic tar which olicited tumors after 210 days in 90% of
tho survivors fron a group of 37 nico; most of these growths werc
nalignont.

Wolwart. Cancer fron Paraffin Wax and Minorsl Oils. Seoifons. Ztg., €2,
7R-3 (1935)

Most chomists and dernatologists bdoliove that workors in paraffin
factories got cancor fron the paraffin itsolf whilo Schorbor and Toutech-
lasender clainm that eaneer does not como from paraffin but fron nineral
oils,, . L.

Windaus, A. and Rennhak, S, Some Derivativos of 3,lM=Benzopyrenc. 2. Physiol.

By analegy to x<rays(®x-rays produco and xerays cure cancer")
carcinogenic hydrocarbens should do tested for possidle thorspoutic
valuos. Suggos tive rosul ts have boen obtained with 3 ,4=bonzopyrne, (I).

Tooi, ¥, Co The Non=Carcinogonic Nature of Purificd Mineral Oils. J. 4n.
Mod, Assn., 34, 1641 (1930)

Tho gonoral clinical ovilenco that thore oxists 20 rolation botwoen
the therapoutic use of refincd potroleun products and the occurronce of
cancor is confirmed by experimental studies. .

Wool, &.92:;5 Paraffir Not Productive of Camcer. J. Cancor Ros., 13, 97-102

7ool 5., Be Skin losions Anopg Tar Workors. J. Cangor Ross, _}1. 54=9 (1929)
Differont typoe and composition of tars are discussed. Only tar
obtained fron the distn. of coal at high temps. contains a substance
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carcinogenic to certain lab. animals. Workmen bandling coal tar showed
tar warts as a result, but no other effects No irritant action on the
human eiin was found from low temp. distillate tar or from petrolewm tar,

Woodhousé. D. L. Oarcirogenicity of Synthetic Lubricating Oils. J. Inst.
Pet. Tech,, ?-Qg 1057"63 (193)4) :

122, Yamagiwa and Ichikawa. Ixperimental Study of the Pathogenesis of Carcinoma.
J. Cancer Res., III, 1l=21 (1918)

In 1915 produced cancer by the experimental application of tar to
tho ear of a laboratory animal.

121,
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Industrial cancer was first recognized in England in the
latter part of the eighteenth century, when it was established that
chimney sveeps were particularly liable to cancer of the scrotum.®
This wes caused by soot. Progress in this field of study was very
slov at £irst, and it was not until 1915 that two Japanese {nvesti-
gators announced the first cese of carcinoma in an experimental
animal. They produced first papillomes and then true cancer of the
epidermis on the ears of rabbits by painting with tar over long
periods of time, 33 Imring the thirty years that have elapsed since
that discovery, a great dsal 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,
intramscular, intravencus, and subcutanecus injection, and peinting
on the skin. The method that appears to be the most widely used at
present consists of painting & aclution on the skin of a apecial in-
bred strain of mice. Mice are preferred over animals having longer
1ife-spans since they respond more rapidly. The special strains are
used to increass the precision of the test. Painting is preforred
to other methods of application because there is leas likelihood of
{nterference by simltaneous spontaneous carcinomata. The carcino-
genicity of & given compound is influenced by many factors including
the genstic ocnsiitution of the animal specles and strain, its age
and gex, the diet, the physical condition of the animel, the purity
of the compound, the dose, the physical state of the compound, the
solvent used, and the route or site of application.2s

wWhile carcinogenic properties are generally agsociotad with
certain polynuclear aromatics and their derivatives, there are many
substances entirely unrelated to these compounds which have been re-
ported as having eimilar cancer-producing ability. Among these mey
be mentioned asbestos?“:37 , inorganic compounds of arsenic and of
2inc?5, aqueous potassium hydroxide and aqueous hydrochloric acid?5,
ethyl alcohol®>, giucose®®, fructose?®, and & number of nltrogen
compounds, most of which contaln one or more benzeno rings?5. Radio-
active clements and compounds are not included in this discussion since
the mechanism of their producing cancer ls probably quite dlfferent,
i.e., physical rather than chemical. Meterials which have been roported
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as carcinogenic and whose carcinogenicity is probably due to the
presence of polynuclear aromatics include coal tar and pitch2s-27

bine shele oil3, mineral oils and asphalt“-, tobaccc tar®®, tars
obtained in the destructive distillation of tea“?and coffee“?,

diesel fuelS2, distillates from Bormeo crude petroleum®, combustion
gases from fuel oil%?, the Sog extract from & spindle oil produced
from & paraffinic crude petroleum®, the products obtained by heating
acetylene, isoprene, yeast, a non-carcinogenic petroleum fraction, or
human skin to 700 - 900°C30, and the products obtained by treating
a.cetylenei xylcne, naphthalene, or tetrahydronaphthaleno with aluminum
chioride’?. The carcinogenicity of tars produced by heating various
substances tends to increase with increasing temporature.’?”,us It

is probablo that thc carcinogenic hydrocarbons prescnt in certain

coal tar and petroleum fractions were tc a large extent formed during
the process steps and were not present in the coal or crude petroleum
from which they were derived., However, the carcinogenicity of a given
frection depends upon the source as well as the method of processing.
sccording to the Manchester Committee on Cancer“d, the following order
of increasing carcimogenicity prevails: Ruselan, Pennsylvanie, Texss,
Mid-Continent, Mexican, Californis, Persia, Romanian, Borneo, Venezuela,
and shale. This correspands roughly to the order of increasing aromati-
city. .

A large number of compounds have been tested for carcino-
genicity. Hartwell has published a survey?> which includes 696
compounds tested. Of these, 16 were carcinogenic, and 23 additional
ones produced papillomas but no true cancers. While some of these
compounds have been tested under only one or two sets of condltions,
others have been studied very extensively. The three compounds that
have received the moat detailed study are the three derivatives of
1,2-benzanthrecens: 1,2,5,6-dibenzanthacens, 3,4-benzpyrens, and 20-
methylcholanthrene. All three are potent carcinogens. It haes been
eatima.t:g that they have been investigated in 60 different labora-
tories.

A list of most of the known carcinogenic compounds 1is
given {n Table 1,pages 540, Structures, complete with numbering
systems, are included, since lack of wniformity among various in-
vestigatars in this field has led to some confusiomn. There is
fortunately lesa 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 2% It should be
understood that the carcinogenicity of the-compounds shown in Teble
1l varies considerably in degree and that the results have boen
verificd by soversl laboratorics in somc cascs whilo in others the
results of only ome or two experiments are avallable. The reader
ls referred to Hartwell for more detailed information and for re-
ference to the originsl experiments. It will be obeerved that

most of the compounds are eithor hydrocarbons or tholr derivatives
contalining at least three benzenc rings or nltrogen compounds con-
taining at lcast two benzenc rings. More specifically, the first
of these classes congists, with only threce cxceptions, of derivetivce
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of phenanthrene. The exceptions are tetraphenylmethane, trirhenylbenzene.
and triphenylethylens. In Table 1 the hydrocerbons are subclassified
further as derivatives of 1,2-benzanthracene, 3 ,4-benzpyrene, cholanthrene,
end other derivatives of phenanthrene, Examination of the structures
shows that &ll of these are derivativea of phenanthrene.

While the work that has been done on the production of cancer
by exposure to various compounds has made it possidble to draw certain
conclusions regarding the effect of chemical structure, it 18 not as
yot possible to predict with any degree of certainty the carcinogenicity
of & given compound from its structure. A phenanthrene derivative may
or mey not, for example, be carcinogenic depending upon such fectors as
the length of an alkyl side chain, the position of & benzens ring, or
tho position of an alkyl group. Howevor, & paraffinic or naphthenic
hydrocarbon or one containing only ono or two bonzene rings may with
a roasonable decgree of confidence be assumed to be non-carcinogenic.

The amount of compound required to produce an experimental
cancer on & test animal is surprisingly emall. Doses of 1,2,5,6-d1i-
benzanthracens and 3,4-benzpyrene as small as 2.5 and 4 micrograms,
respectively, give positive rosults vhen applied to mice.l*?*Discontinuous
opplication, e.g., once a weck, of a given total quantity of material is
moro effective than contimmous exposure.'> A single application of 20-
mothylcholanthrono in 0.6% dongono soluticn is capable of producing cancer
on the akin of mice.“3 Yhen different carcinogenic hydrocarbons, e.g.,
methylcholanthrene, benzpyrene, and dibenganthracene, are applisd
successively the effeot is additive’?, The investigators who made this
observation offer the hypothesis that carcinogenisis is essentially en
accunulation of ebnormal protein within the cell.

Since so many compounds have been tested for carcinogenicity
1t 18 only naturel that several attempts have been mads to correlats
this property with otder properties, either physical or chemical.

Such 8 correlation would be extremely useful in that the determination
of the physiocal or chemical property would be much simpler than the
rather long and tedious prooess of exposing experimental animals to
the substance in question. Fluorescence spectra have received more
study im this regard than any other propertys.’.28,%The author of a
recent paper made the statement that all known cariinogenic 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 fluorescence specira to good advantage
in this ftfeld, and there appears to be a definlte correlation with
carcinogenicity, at least with certain types of compounds. The
correlation may be due in part to the fact that fluorescence gpectra
have been used as a guide in selecting fractions from coal tar for
physiological tests; it is conceivable that other carcinogenic ccm-
pounds, vhich are not fluoreecent, exist or cculd e synthesized.

A rough parallelism between the carcinogenicity of poly-
nuclear aromatics and the diezo coupling reaction has dbeen observed 21,22
Attempts have also been mads to correlate refractive index. or more
specificelly, specific refraction, with the carcinogenicity of oils.
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The Manchester Commlttee on Cancer*® recommended that spindle oils

of various ranges of specific gravity have specific refraction values
below ccrtain limits to assurc the absence of carcinogenic propertics.
However, 1t is 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, which
would have little effect upon optical properties, affect carcinogenic
properties profoundly; furthermore the presence of a large concentra-
tion of & non-carcinogenic aromatic would raise the specific refraction
of a mixture much more than would the presence of a small amount of a
potent carcinogen.

The probability of obtaining a general correlation between
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
d1fficult to obtein such an understanding, for so little 1s lknown
about cancer itself.

whether or not carcinogenisis by hydrocarbons and related
compounds is in any way connected with spontaneous cancer is a
question thet has received much canjecture. That such a relationship
does exist is suggested by the fact that certain derivatives of
estradiol (see Tsble 1) which is closely related to the sex hormone
estrone, are carcinogenic. Spontaneous cancer quite often occurs in
the reproductive organs. Furthermore, the very potent carcinogen,
20-methyloholanthrene, can be produced by the degradation of deas-
oxychclio acid, cholic acid, or cholesterol, the first two of which
are normal constituents of human bile and the last of which is
present in all tissues of the human body.2¢ These dogradation
reactions were, hovever, conduoted under drastic oonditions which
are in no mannar related to those prevailing physiologically, and
there is no evidence that 20-methylcholanthrene is formed in the
body through the degradation of bile acids or aholestercl. The
possible connection between eancer produced spontanecusly and
carcinogsnisis by methylcholanthrens or mlated compounds therefore
remains a matter of conjecture, at least for the present.

There has, for obviocus reasons, been little attempt to
induce cander in human beings through exposure to the various com-
pounds that are carcinogenic to mice. Therec is, therefore, no
direct correlation botween the susceptibility of man and the test
animals., There is, of course, an indirect correlation of occupaticnal
cancer largely through exposure toc coal tar and dye intermediates
caused by materials which are carcinogenic to mice. EHowever, many
of the compounds shown in Table 1 do not occur in any products known
5 have caused occupationel cancers, and it is conceivable that asome
compounds harmful to mice are imnocous to man. Until that can be
proved, the only safe policy i8 to regard all compounds which are
hermful to mice &s dangerous and to avoid exposure by humana.

B2 VAC
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TABLE 1

CARCINOGENIC COMPOUNDS

1. Derivatives of

The following derivatives of
1,2-benzanthracene:

3-methyl
5-methyl
6-methyl
9-methyl
5-ethyl
10-ethyl
5-n-propyl
5-n-butyl?
5-n-amyl?®
5.n-hexyl?
6-1-propyl

3-hydroxy
10-hydroxy X
10-aldehyde, -C » 0
2 9
10-methyleneacetoxy, -{:-0-0-(‘:53
H
EO

{ u
10-methylenecarbomethoxy, -?-0-0-053
3

All compounds listed by Hartwell?® unless otherwise {ndicated.

1,2-benzanthracense

H

1
10-cyanomethyl, -?-CN
bt

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, 10-methyl
7-chloro, 10-methyl
5-cyano, l0-methyl
-cyano, 10-methyl .
1,2,7,8-d1benzenthracene’ "
1,2,5,6-dibenzantbracene
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The following derivetives of
1,2,5,6-d1bcnzanthracene:

S-methoxy
2’ -methyl
3’ -mcthyl
L-methyl
9-methyl
- 1 ,9-mcthylene -E-

£
4,10-dimethylene, -¢- -

//’\\\

3,h'-d1mathylcne (phenanthr 8-
§,9-dimethylens acenaphthene)

2. Derivatives of

3,4-benzpyrene 5 -4%:3

3,4-benzpyrene "

The following derivatives of
3,4-benzpyrenc:

5-aldehyde

4’ -methyl

5-methyl

1/,2”-4ihydro, 4 -methyl

3. Derivatives of |

Cholanthracene 3 ™9
RaAsyoy’
[
Cholanthrene 16 is

The following derivatives of cholanthrene:

20-methyl
20-ethyl
20-1sopropyl
20-tert-butyl*"

HEBEH
5,6-cyclopenteno -é-g-t-
BEEE

6,7-cycloponteno
©,27,3,4 -tetrahydro

J
Na salt of 9,10-endo

alphe,becta succinlc acid~

! //J H— -C- ONa

E- C C QONa

17,27,3’,4 -tetrahydro
10-acetyl

3,4,8,9-d1benzpyrene

5, lO-dihydro -3,4,8,9-d4t-
benzpyrene

7-methyl,1,2,3,4-d1benzpyrene

15,20=-d1lmethyl
16,20-dimethyl
15-hydroxy, 20-methyl
15-ketc, 20-methyl
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4. Other Derivatives of Phenanthrene s
D
,
Colchicine 1e”
? fE
H,C-C-N- 0-CH;
H
~._~"0-CB;

' 1,2.5,6-dibenzfluorense
: | 0-CE, 2.3, |

H5C-0-C ~
YT

3,4-benzphenanthrene \ |

The following derivatives of 3,4-benzphenanthrene

l-methyl Cholesterocl oleate
2-methyl®
2-ethyl?
2- isoprogyli’ 953 E,
7-methyl . CBs - H'?-(Cﬂa)rc'(ms)z
8-mothyl? :
2,9-diethyl |

2-methyl 1,2,3,L- m.i :

d.ibenzphena.nth.ene
o~ \/&'
|
C

-(CBz) 7-C=C-(CB2) +-CE

Chrysens

s
N N Estradiol benzoate

1,2-dimethyl chrysene?
5-mt.hyl chrysenel’?
L,5-methylene ohrysenel”

5,6-dimethyl chrysenc®? \\/\‘
- 'C 0- \/\/
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Equilenin benzoate

Estradoil caprylate '
e [ ] 7
CHs-(CBz)-C-0- \_/\/

1,2-cyclopentene phenanthrenc?

(o]

Estradiol 3-n-butyrato, l7-benzoate

)

e
~ 1
@3-(032)3-3-0’\\/ \i)

5, Other Aromatic Compounds

Tetraphcnylmethane
1,3,5-triphenylbenzeno
Triphenylethylenoc -~
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§. Organic Compounds Containing Nitrogen

2-amino, l-naphthol
Alpba naphthylamine?®
Beta-naphthylamine

0 CH

L]
Acetylcholine, CHz-C-0-CHp-N-(CHs),

o-amino azotoluene</ —\ /—*‘\

-N=N- ~NEa
\ ,/ \\- __/

p-dimethyl aminoazobenzene (butter yellow)

SNl N
\_\‘—/ -FN \~—/ ~X(CH-)3

Scarlet red -CH )2 () ____\

(N { /_ \ g
\_/ "~

Indcle \__,/
Ow
N
E
Syyryl 430

0 ™\
CE, -C-K- -g.i- NN

\_‘/ l\/’\ J Ezg-<—> -NE >

Bengidinel”
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1,2,5,6-d1benzacridine

2

!
NN

o8

1,2,7,8-dibenzacridine

D

C . e
988

7. Mlscellanesous

Arsenic trioxide
Potassium arsenite

Aqueocus hydrochloric acid

Aqueous potassium hydroxide

Zinc chlorids

10

1,2 5,6-dibenzcarbazole o~

f
|

NS | \»//’\\\//’

/l\/ J\VJ

J

N

3,4,5,6-dibenzcarbazole
I//’\\\/'N \\//’\\w'
~.7\
| . \
“

Zinc sulfete
Bthyl alcohol
Fructose
Glucoae
GCalactose
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For those wishing to acquire a more extensive background in
this f1{eld, a review by Fleeerz° is recommended as a good starting
point, followed by the original papers by Coock and co-workers. For a
detailed tabulation of carcimogenic compounds Eartwell's book?5 should
be consulted.
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