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In view of the imxmense amount of
published information on various phasce of the
esncer problem it should be emphasized that
this litersture review gives only a rapid survey
of developments in the field of eancer research
as applied d4irectly to the petroleum, scoal tar,
oil shale ané allied industries. Wnile it is
far from being complete, yet it ia Delieved that
most of the important work in this particular
f1e1d has beem eaversd, either ia the report
ftself or in ome ef the bibdbliogreaphicsl refer-
ences giver in the appendix and referred to at
the bottam of page 1.

M. P, DOBS
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TYE CARCINOGLNICITY OF BITUMINCIS COMPQURDE

It has long been resognized that the ineldemce of skin

oancer 18 greater among workers in ocertain industries and oceeupe~
tions than among the population as s whole. Attestion wes ‘firn
airected in 1787 to the very high death rute resultiag from serctal
eanoeT of ohixpey sweeps; it is eight times more common iz these
goriers than 1n the gemeral pudlis in Inglasd, amd in the Usited
gtates the retio of ecamser cases in chimmey sweeps is doudle Wt
of the gmneral m.ﬂ-” In prastically all cases {8 §a W
serotum that i3 attasked; this. is alse the site ia -10 splmneyp’' c i
ssmcer discussed later. Workers ia othor iadustries onh. h\ll e
_direst contast with t#t-s. pitedes, shale oils, no. u!wlu show
s Migh incidence of shkin emmesr, for example, xm !.I ,x.-w,
‘\saking briquettes, tar roefing, woed murnuv-. m ::»"
s, insulating eempoumds, shale produsts, ote. . -
m.nmnnmrwu-em
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of w%ich 149 are rs.orted to te carcirocenicél, L. F. Fleser
gummaTizes our knowledie in this fleld as followslAs

»As judzed by all nv:i{lable <ats for the praoduotion of
skin and suboutanecus tumors in rats and miee, methyl-
cholanthrene crodably is the most »0tent of the known
chexionl carcinozens. CSystematioc studies of synthetlis
gndel compounds heve shown thasithe methyl group {s of
po importance to ths funoctionine af the compoundj that
much, if not =11 of the efficsoy of cholantirene is .
retained in the analogous hydrocardbon 5,10-direthyl- .
1,2=benzanthracens; and that the most lIgniflcnnt
struotural feature of cholanthrene or metayloholanthrene
is the 1,2-benzanthracene ring system with a carbdon
substituent at the meso poeitiom 10. 2Ms+Methyl-l,2-
benzanthracens evokes sarcomas ia miee-nearly as rapidly
as methylgholanthreme, and, though 1% is distsinetly
less effective in the produection of skin cancer, the s
substance constitutes the nearest approaeh in s simple
sodel compound to s simmlation of the bdiclogisal prope
erties of the hydrosardon of more eomplisated strueture,

411 twelve possible monomethyl derivetives of the i~
sctive l,2-danzanthracene have been eynthesised and tested
) for oarc{noccnio setivity, and of these the 10=-i{scaer is
" the post potent. The mesc-sudetituted Jemethyl compound
stande aext ia order of potensy, followed eclosely dy the
S-methyl terivative, whiok »roduced sarcomas in miee with
s latent period adout twiee as long as that chserved with
10=-metlyl~l,2«beasanthrasene. Methylcoholanthreme and
benzpyrene osa be regarded as 1l,2-denzantirecenos b~
stituted at the mese positions {o and 9, respestively,
and in model oclton-do the eombination of %he two types
of substitution is partieularly favorsdle. Upl0-Dimsthyl.
1,2-banssathresensd produced Sumore in miee with
remarkadle rtgzdtty and in Shls test sses methyle
cholanthAremne spesd of astiom, though 1% is less = . _.
effective wvhen sdministered dy sudeusanecue injestion,
The thiophene iselegue of the hydrocarbdon hes eomparsdle
properties.” : .

P -ﬁ"y

Numerous attempts have deen made to isolate she deriaite
earainogenie compounds iz ecal tar by mesns of distillatios, solvent

extreaction, ote.”..but'uqilo very potent friottoap have boul__
obtained, the individusl eampounds Rave Been diffieuls so separste.
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18 proved the ocarcinogenioity of 1,2,5,6-d1i-

Zennaway and ‘ieger
penzanthracens, the first pure caroinogenio hydoroardon known.

cook, HEleger and Hewitt %41in 1933 isclated 1,3-beaspyrens, 4,5-bens-
pyrene and ),Z-benzanthraocene and estimated thet the origisal ococal
tar pitch ocontained not less than 0.003% of the potent l,3-dens-
pyrene.

Several investigators 23, 24, 205 have attempted to eor-
relate ocarcinogenssis with flyoregoence. For example, the sameer-
producing msterial formed by the actioa of AlClg om tetrahydro-
paphthalene ghows a dlue-vioclet fluorescense, showiag thres bdands,
4000, 4180 and 4400 A.U., whieh are similar te the flucresesnse

spesotrum of 1,3-dbenzanthracense “, Kennaway and Hieger o2

sggest
the possidility of the use of the fluoresocense spectrum for the
preliminary examination of materials suspected of being earcinogenie.

An important faot brought out by seversl investigators is
that the tempersture %o which & tar, shale oil or petrolewsm oil
has been sudjeoted determines 1%s earoinogenis aetivisy. In
genersl, it would seem that temperatures up to 500°9C. are without
effeot 33 put adove that temperature cereinogens are formed, the
maximum yisld lyiag between 800 and 900°C. 53: 5%, gar and piten
from gas works are far mors astive than that from eoks eveas 08,
socounting for 70% of all eases of tar ocamser ia the United Ssates
vhile the coke ovea jroduets csuses oaly o 113.

Yhile pefroleyn regidueg resmlting from moderate heat
treatment asre insotive m. Yot by passing aa imsetive Califeraia
petroleum through s tube at 880°C. Xeamsway and lLeitek edtaimsd
. vory setive ocercinogea w, ‘°. Even aa inaetive aedieinal paraffia
o4l heated to 380°C. under 50 atms. pressure aequired some careinmogenie

oy s

i
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Kennaway Se likewiss obtained an active maturial by
pessing L80pTene through a tube filled with H, and heated to 820°C.
satson 11° aohieved similar results with furpegtine as 850°¢C.

Acetylens yields an aotive produet om being pessed
through a red hot tubs %Y but 1t must be polsted out thet trestmen
with AlCl; at room tempersture also [roduses am astive eompound 81,

On the other hand, gyathetlo Jubrieatiag eila produced

by AlCly polymerisation at temperatures up to 150°C. were estirely
tnactive 141, It 13 guggested that the eondensation preducts of
gsestylene are of a more oomplicated nature and prodadly more
uasatursted than those odtained from ethylems. |

The careinogsnio activity of tars &speads spperently not
ealy on the temperstures of their formation dut also er the chemieal
sompound used as the dase stoek 1’°°. Jor example, s tar made from
pinese at 350°C. was far more active than ane from turpeatine made
similarly, the relative poteneies being 100:19. Pimene tars mado at
500, 600, 750, 850 and 950°C. hed relative potemeies of 0, 13, 34,

100 and 64. Oxidgtion of a synthetie tar as 100°0. reduced its potemey

from 100 to 63, and a$ 150-160°C. its posency fell te O. Oxidation
with an acetone n;ntion of KMnO, reduced the poteney to 84; with
pyridine as a solvent, slmost to O, The aotive comstitueants of
synthetic tars form oerystalline pigrates, the remaining filtrate
being almost inactive, and the pisrate extremely posens.

Shale o) is careinegenic, prodbadly as a result of the
Aigh temperstures to whiek oil shale is sudjeoted 1,04. Bowever,
texperatures below 400°C. give a relatively imastive presmos, 5009C

and adbove deing required 101.
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In ingland where high temperature tar i{s used in
bzigﬂ’ﬁt' manufacture, there are many oages of skia oancer among
wpe workmeén, whioh is not the ocage in France where the low
tempereture product is used.

The greatest amount of investigation of any type of
oooupational canoer has been carried out on mule gpinners cancer
{p the ootton mills of Lanocashise, Kngland. Southsam and Wilson 88
in 1922 first called attention to the excessive ocourrenee of
cancer in mule gpinners. Women workers are not affected and about
70% of all ocancer amorgmule spinners is of the urétui B". appereatly
due to the faot that & mule spinmner at work walks to end fro in
¢troat of his machine, leaning over the moving freme from time to time
to join up broken ends of the yarn. The base of the frame is on
e level with the groin and the spindles oa the frame as they rapidly
revolve throw off oil from their dearings onto the e¢lothes. In
the hot mills the men perspire freely and so wask off the natursl
grease of the skin, thus sllowing the oil clCSer coantaet lB.
Irritation by the trouoorl and overalls also helps the process. It
is interesting to nots that Ao troudle of this sort was noticed in
Zngland until mineral oil repleced animal and vegetable oils as a
lubrioant 18, Renry *® estimates that 0.3%% of all cotton mule

spinners in England suffer froa scrotal cancer. On the other hand

"in the United States during 19248, for example, there were only 33

deaths from caneer of the serotum, of which oaly three of the vistims
were textile workers snd three were mule spinners; four of the six

were dors in England and the other two in Canada ‘5. which teads to

show that mule spinner canoer is rarely contracted in the United States.

In a woolen mill in the United States employimg adbout 300 mule
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gpinners no cases of gorotal canocer were found 8, Siuoce the method
of opereting this equipment is the same in both countries thiy strike
1pg coatrest is atiributed by enliton 10 4o he fé0t thal sottish
shele oil 13 used in the Lanoashire mills. EHowever, the literature
is not ectirely clear as to the origin ead ype of the oil used in
Lanoashire in mule spianing f""’.

Leitoh 70 brings out a faot of possible signifieance, to

the effect that canocer is not known in woolen spinning pills, even
though the same machines are used as in the attoan faotories, but
peints out tLat the room temperatures in the cotton mills ere muoh
pighor, posaidbly resulting in mere relaxation of the tissues of the
gorotur and permitting eatry of oil into the sebaceocus follioles.

16. however, states that in the woolen industry piecing

grookbank
of broken «nds of yarn is dons with botk hands with e forward level
bending movement of tLe body and thus there is not the same friction
of the clotres on the serotum as in the cotton mills. He admits,
however, that the geme oil 1s used in doth types of mills.

.8 a8 Tesult of the preliminary investigatioa of Southam
and ilson asntioned adove, the Manchesster Cancer Commission, coa-
gisting of more than fifty members, was organised in 198% under the
directicn of Dr. C. C. Twort to investigate the minersl oils used
in Xanohester cotton mills. Lubriceting oils from the verious flelds
throughout the world were found to have widely varying degrees of

sctivity. A sample of Vensguels oil was very potant while Russisa

and Penasylvanian samples were on sn average less than one~tanth as
active. Purified pediocingl o0il had no earcinogenioc properties and

several sgpopifiable oils, suok as sperm, olive, rape, cottonseed
and neatafoot 0il, falled %0 produce tumors when spplied to mive,



r

ale
evel URUEr tls most severe experimental oonditions. In general
serms, the more saturated were the constituent hydroearvens of
the lubricetircy oil, the less capable were they of indueing
oanocer in experimental animais, the physiosl characoteristiocs
peing the sume 101,

This preliminary report was oriticised sevemly in an
oditarial in the "Petroleum Times" of London %, in that wnile
yarious oil ocompanies (Anglo-Amerioan, aglo-Persien and Zhell-
yex) bad contributed &l,000 for two years for the support of
tbis investigation, yet the Masachester Cancer Commissioa had not
availed itself of the services :nd advioce of experts from the oil

ipdustry relative to the charsoteristics and methods of treat-

'nnt of petroleum oils. The Imstituie of Petroleum Teochnologiats,

while making no definite oriticiasms at this tims of the work of

the ocommission, formed a committee uof its own to follow closely

the work in progress 63. In 1834 Ov. A. E. Dunstan, Dr. ¥. R. Jerner
and ¥r. James Kewley of the Institute of Petroleum Teohnologists

are shown as members of the Manochester Commission zl'.

In 1933, Twort and Lyth 104 of the Manchaster Cancer
Committee reported that by means of golvepts, extraots were
obtained of high refraotivity and correspondingly high caroino-
genioity. Their reoccamendations for trhe geleation of an oil of
low caroinogenicity were as follows:

“hen seleotinz from several mineral oils with similar
gravity, speoify that with the lowest refractive index; whsan
seleoting from those with similar refreoctive index, specify that
with the hichest gravisy; when selecting from thoase with similar

refraotivity, specify that with the highest vigcosily; and when



-8~
”l.otlng from origin alone, choose in the following order:
gussian, Pennsylvanien, Texss, aiicontineat, Mexisen, Cslifornian,
persien, Fumanis, Burneo, Venezuelmy shale.

However, it should be emphasized at this poiat that
these suthors state definitely thrt "adequate refining of any of
the oils hendled, of no matter what origin, results im a producet
LessesssssssPOSSUESiNnG ONly a Vvery low caroinogenieity" 104. Also,
that 8 sincle extraotion of an unrefined distillate with 50, may
profoundly lower the esotivity of a previously very dangerous oil,
while & seocond extraction may render it almost iners. They state
that "it is prodadbly oocmmercially feasible to treat oils of any
origin, or oils of any degree of eareinogenic activity, so that they
say be less dangerous than even the very dbest of the straight oils
used today”. They evidently assume thet untreated textile oils sre
wied in the Lencashire mills.

L;th of the CommissiQn further stated .71 that when the
refraotivity® of en oil was less than 0.5500 it was found to be non-
toxio, whils shen the value was crester than 0.5600, the oil was
highly toxie. Pennsylvaaiam 0ils and cersain mildly treated oils
were an exoeption. The jodipne value of an oil seems to afford aa
indiocation of its toxieity, previding the o0il has not been treated
and agein the higher the value, the more poteant the oil. The
toxicity inoreases in the same order as iodine value, expept for
Peansylvenian oils whioh again eccupy %00 high a positiom. The
permanganate values are not regarded as of any value inrn voaneesion
with estimating she toxieity of oils.

*(Lefraotivitys m’%ﬁ'&!“%"j_‘i )
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~ytn sa.s the=i extreotiun with slcokols, secetuns, sto.,
olay sau acld ilreatment, leads tu 2 rewuctlun in the potunc,, es-
p.cxnllj 12 the ocass of the wmors potent oils but a corresponding
peduotion in the refractivity does not alwa s oocur. Abhere a marked
peduction in the refractivity does oocur, there is, without exseption,
a marked decrease in ocaroinogeniocity; with a marked inerease in re-
fractivity, a ocorresponding inoresse in potenocy. Hhere the re-
traotivity is not much sltered, the poteney may or may not be arrfected

and further tests are neodegsary.
k- - -
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In spite of the apparent definite findings and recommends-

tions of the Mancheaster Cancer Commission, the Caneer Researoch Com-
' mittee of the Institute of Petroleun Technolgogists 81 was oot oconvinced
that "the su~culled inoidence uf canocer is in any sheps aor form
vonnected with the use of spinale oils™. Ko elaboration of this
sltatenent was 5ivo£, but was possibdly besed on refined oils only being
used es textile ludbrioants.

An editorial in the "Petroleux Times™ of London in 1637
onoe again attecked the ccnolusions of the MKanchester Committes,
puinting out that only ooes oil from each of a number of ocountries
was sxanineds.
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In 1937 the Pederation of Master Ootton Spimners
aspooiation sent out a letter to its members recownending that
yhen purctasing spindle oils a gusrantee should be odtained
¢hat the oil conforms to the specifications of the Manshester
Canoer Commission, and that tests had shown that many of the
olls in use st that time ocounformed to the specifieation.

While throughout the reported work of the Manehester Cenoer
commission it is stated repeatedly thet s0id or solvent treatsent of
s potent oil greatly reduces or eliminates 1ts aotivisy 97, 103, 104,
71, yet in 1939 Twort and Lyta 197 iavestigated seid and olay trested

» gy -

aiesilletes from a Borneo 011 md mu th- to be uttn. the maxi-
spum poteney being at a uuodity or aoo-zeo op n;fazhmu
unulauon gave a mun oonuntr-uon d the -mmmil material
then was _odbtained by Mi.nry unnuuon n from 3 « 10 mm. Ia
sonfirmetion of previous ﬂ.nunsl tho -un. fr“um of thh

Borneo oil were mostly respoasidle for pathological changes in

the organs.

p oareinogenio shale oil was separated dy melecular dis-
$illation into frastions wich were subd jeeted te ehromatographie
adsorption. Two apparently pure hydrocarbons have beea {selated amd
are deing investigated "1”.

A resent report (1941) by O. 0. Twert of the Manshester
Cancer Commission 19 stases that gaimal tests are varishls, leagthay
and eostly and that & more reliadle estimete of the sareimsgeaisiny
of 0ils oan be obtaimed from the refrastive imdex ant viseosity.

(Yot the data on which selestion of Shese Wwo jroperties was based
‘were obtained by means of this variadle skin test.)

r . Woodhouse of the Birminghem Caneer Researeh lLaboratory

0190 states that mouse tests to determine caroinogeaieity are diffionlt
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correlate with humen tendenoles to canocer unless these animal

%0
cests are stronsly positive or negative 121, For example, two 0ils
yor® tested (a) from a spinnin: mill where no cases of mule spinneres

sancer had been recordec, and (b) from a mill where six oancers

psd rece tly been ~enortad. lMouse tests indicated slight carcinogenie
p,opcruu in the o=se Oof the two 0ils Dut a greater gotion on mioe

of (a) than (b).

Dr. E. M. Brookbsnk, chairman of the Menchester Cmncer
coomission, has briefly surmarized the investizations of the Conmission
{s & reoent pudbliocation 1‘. Re lists the hyzgienio preceutions to be
exercised in mule spinning ~nd urges the adoption of the oil specifi-
ostion given rreviously by Twort. RHe elso makes this interesting
geporalization: "As ¢ general rule an oil that is strongly dermatitio
will not be strongly sarcinogenioc and vioce versa". This is also
peationsd by Kennsway 61 who states that oyclohexene (which is noa-
sareinogenic) is extremely irritating tc the skin end ashould pro=-
duce oancer if ohroaic isritation were am essential factor im osaroino-
genesis.

As mentioned previously, shsle oils are very oarcinogenio
and in the Sopttish shale industry the oase incidence of skin canoer
is about 0.1% per annum among the oil workers but 0.5% amoamg the
paraffin workers °° (this is based on a 28 year record). This
sotivity of pgreffim is restrioted by Sohwarz and Tulipan 84 to0 the
erude produot, the refined wax deing insotive, which view is supported
by ¥ood 119 who states that the aotive components are present oaly

in the orude paraffin oils.

with regard to the refining of petroleum 04ls, Woo

Bade an investigation of refinsries in Pennsylvenie and found no
tcrotal cancer, which was oconfirmed by Heller .3, However, Heller

‘130
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gound evidenee of oareinogenio compounds in Mid-Continent oils as
refined 1n plants in Ohic and Indianas Here oil beils are fairly
eommon and in some eases lead to skin cancer. In ome esse a parss-
sin presaman ia the Middle West was treated for "wax boils" for
three Years when a canoerous growth developed om the right forearam
sand was removed, but eight years later a geeond similar ggowth in
the same plaoe had vo be removed. Heller alse found records of eases
of skin osneer in another refinery, using erude from the Lima field;
eight cases had escourred in this refinery end ons was fatal. All
of these oaneers were preeeded by warts. The langth of expesurs
pefore malignanoy eppeared varied from four {0 thirty four yeers.
The part most often affected was the serotum and all but one man
worked in the psraffin depariment. Thesge eases were ocaused by une
pefined oils and Hamilton’C gstates that so far there i3 no proof
of the oceurrenee of skin cancer in the UgS. from the use of re-
fined lubrieating ard spinile oils whieh have bsen aoid-treated.

Heller %2 pelieves that the relauive rroidam from occu=
pational ecaneer in the U.S. is due to the mechanization of induatrial
processes, preventing direet oontact with the pitsh and dar; the
extensive smployment of negroes, who are apparently less subjeoct
to skin irritants than whites; the use of refined lubrieants from
erudes whieh are peer in eareinogenic propertiss, and the use of

tar from eoke-nveng instead of from gas works.

Phillips 77 reports the partisulers of a study carried out
by the U. S. Publie CLealth Service .ag o the ineidence of oeou~
pational cancer in Texas. The records of 1190 individuals having
miorossopieally verified skin ocancers wsre =nalyzed, eoverin: the

period 1930 to 1940. The oeocupation of the largest zroup of these
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petients was outdoor work (farming and ranching); the work of
pousewifes comes next in order, followed by verious activities
requiring moderate outdoor life. The professions were next,
followed by laborers and oarpenters. The railroad and petroleua
{ndustries furnished few cutanecus cancers.

Oafafer and Sitgreaves in a U.S. Pobuo‘ Health report
jssusd 1n 1940 37 analyse 70 cases of caneer reccorded for the male
pembers of the sick benefit plan of an 9i] refining oampany during
the period 1933w38; there were 46 deaths. The death rete was
0.78 per 1000 and & frequeanocy of 1.8 per 1000 (all U.8. death rate
& 0.96 per 1000). Almost 70% of the deaths were related to the
digestive system and the rate for thisste was higher than in the
tdal population. Deaths from cancer of the genito-urinary system
ws 6.5 of the total, compared to 15.0% in the case of the total
pupulation.

In 1934 Campvell 20 31 .44 lavoratory tests on mioce
vith dust obtained from Sarred rgads. This dust caused warts and
canoer of the skin and in six months 24 ous of 59 mioe showed
’ typical tar warts, Ralf of whieh developed malignanocy. This fimding
wvas oconfirmed by Kling, Semsonow and Heros, 64, 65 who also spparated
e substance oontaining the denszopyrens muoleus from the tar.
Bowever, Hogouneg 47 1s doudtful of the danger from roed tar sinoe
it usually takes years of direct occataet of ecal tar to the akia
to [roduce skin canser. (Teutsshlaeader ¥1 calls atteation to the
faot that almost all iadustrial cansers require aan exposure of ehout

tea years Lefare growth appears, although s fow cases may arise
mich later). Valade L1 ixewise 15 of the opinioa that while pri-
sary lung tumors cen d»e induced in mioce painted with tar or exposed

L
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to inhelstion of dust from tar roads, yet these results cannot de
n.‘n.tornd to humans. Animals other than mice should de employed
in experiments and an inquiry should be oerried ocut on workers ex-
posed daily to suoh dusts.

While the menufacture of DPriguetteg in England is attended
py & high canocer rate, 88 sinoe high-temperature tar is used, yet
in the fow plants in the U.3. making briquettes csncer is entirely
ebsent, partly due to the lack of ocontsst with the binder sinco the
process here 1s entirely mechanized and ;artly dus to the use of
petrolsum asphalt as a binder, 43, s finding was oonfirmed dy
vood 120 in his investigation of briguette manufacture ia Pennsylvania.

The addition of glyoerides 5% reduces the earoinogenio
poteney of mineral oils bdut not to as great an extent as Japolin.
Speskman and Chamberlain 5 state that while alechols havenot been
used for this purpose there can be little douds that soch polar
oompounds will reduoce the risk of ocancer formation by promoting
mulsgification, sinos an 0i]l which is sasily and completely rexzoved
from the skin must oerry less riask than one whieh is difficult to
saulsify. These investigators tlso delieve that polor sompounds ia
s mixture with minersl oil may, however, fusstioa in yet another way.
It is koown that the careinogenio agents of mineral oil when assooiated
with unsaturated ’oonpmu are free to concentrate at any surfaoce
to which the oil is applied, the nOA-pOlar parsffia molecules offer-
ing 1ittle ar no resistance. However, whean oil-soludle polar oom-
pounds, sueb as oleyl alechol or woel-fat ether, are mixed with
lhonl oil they eoncentrate at the surface, excluding the less
polar carcinogenio hydrocardoas.
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Se ueira35 stremses the necessity of sbsolute gleanliness
of body and clothink, the appliocstion of gsstor 91185 to exposod

qurfices nd mediocal insveotion every three months. Prooxbankl$
pugrests 3 Eixture of lanclin and glive ©i] be applied to the sxin,

Duekham advocates ths use of am oll-solvent cleanser
simtlar to the ether soap used in hos-itals in order to remove all
of the lubricant from the sores3,

In view of the suggested use of lanolin the following
should be of parsieular interests: Dr. 1. V. .Cowdry, of the
gashinzton University School of Medicine, St. Louls, has Just
asnounced (K. Y. Herald Tridbune April 29, 1945) shat sslls cam bde
gensitized %0 Deocme caneer cells by treating them with a substanses
which dces not cause cameer and whigh will even jrevemt powerful
suscer-producing chemiocels from exhiditing that préperty.

For example, wham the Ml carcinogen meShyleholanthrene
{s zized with lanolin {t is without setion when appliedite the skia
of migce, although aloms {t slways ';uult.c ia eanger. Howsver, vhem
thess mice were then treated with methyleholanthrens im bdemzsme they
developed caneers more quiekly amd tumors of groater viri{lity than
siee whioch had 2ot reseived the om"'rcvntlu~‘tro‘aﬁ-|“

0.V,
Das

e

R e
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REFLRANCES

1. Anon., Cancer fror Spindle 0il. 01l and Color Trades J.,
July 2, 1937, 38.

A letter zent out by the General Comrittee of the
Federation of Master Cotton Spinners' Assoeiatiom
recommends that when purchasing svindle oll membders
should obtain a guarantee that the oll conforms to s
specification of the Maneheater Cancer Committee which
recently issued s formila elaimed to minirize the so-
ealled canser-produeing elements of minersl oil, Tests
showed that msny of the oils in use at present oonfors
tgi this specifiecation and are odtained at regular
prioes,

2, Anon., Cancer and Mimerul O0ils. 011 and Color Trades J.,
182, 695 (1942)

'i'bc report of the Nanehester Committee on Canoer
issued for the r eaded Oetober, 1941, states m‘
in efforts to isolate and oharaeterise {uiﬂml
careiznogenie hydroesardons from shale oil, reeemtly
apprecisdle quantities of erystalliae -‘orhl have
bees odtained, dut it is $00 sarly to diseuss resulss
in detall, As far as cam be judged, all fractiocas .
obtained from Venesuelaam 011 by ehromatographie ade
sorption are setive. Proprietary oclloids have wvarying
effeots, depending om the eonditions of the sxperimens.
A oolloid eonta a ehlor-eompound was found less
efficaeious than an oclive oil-lancline mixsure as
protestion against the sareinogenie asetion of shale
oil, while the reverse sppeared to de the case wa
the earcinogemie agemt used was deaspyrene.

j. Amom., The Problem of Cameer. Petroleum Times, 2}, 59, 30

(19 .
ﬁ’ The fellewing appeared i3 a receat issue of tho
British Nedisal Joursal in eommestion with the use of
aineral ludsisating 0ils ia the Lancashire eottoas millst
"Fae Nanshester Cancer Committee, while studying the
part played iz the producties of malignant growths By
the lubriecating oils used in cotton mills, has edtainsd
infermation about the eareimogemetie power of varioces
oils and the cocmsentration withia them of a csnesr-
produeing prinsiple. Ian the ecurss eof this researel,
two pure eempounds of knowa chemieal eompesition have
been proved eapadle of produeing tumors, amd a stady
has deen made of the factors waieh ehnnge a P
ogenis into an aetive eareinogemie substance. Alresd)y

ey
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sme 0T the methzdz for Aestrcylzg the cuncer-pr-“ucling
power of certain olls h:ve proved to be eff:ctive, at
least in part, and one method led to the preparation
of a purified o{l which, when subjected to vizourcus
test, has falled altoxether to oroduee cancerous zrowths,
Reprerertriives of the ocotton industry, after comparing
this oil with the erude untreacted ofl havs saié that its
lubriocating power is unimpaired, and the Manchester
Committee is therefore adle to hald sut the hope that
before long it may be po0ssidle to put on the market an
oil whioh fulfils the needs of indusstry without deing
a scurce Of danger to the workers.®

Assuming that the use of spindle 0ils de sueh a source
of denger, it almost neocessarily follows that other
lubricating oils which come into closer physieal ocontact
with the worker must de sourees of higher potential
danzer than any of the light ludricating oils used in i
the looms of the Lancashire ¢otton industry. It might '
be proved unom investization that little difficulties
would present themselves in the production of a spinmdle
oil whieh is non-~carcinogenis, and lest the present
attack wideas itself to inslude the whole range of mimeral .
lubricating oils, 1t would de advisadle %0 meke ar la- :
vestigation of the most embraeing charseter.

Le Anon%{-A Dengerous Ro}or‘ on Lubriecants and Caneer. Pet.

.3, 319=320 (1932)

Criticizes the report of the Nanehester Caneer :
Comzittee in that the Commitsee has asoepted contri-
butions of £1000 for two years from the Amglo-American,
the Anglo=Persian and the Shell Mex dut haszs not aveiled
itaels of tShe serviees and adviee of axperts from the
0il industry relative to the sharscter and metdods
of treatmeat of petroleum oils.

§, Anon., Msnchester Committes om Cancer Report. Pet. Timss,
38, 295 L937)

The 193536 repert of the NMamchester Committes om
Cancer slaims Shat "with a kmowledge of the refrastive
index of an oil, and of the viseosity, one e¢an form
a moTe reliable estimate of its cancer-produoing powers
than by the applieation of the smmple to the skia.®

It is pointed out, however, that similar eonelusion
in the 1933=34 report was bdased on lasufficient evidenes
and that soma €iserepasoies with animal tests were
admitted, snd that in the 1934=1935 report the animal
tests wers reverted %o.

It {5 ales peinted cut that the adove ecnelusioa
was Dased on the axamination of only ome oil from eash
of a numbey of ecuntries.
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Occupational Cancer of the Skim. Annual Feport, Chier

Inspector of P=octories and workshoos, Year 1917

A tadble showing distribution of enithelicmatrus
ulceration by industry for each of the year:
1933=1437 18 given in an abstract in Ameriocan Journal
of Cancer, 34, 610 (Dec. 1938), Tar distilling end
cotton wmule spinning take the greatest toll. The
inereased 1937 figures for tar dissilling ecases {s
attridutable to voluntary periodical examination in
scxe plants, '

Alapy, H. Cancer Prophylaxis by Prelirinary Treatseaut

th Carcinogenie Polyeyolie Hydroeardboms., 2. Kreds-
forach. 43, 32-9 (1938{

Mioe and rats were treated with very small doses
of 3 careirogenic hydrocarbons (demzo-pyreme,
methlocholanthrene and 1,2,5,6-41bensanthreeene as
a method of protestion against the implantation later
of highly virulent tumors. Usually a single sud-
cutanecus injection was made of the sarsinogenis
agent dissolved ia sesame oll., The most efficiemt
dose in mige was 1.5-)y and the most favoradle time
40=70 days defore the implantation of tke Sumor
emulsion, Didemsanthrecene wes somewha$ the most
effeetive, The protection in mice was only slighs,
Developmeant of the tumor was delayed 5-6 days and for
5-6 days was slow, Growth them Desame repid and oa
the 17tk or 18%h day after implantation of the tumer
the tumors were Of the sams size in the animeals with
treatment snd the e¢ontrol animals. ¥Ne hiadrance %o
tumor growth was odtained in rats givem 1-100y doses,
ocoasionally 1501807 doses )-L({=80 days defore i~
plantation of the tumor. A definite aetive pretestioa
cannot de odtained dy shis method,

Bachmann, ¥. K. ot al, Produetion of Canoar ¥y Pure

Hydrocarboms. F1oe. Roy. Bos.: 3% £1937)
T4 Tespoet % Mgh carsinogemie poteuney,

neothylesholandhrens '1s not surpassed dy sny

compound yet tested, slthough it {s almost egualed

by ehkolanthrene. Produetica of eareincma {s .

favored by fmtroduetion of sudstituents into the

5 position of She l,2-beamzsmthreacens wel.§ 2=No-3,

Li-deasophenanthrens is ssreinogemniec %o a high degree

as are eertain hexzeyelis hWydroecartons derived from

the pentasyslie hytrosardon ),i~V@mSepyrend.

rY]



=19

9. badger, 6. }. et al. Production of Cancer by Pure Eydrocarbons.

PI‘OO- RO]- S0, BIQQ, L39.67 (19‘0) ’
Information &8s tc the moet effectual method for the

production ~f any particular tusor (pairntinp, sub- -
outanedsur injection, feeding) is mot decisive; in the
two latter the fur {a alweys contaminated, and inhaletion
and swallowing osmnot be exeluded by any of the rmethods,
The 3,4-benzophenanthrene cowpounds possess carcinogenie
properties, and epvarently are rore active than the
benzanthracenes in the produotion of mltinle tumors,
cholangioxa, end tumors of the lungs $he 1,2-substituted
sompounds are more active with respeot to gastrie tumors,
Compounds substituted on the 1,?-side are usually rore
carcinogenioc than those subctituted on the 6,7,8-side.
Azong the l,2-benzanthracenes, the 5-n-Bu, S5-n-Am, and
Se-n~hexyl recezble the 3,.i-benzophenanthrenes in their
assoclation with a higher inecidence of lung adencmas -
and multiple tumors, and a deficiency im sarcoma production,

-

S ' 10. Baiger, 0, X. ¢t al, Préduqtibn of Caneer by Pure Hydrocardons
Proe. Roy. Soc. Bl13l, 170-82 (1942)
In the deries of S5-alkyl derivatives of 162-banzanthrn—

oene (Me, Et, Pr, iso-Pr, Bu, C » C ’ ) the
higher members showed pro;r03113§13111gg£?0n Zglgsrcino-
genio power on the ekin} mezber with more than 3 C r~toms

in the £ide chain d4id not produce sarcore, With der-
ivatives of 3,i{=benzcoohenanthrene, subtztitution in

positi~n ” snd, to a leceer extent, in position 1, oromoted
carcinogsenic =2otion; most of these esrpounds were defigient
in nowrer to produce s>rooma. 1,2,3.4i-Tetrarethylvhensnthrene
had s 8'{ght dbut di{stinot 1bility to procduce skin tumors,
3,.,5,6=-Dibanzofluorene had no action on the skin and
thereby differed fror the 1,2,3,4-, 1,2,5,6-, and 1,2,7,
8-gomacunds., 1,?,5,6-Dibenzocartszole exhibited a slight
tendency to produce tumors of the liver. While rultionle
tumors ¢o52ld not de aseridbed with oertainty to the zotion
of the 22rminiastered ecmpounds, the most striking cnses

of rultiplicit 2c¢ccurreid under the influence of 7, 23,/~
subrtituted ohen:nthrenes, 1,?,5,6~ditenzooarb:z.le wd
1,o=5,6=21ven:reridine,

DT B

11, Earry, G. et 2tl, Production ~f C:ncer by Pure Hydrocarbdbone,
Pros. Roy. Soc. Bl17, 313-51 (1925)

: A large nurber of ocompounds, chiefly tetracyclic =nd
: pentac: olic aroratic hydrocarbons, were tested for
cancer-produocine action, with rice s experimental snimals.
Considersble canger-,redueing nower was possecsed by
1,-benzooyrens (frnrm coal-tar pitch), methyloholanthrene
{2 deriv. cf deoxycholioc acid of bile) and 3,.-henzo-
phen=anthrene. In order to be carcinozenie, derlvs. cf
1,?-be%zanthracano mst contaln sudbutituents in nositions
5 and 6.
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Bergs=nn, F. Wechanisa :f Tumor Produotion by Chemical Asents.
Cancer Re:curch, 2, 660, (1912)
- The following prineiples for tumor produetion by
ccemicsl agents are hypothetically established: 1,
The forz and size of 2 oarcinogemic hydrosarbdon and
of its related hetercscyolic oompounis deterrine its
activity. Xvery substance whish imitates more or less
| closely & zivea parent structure resesdles it also in
its dlastomatogenis action. 2. In the living esll
the carcinugens are adsorbed dy sn zooeptor pOOIOII{n‘
s definite adsorption arca. This sets an uprer limit
for thé 2iaensions of the active sompounds. A lower
lixit {s given Dy a decrease in sdsordadility with
decreasing size of the molesule, ). All oareimogens
are oconceived ss parts of an "ideal carcinogenis strueture.”
4« A ocercinocgen ocan bde inactiveted dy additions whieh
pravent its proper adsocrvtioa, The meehanisa of this
bdindering effeet is diseussed,

13. Boneser, G. M, Tumors of the Skin Prodused )y Blaat-Jurnasee

Tar. Lancet }, 775-6 (1932) |
The results odtained with four samples wers remarke- >

adly similer to Bersodlum's and bdlast furnaee tar.is : |
therefore carcinogenie, though not so0 patent as e . - 1
gss tar employed. The reasqou that it has deem immoeucus
for zan 1s that the yleld is small, and (% i¢ regarded
as alznstl produet and 1s Adisposed of without further
handling.

4o
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1. Boylsnd, X. and Brues, A. M, Careinogenis Action of
Didemzearbazoles. Proa. Roy. Soe., 1220, 429=4) (1937)
Caneer of the blsdder is uaduly  § B
shexiec2l workers, and these dealing witk ma
mines and Mgpidine seem nest 1iadle 0 the ‘disease.
It has not Joam demcastrated satisfastorily that !
’ naphthylamines aye seareiaogenis, and it 1e possidlse
that it is et they WRi8k are respousidle for eanéér
of the dladder, dud ties formed during thely
manufacture, suek as 13 lamines and 4ldesnear-
bezoles, SubstaRess of this nsture were tharsfore
tested for sareinogenise setivity by paint o8 the
sxia of mise sad cne (whieh proved mopt sstive . -
nouse skin) alse be subeutanecus iajéetion L{ave ruts,
The mest wotive was 314351641 . ale dat
thie was toxie. IS produeed maligmnant skij Summrs
in miee in 180 days. OFf the other MAntansed Sested,
1121 516=d2banz0arbascle was owd 11Ny
§-diadenzsarbazcle fesdly se, The thylanines,
O-amincasotoluene, ¥powm o z::lnlt Nepatemm, end -
diemino-esobeasens { tine) oIl Tallel o yredie
tumors on the skin of mlee. Spindle~eell seresmata,

ene of wiieh was prevel tremsplemtadie, mﬂ
{n rets by sudeutamesus injeetisas of a
suspensien of 314:5:6-4idemscarbasele, '

o it 5
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Brook?:n:a :i)l. Mule-Spinmer's Cancer. Brit. Med. 7., 622-3

- Broockdank, E., M. Mule Spinners Cancer. IEpithelioms of the
8kin in Cotton Spimners. H. K. Lewis and Co., Ltd.,
Lenden. 36 pp. (1%41)

The first tnown case of serotal sanser in a mule
spinner was reported in Manchester in 1887, 37 years
after the introduction of mineral ludricating oil}
before that time sperm o0il and neatsfoot oil had deemn
the prineipal ludricants. It is now known that eaneer of
the skin, whether of the scrotum or elsewhere, iz mule
spinnere is caused by carcinogenie oompounds vhieh are
present ia mineral ludricating o0ils though not im ludri-

. ocants derived from snimsl or vegetadle sources. Bome
minersl oils are more ecare enic than others, that
derived fram shale deimg particularly dangereus, and it
has deen learned dy experience that esneer is morellikely
%0 be esused if the seme lubricant is used contimweusly
than if the kind of ¢il employed is cecasiomally mui
It has beem found alse that by nixing suimal er vegetadle
eoil with minersl oil the careinegenis potemey of the :
lubdbricant may bde adated.

hmn. K., Hieger, I., =nd Kammaway, B. L. ZAxperiments in -
Carcinegemesis: the Rffeet of the Budsutaneows and z

Intreperitencel setion of lLard, Olive 04l amd Otheyr

Fuatty Matorial in Rats sad Niee. J. Path, Bast. ¢,

419-36 (193¢)

Campdell, 7. A, Experimemtal Predustiom of Camser iy st
Obtasned frem Tarred RBoads. Brit. Ned. 7., 5.3.34, 8334
T™his ¢ust saused warts and cameer of the skin of miee
with metastases semetimes in the lumgef in ¢ menths 34
out of 59 mieo showed typieal tar m. hMif of vhich

develaped naligasmey,

M’m&ih‘fimﬁma“ orr:::'aa!- ’3
mee 8
| LTS Mt. '. hno Path. ,Z‘ mo

IS has been showp that Trem tarred uuoq
uucotmlun.r-su. Roed dust mimws tar, &8 .

t{m,huntnuomnrofﬁo

of un; t stimulates the yreduction of lung twmors in
uu.ntutuumtmtu‘-mmu

alse ) :
Campbell, J. A. unuoc-h Agents Presant i the Atassphert
- m'ncu-u of _Irimary !;.‘r; ia Miee. IYiv. 7. Bmp.
hﬁ.’. m ;m ' _
e 2as seniimsed kis resesrdh om SUbOTIRSSS
at nigtinduse lung tumers. Ko expleyed almmey boot
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and soot soraped from exhaust pipes of engines durning
heavy oils. Rats were exposed to these dusts for 10 min.
an hour for 6 hrs., S days & week for 1 yr. The death
rate of bdboth groups was well within the limits of that
for the ocontrols dut the number of lung tumors was some-
what higher. Of those exposed to exhaust pipe seot, B
living 10 mos. or more developed tumors. %he most active
substances tested was dust from tarred roads. Data are
also givem on mice whose skin was painted with ®*tsr” Irom
these sudstances.

g3, Clark, R, V. Cancer from Lubrieating Oils. 0il-Colour Trudes
Jdey 11.9.54, 1878-9

gs. Ceok, 7. W., Hewett, C. and Eiegor, I. Cosl-Tar Constitumts
and Cencer. Nature, 130, 98¢ (1932)

SBeversl hydroearbdons were isclated from eoal tar which
were aotive in proédueing caneers and whieh had the typical
fluorescence spectrum of eareinogenie fractions. The most
aetive hydrocarben isclated was l,2-bdenzepyrens whiah
produced caneer im half the time required by 1,8,8,0-44-
:n:uthra“ sene, Peryleme and ¢,5-deazopyrene were alss

” .t Y '

g8, Cook, J. W., ot al. Produetioa of Cancer by Pure Kydroearboms.

(a) Proe. Roy. 8ce. (Londem), 455-8¢ iuu;;
(d) Proe. Roy. Soe. (London), 485-96 (1938

Ts) Mice were used as expil. animals, and & study was
made of the actiom of 88 &ifferemt polyeyelie arematie
hyéroeardons, ocontg. 3-8 rings ia their resp. mels. aad
applied in sela. te tie imtersespular regiom, uswally
twise weekly. OFf these pure sompds. only 1,8,5,8-41demsan-
thrsceme and certain elosely related sempds. produced
cancer; it was active ia ¥ different solvents, snd Wb
effective wvhem spplied iz 0.0038 soln. in CA,. 0f 373
mice treated with tWis eampd., 107 tevaloped tunors,
ineluding 77 epitheliomas snd 1 papiliemss,

(b) The imvestigatien has Yo sxtended to imelude
.1 ] .u:x. .!ol ; ;r:nu eompds. !-’o‘r: n:-:. pPrO=
duced dy ¢-isopropyl-l,i-bgusanthrecene, B5,6-ays .
peatens-l,s-bensanthrasenes, phenanthrossensphthene, ad
S derive. of 1,8,8,8-d1bmnsanthrasene: 2'-de, $'-Ne,
'.u.. "‘. ..“ ‘o.’.c&"l ) J s

M. Cook, 7. W, Hewets, G.L. snd Kieger, 1. The Iselstion of
c::nr-munu{'m”um frem Coal Tar, ¥, Chem.
Sce., 305-403 (1933) :

The preparations derived from ecal %ar piteh Wy @
variety of selvemt extructiem methods, the frastiems
separated by formatiom of picwstes, dSsdillation end
srystallisatien, sad the hydroearbdeng,l!S-DERSpyrene,
and 41D0-bDemspyreme, peryiene and 1, 3-Senszuthreedsns,

' have proved careinegenie and have given the sgue flweres-
esmeo spectrum (dands at 4000, and 400A ), The
eoal tar piteh cemtainmed not less thsa 9.00%

origimal
of 1l,8-bemspyreans.
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g8, Coox, J. ¥, 8ynthesis and Blological Rffeots of Careinogonie
Hydrocarvons. Chem. and Ind., 1022-3 (193%)

Certain forms of skin esneer ¢ to oeeupatiom ocatuses
in imdustries where shale 0il, coal tar amd lubdricating
0il are employed, have bdeen shown to de &ue to the denzan-
tarasenie group of hydroearvoms whish also impart flucres-
cence to the oils. The exaet nmature of caneer formatiom
in the human dody has not deem explained although a
similar denzanthrecene hydrecardon has deen found to be
produeed by body shanges from sudbetances normally present
in the humea bdody.

gs. Cook, J. W. Careinogenioc Eydrosarboms and Their Relatiomahip
3 to the Stervls. Chem. Weekdlad, 5%. 863-8 (1938)
X Review of historieal development of resognition of the
sancer-producing eonstituents of ecel tar and earlier
. investigations; the developmemt of fluoreseenee spestro-
seopYy and the systematie study of syathesie earsimegenie
Aydroeardons ineludiang & Pummary of the results odtained
from the exmminasioen of a ecmplete series ef tetrs- and
pentasyeslie hydrosarbons and s mederstely wide raage of
bemzanthrecene derivatives. The speculation 19 advensed B
that a meso K atom in & eompletely arematie strueture
plays seme role in the sareinsgemie precess. The isola- -
tion of 1l,3-benzopyrene frem oeal tay and its synthesis :
are recounted and an aceovnt is given of the syslisstiea’
? of bile aeid derivatives, and the ovemtual synthesis of
: Rethyloholaathrene, & ¢areinegemnie hydrvearbom related to
the sterols. It is inferred that there s some emxynie
faetor preseat in the animal dedy whieh is sapadble of
effeoting dehydrogenation ¢f the sterol ring systea sad
that oxsessive astivity of this fastor may eomeeivally
eontridute ts the produetion in vivo of ecarsinegenie

eanpeunds,

3%. Coek, 7. V., "twal. (ammical sampoundd as Cavsinegmis Agemta.
M. J. Camser, 519-89 (1937)

A full survey is given of the careinegenic chemieals,
dealing Yoth with their chamicsl relationships end their
tdelegie offeits, Wringing together, wnder well cheosen
headings, all the material pullished up %0 e and of
1956. They inelwde ot enly the hAydrcearboms ef the
benssathreeme s Jut alae the ane esmpowmids, estrin,
the styryl quincline derivative disecovered by Duewning
ot al,, and the issryganiec csmpounds 3ine ehloride aad
arsenis. A Mdliegrephy of 194 referances 15 appended.

i 8. Cook, 7. ¥, end Kemmsway, B. L. Oheaical Compowmis as
Careinogenie Agemts. TFirst Supplameatary Repors:
Lisersture of 1937, Jm. 7. Cameer, §3, 90-97 (1008)

Authers present sa exhaustive revieow of $his subjesl
whieh sheuld de of imterest ¢ 2ll intdustiriel physieians, -
It eentimues the sariier review and the twe reports to-
gether have didliegraphies tetaling 394 refaremees,
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Pavis, &, Chemiccl Carcinogenesis, Drugs, Dyes, Hemedies

»nd Cosretics with Particular Refsrence to Bladier Tumors.
J. Urol, 49, 14 (1943)

Author Tiscusces st eonsiderable length the large
nuzber and veriety of proved chemicsl carcinogenic agents
whioh may be introduced into the body by ingestisn, in-
halation, injection or cutaneous applicetion. He strongly

inclines to the theory of some shemioal ocarcinogenic agent.

any ore cited such as derivatives of coal tsr, orude
zineral oils, an anilin dye "intermediate”, azo dyes and
estrogenic substances. The aniline bladder tumor of dye
factory works develops after years of exposure ts what
are probably extremely small daily doses.

The theory is advanced that there may be many other
carcinogenic sgents as yet unknown which are unknowingly
sneountered in the routine of daily life, and perhaps
through the use of many 4drugs, patemt medieines and
cometics, vitanins, sex hormones, and the trexendous
1list of anilin dyes used in the coloring of food stuffs
and fadrics,

Downing, J. G. Industrial Dermatoses. J. Ind. Hyg., 17,

138-165 (1935)

A review with 208 references, A section on chemiosl
agonts including inorganioc eompounds, hydrocarbons and
ocrude coal tar products and other orgenic compounds;
treatment and legsal aspects.

A, 01l Button (Flaiokoniosis). Prasse Med., 40,
1541-2 (1932) .

Description of a dermatitis in industrial workers
caused by heavy minerel o0ils, including treataent and
prophylaxis,

Pleser, L. J. Caroinogenic Activity, 8tructure, and Chemical

Reectivity of Polynuclear Aromatic Hydrocarbdons.
Am. 7. Cancer, 34, 37-124 (1938)

A long review whioh inoludes: I, a oritical evaluation
and comparison of the methods for determining careino-
genie sctivity; II, information sconesrning the preparas-
tion and purifiosrtion and the ocommersial sources of the
caroinogenioc hydroeardons; III, a summary of the work
on oorrelation of chemical structure and carvinogenisc
activity, end IV, a summary of investigations on the
metadolic fate of various astive hydroecardons. There
is a very extensive blullography.

Fieser, L. ¥. Produetion of Cancer by Polynuclsar Hydro-

cesrdons. Univ. Penna. Bioemtennial Conf. Cause and
Growth of Cencer, 1-37 (1941)

A review devoted to N-oontaining caroinqgcna,
relation of carcinogenic hydroeardons to the sterédids,
earcinogenie sotivity, chem. structure and ches. re-

- ap—— ——
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activity, nature of a possihle resction leading to
carcinogenesis and of the metebolism reactisn. If
carcinoZze-nic hydroosrbons can be praduced at times
in the body by s=teroid metsbolism, their most likely
preocureors are among the sterocids of the adremel
cortex. The initiating sction of a hydroesrbon in
carcinogenesis prodadly involves substitution in the
hydrocarbon a2t i{ts most reactive center, »robadly a
direct interaction of the hydrocerbon with an S-8
linkage of the cell protoplasm. Metabolioc elimins-
tion of a earcinmogen probadly is s detoxicetion pro-
duoed dy a mechanimm different from that lesding to
carcinogenesis, and involving s different point of
attack in the mol. The reaction of detoxicstion and
that of earoinogenesis are ocompetitive. Detoxieetion
may involve bdiocl. hydroxylation to a phenoliec deriv.,
or econversion into derivs. of merocapturie acid.

Fieser, L. ¥, and Fieser, M. Carcinogenioc Hydrocardons.

*Organie Chemistry®, 1944, 814-28

Caroinogenio activity end struoture; correlation
with chemiocal reaoctivity; methods of symthesizing
carcinogenic hydroocarbons. :

rirquet, J. and Malter, M. A, Piteh Cancer as an Oscsupationsl

Disease, Archive de Medecine Sociale et d'Hygiene
ot Revue de Pathologie et de Physiologie 4u vail,
II, 797-807 (1939-40)

The authors report their experiences made in medieal
suparvision of 138 workers in the provinee of Liegs,
working with pitoh or tar. There were found two
epitheliomata only, and no lung ocancers. V., Heary
made a chemiocal examination of verious pitches as to
their content in 1.2 denzeneanthracene and 3.4 dento-
pyrene, (the two most effective cancerogenic substanees
{n animals) and he found in the piteh 1-8% of the
first, traces up teo 0.4% in the second. The examimation
of the pitch dust in the two bdriquette factories revealed
mostly large partieles: in the workshop 80% of a dismeter
. of 80-100u, in the storage roams 90% of 20-B0u.

Therefore it seexs--agoording to the authors--that
substences whieh are cancerogenic to snimals are not
for men, dut more reseerch is necessary. (The materisl
is mueh too slight for any oconelusions in the opinioa
of the abatrastor.)

Gafafer, W, M. snd S{tgreaves, R, Disadling Mordidity and

Mortality from Caneer among Male Naployeses of 01l Refin-
ing Company, with Reference to Age, Si{te and Duretion,
1933-38, inclusive. U.S. Pud. Health Repts. 53, 1817-
1526 8.23.40)
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. Gugliamipnetti, M. Do Magadsm Roads Produce Cencer. Bull.
Aced. Mad., 122, 39-94 (1939)

The author first reviews the litersturs. He ocuestioned
various hospitals in sope of Garmany's large cities ro-
gerding the numbdar of ohsarved camas of e¢nncer and sent
these renorts to the megnagers nof the road building system
in these cities. Incraarce of csncer wes affirmed dut
without relation *o macadam roads.

s9, Hemilton, Allce. Cancer from Tar and Petroleum. "Industrial
Potsons of U.5.%, 410-7 (1928)

40, Hamilton, Alice. ®Industrisl Toxieclogy®, 135¢, 253-4
Occupationsl ocancer is rere in France. 1In the U.S,
the only published o03se up to 1930 was the cace of a man
who hed worked for 20 yrs. at the paraffin process in a
petroleua refipery.
In 1928 the Eealth Committee of the League of Rations
requested its members to eid in a world-wide inquiry into
the ocourrence of oceupationel cancer dy undertaking a
study of the que:iticn in their own countries. The Roeite-
feller Foundation them mede it possidle for Imre Heller
t0 meke an intensive investigation in this sountry, and
his report was pubdlished in 1930. Heller oconfirmed tho
impression held by American authorities on canocer, that
those of occupational origin ere very very rere in the
— United States. He found in the records of the two New
Yerk hospitals speoializing in canocer only 37 ocazes of
skin cancer that could possidly de traced to ter end tar
producta, 26 of theee ocecurring among men handling gas-
house tay or pitch, only two in coke-oven tar or piteh
workeres., In a Cleveland plant making ecardon and dry
batteries, imported Mngliah gas-house piteh was used up
to 1906, when it wes supplented dy Ameriosn coke-oven
pitch. There wers 31 oczses of cancer among the workers
in this plant, only 4 of which were i{in men handling coke-
“ oven pitoh, and these were not considered dy the physicisn
in ocharge to de induditadls eases,

— — ——— o ——— ——

41. EHartwell, J. L. Survey of Compeunds which have bdeen Tested
for Carcinogenie Activity., U. 8. Pudblie Health 8ervices,
371 po. (1941)

This bdulletin represents s survey of the field of
chemnieal sarcinogemnesis in the higher enimals: the ection
of caroinogens on iselated tissues, tissue eulsures
plsnts, protosca, and bacteria is not considered. iho
literature is eovered to 1938, snd the campilation also
includes experiments with 153 eompounds from the unpud-
lished work of Dr. M. J. Shesr and Dr.’H. L. Stewart of
the Naticnal Ceancer Institute. The results of the test-
tng of 61 of these compeunds are newly reperted, while
45 sre new t0 the whole osneer litersture. Altegether

— the work eomprises data referring to 698 chamieel sud-
stances: of these, 169 are reported to bde earsinogenioe,
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spert from 23 observed as causing paiilomas only.
After ar introductory discussion, the bulletin takes
the form of a t=bdular review on the following clessi-
fication (figures in parentheser show the aumber of
sntries for sack cetegoryi: A. Inorganic substances
\28). B. Orzanic compounds: I, aliphatie (36); II,
2olyeyeclic Bioyclioc (28), tricyclieo (47, tetracyclie
{152}, psentacyolis (114), nexacyolic end higher (83)34
III, Azo-comd>ounds (39); IV, Cteroids (86); V, Hetero-
cyelic (59); VI, Unelasairied (77).

within this arrangement, sompounds are individually
numdered and then groujed according to prototyores and
slphabetically. The tablee give structural formulas,
literature references, particulars of species, strain,
sex, and nuxber of animals used, preparation, dossygs,
and route of administretion of compounids, nature of
sites of tumors inducsed, with details of duration of
exveriment and survival rates and other rmmarks. The
above conditione show the wide range of informmztion
necessary in order to essess the carcinogenio aoctivity of
a given compound. The suthor draws attention to the
incompleteness of the data for many of the compounds
listed, and urges the more systematie investigation of
compounds already studied in a prelixminary fashion, and
for the filling of large gaps smong subdbstences whioh it
would seem desiceble to teat. The review is completed
by a bidliography (over 1200 references) and separate
indexes to sompounds, routes of application, veniocles,
snimal species, and tumor-sites.

Heller, I. Occupatiomal Canocers (in U.S.). J. Ind. Hyg.,

12, 163-197 (1930)

The chemical properties of gas-works, coke-oven,
producer-furnase and bdlast-furnace tars eand pitch are
brisfly outlined with a view to correlating these pro-
perties to eaneer ineidsnce smong workmen in the in-
dustries involved., 4As a result of extensive surveys
apd heelth record examns., gas-works tar and piteh
were responsidle for 70.8; of the eases while ocoke-oven
tar anéd pitch were held responsible for only 5.4%.
Coke-oven ter is much the less injurious especielly when
cognizanes is teken of the fact that coke-oven tar is
used much more extensively. The presence of olefins
in gas-works tar seems to bde of particular importance
and may de a cause of oil scancer. Ocoupational sanoer
does not ocecur in the bdriguet mfg. industry. Minersl
oils vary in esrsinogenie activity aseording to their
oclerin or wmsatd. hydrecardon comtent. There is no
method for the deta. of the amt. of olefins in the
verious srude 0ils; if such a method existed, it would
be possidble to measure the oanocer-produsing power of
miners]l oils. Ceneer is not attridutable to the oseupa~
tion of mule spinner in the U.S., possidly decsuse of
the serefully refined ludrieating oils used om the
mashines, thus ensuring relative freedom from olefins
or unsatd. hydroscardoms.
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Henry, °. A. Study of Fatal Cases o2 Cancer of the Scrotum.
J. An. Meld, sssn,, 109, 1667 (19%7)

Hieg~r, I. .Bpect=s of Cencar-producing Tzre and 0ils and of
Related Subetances. Biochem, J., 24, 503-11 (19%0)

. Hoffmen, ¥, L. Mule Bpinners Cencer. Honthly Lador Rev. of
U.E., 27, 457-475 (1922)

46, Hoffmen, W, J. Industriel Cancer. Prevent. Med., 8, 7-34 (1938)
One of the seven typer of industrial cancer discussed
is cercer of skxin in workers exposed to coal, tar, »itah,
soot, shale, petroleum =nd arzenic. They may ceuse en
epitheliometous fore of capoer,

¢7. Hogouneng, L. The Caneerigenic Hydrocertons frox Tar and the

Terring of Roesds, Aimn. Eyg. Pudbl. Socisle, 27, 1-7 (190)
The caznecerigenie hydrecarbons feund in coal tar

produce ekin cenoer in sxposed workers ususlly only

after direct ocontest with the skin for long periods of

time. It is delleved that men is much more resistant

to the sction of these meterials than led. animals.

Hueper, ¥, C. Cencer in Relation to Occupation and
Iaviromment, Bull., /a. 80¢. Control Camer, 28, No. &
Jure, 194%) :

Owing to industrial develoment, the genersl populs-
tior end fectory workers in particular, sre exposed te
RANY new gpvirormental faectors, many of which are
disecze produeing. Oeccupational cancers are csused by
nurerous chemicel snd physisal agents. Among tham are
the hesvy metals, nitrates, sromstic amino compounids,
benzol, asbestos, mineral o0il, scot, redio-active sud-
stances, ultraviolet radistion sréd X-rays. The suthor
cites stetisties taken mainly from the resords of
industrial eomesrms, bBut points out their shorteomings.

Cancer of the urinary traet due ts coal-tar is the
most recent addition to _the 1list of oseupasiomal
eansers. It is mest frequent in the aniline dys mmd
related industriea,

Home Orfice. Rept. of Deparwmental » %0 Oansider
Bvidence as to Oesurrence of Epi omatous Ulseratien
Among Mule-Spinners. (Londen, 1924)

Cantains a didliography on esnesw suoag yetrolem

refiners.
HEunt, E, 8, Az Investigatiea inte the Incidence of Cansereus
or Presancereus Lesioas dmong Tar Workers ia

New South Yales. Ned, 7. Aut!'lul. 8.“.“, 28)-3
The general eenvhieion 15 that tar used (n New
South ¥Wales for local road-work is not a serious danger.
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1. I. P. T. Cancer Research Cozmittes. Carcinogenicity of
83 cpinfle 0ilg. J. Inst, Fet. Tech., 23, 205 (19%7)

The I.P.T. Cemrittee hes not teen convinced that
tbe eo-callel irnoldence of cencsr 15 ir any shape or
forx ecnrectet with the use Of spindle cils.

a8, Internatiopel Led®our 0ffice., Carcinogenicity of 0Oils,
Izd. snd Labour Informmation, 24, 277 (1320)

Tere at varying temperatures have dbeen prepared to
cdetarwire at what temperesture carcinogenis compounds
are formed, from which experirents 1t would appear that
moh eompounds begiz to de formed between 500° and
602¢, ths zaximum yield lying between 830° and 200°C. .
Attempt i3 now deing made to detemine the consiitution
of a few apparently pure or almost pure osmpounds
isolated from such tars. Applying their standard test
for deterainstiosn of carsinogenicity, the staff found
that olive oil, nestsfoot 0il, spera oil were non-cancer
producing =nd they have reason to suppose that natural
sxin fat is an impsortant factor in the prevention of

-~ GaneeYr.

§s, International Ladour O0ffice. ™Oeccupation snd Health", I,
. 547 (1834); II, 837, 1138 (1934¢)

Before minsral 3115 came into vogue the prectice in
textile milla was to use sperm, lard and neat's-foot
0ils and to same extant castor oil and ¢olsza oil.

Hanry states that shale o0il was introduced apous 1830
and Americen petroleum ofl adout 1364, end thas, towerds
1372, these 9113 were Deing used as eomponmte of
£pindle 0il; also that Russiean oll was rirst imported
about 1839, Rumanian 0il about 1900 sand Persimm oil
about 1909, and all thess were used for this slsss of
lubrisating oil defore the war. CTuring the war Scottish
shale 2i1s naturally came more into use for ludrisating
purposes. 01l refiners have their own private formulae
for xixings, dut there is ne doudt that the dulk of the
oil sold for ludbricating spindles during the past forty
y:;rs has bcn ~rincipally made up of maturel xineral
eil.

Asoording to the 1929 nzort of the Manehester Cgnser
Committes, in the distillatioen of tars, the carsimegenis
produots degin to form at a tamperature ramging from 500
tc 600 C. and reash a maxizem st detwean 800 and 900 C.
The addition of sulfurie aeid at the time of usse surftices
to make the o0ils hammless witheut injuriag or medifying
their lubricating power.

International Labour Office, Ocewpational Twmors. BSwppl. %0
°°“’lt1°n and l.‘lth. I.L. L« O Ceneva ‘°.to 1’”)
Carcinogenie sudstances are ¢iseussed under the
herdirgs of hydresarboms, non-radiocsotsive inorgenic oom-
pounte, radiesctive substances and rsdiation, and parusites
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and microdes., Attention 1s called to the absemse of
any comon physical or chemical charscteristics shared
by there various sanosr-produecirg agents,

It 1p suggested thet the canoer problem is essentislly
dlechemicrl =2nd thet 185 solution will come witk the
digoovery of the neture tnd csuse of the intrg-cellulsr
chemicel changee which follow the applisation of &
screinogenic egent.

Y Jorden, H. Evperimental studies on the Produstion of Cencer

by Gas-worcs Tar. Z. Krebsforsehung, 19, 39-355 (1932)
Author hes corroborsted the work of othere} in white

nice treected with tar for four months or less, 1
showed either cancer“S¢ precancercus changes. When the
tnyr was 23etd. at 400° the voletile fraetion did nod
produce these changes tut the residue produced the
typicrl proliferative ehanges in sbous 1/3 the time re-
quireéd with the whole tar, No preliferstion could be
produced with erthreeene 0il, Different rice sheved &
perked difference in the repidity with whieh they
developed proliferstion with the ssme st, of injury
ty the tar. Apparently the work was not follewved te &
point Gp det. just how many of the mies with preecen-

cercus ehanges would have developed actual careinoma.

¢¢. Kemmewey, E. L. The formatien of @ Ouoar-prodlou’ Sudstanes
from Isoprenes. J. Path. Baet. 37, 233-8 (1924

s¢h. Kawshate, Y. Lurg Cancer Among Jenerator-8as Workers ia the
Steel Mills., Gemn. 32, 387-83 (1938)

~_ Durirg the past 6 years, 31 ceses of primary luag
certigoha wers odserved smeng the generstor-gss workers
et the Yawata Iron-Steel Mills. These workers have av,
servise periods ef 16 years. In ne other sestioms of
the millks hes such frequeat appearence of lung eaneey
been notised., The workers are exposed 3¢ the spraying
of ges eontg. heavy Gust. The inhaled ges eontainsd
udout 0.7% of gaseous or ¢ust-like tar. Analyses
showed creosote oil 54.358%, phenels 0,314, cresols
0.07%, maphthol 4.60%, anthreceme 8$,00%, piteh ofl
62."‘* and wvater $5.7468. The metastases may apposy
véry sarly in the bLraim, spinal eord and lymph nodes.
The duretion of lung eaméer is vary shert, adout

7 manths. .

§7, Kemmaway, B, L. Caneer-Preducing Constituemts of Coal Tar.
Brit, Med, 7., 564-7 (1934) ’

Cancer fomation by Sar predusts was investigated
by suthor. Only higher freetioms bdoiling st £00%¢.
were found active in indueing sanser (erecsote, greesm
oil, orude ln?u-o and piteh). : '
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ga. Tennaway, E. L. Cancer-?roducirg Tare ard Tar Fractions.

J. Ind. Hyglene 5, 462-33 (1924)

Ex_eriments sn several thousand mics and analysis of
a grest mase »f clinicel records indicate that tar ocancer
is crured by a very smell quantity of sn unsteble comjyound
that exists in the high-doiling fraction (250° to 300°¢)
of a high-temp. coal tar, i.e., Oreosote cil and anthra-
cene 0il. Purified anthracene, like all other pure ocm-
poundes tried, 4id not produce cancer. BSpleshing with hot,
orude anthracene or creosots oils semms to be the usual
method of eontact. Shale 0il produces ocanser dut is less
active than gas works tarj orude petroleum is mueh less
anctive; and dlast-furnace tar (e low-temp. tar) does not
produce cancer. The driguetting industry has reported
gore than half of the known ocases of tar cancer. Tar
mnde by 4istilling cosl st a low temperaturs (delow 530°)
produces cancer very slowly or not at all.

s9. Xennaway, R. L. Experiments on Cencer-Producing Substances.
Brit. Med. J., II, 1-4 (1923) :

Cancer has been oroduced in mice Dy sudbstances odtained
by heating C,H,, isoprene, yeast, human skin to temps.
ranging from 700° to 920°., A jpetroleum which produced no
tumors of any xind in mice in a prolonged experiment showed
nrz setive cancer-producing properties after exposure to
880°¢.,

0. Kemnsway, B. L. and Leiteh, A. The Anatomiocsl Distridution
of the Oecupational Canscer. J. Ind, Hygieme, 7, 69 (1923)

6l. Kennaway, £. J. Further Rxperiments om Canesr-Produeing
Sudbstances, Bilochem. J., 24, 497-504 (1930)

Carcinogenic sudstances were odtained by the esotion at
room temperature of AlCl, om acetylene, xyleme, naphthaleme,
naphthalene and dromodenziene and tetrahydronaphthalene,
the last twe deing the most active. Two eancers were
also odtained im a series of 10 mioce painted with a soln.
of 1,2,7,8-4idensanthracens.

a-Phenylnaphthalene was prepared by sotion of AlCl,
on C,HeBr and CooN,. The distillates wp to 343°C. eon-
teining the hydrocarbon were insetive BHut the residue
in the flask was highly cesrcinogemis.

Cyelohexsne, eyoclohexeme, styreme, hydrophemanthrene,
hydrochrysene, hydroretens, perylene, naphthalene and
various maphthalene derivatives all gave negative results.

62. Xemnaway, X. L. and Eieger, I. Cereinogenie Substances sndé
Thoir Fluoresoenee Bpestra. Brits. Med. 7., No. 3428,
1044-8 (19%0)

T™his paper is a review of & large amowmt of work by
the authors in am attaapt to eorrelate fluoreseence with
careinogenesis,

Tar oils, spindle snd shale oils, whieh ehow earecino-
genic proverties are also strongly fluoreseemt.

- L NP .
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Kewley, J. Cooperation. J. Inst. Pet, Tech., 135, 242 (1332)
Mention >f the formetion of a committesd by the
Instituts of Petroleum Technologistas to follow the work
of the Munchester Cancsr Committee.

Kling, A., Semssonow, N. 2nd Heros, M. The Terring of

Highweys as a Possible Agent in the Causation of Pulmonery

Cencer. Bull., Acad., Med. 120, 130-43 (1938) _
Exzte. in mice showed thal the tar, as used on roads,

produces cutanecus tumors and malignanoy in the lungs.

A substence contg. the benzo (a) pyrene nucleus of

decidedly ceancerogenic proparties has been sepd. from the

tar.

X1ling, A., Samssonov, N. and Heros, 4, Possible Relationship
between Tarring of Highweys and the Incresse of Incidence
of Pulmonery Primery Cencer. Bull. Acasd. Med., }21,
784-91 (1939)
S8ince tar oontains bdbenzopyrene, & recognized canceri-
genic agent, it cannot be considered as inoffensive.
Experiments on mice definitely confira this assumption.

Koelsach, ri Ca?cer and Occupation. Momatsohr. Krebsbexamp?.

5, 7 (1937
The author, in the form of an adstrect, presents a

survey of the relation between cenger and oeoupation.
He ineludes bdone cancer caused dy radiocactive sudstances,
skin cancer from scot, tar, paraffin and ludricating oils
fof whioh those Doiling datween 250-500° are of especiul
importence), skin eancer from arsenic as well as cancer
and ssrcoma from ultraviolet and sunlight.

Kunze, G, Mineral 041 and Cemcer. Chem. Ztg., 59, 407-8 (1938)

A study of the map of CGermany indicated t the
numdber of dexths from eander was always greatest in
regions where minersl oil wes found, refined or used.
While no definite relation is estadblished, the suthor
suggests the possidility of the existence of suech a
relationship. Further researsh on this prodlem is
indicated. It 1s pointed out that minersl oil by i%-
gelf does not cause oancer. It may, however, become
one of the contriduting factors, together with others,

Lane, C. G. Ooecupatiomal Dermatitis. Areh, Demmatol. and
Eyrhil. 43, 184 (1941)
" Deseribes the sass of a 88 yr. old machiaist who for
3 yrs. had a dermatitis of the face, arms, axillas and
lower abdomen. There were scattered arcas of tan-browm
hyperkeratetio folllicles and follicular plugs. Keratoses
were preseant on the serotum and there were kerstatie
areas on the ams. Autopsy revealed ocesreinoma of the
esophagus. Dy. Lane believes the skin echanges to be 4ue
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to oil to which the man was exposed in his 40 yrs. as a
meachinist, and that the condition is that descrided by
White emong machinists, oill workers and mule spinners
in England, It apparently is erely seen in this
country, possibly because oils employed here are less
carcinogenic.

Lsuver, H.J., Hildebrand, K. and 8chocke, H. Possidle
Therapeutic Action of Cercinogenic Hydrocardons in
TroatTont of Cancer. Z. Ges. Exptl. Med., 103, 370-94
{1939

Essentially less harmful therspeutic measures are
availadls, The dangers are demonstreted on xice trested
with methylcholanthrene,

Leitoh, A. Mule Spinners’' Cancer and Mineral O0ils. Brit.
Med. 7., 2, 941-3 (1984)
Rendered an inert California oil very sctive by
heeting it. (No detsils as to tex-erature, ete.).
Crude oils from Agsam, Bormeo, lsyst. Burma and
Badarpur produce malignant growths. Ualician, kussian,
Californian and Persian samples were negative.

Lyth, &, The Relation of Carcinogeniocity of Minersl Oils
to Certain Physical and “hemical Charscteristiocs of

Lyth, E. Moleoular Distillation of Lubdbricating Oil.
Baturse, 139, 374 (1937)

A drief report is givea of the distillation of a
Scottish shale oil, using a specially designed moleoular
still., The most striking resuls is the inversion in the
change in the physical properties going up the tempera-
ture scale, i.e., the first fraotions show higher re-
fractive indices and demsities than the original oil,
with gradually descending values from frsctiom four
as the temperature is reised. Deta on the properties
of the sheale 01l distillates are tsdulated. These
experiments ar¢ part of am investigation of the ine-
terrelation of refractive index and viscoaity to
activity on injection, and theredy csrcinogenicity
when applied to the skin.

Miescher, G., Almasy, 7. and Zehender, Z. Is There a
Connection Between the Benzpyrene Content and the
Ceroinogenic Effect of Tarl Schweis. Med. Wehnsehr.
71, 1002-7 (1941)

The authors have examined the bdenzpyrene sontent
of gas tar in various towns in Switzerland, using s
method devised dy Almasy. Them the tars were purified
and their careinogenic effeot deterzined dy painting
on mice. The investigators tried to evaluate the
results by means of a statistiesl method im order %0
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overcoze the difficulty offered by the fact thet many
aice 4ie in the long period needed for the experiments,
They find a stmple, regular reletionshi; between the
banzpyrene content and the cercinogenicity of the tar.

Murray, J. A,, 9t el. Discussion on &ryerizentel Production
of Malignant Twmors. Proec. Eoy. Soc. (London; BllS ,
268-92 (1333) ’

A symposium in which some attention is paid to
cercinoganic chem. compounds, and to ths immunochemistry
of cancer.

0'Brien, E. 7. The Prodlem of Cencer and 0il. Petroleum

Times, 87, 482 (1938) '
An open letter to the editor of the Petroleum Times

(London} in answer to en editorial in the issue of
March 19th. The writer joints out the humeniterian
and scientific vslues derived from the cancer rsrezrch
of the Manchecter Committee and criticized the techno-
logicel viewpoint of theeditorial.

O'Donovan, W, J, Cancer from HKendling Anthrecene Coke in
the Uye Industry. Br. J. Dermat. and Syph.,
Three cases of cancer in a faotory employing only
25 men.

Phillips, C, Relationship between 8kin Crncer and Oecupation
in Texas: Keview of 1569 Verified Lesions Ocsurring in
1190 P~tients. Texas State J. Med., 36, 613-16 (1941)

Prosser-¥hite, E. "The Dermatergoses” 195-238 (1954)
. Dermatitis and cancer from petroleum produots, shale
and tars, KExcellent review,

Roffo, 4, H, IExperimental Research on the Production of
Pulmonary Tumors by the Distillates of Fuel 041},
Presse Med., 538 (1940)

The author demonstrated an oil, taken from the streets
of Buenos Alires, identical to that from motor ear exhaust,
whieh ocontains carcinogenic substances. Eoffo had ratsd.
inhale the comdustion gases 0f fuel o0il and later found
a mumbder of pulmenary eaneers emong the animals. By
injecting a distillete of the fuel oil into the auricle
of rabdits, he produced tumors in 50%.

Roussy, G, and Oberling, C. Can Tarring of Roads de Con-
sidered as a Cause of Pulmonary Caneer? Bull. Acsd.
Med. 120, 181-90 (1938)
The danger is not considered to de of signifieanee
although the 708sidility is edmitted.

Schreus, H. T. 2né Zurhelle, X, lxg:rillntnl Production of
Twmors with Tars from Verious urces and with Paraffin,
Deut. Med. Wochsahr. 49, 633-4 (1923)

Author iavestigated the poisonous sstiom of pareffia



BS.

84,

85.

7.

1) 18

~35-

511 and ter constituents by palnting mice twice a week,.
Aft r s8ix months a state of Ealignancy was odtained with
peraffin oil. Coal tar resdily develops melignant tumors.
Various purified acid and bdasic fractions from cocal tar
give nesative results. The neutral tir oil iz most
effective as s tumor inducer.

Schwartz, L. 5<in Disesses in 0il hefineries. oefoty Eng.,

210 (Nov. 1924) '

It hes been found that workers in oil refineries have
a percentsge above the eavsrage for carcinome of the cheek
snd of the 1lip. An unusual prevalence of pigrented papil-
lomat~ ~n the hands, forearms and legs of workers in oil
refineries and among mechinists in contact with o4l snd
gresse was also noted, 4bout 105 of such worxers were
found to have these growths.

The use of totally enclosed manufacturing systems and
of proteotive ointments is suggested.

Schwartz, L. and Tulipan, L. “Jocupational Diseases of the
Skin®, 1939, 81¢

Scott Oocupational Dermetoses of the Pararfin Workers in
Beottisn Shale Oils. Brit, Med. J., 8.38.28, 301-5
Soqucirn J. H. Cancer and other Diseases of the Skin Caunsed

‘ ‘1?erll O0ils. Xenya and X, African Med. J., §, 18-23
1929 ;

Smyth, H. T, Rovio' of Literature for 1926-1934, ine.
Report of ‘ecamittee on Industrial Skin Irritants to
Am, Pudlioc Health Assn.

Southam and Wilson. Cancer of the Serotum. Brit. Med. J.,
2, 971-3 (1932)

Speakman, J. B. and Chamderlain, N. E. Trans. Farsday Soe.,
29, 387-8 (1933)

‘ In a study of the eercinogenic potenoy of minersl
oils, Twart has shown that the addition of glyesrides
reduces their potemcy, although no oil surpasses
lenolin in this respect.

Telexy, L. Oceupational Cancer. Aeta &. Intermat. Ver. f.
Krebsbekampfung, 3, 253-75 (1938)

Several 1-olntod cases of lumg ocandsr smong generstor
workers have been reported and mmong works exposed to
coel dust, tar and tear distillates, but the numbder is
mall.

Teutsochlaender, 0. Industrial Csncer, espeeially the Types

?ccnrfins in Germany. Z. fuer Krebaforsch. 32, 614-29
19%0 ’

Discusses x-ray eancer, cancer of brigquette workers,

iy TR A
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mule spinners' cancer, which has not spve=red in
Germany, 2nd peraffin canoar among thosa who work in
the Tetroleum industry.

¢s. Teutschlaender, 0, Occupational Cancer, with Speciel Con-
siderstion of its Prevention snd Legislation on the
Subject. med. welt, 11, 1287-72, 1341-5 (1937)

Occupations in whieh there is danger of development

Oof cancer ara reviewed; meny data are given regrrding
substanc ‘2 considered carcinogenie, the loocation of
malignant tumors, their latent jperiod, proteotive
measure of an industrisl-hygienic type, questione of
insurance, oto. There is no sp. sgent ocommon to sll
carcinogenic substances as a promoter of candsr growth.

98, Teuschleenler, O, Does Tar Require Ultrs Violet Light to
Produce Skin Cancer; Klin. Wehnschr., 18, 1384-5 (1937)
White mice were painted with ter. Cancers developed
not only in the irradiated animals but also in those
kept in a dark chambder so that not only s preparstory
but also an independent cancerogenic effect must bde
q ascribed to ter.

94, Teutsehlaemder, O, Light and Skin Cancer. Ztschr. f.
Kredsforsch, 50, 81-92 (1940)

The author investigates the problem of whether or
not a photedynemie influence ismgessary in the genesis
of tar cancer. He eonducted experiments on tarred mice
kept in a derkroom. Sinee skin caneer developed om the
painted skin, it is evident that ultra-violet light is
not a requisite in tar csnoer genesis. 7The same 18 shown
by the development of spontanecus skin eaneers in tw
wild grey house mice that lived in a driques faotory.

a Nevertheless there is a widesovread delief that doth

B oancer of radiant source and tar osneer of the skin are
caused by eyelic hydrocardoms. According to Roffo, Doth
types are originated dy oxidation and decomposition of
cholesterol {in the tissues whieh may de csused bdy
radistion as well as by ehamieal influence--eanscer-
provokxing oyelie hydrocerbons are finally genersted.
Prophylexis must, thersfore, guard agsinst the influence
of one or doth fastors.

95. Touraine, A. and Bour, H, Cancer from Ludricating Oils,
Rev, Med. Frane. 30, 2385-9%8 (193)
A very eomplete review of eancer from lubricating oils,
its oeocurrence, elinicsl symptoms and the medioco-legal
agpects of sueh ocases,

%¢. Twort, C.C. end Ing, H.R., Mule Spinners’ Cencer and Minersl
0ils. Lancet 1, 758 (1928)




*wort, C.C. and Yulton, J. D. Xxperimernts on the Nature of
the Carcinogenic Agents in sipnerel 0ils, J. Path, and
Bzcteriol., 32, 149-181 (1923)

From a considerstion of the chericel re=ctions
involved, the authors are of the opinion that it iz to
benezenoid hydrocarbons that certein minerel oils owe
their cerecinogenic propertiss., Traatrment of the oils
with sulphuric acid led to almost total sdolitior of
their cercinogenic propertier, and =imiler results were
obteined by the eadoption of methclds of oxidertion end
reduetion.

"0

98. Twort, C.C. and Twort, J. K. Studies zr the Origir of Cercer.
2tschr. f. Krebsforsch., 32, 491 (1930)
This is n general survey of the work of the Twaris,
*né ie besed on experizents on 45,000 mice, a mmaller
number of rats, gulnee-piges, 2and redbits, and on the use
of some hundreds of wvarlaties of tare and oils of wvarisus
cepacitiss to cause canocsr. There is bdut little pro-
bability that en scquirsed physiologioal immunity against
' cancer-producing sudstences exiats. The suthors' verious
substances are divided sccording to their cmncsr-forming
capecity in mice, 80 that every group has adout ten times
the powar of the preceding one.

9. Twort, C, C, ané Twort, J. M. @h@ssificatisn of Four Thousant
Experizental 011 and Tar 8cin Tumours of Mice,
The 2tudy from which this eclsssificstion was made
wes based upon 29,100 animals,

100, Twort, C. C, and Fulton, J. D. PFurther Experiments on the
Carcinogeniecity of Synthetic Tars and Their Frcotions.
Jo patho B‘eto ia-. 11’-‘8 (l’w)

101. Twort, C. C. and Twort, J. M. The Careinogenic Potenecy
of Minerel 0ils. J. Ind, Eyg. 13, 204-226 (19%1)
Peinting miee with refined shale oil induces caneer

more reedily tham painting with refined petroleun well

oil. The most potent frection from shale oil is un-
finished lubricating oil from which most of the
pereffin wax has deen removed but which had not deen
trested with H,80, and filtered. The heavisr greade
0ils are less notent than epindle oils. 7The ocencer-
producing property of oils eppears %0 de related to
fluorescense, O04ils having a dlue fluorescence seem
more active than those having a green fluoresoenoe.
Chrysene disaclved in oleis aaid possecses carcino-
genic properties,

i 1108, Twort, C. C. end Twort, J. M. The Relative Potency. of
Carcinogenic Tars end Oils., J. Hyg., 29, 373-90 (1981)
A method has deen devised wheredy tﬁz’potonoy of
any given ¢2reinogenic agsnt coamn bde compared with that
of a standerd agent. A unit of carcinogenicity- U.C.=-
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hes deon ecstablished, end a concertration 3¢ 500
cercinogenic unit3 per cudbic centimeter is considered
to induce the zeximum reletive response in animsls
whez the agent is applied twice a weex.

Tr.e crrecinogenic powers of oils rate as follows,
in descerding order: 8hale, Venezuelan, Bormeo,
humapien, Parsian, Californian, Mexiocan, Mid-con-
tinental, Texan, Pemnsylvanian, and Kussian.

dypothetical standaord agent 100.0
Pean. nil 0.1
Cal. p.to 011 3-0
011 No. 3 0.8
Shale 041 43,0
Piteh 25.0
Gas tar 94.0
Pinene synthetic tar 7068.0
Effesct of refining
Penn. o1l 0.1
Methyl sulfite extract 22.0
041 No. 3 0.8
Distillate 300-380°C./lemx 12.0
Methyl sulfite extract 83.0
Shele o0il 45.0
O0xidized at 130-160°C. 0.3
Pinene synthetic tar concentrate 3745.0
Oxidized at 100°C. £2369.0
0xidized at 150-16C°C, 58.0

Twort, C.C. and Fulton, J. D. Conceniration of the

Carcinogeniec Prineiple in 0ils and Ters. J. fuer
Zrebsforsch. 35, 543-73 (1932)

In the attempt t5> assess U.C. by physieal and
chemical crharactoristics, the specirfic gravity, re-
fraoctivs index snd lodine number apperred moet pro-
mieirg, though other features may c£lso ultimately
prove touft value.

Twort, C. C. and Lyth, K. The 8eleotion of Xon-careino-

genio from Carcinogenis Oils. J. Hyg., 33, 4864-73 (1933)
~ll the animul and vegetable 0ils tested by the
euthors on animals have proved to de incapadle of in-

ducing tumor formation during the life of their
animals. On the other hand, oleic acid end linoleis
20id, unsaturated fatty acids which may de present in
cammercisl saponifiabdle oils, have frequently inéuced
tunor formetion; observetions which in their opinion
ars 57 the highest importance iz relation to many
canscers other than those of the skin, end nossidly
even Oof those of the skin itself.

It has Yeen found that the sarcinogenic constituents
of a given crude are not equally distridbuted in the
various >roduets of @istillation obtained from this
cxudes, The activity of the first >roducts %o coms over
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in the still, the motor spirits, etc., is negligiwle,
end that of the lamp oils, burning oils, light fuel,
otc., 18 also of little account; bdut when we reach the
boiling range of the lubriceting oils e definite
z2roinoganis actirity ma7 heocome manifest. Among the
lattz> tae most aciivo grades are, on the whole, the
2oindle 3rad:s, closaly followed by oils of & Redwood
viscosity »>2 %90 to 1300 at 70°F., with a gredual
decreaze in activity as one approesches the internal
combustisn engine (motor cer) gredes. The cruds oils
themselvses, 23 a rule, are soxewhat less votsnt ithan
the motor ser oils, dut of ¢ourse, it will necessarily
depend upor the amount of refining to which tne latte;
have been subjected before deing marceted.

Twort, C.C. end Twort, J. M. Cercinogeniecity of Spindle 0ils.
011 =nd Colour Irudes J., 92, 1193-4 (1937)

A phyesical and en animal test for carcinogamioity
arnd e ohysicsl »nd an animal test for dermatisity of
zincTal textile oils.are desorided. The average results
of these teste on 83 oils (qxeluding shele oile)
‘sollected 35-10 yrs.ago end on 88 oils ocollected recently
are tadulated. (The animel test for carcinogenicity is
not yeot camplsted for the recent oils.) These results
indicate tha. tne originel oils are definitely worse
than the recent oils in doth the dermatitis tests,
while in the caneer physical tezt there is no signifi-
cant difference. It is expected that the figures for the
recent oils i{n the animal test of cercinogeniocity will
be lower than those of the original oile.

It 48 concluded, however, that little i{s bdeing done
to imyurove aule spindle oils from the bdiologicasl stand-
point. Imere are also indieations that the average oil
used in some of the cotton-spimning towns is more
dangerous than that used in others.

Twort, C. C. and Twort, J. M. Notes on Scme of the Procedures
Alopteld for Assessing the Blological Aotivity of
Kineral 0ils. 01l Colour Trasdes J., 94, 8281-3 (1938}

Mineral oils may induce dematitis or eancer of the

skin. In detg. the carcinogenic asnect 3 essential detas,
are made: 4., n and kinetio viscosity (LV). 7The data
collested are dased on the utilisation of formulas for
agseseing the bdiol. setivity, esspecially from its ocar-
oinogenis espect. In Formula A, Rs (n-1)/¢ where Rs sp.
refractivity, ns refrective index and 4= demsity. In
Formula B, Ra n-{4/8). Pormula 4 13 used in odtaining
the eancer refractivity CR from JFormula C which is Chs
R¢3(48-0,900)/80. In Jormula D the refined cancer re-
frectivity RCRaCR-(XV/50). Results, where these mineral
oils have been employel, are shown in tedles in which
mineral oils are grouped according te toxicity and
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according to the n drop. The significance of 4. in
relation to the n 4drop among oils of similar toxioity
and the significence of viseosity in reletion to the
n érov axony oilis of spperently si‘milar toxiocity ere
shown., The r=al a47%iculty in sr-iving atv the true
biol. 2ctivivy with greatar accursoy is the lsca of
uniformity of the insrt fully hydrogerated oconstitu-
ents. Therso is quite godod correlation between cor-
cinogeniocity, refractivity, n drop snd toricity.

107. Twort, J. ¥, and Lyth, R. The Concentration sf Circlnogenie
Meterials in Minersl Oils by Distillation Processes,
J. Hyg. 32, 181-9 (1939)

Trelve acid-treated ludricrting cuts of a orude,
Borneo rineral oil, were tested for carcirogenic .otivity.
The whole range was tislogicelly sotive, which activity
hed beon foreseern from nr eraminstion of the physiceal
charrcteristics, The perk activity wae around & vis-
cosity of 200-250 Centiponises et 285°C, Moleotler dise
tillation gave 8 greater concemtretion of the careine-
genic mateariel than ordinary distillation at froa 2-10
zu. In eonfirmstion of previous findings, the middle
fractions of e Sormeo orude 0il were mostly responsibdle
for pathological changes In the organse-fatty infiltree

Lung tumors were mors prevalent than is usual when this
type of agent i3 used for testing earcinogenity for the
skin. Their incidence was rather higher in the mors
vieseous freactions: this incidence was appsrently not
correlated with earoinogenity for the skin.

108. Twort, J. M, end Lyth, K. Skin Cancer due % Handling Coal
Tare Used for Presurvation of Fishing Kets. Kature,
144, 4468 (1939)

fevaral fisherman contracted ocsnser of the skxin after
handling the tars, Mouse expts. rhowed that different
oorl tars differsd in their carcinogenie astivity,
although all produced some cancers, Crecsots oil and
snthracane oil were also carcinogenic. Only ocal tar
rade in vartiecal low-tamp. retorts should de used om nets.

109. Twort, C. C. Mule-Spimmers' Cencer: The Need for Using
the Correct Oils. 01l1-Colour Trades J,, 8.29.41, 326
The omnoer-prodnoing nowers of mineral oils used in

the cotton industry from different fields of origin,
in the orude and refined states, were thoroughly ex-
sined and the results showed that there is a danger
of any one »roducing ocancer of the s¥in if applied
long wnough dut the oils from cersain rields ars the
more likely to &0 30, Special asttention was paid o
the examination of the physical sharasteristiecs of
verious mineral oils, and it was proved that a Imowl-
‘odge of thelr refractive index end visscsity provides

tion of the liver and hysline degeneration of the spleem.
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8 more relieble estimste of their cancer-producing
povers than the agrlication of the samsle to the skin,
Thies test {s sccurnte, rapié¢ and inexpensive, while
thet vith the ekin is veriasble, lengthy end costly,

The chiel lins o2 ia7sztigstior nes been & c¢ontinus-
ticn of e aor< or ths 2aleciler 34stillation of ninersl
olls sitz the object of isolsting the substencss resjson-
sitle for their esarciansgeric activitisa, Anirsl exj;eri-
Lents :itn fractisral d4stillates from e Vernezuelan oil
are in -rogrees. JYractions odbteined by noleculer dia-
till=tiosn of a ctrcincgenic shele oll huve been subjected
to chrsmetograykic adscrption and two =prarently onure
hydrocarbons Lave teen isclated in small quentity;
thece are teing investigated shemically. Painting
experiaots wita fractione cbteined by this method have
shown trizt zeny of thex are highly toxie for nice. HNone
of the sudetances 89 frr tcztied hes beer snown toc possess
e high cercicogenie sctivitvy.

A fow 8Dindle grade oils end three 5ils intended s
vehicler for insecticides heve taen tested for cercino-
gericizy,

A colloidanl ratorial intended as a protective agsinst
carcinogenic oils has teen tested. There are indications
thet 1t hes esome protective ection.

The oarcinogunic sctivity of twp producte formed during
the purificetion of car-dbornisatizn Pes been tested, and
found to te less than that of the everege ges tar,

uo. Ulhm. ‘o. Oppﬂhﬂu M. and Rill.. J. Bo : Jo Indo B’si.la..
8, 283, 304 (1926’

The lesions esused by crude potrolewm are the same
28 thoes csured by erude cosl tar, showing the analogous
substances must be present irn both, The final 3sroducts
of distilletion are tne zost active, especially paref’in
¢il. 7The cercinogenic sgent is present in fractions
from 30C0®C. to 430°C., but it is rct certain that the
seme sub3tence causes botl derczatitis end eplithelioms.

111. Valade, P. Ceancer of the Human Lung from Dust from Tarred
Roads. ~Presce led., 2,1.39, 181

112, Van hlxr:g:?ht.iu.'l. Chaniexd Cancar. Ing. Chim., 20, 0.8
More than twice as many ceses of sancer due to sool
wers found among Sweesars than among any othar oesups~
tion. Personal cleanlineas and oclothing that fits
tightly around the extremities and around the neok are
tho best prevenditives. Similar care will &o muoh to-
ward (raventing cancer due to exposurse to gascline and
its derivatives, paraffins, oils, and greases., Such
precautions are even MOIo LeC8SS&ry in cases exposed %o
tar, pitch, rosin or aniiine dyes. 38trict mediocal super-
vision and the use 22 processes whish evoid conteot of
the workers with :hes »roduct wiiRll further reduce the

dm.ro
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wemsler, F. J. Occupetionel Diseases of the Skin (by
oLl " L. &chevarz), "Indusrtrisl Kedicine", 1743, 327-3

Crlzrey eweene'! oencer hee been rerorted in England
more Tragucntly tnan (n 2nr otnsr eocumstry. It 1 s0id
thet the In-l2enc9 40 ¢ nc:im aropz cnimnevy sagans is
cizat timez more common then eaxong the Jeusrel joyula-
tian, C3usor 92 thy :serotam af chixnasy swes s, hYwowvever,
is 9m the d2cllire 1n Inslind G it ie repo-tad 58 toing
precticelly non-existent in other ccuntries, excspt for
an isolated caee 2r teo in Geraany. The local irrictation
and rubhing in of 2he 305% aa tne sveen 18 Graued in
4evcending the chimmey is 83id tO he tna o=2use.

Tar {8 usad 4¢n Muilding roads, !n making roofing
naner end falt, Piteh is uszed for saking oondulcs,
lacquers; insulating material, graetds, =nd minercl
cemente, and worzers at “hece dc¢cupetions ars eflected
with camedornsc, twmors, warse, xeratosss, and euithe-
liomn, =mostly of the scrotun‘ 1ip, Tacs and .snds,

No oeres of Tule spinnars'® ceonger have duwn reported
from France, Cermeny, Rus-iv¢, or Polend. Tne author
made exeminations of thousands of mule snitners exocloyed
in the United Btetem and &14 not find any cases of
sorotal cmneer, slthough thers were many eases of folli."
culitis Aand <eratoees of the thighs ecused Yy oil- B
sorked trousers. K

114, Weniek, H., Melsnodsrma and RKeratoses from the Action of
Asphalt., Arztl, Baohverst. Ztg., 86, 49 (1343).

In the srepar=atisn of ocork plutes (hest-insulatinm
plates of acohelt and oorx) much dus® develops under
vory un®avorahle working oonditions. Two workers, who
had hesn working for three months, suffered from
rgnentstion, infl.matory ohang<es and hypsrikeratosss
of the fag0s, Torearns and hands. The hyperplastie
>rocesins wesTs insnsified in the older workers. The
mymatons ware aggravatsd by lizht. The intansivs actioa
nf asshalt dust is oonsidered t3 be the gansse,

15, Watson, A. 7. Tar Canosr 'n Miose, IIX. An apparatus for the
Preparttion undsr 8tandard Condistions of a Highiy Potant
Carainogenic Agsent of Low Toxicity. Brit. Jour. ixper.
Path,, 13, 441-7 (1931)

With an adaptation of the ajy aratus of H-gue aud
Whesler the anthor hat s:coseded {r making from purified
turpantineg, =t 850°C., a relativaly non-toric uar whiach
elicited tumors after °10 duys in 904 of the survivors
from » grouy of 37 rice; noet o7 thees growthis vere
mAalignant. ~

16, Welwnrt. Cencer rrow Prraf=irn ¥ax ord Minersl Oils.
Geifans. Ztg., 82, 792-C (1935)
Most chenists rnd dcrmatoclogists delieve that workers
in pareffin fzotoriss g-t ceacar froo the psraffin itoel?
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while 8B8cherdber and Teutsehlzerder cluin that csncer
doef nes come from jarallir dut frog minernl eilwm,

windaus, A. eLd rennlian, C. Jomo Dadvetivar of 3,4-Renszo-
pyTene. 2. Phyufei. Coam. 840, 2t8-48 (1937)

By onaloky w x-roys ("I-Trys proluce and x-revs cure
erncer'; curcinogenic hydrocerhiuA siauld de restoad rfor
possible therapesutioc valuei. Bug.aitive resnlts have
been obtained with J,4-dsnzuopyrane (I).

Wood, ¥ C, The Non-Caroinogeric N¥ature 3 Purified Minernl
O1ls. J. ia. ¥ed. Astn., 94, 1341 (1930)

The geaeral oliajioczl evilence that there exists no
relation between the therapeutio use of refined petrolewm
products and the cosarrence of cancer is eonfirmed vy
axperisental studlies.

Veel, E. B. Pareffin Not Productive of Cancer. J. Coneer
B‘!.. L. ’7-103 (133’) .

Veod, K. B, Skin Lesions Among Ter Ioncra. 3. Cuncer Res,,
84-9 (l929) :

Pifferent types snd composition of tars aye &0~
eussed. Oaly tar obtained from the dista. of ¢oel af
Righ temps. oontgins a substsnce careinogenio %o eepdain
1sh. smimals., Workmen handling ccel tar showed Sar
wrts as & result, »at no> other effest, Fe FTitamd
sctiom on the human stin wms found from low t.p. :
distillate tar or frem pestrolemm tay, : .

Weetheuse, V. L. Careinegenicity of Bynhﬂic umuun.
0tls, J. Inst. Pet. Tech., 20, 1087-83 (1934) -
‘5'- - . *
Yemegiwe ané Iahixews. IXxperimantsl of “W
of Careinoms. J. Censer Res., IIT, 1-11 {118}
In 1918 preducsd eanser by the experinmiigl m
of tar 1o the eax ¢f & laborstory a




