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In view of the immense amount of
published information on various phases of the
eancer piobl- it should bde emphasiged that
this litersture review gives only a rapid survey
of developments in the field of sancer research
as spplied directly to the petroleum, soal tar,
oll shale and allied industries. Wnile it is
far from being complete, yet 1t is believed that
most of the important work im this partieular
rfield has bo'- sovered, either in the report
ftself or in ome of the dibliographicsl refer-
snces given in the appendix and referred to ’ot
the bottam of page 1.
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TIE CARCINOGLNICITY OF BITUMINCIS COMPOUNDE

It bas long been Tesognized that the ineidemce of skin
oancer {s greater among workers ia oertain industries and out).-
4ions than among the population as s whole. Attention wes tirst
airected 1in 1787 to the very high death rete resultiag from serctal
eanoeT Of ohizney sweeps] {t is elght times more ocmmon 1a these
gorkers than in the gemeral pudlie in Inglend, amd in the United
gtates the retic of eanser sases {n chimmey sweeps is deudle that
+f the gmeral populatica™. I practically all eeses 1% 33 W80
serotem that is attasked; tais.is alse the site in -10 spimery’'
ssacer discussed hta. Workers ia other Mu onul um
iirest contast with t~vs, pitedes, shale oils, ete. u!-lu show
s Mgk ineidense of skin emmesy, for exmmple, xm 1w ,:.-w;
‘..nu briquettes, tar roefing, woed muv-. m
s, insulating eempounds, shale produsts, e, - : ‘“
| m.umnumrwu-emxu;:n
Mwnizcus soupemnds wers .mr-mmmnncna‘gt ;t
“Ygps ROt wmtil mnmmmmmmu, it

Y 2 k““‘?’t
iz laboretery mw M‘Mwm m*
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‘  ageomplished WY MIM muua-u- “
iz 1915, umuacput ud nnry ondll nﬂh;till
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of 'ﬁich 156 are rs.orted to te cnrcinoqcnic‘l. L. 7. Fleser
gummaTizes our knowledge in this fleld as follows ks

»As judged by all avrilable <ata for the produotion of
skin and suboutanecus tumors is rats and miee, methyl-
oholanthrene crodably is the rost sotent of the known
chesionl carcinorens., Systematiec studies of synthetis
godel compounds have shown thasathe methyl group ls of
po importance to the functionine aof the compound; that
such, if not =11 of the efficsqcy of cholantirene is
retained in the analogous hydrocarbon 5,10-direthyl-
1,2-benzanthracene; and that the most lfgniflcnnt
struotural feature of cholanthrene or metayloholanthreme
i{s the 1,2-benzanthracens ring system with a carbdon
substituent at the meso positiom 10. 2sMethylel,2-
benzinthracene evokes sarcomas ia miee- nearly ss rapidly
as methylgholanthreme, and, thoigh it is distinetly
less effective in the production of skin cancer, the s
substance eonatitutes the nearest approaeh is s simple
model eompound to s simmletion of the diclogisal prop-
erties of the hydrosardon of more esmplisated strusture,

*All twelve possidle monomethyl derivatives of the ia-
sotive 1,2-benzanthracene have been synthesized and tested
) for oare{noccnlo setivity, and of shese the l0-isomer is
" the most poteut. The meso-subdstituted S-methyl ecompound
stands next ia order of potensy, followed elosely d»y the
S-methyl ‘erivative, which produeed sarcomas in miee witd
s latent period adout twiee as long as that ocdserved witdk
10-methyl~l,2-beasanthrasene. Methylcholanthrene and
denzpyTene osa be regarded as 1l,2-deasantireeenss sud-
stituted at the mese positions {0 and 9, respestively,
and in model Odlt‘!lﬂl the eombination of the two types
of sudbstitutioa is partieularly favorsdle. WplO=Dimsthyl.
1,2-benssutharesens produced Sumore in mies with
remarkadle rug:dtty end in this test sses methyle
cholanthreme speed of agtiom, though it is less =~ . .
offsotive when administered by sudeutaneous injeetion.
The thiophene iselegue of ke hydrocarbon has ecmparedle
properties.” : .

bty

Numerous attempis have deem made to 1solate the derimise
careinogeniec compounds ia socal tar by means of distillation, selvamnd

extrection, etc.”3, but while very potest fraetions have deem
obtained, the individusl eompounds have deen diffieult so separate.
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gennaway and Hieger 16 proved the oarcinogenioity of 1,2,3,6-d1-
penzanthraocecs, the first pure caroinogenic hydoroarbon Knowsn.
cook, Eieger and Hewitt Z41n 1933 isolated 1,3-benspyrens, 4,8-bens-
pyrene and 1,2-benzanthracene and estimated thet the origimal soal
tar pitch contained not less than 0.003% of the potent l,3-bens-
pyrene.

Several investigators 232, 24, 35 have attempted to eor-
relate carcinogenesis with {luoregoence. For example, the eaneer-
producing saterial formed by the aotioa of AlClg oa tetraydro-
paphthalens shows & blue-viocles fluorescense, showiag thres bdands,
4000, 4180 and 4400 A.U., whieh are similar te the flucresesnse

“ s

spectrum of 1,8-benzanthracend . Keanaway and Hiegsr saggest

the possidbility of the use aof the fluorescense spectrum for the

i

preliminary exsmination of materials suspected of belng saroinogenie.
An important fact brought out by severel investigators 1is
that the tempersture to whioh a tar, shale oil or petroleum oil )
nas been sudjeoted determines 1ts earcinogenis aetivity. In
goneral, it would seem that temperatures up to 500°C. are without
«ffeot 53 but above that tempersture ocareinogens are formed, the
paximum yield lyisg betwesa 800 amd 900°C. 83, 59, gor and piteh
from gas works are far more astive than that from ecke eveas L
ecoounting for 70% of all eases of tar oanser ia the United States
while the eoke ovea rrodust csuses oAly og 113.
while petroleun regidues resulting from moderate heat
treatment are insotive m. yot by passing aa imsetive Califeraia
petroleum through a tube at 880°C. Xeamsway and leiseld edtaiasd
. very astive oareinogea 9, 60, jxvem sn inaetive medieismal paraffia
ol heated to 380°C. undsr S50 atms. pressure sequired some careinogenie
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.,uvity 10‘1.

Kennaway Se likewiss obtained an active maturial by
pessing isoprene through a tube filled with H, and heated to 820°C,
catson 11° aohieved similar results witn Zarpegtine et 850°.

Acetylens yields an active produet om being pessed
through a red hot tube % but it must be poisted out thet trestment
with AlCl; at room temperature also [roduses an astive eompound 6!,

On the other hand, SXAathetlo Jubhriesting eils produced
by AlCly polymerization st temperatures up te 150°C. were entirely
insotive 18, 14 is suggested that the eondensation proeducts of
asotylone are of a more oomplicated nature snd prodadly meore
unssturated thaa those odtained from ethyless. |

The careinogenic aotivity of tars dspends apperently not
ealy on the temperatures of their formation dut also en the chemieal
sampound used as the dase stoek 1’oo. For example, s tar made from
pinee at 830°C. was far more active than cae from turpeatine made
similarly, the relative poteneies deing 100:19. Pimenms tars nado a8
500, 600, 750, 850 and 950°C. hed relative potemeies of 0, 13, 34,
100 and 64. Oxidgtion of a syathetie tar as 10090. redused its potemsy
from 100 to 63, and at 150-160°C. its potency fell se 0. Oxidasiom
with an scetone n;ntien of mo‘ reduced the poteney %o 84; with
pyridine as a solvens, almost t0 0. The sotive coastituents of
synthetio tars form orystalline pigrates, the remaiming filtrate
being almost imactive, and the pifSrate extremsly potens.

Shale oi) is careinegenic, prodadly as a resuls of the
hAigh temperstures %0 whieh oil shale is sudjeoted 1.04. However,
Vemperatures below 400°C. give a relatively insssive predmet, 8500°C

and adbove bdeing required 101.
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Ia ingland where high temperature tar is used in
bz:ggotto manufacture, there are RARy cages of skin ocancer amoxg
the workmén, whioh is not the csse in France where the low
tespersture product is used.

The Kreatest amount of investigation of any type of
oooupational cancer has been carried out on mule gpinners oancer
ia the ootton mills of Lancashive, England. Southam and Wilson 98
in 1922 Tirst ocslled attention to the excessive oocurrence of
canoer in mule spinners. Women workers are not affected and about
70% of all cancer amorgmule spinners is of the urétﬁ “. appareatly
due to the faot that & mule spimner at work walks to and fro in
froot of his machine, leaning over the moving frame from time to time
to join up broken ends of the yarn. The base of the frame is on
¢ level with the groin and the spindles om the frame ss they rapidly
revolve throw off oil ffom their bearings onto the elothes. In
the Lot mills the men perspire freely and so wash off the naturel
gease of the skin, thus allowing the oll closer comtacs ©.
Irritation by the trouoorl and overalls also helps the process. It
is interesting to note that ac troudle of this sort was noticed in
England until mineral oil repleced animal and vegetable oils as &
lubrioant 18, Remry *° egtimates that 0.28% of all cottom mule
spinners in England suffer from sorotal cancer. On the other hand

in the United States during 1928, for example, there were only 33

deaths from cancer of the scrotum, of which oaly three of the vistims
were textile workers and tiree were mule spinners; four of the six

were born in England and the other two in Canada ‘5. whioh tends to

show that mule spinner ocanocer is rarsly contracted in the United States.
In a woolen mill in the United States employing adout 300 mule
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spinners no cases of sorotal cancer were found B‘. Siuce the method
of opereting this equipment is the same in both counmtries thiy strike-
ipg ocoatrast 1s atiributed by Hualitom :° to the fuot thal Juottish
ghele oil i3 used ia thne Lanoashire mills. However, the literature
is not ectirely olear ss to the ori¢in snd ype of the oil used in
Lapoashire in mule spinning 5“”.

Leiton 70 brings out a fact of possible signifiesnce, to
the effect thet canocer is not known in ¥oolen spinning mills, even
though the same machines are used as in the atton faotories, but
points out tLat the room temperatures in the cotton mills ere muolh
Righor, possibly resuiting in msere relaxation of the tissues of the
sorotur and permitting eatry of oil into the sebasceocus folliocles.
Brookbank 16. however, states that in the woolen industry piecing
of broken ends of yarn is done with both hands with a forward level
bending movement of tLe body and thus there is not the same friosion
of the olotres on the serotum as in the cotton mills. He edmits,
howsver, that the seme oil i{s ugsed in both types of mills.

8 a repult of the Jreliminary investigation of Southam
and ‘ilson asntioned adbove, the Manochester Canocer Commission, coan-
eisting of more than fifty members, was organiszed in 1988 under the
direction of Dr. C. C. Twort to investigate the mineral oils used
in Nanochester cotton mills. Ludbriceting oils from the various rields
throughout the world were found to have widely varying degrees of
aotivity. A sample of Yenegusela 011 was very potent while Buseina
and Pepnsylvanian samples wers on an aversge less than cne-tenth as
active. Purified Redioingl oi]) had no earcinogenic properties and

Severel sapopifiable oils, such as sperm, olive, rape, cottonseed

and neatsfoot 0il, falled to produce tumors when applied to mioce,
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evel URUETr tlus most severe experimental oonditions. Ia general
serms, the more ssturated were the constituent hydroearbvens of
the lubricetiny oil, the less ocapable were they of indueing
oanocer in experimentsl animais, the physioal cheracteristiocs
peing the sume 101,

This preliminary report was oriticlised sevemliy in an
oditarial in the "Petroleum Times" of London ¥, in that wnile
yarious oil companies (Amglo-Ameriocan, ‘aglo-Persien and Zhell-
uex) bad contributed &l1,000 for two years for the support of
tbis investigation, yet the Masachester Cancer Commissioa had not
availed itself of the services :nd advice of experte from the oil

ipdustry relative to the characteristics and methods of treat-

'nnt of petroleum oils. The Instituie of Petroleum Teohnologists,

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

the ocovmmission, formed a committee of its own to follow slosely

the work in progress es. In 1834 Ov. A. E. Dunstan, Dr. ¥. H. Jerner
and ¥r. Jomes Kowley of the Institute of Petroleum Technologists

are shown as members of the Manchester Commisslion zl'.

In 1933, Twort and Lyth 104 of the MHanechaster Cancer
Committes reported thst by means of golvepts, extracts were
obtained of high refractivity and correspoadingly high ocaroino-
gonioity. Their recommendations for tre seledtion of an oil of
low caroinogenicity were as follows:

“hen selecting from several minsral oils with similer
gravity, specify that with the lowest refractive index; when
seleoting from those with similar refractive index, specify that
with the hishest gravisy; whea selecting from those with simtilar

refrectivity, specify that with the highest viscosily; and when
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"l.oting from origin alone, choose in the following order:
gussian, Pennsylvanian, Texms, aiicontinent, Mexisen, Californian,
persian, Fucania, Burneo, Venezuelsm; shale.

However, 1t should be emphasized at this poiamt that
these authors state definitely thet "adequate refining of any of
the 0ils hendled, of no matter what origin, results im a product
cessesssscssDOSSLESing ONly a very low csroinogenieity" 104. Also,
that 8 sinzle extraction of an umrefined distillate with 80, may
profoundly lower the eotivity of a previously very dangerous oil,
while a seocond extraction may render it almost iners. They state
that "it is prodadly commerocially feasible to treat oils of any
origin, or oils of any degree of careinogenic activity, 50 that they
say be less dangerous than even the very dbest of she straight oils
used today”. They evidently assume that untreated textile oils are
wied in the Lancashire mills.

L;th of the CommissiQn further stated 71
refraoctivity® of an oil was less shan 0.5500 it was found to be non-
toxio, while shen the value was creater than 0.5600, the oil was

et when the

highly toxie. Pennsylvaaiam oils and cersain mildly treated oils
were an exception. The jodine value of an oil seems to afford sa
indication of its toxioity, previding the oil has 0ot been treated
and again the higher the value, the more poteat the oil. The
toxicity inoreases in the same order as iodine velue, expept for
Peansylvanian oils whioh agaia eccupy %00 high s posisiom. The
peraanganate values are not regarded as of any value in voaneetion
with estimating the toxieitsy of oils.

*(Hefractivitys %ﬂl—‘.& )
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~Jtn sace thet extreotion with alcoLolas, scetins, sto.,
olsy adu acld treatmeat, leads tu 2 recuctliun in thpe s0t3n0,, es-
p.cxnllj 12 the ocass of the nzors potent olls but a eorresponding
peduotion in tre relraciivity does not alwe s oCcur. Ahere a narked
reduction in the refractivity does oocur, thers is, without exception,
s marked decresse in oaroinogenioity; with a marked increase in re-
tractivity, a corrosponding inorease in potenoy. nhere the re-
fraotivity is not much sltered, the jpoteney ray or may not be arfected

sand rurther tests are neocsssary.

R e ey
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type.
Io spite of the apparent definite findings and resummends-

tions of the lManchester Cancer Commission, the Cancer Research Com-
Rittes of the Inst{tute of Petroleun Technologists 81 was 2ot oconvinced
that "the su-oulled inoidence uf canoer is in any shepe or form
vonnected with the use of spinale oils". Jo elaboration of this
slatewent was 51vo£, but was possibly bosed on refined oils only being
uged as textile ludbriocants.

An editorial in the "Petroleux Times" of lLondom in 1637
onoe again attecked the canolusions of the Munchester committes,
puinting out that only one oil from each of a number of countries
was Ox&lineds.
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In 1937 the Pederation of Master Cotton Spimners
pspooiation sent out a letter to its members recownending that
yhen purchasing spindle oils a guersntee should be odtained
¢pat the oll conforms to the specifications of the Manchestsr
Canoer Commission, and that tests had gshown thst many of the
olls in use st that time oconformed to the specifieation.

While throughout the reported work of the Manshegster Cenoer
commission it is stated repeatedly that eo0id or solveat treatment of
s potent oil greatly reduces or eliminates its sotivivy 97, 103, 104,
71, yet in 1939 Twort and Lyta 197 iavestigated seid and olay trested

- tineg -

aiesilletes from a Borneo 011 md twu th- to be uttn. the maxi-
pum poteney being st a unodity ot aoo-aao op ct;f;;huhr
ulunation gave & mun oonuntr-uu d the -mmmh material
then was _odtained by Mi.nry u-tuuuon n from 3 e 10 mm. Ia
sonfirmation of previous ﬂ.nunsl tho -uno muim of thh

Borneo 0il were mostly respomsidle for pathological ohanges in

the organs.

s oareinogenio shale oi]l was separated by molecular dis-
tillation into fraetions which were subd jeeted te ehrumatographie
adsorption. Two apparently pure hydrocarbons have beea iselated and
are deing investigated "1”.

A resent report (1941) by O. O, Twert of the Manshester
Cancer Commission 17 seates that aRinsl teats sre variadle, leagthy
and eostly and that & more relisdle estimete of the sareimsgeaieinry
of oils can be odtaimed from the refrastive imdex and viseositvy.

(Yot the data on which selectioca of these Wwo properties was based
‘were obtained by means of this variadle skin test.)

r . Woodhouse of the Birminghem Censer Researek Laborastory

also states that mouse tests to determine earoinogenieity are diffiouls
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s0 correlate with humen tendenoies to cancer unless these animal
cests are stronsly positive or negative 1z1. For example, two o0ils
sore tested (a) from a spinnin: mill where no cases of mule spinners
csnoer had been recordec, and (d) from a mill where six omncers
pad rece tly been ~enorted. Mouse tests indioated slight oarcinogenie
p,oporuu in the o=3e of the two 0ils but a greater sotion on mioe
of (8) then (b).

Dr. E. M. Brookbsnk, chairman of the Menchester Cmncer
commission, has briefly surmarized the investizations of the Conmission
{a & recent pudblication 1‘. Re lists the hyzgienic preceutions to be
exercised in mule spinning mnd urges the asdoption of the oil speoifi-
oation given rreviously by Twort. FHe elso makes this interesting
geperalization: ™As ¢ genersl rule an oil that is strongly dermatitie
will 0ot be strongly carocinogenic and vioe versa”. This is also
mationed by Kennaway 1 who states that oyolohexene (which is moa-
caroinogenic) is extremely irritating to the skin and should Jro=
duos oancer if ohroaic isritation were an essential factor inm oaroino-
geneslis.

As mentioned previously, Shgle ofls are very oarcinogenio
and in the Sopttish shale industry the oese inoidence of skin canoer
is about 0.1% per annua among the oil workers but 0.5% emoag the
paraffin workers >° (this is besed on a 28 year record). This
*0tivity of pereffis is restrioted by Sohwarz and Tulipan 5% to the
erude produot, the refined wax deing ineotive, which view is supported
by ¥ood 1219 who stetes that the active components are present only

in the orude pareffin oils.

%ith regard to the refining of petroleum 0ils, Wood 150

RMade an investigasion of refinsries in Pennsylvenis end found no
Scrotal cancer, which was oonfirmed by Heller 3, However, Heller
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gound evidenee of oareinogenic compounds in Mid-Continent oils ag
refined in plants in Ohie and Indiana. Here oil boils are fairly
oommon and in some eases lead to skin camcer., In ORe osse a parss-
fin pressman im the Middle West was treated for "wax boils” for
thre® years when a Ganoerous growth developed om the right forearm
and Was removed, but eight years later a second similar gyowth in
the same plaoce had w be removed. Heller alse found reocords of eases
of skin ocaneer in another refinery, using erude from the Lima field;
eight cases had ecourred in this refinery and one was fatal, All

of these ocaneers were preesded by warta. The langth of expesure
before malignaney eppeared varied from four o thirty four yeers,
The part most often affected was the serotum and ell but one man
worked in the paraffin department. These sases were oaused by ype
refined oils and Hamilton’C states that so far thers is no proof
of the oceurrence of skin cancer in the UgS. from the use of re
fined lubrieating and spinile oils whieh have besen aoid-treated.

Heller 42 believes that the relavive rroidam from occu=
pational caneer im the U.S. 1s due to the mechanization of industrial
proiocles, preventing direet contaot with the piteh and dar; the
extensive smployment of negroes, who are apparently less Jubjeot
to skin irritants than whites; the use of refined lubrieants from
¢rudes whieh are peer in sareinogenis propertiss, and the use of
tar from eoke-nvens instead of from 8438 works.

Phillips 77 reports the partieulesrs of a siudy ocarried out
by the U. S. Publie [ealth Service as to the ineidence of oecou~
Pational cancer in Texas. The records of 1190 individuals having
microssopieslly verified skin eancers wsre snalyzed, eoverin. the

period 1920 to 1940. The oecupetion of the largest zroup of thase
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petients was outdoor work (farming and ranching); the work of
pousewifes comes next in order, followed by verious activities
pequiring moderate outdoor life. The professions were next,
followed by laborers and carpenters. The railrocad and pestroleun
{ndustries furnished few cutanecus cancers.

Oafafer and Sitgreaves in a U.S. Pobuo‘ Health report
jssued 1in 1940 37 analyse 70 cases of caneer recorded for the male
pembers of the siok bensfit plam of an g4l refining campany during
the period 1933»38; there were 46 deeaths. The death rate was
0.78 per 1000 and & frequenocy of 1.2 per 1000 (all U.S. death rate
& 0.96 per 1000). Almost 70% of the deaths were related to the
digestive system and the rate for thissite was higher thar {n the
tdal population. Deaths from cancer of the genito-urinary system
wms 6.5 of the total, compared t0 15.0% in the ocase of the total
pupulation.

In 1934 Campbell 20+ 21 ng44 lavoratory tests on mice
vith dust obtained from Sarred rgads. This dust casused wartss and
canoer of the skin and in six months 24 out of 59 mioe showed
’ typical tar warts, Ralf of whish dsveloped malignancy. This fimding
wvas oconfirmed by Kling, Seamsonow and Heros, 64, 68 who also spparated
e substance ocontaining the densopyrens muocleus from the tar.
Bowever, Hogouneg 47 19 doudtful of the danger from roed tar sinoe
it usually Sakes years of direot ocataet of ecal tar to the skia
to produce skin canser. (Teutsehlaender %1 calls atteation to the
faot that almost all imdustrial caneers require an exposure of shout

tea years Lefore growth appears, although & fow cases may arise
mich later). Valade L1 ixewise 15 of the opinioa that while pri-
sary lung tumors cen de induced ia mice painted with tar or exposed

L
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to inhelstion of dust from tar rosds, yet these results cannot be
gransferred to humans. Animals other then mice should be employed
{g experiments and an inquiry sheuld be ocarried out on workers ex-
posed daily to suoh dusts.

While the manufascture of Priguetteg in England is attended
py & high cancer rate, s sinoe high-temperature tar is used, yet
in the few plants ia the U.S. making briquettes cancer is satirely
edbsent, partly due to the laok of contast with the binder sinou the
process here is entirely mechanized and jartly dus to the use uf
petroleum asphalt as a binder, %2, Tnis finding wes oonfirmed oy
vood 1% 1n his tavestigation of briquette mamufacture ia Pemnsylvanta.

The addition of glyocerides 3% reduces the ocarcinogensoe
potency of mineral oils but not to as great an extent as Japolin.
Speakman end Chamberlain %9 gtate that while alechkols havenot teen
used for this purpose there can be little doudts that such polar
oompounds will reduoce the risk of cancer formation by promoting
emulsification, since an o041 whioch is sasily and completely removed
from the skin must oarry less risk than ome whieh is difficult to
saulsify. These investigators clso delieve what polor sompounds ia
s aixture with aineral oil mey, howsver, funesioa in yot another way,
It is known that the carcinogenio agents of mineral oil when assooiated
with unsaturated ’oo-ponnu are free to concentrate at any surface
to whioch the oil 1is applied, the DOA=-POlar paraffia molecules offer-
ing 1ittle ar no resistance. BKowever, whez oil-soludle polar som-
pounds, sueh as oleyl alechol or woel-fat ether, are nixed with
linoul oil they sonceatrate at the surface, exoluding the less
polar caroinogenis hydrocarbdoas.
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Se uelri3S strcsges the necessity of sbsclute glganliness
of body =nd clothink, the applioation or Qestor gn” to exposed

surfices "nd medical {naneotion overy threve months. Brogkbankl$
sugaests 3 xixture of lanolin ang 8live oi] be applied to the sxin,

Duekhem advooates the use of an ollesolvent oleanser
sisllar to the ether soap used in hos-itals in order to remove sll
of the lubricant fr-m the -ores3.

In view of the Suggested use of lanolin the following
should be of parsieular interest: Dr. i, vV, -Cowdry, of the
Washington University Sohool of Mediocine, St. Louls, has Just
amnounced (N. Y. Herald Tribdune April 29, 1945) shas sells can bde
sensitized %0 decome oaneer cells bdy Sreating them with o substange
which dces not cause ¢éanser and whieh will even reveat powerful
sancer-produeing chemicels rrc- exhidbiting that pripersy.

For example, whem the Ml oarcinogen meshyleholanthrene
{s mized with lanolin is without aetion when appliefite the skia
of mice, although alome it ddways 'x\-uulu ia eancer. Howsver, whea
thess mice were them treated with Rethyleholanthrens iy benzeme they
developed caneers BOre quiekxly and tumors of gToater vir{lity than

s
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REFLRANCES

Anon,, Cancer fror Spindle Oil. 011 snd Color Tredes Jep
July 2, 1937, 138,

A letter zent out by the General Comrittee of the
Pederation of Master Cotton Spinners' Assosiation
recosmends that when purchasing sovindle ocll memders
should obtain a guarantee that the oll conforms to e
specification of the Maneheater Cancer Committee whioh
recently issued a2 formula elaimed to minirize the so-
ealled cancer-produeing elements of minersl oil. Tests
showed that sany of the olls in use at present oonform
to this specifiecation and are odtained at regular
prioces.

Anon., Cancer and Mimeral Oils. 01l aad Colaor Trades J.,
182, 695 (1942

‘i'bo report of the NManehester Committee on Cancer
{ssued for the T eaded Oestober, 1941, states m‘
in efforts to isolate and charaeterise {nuvuul
careizogenie bydroearbons from shale 0il, reseatly
appreeciadle quantities of erystallime -‘oﬂ.d have
been odtained, dut it is %00 early to diseuss resulss
ia detell. As far as cem be judged, all fractiocas .
obtained from Venesuelan 011 By ehromatographic ade
sorpticn are sstive. Proprietary collolds heve warying
effeots, Gepending om the eonditions of the experimeas.
A eolloid oontau‘tzu a ehlor=ecmpound was found less
efficasious than an olive oil-lamoline mixsure as
protestion against the eareinogenis astion of shale
0il, while the reverss appeared o de the case waem
the sarcinogemie ageat used was beaspyreme.

Anon., The Problem of Caneer. Petroleum Times, 2), 59, 0

(19 .

a) The fellewing appeared ia a receat issue of the
British Nedisel Journal in eomaestios with the use of
aineral ludyisating 0ils ia the Lanceashire esottos millst
"The Nanshester Cancer Committee, while studying the
part played iz the produstien of malignant growths by
the lubricating oils used in ecotton mills, has edtainsd
infermation adout the sareimogemetie pover of varioces
oils and the comsentration witkia them of a esnser-
produeing priasiple. Ia the ecurse of this researe},
$wo pure eempounds of nowa chemieal eompesiticn have
beem proved eapadle of produeing tumors, amd a stady
has dean made of the facstors whieh shange a nom~sarein~
ogeuis into an astive eareimogemie substence. Alyesdy

ey
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8 3¢ of the meth-de for lestrcying the ¢uncer-pr-fucing
power of certain oils h:.ve proved to be effsctive, at
least in part, and one rethsd led to the preparation
of a >urified ofl} which, when subjected to vizourcus
test, has failed altogether to oroduee cancerous zrowths,
Reprerentrtives 5¢ the cotton industry, after comparing
thls oll with the erude untreated ofl kavi saiéd that ity
lubrioating nower is unimpeired, and the Manchester
Committee is therefore adle to hald out the hope that
before long it Bay be possidle to put om the market an
oil whioh fulfils the needs of industry without being
a source JOf danger to the workers.®

Assuming that the use of spindle olls de sueh a sourese
of danger, it almost necessarily follows that other
lubricating oils whioch come into closer physiecal eontact
with the worker must be sourses of higher potentisl
4anRker than any of the light lubricating oils used in i
the looms of the Laneashire gotton industry., It might '
be proved unom investigation that i1ittle difriculties : :
would present themselves in the production of a spindle
oil whieh is Ron-carcinogenis, and lest the present
attsck widens 1tself to inelude the whole range of mimeral
lubricating oils, 1t would be advisable to meke an ia- :
vestigation of the most embracing charseter.

Lo Anon., A Dengerous Repors om Ludrieants and Caneer. Pet.
es, 319-320 (1932)
Criticizes the report of the Nenehester Caneer :
Comnittes in that the Commitsee haes asoepted contri-
butions of £1000 for two years from the Anglo-American,
the Anglo=Persian and the Shell Mex »ut has not aveiled
itself of the serviees and adviee of experts from the
0il industry relative to tae sharscter and metdods
of treatment of petroleus oils. :

5« Anon., Menchester Committee om Cancer Report. Pet. Times,
34, 295 (1937

The 1935-36 report of the NMamohester Committes om
Cancer elaims Shat "with a knowledge of the refreetive
index of sn oil, and of the viseosity, one ean form
a more reliable estimate of its oancer-produoing powers
than by the applieation of the ssmple to the skia."

It is pointed out, however, that similar eocaelusion
in the 1933-34 report was dased oz lasuffioiest evidenes
and that soma &iserspascies with snimal tests were
admitted, and that in the 193(~1935 report the animal
tests were reverted $o.

It 15 alee peinted ocut that the adove eonslusion
was based on the examination of only one olil from eesh
of a number of scuntries.
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Occupational Canger of the Skin. Annyal Feport, Chier

Inspector of P2otories and “orkshoos, Year 1937

A table shoving distridution of epithelicmatousg
ulceratisn bY industry for each Oof the yeoars
1933=1437 18 given in 2n abstract in Ameriocan Journal
of Cancer, 34, 619 (Dec. 1918). Tar distilling end
cotton wmule spinning take the gTreatest toll. The
inereased 1937 figures for tar dissilling eases 1{s
attributadble to voluntary periodical examination in
some plants, '

7. Alavy, H. Cancer Prophylaxis dy Prelircinary Treatsent

with Caroinogeniec Polyeyolie Hydroearbons., 2. Xreds-
forsch, 5%, 329 (1938{

Mioe and rats were treated with very small doses
of 3 ecareinosgenisc hydrocerbons (bemzo-pyrens,
methloholanthrene and 1,2,5,6-41benzanthregane as
8 method of proteetion against the implantation later
of highly virulent tumors. Usually o single sud- i
cutanecus injection was mede of the sareinogenie -
agent dissolved in gesame oll. The most effieient :
dose in mige was l.5-3y and the most favoradle time
40=70 days defore the implantation of the sumor
smulsion. Didbemzanthrecens was somewhat the moss
effestive, The protection in miee was only slighs,
Developmeat of the tumor was delayed 5-6 days end for
5-6 days was slow, Growtd them Desame reapid and o
the 17th or 18%h day after implantation of the tumer
the tumors were of the Sams size in the animels with
treatment snd the eonsrol animals. ¥e hindrance to
tumor growth was obtained in rets givem 1=100y doses,
Oceasionally 150-180y doses 3-4-80 days defore ip-
plantation of the tumeor, A defisite aetive pretestion
CaRnot be odtained by shis method,

'Y

8. Bachmann, ¥, X. et al, Produetion of Cemoer Pure

any
compound yes tested although {8 is almost oJualed
by ekoclanshrene, P;ecnotion of eareincma is )

4=dbeasophensathrene is aRie te a degroe
@5 are eertain hexmeyelis Rydrocarbons dorived from
the pentasyslie 3, WRSSPFrene,
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9. badger, 0. 1, et al, Production 0f Cancer by Pure BEydrooarbons,
. Proe. Roy. 'Sc-e., B129, 439%-67 (1947) -

: Information as te the most effectusl rethod for the

production >f any particular tuxor (pairtinps, sub- .
cutanesue injeotion Teeding) is not Gecisive; in the

two latter the fur is always contaminated, end inhaletion

and swallowing oemnet be exeluded by. any of the methodg,

The 3,£-bcn20pheaanthrcno eoxpounds possess caroinogenise
properties, and apoarently are rore aotive than the
benzanthracenes in the production of mulsinle tumors,

cholangiora, and tumors of the lung; she 1,2-substituted

sompounds are more active with respect to gastrie tumors,
Compounds substituted on the 1,%<81d¢ are usually rore
carcinogenic than those substituted on the 6,7,8-s144,

Azong the 1,2-benzanthraocnu, the S5en-Bu, S-n-Am, and

5-n-hexyl resexble the Jy4=denzophenanthrenes in their

association with » higher incidsnce of lung adenomas -

and multiple tumors, and a defioliency in sarcoma produetion,

-~
Y

-

. 10, Badger, 6, X, ¢t al, Produotion of Caneer by Pure Hydrocarbdons
R Proe. Roy. Soc, Bl3l, 170-82 (1942)

In the series of 5-alkyl derivatives of 1 2-benzanthra-
oeme (e, It, Pr, 1s0-Pr, Bu, CeHyy, Cghlyss 8t 5) the
higher members showed progressive ilniuu%}on of 23:01:0-
genic power on the ekin; mecber with more than 3 C estoms
in the side cha!n 414 not produoe sareore, With dere
ivatives of J,Lbbonzaahenanthrono, sutztitution {n
positi~n ” and, to = leseer extent, in position 1, sromoted
¢arcinngenic zotion; most of these eompounds were deflglent
in nower to produce s>rooga, 1.2.3.L-Totraunthylphcnsnthreno
had s 8'ight byt distinot 1bi1l1ity to produce akin tumors,
3,4,5,6-Dibenzofluorene had Do action on the skin and
thereby differed fror the 1,2,3,4~, 1,2,5,6-, and 1,2,7,
8=gnmocunds. 1,?,5,6-Pibenzocarbazole exhibited a slight
tendency to produce tumors of the 1liver, hile mltinle
tumors ¢ould not de aseridbed with osrtainty to the aotion
Oof the 23riniatecred gcmpounds, the most striking cnses
Oof rultinlicit: sccurrei under the influence of Tyl
subrtituted whcnenthrene:,_1,?,5,6-diben:oosrb:z“1e ed
1,2-5,6-d1vensseridine,

Ly 1

11, Earry, G. et atl. Production ~f C:ncer by Pure Hyirocarbone,
Prosc. Roy. Soec. Bl17, 313-51 (1925)

; A large nurber of oompounds, chiefly tetracyelic =nd
; pentnc:olic aroratie hydrocarbona, were tested for
cangeer-profueline action, with rice ac sxperimental sniral:,
Considersble cancer-rrodueing nower was possessed thy
1,2-benzooyrens (fror cual-tar pitch), methyloh~lanthrene
{2 deriv, cf deoxycholic acid of bilof and 3,.-henzo-

Phenanthrene. In order to be carcinozenie, derivs., cf
1,?-begz&nthracenc mist contaln subrstituente in nor!tions
S and 6,
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12, bBerzmenn, F. Mechaniaa *f Tumor Production by Chemiocal Azents,
Cancer Re:careh, 2, 660, (1942)
- The following orineiples for tumopr produetion by
cbemical agents are hypothotloally established: 1,
The form and size of 2 ocarcinogemie hydrocardon and
of lts related heterceyoiie oomocunis deterrine its
activity, Xvery substance whieh imitates more or less
Closely & zives parent structure resesdles it also in
its blastomatogenis action. 2., In the living eell
the carcinugens are adsorbed dy an 'geoeptor poalol.{
e definite adsorption arca, This sets an uprer limit
for the¢ ciaensions of the aotive éompounds, A lower
lixit {s given by a decrease in adsorbadility with
decreasing size of the molesule, 3. All careinogens
8re ooncelved as parts of an "ideal oarcinogenie struetuys, "
4. A oarcinogen can be inactivated by sdditions whieh
prevent its proper adsorotioa, The meshanism of this
Bindering effect is diseussed,

13. Boneer, G. M, Tumors of the Skin Produged by Rlast-Jurnage
Tar, Laneet 1, 775-6 (1932) | ‘
The results odtained with four samples wers re;sarke T
ably similer to Bersmbdlum's and blast furnaee tar is .
therefsre earcinogenio, though not so pateat as W
8828 tar employed., The reasqn that it has deem iamoeuous .
for man is that the yield s small, and {4 1g regurded [
88 a waste produet and is aisposed of wvithout further
handling,

ot e A

1. Boylsnd, X, ana Brues, A. X, Careinogenie Action of
Didenzearvazoles. Pros. Roy. Sos., 1220, 429-41 (1937)
Cameer of the dlsdder is uaduly \ ¥ e
chemxigal workers, aad these dealing with

Y are
that {t {s ned ey ik are responsidle for eanéer
of the dladder, dat $1es formed .

this was soxie. Is produced mal $-akiy” e
in niee in 180 days. Of the othey sdntanves »
112151 6=42benzsarbasole was oad L1s

8-dindemzsarbazcle feedly so, The thylenines,
o-m:ouotcln-o,' ksowm o i::hn Nopatamn anl '
dismino-asobemsens { dine) all falles & Jredude
tumors on the skia of 88. Mpindle-eell)

ene of whieh was pyoved h'-nx-uﬁ., : W
in rst sudoutaneous ootioms of a
u-,"-h:.'_.r 31418 c-ua-‘.wo. '

o e b .
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Brcnk}):mz:a :i)l. Mule-Spinner's Cancer. Brit. Med. 7., 822.3

16. - Brockdank, E, M, Mule Spinners Cancer. Zpithelioms of the
Skin in Cotton Spimners, H. K. Lewis and Co., Ltd.,
Londen. 36 pp. (1941)
The first known sase of serotal eaneer in a mule
spianer was reported in Manchester in 1887, 37 years
after the introduction of Rineral ludbricating o1l;

7 before that time sperm oil and neatsfoot oil had deen
the prineipal ludricents. It {3 now mown that saneer of
the skin, whether of the serotum or elsewhere, ia mule
spimnere is caused by oarcinogeniec ocompounds wvhieh are
present in mineral ludbrieating 0ils though not im ludri-

. eants derived from emimal oy vegetadble sources. 8Socmse
ninersl oils are more omue,-uo than others, thas

art

derived from shale bdeing »
Ras been learned by experiense that sanser is morellikely

$0 be ssused if the seme ludbricans is wsed eontimueusly
than 1f the kind ef o1l employed is oesasiomally of,
It has beem found alse mtiyuxiuuhuornauh:l.o .
oil with minersl o4l the sareinogenie potemey of the :
lubricant may be adbated. :

+ Burrews, K., Nieger, I. i Kemmawvey, IR. L. Wuu -
X Carcinegemesis: the Bffeet of e Sudeutansows sad -

Intreperi temoal setiom of Lard, Olive 041 and Other
Fatty Material in Rats and Nige. 7. Path, Dast. ' K

419-3¢ (193%)

18. Campdell, 7. A. RExperimemtal Produstion of Canser by Bust
Obtained frem Tarred Boads. Brig. Ned. 7., 8.3.34, 833-4
This ¢ust ¢aused warts and ssmeer ef e skin of

18.

19, Osmpdell, 7. 4., Tha Effeets of Moad Dust "Iyeed” frem Yoy
Produsts Upen the Insidemee of ?rlntz‘t? Twmors of
Mise. M‘o '.\hno ’.““o'p. 18- ( m. L
IS has dom theowp that Irem tarzed rodds esuses
canser of the skim of mice. Nsed dust minws tary, &8
r-ovodt{)-s-a,lou ROt sause sancer of the oitia
of mice; 1% stimulates the preduction of lwmg twmors ia
mice, dut net %o 89 gress mtu‘-tho'q

alse presemt.

Campdell, J. A. Careinegemis Agemts Present ia the Atmespherv
- n«l'hcu-« of Primary 5% ia Mlee. RYiv. 7. By,
hﬁ.’. &Mm ) .
e has seniimsed Ris resesreh em swubetsamees
hat nigit induce lung tumers. No apleyesd chtummey doot
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and 800t soraped froa exhaust ?ipes of engines dburning
heavy oils. Rats were oxposed to these dusts for 10 min,
an hour for 6 hrs., S days & woek for 1 yr. The death
rate of bdoth 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, B3
living 10 mos. or more developed tumors. %he most active
substances tested was dust from tarred roads. Dats are

also givem on mice whose skin was painted with *gape from
these sudstanoces.

81, Clark, R, V. Cancer frum Ludbrisating Oils. 01l-Colour Trudes
Jo0 11.9.34, 1378-9

8. mt. J. 'o. xmt‘. C. and '1“.r. Io Cod-hr cmti“-l“
and Cencer. Nature, 130, 9826 (1932)

Seversl hydrosarbons were isclated from eoal tar which
were aotive im produeing cameers and whieh had the typleal
fluoresoence spectrum of sareinogenie fractions. The most
astive hydrocarben 1soclated was 1,2-benzopyrens whieh
produced caneer im half the time required dy 1,8,5,6-44-
benzanthrucens. Perylene and 4,5-beazopyrene were also

isolated.
P 8. Cook, J. W,, ot al. Produetica of Cencer by Pure Kydroeardoms.
(a) Proe. Roy. Sce. (Londenm), 458-8¢ 2108&‘;
: (b)_Pros. Roy. S0s. (London), 485-96 (1938

) Mice were used as expil, animals, end a study was
mnade of the sotiom of 82 4ifferent polyeyelie arematise
hyéroesrdons, oontg. 3-8 rings im theiy resp. mols. sl
epplied in seln. te tihe interseapular regiom, uswally
twive weekxly. 0Of these pure sompds. only 1,82,5,6-41desnan-
threceme and certain elosely relsted eompds. prodused

cancer; it was aotive in 9 different solvents, and was

q offective whem applied in 0.0095 soln. in C,H.. Of 893
mice treated with this eampd., 10V ¢ovaloped tumors,
ineluding 77 epitheliomas snd 81 »epillemas,

(3) The imvestigatien has deen sxtended to imelude
53 addnl. pel ¢ arematie ecmpds. Twmors were pro-
duced dy ¢-1sopropyl-l1,s-bensanthrecene, 5,6-aysle-
pemtene-l,s-densaathrasene, PAamaathrossensphthene, wmd
S derivs. of 1,8,9,0-1amsanthrasene; 2o, §*-Ne,
'.-.. '4‘. ..” ‘o.’.c‘.’.. J

M. Cook, J. W., Newets, C.L. and Kieger, I. The 1sslation of
Canser-Produsing Rydrocarvens frem Coal ¥ar. 7. Chem.
, Sos., 3985-403 (1933) '
! The preparstions derived from ecal Say piteh Wy o
variety of selvent extructiem methods, the fractiems
separated by formation of picrates, €istillatiom end
. srystallisation, sad the hydroearbdemg lil-DERSpyrene,
and 415-benspyrene, perylene and 1, 3-Sensunthrseens,
: have proved sareinegemie and have givem the sgRe flumeres-
semee spectrum (dands at 4000, and 400A ). Do
esal tar piteh semtained mot less thsa 0.0098

origimal
of 1,8-bemspyrens.

5
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Cook, 7. W. Synthesis and Blological Rffects of Careinoganie

Hydrocarbons. Chem. and Ind., 1022-3 (1938%)

Certain forms of skin esnecer ® to oeeupation cavuses
in imndustries where shale 0il, eoal ter asd ludbricating
01l are employed, have deen showa to be due to the bLenzan-
thrasene group of hydroearbvoms whieh also impart flucres-
cente to the oils. The exaet nature of canecer formatiom
in the human dedy hss mot deem explained although a
similar benzanthrecene Aydrecardom has been found to bde
produced by body shanges from substances normally present
in the humea dody.

Cook, J. W, Careinogenic Nydrogcardoms and Their Relationship

to the Sterols. Chem. Weekdlad, g%. $63-8 (1936)

Review of historieal developmeat of resognition of the
sancer-producing eonstituents of eosl tar and earlier
investigations; the developmemt of fluoressence speetre~
860py and the systematie study of syathesie sareinegenie
hydroeardons insluding a Bummary of the results odtained
from the exmminatiem eof a eomplete series of tetrs- and
pentacyslie hydrosarbons and a mederstely wide raage of
bemzanthrecene derivatives. The speculation is advensed B
that a meso K atom in & eompletely arematie strusture
Plays seme role in the sareinegemie precess. The isola- -
tlen of 1,3-bensopyrene frem esal tar smd its SYRthesis :
re recounted and an aceovnt is givem of the eyslisatiea *
of bile aeid derivatives, and the ovemtual synthesis of
Rethylcholanthrens, & careinegenie hydroearbon related te
the sterols. It is inferred that there is some aaxynie
fastor present in the saimal bedy whieh is eapable of
sfTeoting dehydrogenation of the sterol ring system snd
that exeessive astivity of this fasser Ray eomeeivadly
sontribute te the produetion in vive eof sareinegenie

ecmpeunds,

Coek, 7. V., vtwl. Ghemieal sempounds as Carsinegmnie Agemts.

m. J. Camser, 1219-89 (1937)
A Tull survey is givem of %o sareinegenic chemicals,

btdelegie effeute :g together, under well cheosen
headings, all the meterial pudlished wp % he end of
1936. They imelwde not the Aydrosartons ef the

the styryl quinoline @erivative diseccvered by
ot al., aad the inergmmie csmpounds 1ine ehleride and
m-_io. A Midliegrephy of 19¢ referemces i appended.

Cook, 7. ¥, and Kemaswy, 3. L. Ghenical Compownds as

Careinogenie Agemts. TFiyst Suppl mentary Reporss
Litersture of 1987, Mm. J. Caneer, 33, 950-99 (1930)

Authers present sa exhaustive review of $his sudjee
whieh sheuld be eof imserest %o 21l imdustriel physieians, -
It eentimues the cariier review and the oo reports to-
gether have dinliegraphies tetaling 394 refasremees.
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Pavis, &, Chemice}] Careinogenesis, Drugs, Dyes, Lemedies

»nd Corretics with Partioular Refsrence to Bladier Tumors.
J. Urol, 49, 14 (1343)

Author discusces st econsjderable length the large
number and veriety of proved chemicesl carcinogenic agents
which may be introduced into the body by ingestion, in-
helation, injection or cutasneous applicztion. He strongly

inclines to the theory of some chemicsl carcinogenic agent.

Jany sre cited such as derivatives of coal tar, ocrude
zineral oils, en anilin dye "intermediate", azo dyes and
estrogenic substances. The aniline bladder tumor of dye
factory works develops after Years of exposure t3 what
are prodably extremely small daily doses.

The theory is sdvenced that there may bde many other
oarcinogenic agents as yeot unknown which are unknowingly
moountered in the routine of daily 1life, and perhaps
through the use of many drugs, patemt medieines and
commetics, vitemins, sex hormones, and the trexendous
list of anilin dyes used in the coloring of food sturrys
and fadrics.

Downing, 4. G. Industrial Dermatoses. J. Ind. Hyg., 17,

138-165 (1935)

A review with 208 references. A section on chemiocal
agonts including inorganiec eompounds, hydrocarbons and
orude coal tar products and other orgsnioc compounds;
trestment and legal aspects.

Feil, A, 01l Button (Flajokoniosis). Prasse Med., 40,

1841-2 (1932) .

Description of a dermatitis in industrial workers
caused dy heavy minersl oils, including treataent and
prophylaxis,

Pieser, L. 7. Caroinogenic Activity, Btructure, and Chemiocal

Reectivity of Polynuolear Aromstie Hydrocarbons.

A long review whioh inoludes; I, a eritical evaluation
end comparison of the methods foy determining careino-
genie acotivity; II, information oconeerning the prepara-
tion and purifiostion and the commerseial sources of the
carcinogenie hydroeardons; II1, a summary of the work
on correlation of chemiocal strueture and eardinogenioc
sotivity, end IV, n summary of investigstions on the
meteadolic fate of various active hydrocarbons. There
is a very extensive bibvliography.

Fiener, L. ¥, Produetion of Cancer by Polynuclear Hydro-

csrbons. Univ. Penna. Bicentemnial Confr. Cause and
Growth of Censer, 1-27 (1941) .
A review devoted to N-containing csreinogens,

Telation of carcinogenic hydroearbons to the steréids,

caroinogenie a20tivity, chem. structure and chem. re-

- ap———
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activity, nature of a poseidble resction lesding to
carcinogenesis and of the metedolimm reactisn, If
carcinoZeniec hyéroocarbons can be produced at times
in the body by sterotd metabolimm, their most likely
precursors are among the stersids of the adremel
cortex. The initiating action of o hydroeerbon in
carcinogenesis prodadly involves gubstitution in the
hydrocarbon =t {ts most Teaotive center, probadly a
direct interaction of the hydrocarbon with an S-8§
linkage of the cell protoplamm. Metabolic elimins-
tion of a earcinogen probadly is a detoxicetion Pro-
duced dy a mechanimm different from thet lesding to
carcinogenesis, and involving a different point of
attack in the mol. The reaction of detoxicstion and
thet of eercinogenesis are competitive. Detoxieation
may involve biol. hydroxylation to a phenolie deriv.,
or oonversion into derivs. of Bercapturic acid.

Yieser, L. F. and Fieser, M. Caroinogenie Hydrocardons.

*Organie Chemistry", 1944, 814-36
Carcinogenic sotivity end structure; correlation

with chemiocal Teactivity; methods of synthesizing
carcinogenic hydroecarbons. :

FYirquet, J. and Malter, M. A. Pigen Cancer as an Ossupstional

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

The authors report their experiences made in medical
suparvision of 138 workers in the provinee of Liege,
working with piteh or tar. There were found two
spitheliomata only, and no lung cancers. V, Benry
made a eshemioal examination of verious pitches as to
their content in 1.2 benzeneanthracene and 3.4 dengo-
pyrene, (the two most sffective cancerogenisc substanees
in animals) and he found in the piteh 1-8% of the
first, traces up to 0.4% in the second. The examination
of the piteh dust in the two briquette factories revealed
mostly large partieles: im the workshop 80% of a dimmeter

- 0f 30-100u, in the storage rooms 905 of 20-50u.

Therefore it soens--a000rding to the authors--that
subatances whieh are cancerogenic to snimals are not
for men, dut more resesrch is necessary. (The material
is mueh too slight for any conslusions in the opiniom
of the abstraetor.)

3. Gafafer, ¥, M. snd 8itgreaves, 2, Disadling Morbdidity and

Mortality from Cancer among Male Baployses of 01l Refin-
ing Comd>any, with Reference %o Ags, Site and Duration,
1933-38, inclusive. U.S. Pud. Health Repts, S3, 1817-
1328 8.23.40)
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Guglieaipetti, M. Do Magadam Roads Produce Cencer. Bull,

aced. Mad,, 122, 39-94 (1939)

The authoT firat reviews the litereture. He ocuestioned
various hospitals in seme of Garmanyts large cities ro-
geréing the mmbdar or ohssrved camas of cenncer and sert
these renorts to the menagers of the road building system
in these cities. Increare of esncer wes affirmed dut
without relation %o macedam roads,

Hamilton, Alioce. Cancer from Tar and Petroleunm. "Industrial

Polsons of U.5.%, 410-7 (192s)

Hamilton, Alice. *Ipdustrial Toxieclogy®, 154, 25%-4

Occupationsl cancer is rere irn France. 1In the U.S,
the only published case uUp t0 1930 was the care of & =an
who hed worked for 20 Jrs. at the paraffin proocess in a
vetroleua refinery.

In 1928 the Eealth Committes of the League of Nations
requested its members to aid in a world-wide inquiry into
the ocourrence of ocesupationel gsencer by undertaking a
study of the que:ztion i{r their owm countries. The Rooke-
Teller Joundation then mede it possidle ror Imre Heller
%0 meke an intemsive investigation in this eountry, and
his report was pudblished in 1930. Heller confirmed tho
impression held by Americen authorities on cancer, that
those of oceupatienal origin ere very very rere in the
United Btates. He found in the records of the two New
Yerk hospitals specielizing in cancer only 37 cazes of
skin cancer that could possibly de traced to ter snd tay
productms, 26 of theee oecurring among men handling g8 5=~
house tar or pitch, only twe in coke-oven tar or piteh
workere. In a Cleveland plant making oardon and dry
batteries, imported English g§as-house pitch was used up
to 1906, when it wes supplented by Ameriesn coke-oven
pitech. There werse 21 cases of cancer among the workers
in this plant, only 4 of which were in men handling coke-
oven pitoh, and these were not csonsidered by the physiciasn
in charge to bde indubditedle eages,

Hartwell, J. L. Survey of Compeunds which have deen Terted

for Caroinogenis Aotivity, U. 8, Publie Health Service,
371 po. (1941)

This dulletir represents survey of the field or
chemiesal sarcinogemesis in the higher enimals: the ection
of caroinogens on iselated tissues, tissue eulsures
plants, protosea, and bacteria is not considered. iho
literature is eovered to 1959, end the campilation also
includes experiments with 153 compounds from the unpud-
lished work of Dr. M. 7, Bhear and Dr.’H. L. Stewuart of
the Naticnal Ceneer Institute. The results of the test-
ing of 61 of these campeunds are newly reperted, while
40 aTe new to the whole csmeer l{terature. Altogether
the worr ecmprises date referring to 696 chamieel sud-
stances: of these, 169 are Teported to de sarcinogenie,
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spert from 23 odserved as csusing pajiilomas omly,
After ac introductory discussion, the bulletin takes
the form of a t=bular review on the following clessi-
ficetion (figures in parenthese: show the aumber of
entries for gach cetegory;: A. Inorgaric substences
\35).  B. Organic compounda: I, aliphatie (36); II,
Polyeyelic Bioycllic (26), tricyclio (47,, tetracyclie
(152), oentecyolie (114, hexacyolic end higher (85)3
IIT, Azo-comdounds (39); 1V, Cteroids (86); V, Hetero-
cyolic (59); VI, Unolassified (77).

within this arrangement, compounds are individually
numbered and then grouped according to rrototynes and
elvhabdetically. The tablee give struoctural formulae,
literature references, particulars of species, strain,
sex, and number of snimals used, preperation, dosege,
and route of sdministrati{en of compounis, nature of
sites of tumors indused, with details of duration of
exderiment and survival retes and other remarks. The
above conditions show the wide range of {nformstion
necessary in order to essess the caroinogenio activity of
8 given compound. The suthor draws sttention to the
incompleteness of the data for many of the compounds
listed, and urges the more systematio investigstion of
oompounds already studied in a preliminary fashion, and
for the filling of large gaps smong substences whieh it
would seem desirable to test. The review i3 completed
by a bidliography (over 1200 references) and separate
indexes to eompounds, routes of application, venioles,
aniral species, and tumor-sites.

Heller, I. Ooccupatiomal Canoers {in U.S.). J. Ind. Hyg.,

12, 169-197 (1930)

The chemical properties of gas-works, coke-oven,
producer-furnace and dlast-furnace tars and pitch sre
briaefly outlined with a view to correlating these pro-
perties te esaneer ineidsnoce among workmen in the ine
dustries involved., 4As a result of extensive surveys
and heelth record ezamns. gas-works tar and piteh
were responsidle for To.zg of the ecases while ooke-oven
tar and pitoh were held responsibls for only 5.4%.
Coke-oven tsr is much the less injurious especielly whem
cognizanee is teken of the fact that coke-ovenn tar is
Used much more extensively. The presence of olefins
in gas-works tar seems to be of perticular importance
and may be a cause of oil camoer. Ocoupational sanocer
does not ococur in the briquet mfg. industry. Minersl
oils vary in earsinogenis activity aeceording to sheir
olefin or unsatd, hydrecarbon comtent. There is no
method for the deta. of the amt, of olefins in the
verious erude o0ils; if such a method existed, it wouild
be possible to measure the cander-produsing power of
minersl ofils. Ceneer s not sttridutable to the oceowpa-
ticn of mule spinner in the U.S., 7088idly bdecsuse of
the eerefully refined ludrieating oils used om the
maehines, thus ensuring relative freedom from olefins
or unsatd, hydroecardoms.
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Hemry, °. A. Study of Fatal Cases 02 Cancer of the Scrotum.
J. A, Meld., sssn,, 109, 1667 (19%7)

. Hleg~r, I. .Bpect=a of Cencar-produeing Ters and 0ils apd of
Related Sudbetancss, Biocher. 7., 24, 508-11 (19%0)

¢, Hoffmen, F. L. Mule 8pinners Cencer. Honthly Lad®or Rev. of
U.S., 27, 457-475 (1922)

46, Hoffmen, W, J, Industriel Cancer. Prevent. Med., 8, 7-34 (1938)
One of the seven typer of industrial camoer discussed
1s cencer of akxin in workers exposed to coal, ter, pitah,
scot, shale, petroleum =nd sreenic. They A8y csuse en
epitheliomrtous fore of canmoser.

¢7. Hogouneng, L. The Ceneerigenic Hydrocertons froz Tar and the
Terring of Roeds. Jmn. Eyg. Publ., Socisle, 27, 1-7 (1939)
The cancerigenie bhydrecarbons feurd in cosl tar
produos ekin cenoer in exposed workers ususlly only
after direct contest with the skin for long periods of
time. It is delieved that men is much more resistsnt
t0 the sction of theee meterials tham led. animals.

4. BHueper, ¥, C. Cencer in Relatiom to Oceupation and
mIviroment, BPull. /a. 80¢. Control Csmer, 28, No. &
iJure, 194%) :

Owing to industriel develoment, the genersl popula-
tion end feotory workers in particular, sre exposed to
RANY new epvirormental faectors, manmy of which are
direcze produeing. Occupatiomal cancers are caused by
numerous chemiocel end phyeiesl agents. Aaong them ere
ihe heavy metals, nitrates, aromestic emino compounds,
benzol, asbestos, mineral o0il, soot, redic-astive sud-
stances, ultraviolet radistion and X-rays. The suthor
cites stetisties taken mainly from the reeords of
industrial eomearns, dut points out their shortecomings.

Cencer of the urinary traet due to coal-tar iz the
=ost recent addition to the list of oscupational
eansers. It is mest frequent in the aniline dys smd
related industries.

., Home Orfioce. Rept. of Deparwmental . %0 Oansider
Evidence as to Oecurrence of Wpi omatous Uleeratiea
Among Mule-8pinners. (Lomden, 1924)
Coantains a didliography on esnsexr spong petrolem

roﬁnu-l._
%. Eunt, E, 8, An Investigatiem inte the Incidence of Cansereus
or Precancerouns Lesicas dmong Tar Vorkers ia

Kew South Wales. MNed, 7. Australia, 8.36.33, 88)-3
The genersl ecenvhiaton 1s that tar used {n Sew
South Wsles for local road-work is not a seriocus danger.



6l.

s8.

M,

-89=

I. P. 7. Cancer Research Committee. Carcinogenicity of

Cpincle 0ils. J. Icst, Fet. Tech., 23, BOS (1937)

The I.P,T. Cemrmittes hes ot teen convinced that
tbe eo-callet irncidence of cenccr 15 ir any shape or
form ecnrectes wi‘h the use of spinédle oils.

Internetiorel Lebour 0ffice. Carcinoganiecity of Oils,

124, snd Lebour Information, 24, 273 (1330)

Tere at varying temperatures have been prepared to
Getarmire at what temperature carcinogenis compounds
are formed, from which expericesnts it would appear that
auch compounds begir to de formed between 300° and
600°%, tkhs maximum yield lying betwesan 8J0° and 200°C. -
Attempt 13 now deing made to determine the conetitution
of a Tew apparently pure or almost pure oampounds
isolated from spuch ¢ars. Applying their standaprd test
for detarainstisn of carsinogenicity, the s*aff found
that olive o0il, neetsfoot 0il, spera oil were non-cencer
producing =nd they have reasoa to suppose that natural
sxin fat 4is an important fastor in the prevention of

-~ gangcer.

International Ladour O0ffice. "Occupation smd Health", I,

547 (1834); II, 837, 1158 (1934¢)

Before mineral >1ls came into vogue the practice in
textile milla was to use sperm, lard and neat's-foot
0ils and to some extant castor oil and oolsa oil.

Heary states that shale oil was introduced apous 1830
and American petroleum ofl adout 1364, end thats, stowerds
1372, these 2ils were being used as esomponmmtie of
£pindle 01l; slso that Russian oil was rirst imported
about 1339, Rumanianm 0il about 1900 snd Persisn o4l
about 1909, and all thess wers used for this slsss of
lubrissting oil defore the war. Cluring the war Scottish
shale 21ls naturally came more into use for ludrieating
purposes., 01l refiners have their own private formulae
Tor mixings, but there i{s ne doudt that the dulk of the
0ll sold for ludricating spindles during the past forty
ye;rs has beem 7rimscipally made up of matursl xineral
oil. )

Aeoording to the 1929 rt of the Nanchester Canser
Coxmittes, in the distilletioen of tars, the careimogenis
produots begin o form at a temperature ramging from 500
tc 800 C. and reach s maxizem st detwean 800 and 900 ©.
The addition of sulfurie aeid at the time of uss suffiees
to make the oils harmmless witheut injuriag or medifying
their lubricating power.

International Ladbour Office, Ocewpational Twmors. BSuppl. %o

Occupstion and Hsalth, I.L.0., Genevs (Oet, 19359}
Carcinogenie sudstances are dissussed under the
hesdirgs of hydreecardoms, non-radiocsctive irorgeniec oom-

pounde, radicactive sudstanses and rsdiation, and parusites
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and microdes, Attention 1s called to the absemse of
any eomon physical or chemical characteristics shared
by thece various sanosr-produecinrg agents,

It 4 suggested thet the canoer problem is= essentislly
dlechemicrl =2nd thet 185 solution will come wit:h the
dipoovery of the neture tnd ocause of the intrg-celluler
chemicel changee which follow the applisstion of &
screinogenic egent.

Y Jorden, H. Evperimeatal studies on the Production of Cancer

by Gas-worcs Tar. Z. Krebsforsehung, 19, S9-55 (1932)
Author hes corroboreted the work of others; in white

nice trected with tar for four months or leass, 1
showed either cancer“Sf precancerocus changes. When the
tnyr was 23etd. at 400° the veletile frasetion 44d not
produce these changes tut the residue produced the
typicel proliferasive ehanges in ebous 1/2 the time re-
quireéd with the whole tar., No preliferstion could bde
produced with erthreeene o0il, Different rmice showed @
merked differencs in the rapidity with whieh they
developed proliferstion with the ssme smt., of injury
ty the tar. Apparently the work was not follewved te &
point Gp det. just how many of the miee with preecen-

cercus ehanges would have developed actual careinoms, <

¢¢. Kemmewey, I, L. The formatien of & Ouoar-produu’ Sudstanes
from Isoprens. J. Path. Bast. 31, 233-8 (1924

s¢h. Kawshate, X. Lurg Cancer Among Jeneratozr-8as Workers im the
Steel Mills. Gemn. 32, 387-83 (1938)

~_ Durirg the paast 6 years, 21 ceses of primary luag
certigoha wers odserved smeng the generstor-gss workers
et the Yawata Iron-Steel Mills. These workers have av,
servise periods of 16 years. Ia ne other sestioms of
the millks hes such frequeat appearence of lung saneer
been notised, The workers are exposed 3¢ the spraying
of ges eontg. heavy SGust. 7The inhaled gas eontainsd
udout 0.75 of gaseous or ¢ust-like tar. Analyses
showed creosote oil 54.38%, phenels 0,214, cresols
0.07%, maphthol 4.60%, anthreeceme 8,004, piteh ofl
62."‘* and wvater $5.746. The metastases may apponry
véry sarly in the bLrais, spinal eovrd and lymph nodes.
The duretion of lung eanméer is very shert, abdout

7 manths, '

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

Cancer fomation %y Sar predusts was investigated
by author. Oanly higher freetioms doiling st £00%¢.
were found active in indueing samser (crecsote, greem
oil, orude ln?u-o and piteh). f '
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ga. Tennaway, E. L. Cancer-?roducirg Tars ard Tar Fractions.

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

Ex_eriments sn several thousand mics and analysis of
a greet mase 5f oclinicel records indicate that tar cancer
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-
oene 0il. Purified anthracene, like all other pure ocm-
poundes tried, aid not produce cancer. BSpleshing with hot,
orude anthracene or creosots oils seems to be the usual
method of eontact. Shale 0il produces cancer bdbut is less
active than gas works tarj orude petroleum is much less
active; and dlast-furnaece tar (s low-temp. tar) does rot
produce cancer. The driguetting industry has reported
gore than half of the known ceses of tar cancer. Tar
mnde by distilling cosl st a low temperaturs (delow 530°)
produces cancer very slowly or not at all.

s9. Xennaway, E. L. IExperiments on Cencer-Producing Subdstances.
Brit. Med. J., II, l-4 (1923) :

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

0. Kennaway, B. L. and Leiteh, A. The Anatomiocal Distridution
of the Oecupationsl Canscer. J. Ind, Hygieme, 7, 69 (1923)

¢l. Kennaway, 8. J. Further RExperiments on Canesr-Produeing
Sudbstances. Bilochem. J., 24, 497-504 (1930)

Carcinogenic substances were odtained by the sotion at
room temperature of AlCl, om scetylene, xyleme, naphthalemne,
naphthalene and dromodenziene and tetrahydronaphthaleme,
the last twe deing the most active. Two eancers were
also odbtained im a series of 10 mioce painted with a soln,
of 1,2,7,8-4ibensanthracens.

a-Phenylnaphthalens was prepared by aotion of AlCl,
on C,H Br and C oE,. The distillates up to 343°C. eon-
teining the hydroocarbon were insetive bHut the residue
in the flask was highly esrcinogemies.

Cyeslohexane, syolohexeme, styreme, hydrophemamthrene,
hydrochrysene, hydroretene, perylene, naphthalene and
various maphthalene derivatives all gave negative results.

62. Xemnaway, X. L. and Eieger, I. Careinogenie Substances ané
Thoir Fluoresoenee Bpestra. Bris. Med. 7., No. 3428,
1044-8 (1930)

T™his paper is & review of s large amowmt of work by
the authors in am attamapt to eorrelate fluoreseense with
careinogenesis.

Tar oils, spindle snd shale oils, which show sarcinn-
genic proverties are also strongly fluoreseeant.

- L NP .



8s. Kewley, J. Cooperation. J. Inst. Pet. Tech., 18, 242 (12332)
Mention >f the formetion of & committes by the
Instituts of Petroleum Technologists to follow the work
of the Munchester Cancsr Committee.

g4, EK1ing, A., Semssonow, N. nd Heros, M. The Tarring of
Highways as a Possible Agent in the Causation of Pulmonery
Cencer. Bull. Acad. Med. 120, 130-43 (1933) _
Exrts. in mice showed that the tar, as used on roads,
produces cutanecus tumors and malignanoy in the lungs.
A substence contg. the btenzo (a) pyrene nucleus of

decidedly cancerogsnic properties has deen sepd. from the
tar,

65. Xling, A., Semssonov, N. and Heros, 4, Possidble Relatiomship
between Tarring of Highweys and the Ineresse of Inoidence
of Pulmonerry Primary Cancer. Bull. Acsd. Med., 121,
794-91 (1939)
8ince tar oontains bdenzopyrene, s recognized canceri-
genic agent, it cannot be considered as inoffensive.
Experiments on mice definitely eonfirm this essumption,

g, KXoelsoh, rz Cu):cer and Occupation. Momatschr. Kredsbexamp?.

5, 7 (1987
The author, in the form of an adstract, presents a

survey of the relation betwsen ceanger and oecupation.
He includes bone cancer caused by radiocactive substancoes,
skcin cancer from soot, tar, paraffin and ludricating oils
{of which those bdoiling batween 250-500° are of especial
importince), skin eancer from arsenic as well as cancer
end sarcoma from ultraviolet and sunlight.

¢7. Kunze, G, Mineral 011 end Ceamcer. Chem. Ztg., 39, 407-8 (1938)

A study of the map of Germany indicated t the

number of deaths from eancer was always greatest in

regions where minersl 0il was found, refined or used.

While no definite relation is estadlished, the suthor

suggerts the possidility of the existence of such s

reletionship. Further researsh on this prodlem is

indicated. It 1s pointed out that minersl oil by ig-

self does not cause cancer. It mey, however, decome

one of the contriduting factors, together with others.

63, Lane, C. G. Oocupatiomal Dermatitis. Areh, Demmatol. and
Eyphil. 43, 184 (1941)
" Deseribes the sase of a 63 yr. 0ld machiaist who for
3 yrs. had a dermatitis of the face, arms, axillas and
lower abdomen. There were scattered arcas of tan-drowm
hyperkeratetic follicles and follioular plugs. Keratoses
were present on the serotum znd there were keratatie
areas on the arms. Autopsy revealed oesreinoms of the
esophagus. Dr. Lane believes the skin changes to be 4due
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to oil to which the man was exzposed in his 40 yrs. as a
mnchinist, and that the condition is that descoribded by
White smong machinists, oil workcers and mule spinners
in England, It apparently is erely seen in this
country, possibly because oils employed here are less
carcinogenic.

Lsuber, E.J., Hildebrand, K. snd 8chocke, H., Possidle
Therapeutioc Action of Ceroinogenic Hydrocarbdons in
TroatTont of Cancer. Z. Ges. EKxptl. Med., 103, 370-94
{1939

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

Leitoch, A. Mule Spinners' Cancer and Minersl Oils. Brit.
Med., 7., 2, 941-3 (1984)
Rendered an inert California oil very sctive dy
heeting it. (No detsils as to tex-ersture, etc.).
Crude oils from A2sam, Bornmeo, lgyst, Burma and
Badarpur produce malignant growths. alieian, kussian,
Californian and Persian samples were negative.

Lyth, X, The Relation of Carcinogenicity of Mineral 0Oils
to Certain Physical and ‘hemical Charscteristiocs of
These Uils. J. of Ind. Hyg. 15, 826-37 (1933)

Lyth, K. Moleoular Distillation of Lubricating Oil.
Eature, 139, 374 (1937)

A drief report is givea of the distillation of a
Scottish shale oil, using & specially designed moleoular
still. The most striking result 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 fraction four
as the temperature is reised. Deta on the properties
of the shale 01l distillates are tasdulated. These
experiments ar¢ part of am investigation of the in-
terrelation of refractive index and viscosity to
activity on injection, snd theredby ocsroinogenicity
wvhen epplied 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, 1008-7 (1%41)

The authors have examined the denzpyrene sontent
of gas tar in various towns in Switzerland, using s
moethod devised dy Almasy. Them the tars were purified
and their carcinogenic effect deterzined by painting
on mice. The investigstors tried to evaluate the
results by means Of a statisticsal method in 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 aimple, regular reletionsghi; between the
banzpyrene content and the cercinogenicity of the tar.

Murray, . A., ot el. Discuseion on &ryerimentel Production
of Malignant Twrmors. Proc. Eoy. Soc. (London; BllS ,
268-92 (1333) ’

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

0'Brien, E, J. The Problem of Cencer and 0il. Petroleum

Times, 27, 462 (1932) |
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 huxeniterian
and scientific vslues derived from the cancer rsrezrch
of the Manchecter Committee and criticized the techno-
logiocel viewpoint of theeditorial.

O'Donovan, ¥, J, Ceancer from Hendling Anthrecene Coke in
the byo Industry. Br. J. Dermet. and Syph.,
Three cases of cancer in a factory employing only
25 men.

Phillijs, C. Relationship between 8kin Cancer and Oscupation
in Texas: Keview of 1569 Verified Lesions Ocourring in
1190 P~tients. Texas State J. Med.,, 36, 613-16 (1941)

Prosser-¥hite, R, *"The Dermatergoses” 195-238 (1934)
. Dermatitis and cancer from petroleum procducts, shale
and tars, KExcellent review,

Roffo, A, 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 Aires, identical to that from motor ear exhaust,
whieh contains carcinogenic substances. Eoffo had ratsd.
inhale the comdustion gases 0f fuel 0il and later found
e aumbder of pulmonary eaneers smong the animals. By
injeocting s distillate of the fuel oil into the auricle
of rabdits, he produced tumors in 50%.

Roussy, G, eand Obderling, C. Cen Tarring of Roads de Con-
sidered as a Cause of Pulmonary Cancer? Bull. Acsd.
Med. l ) 181-'° (1’”)
The danger is not eonsidered to de of signifieanse
although the Possidility is edmitted.

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

Author iavestigated the poisonous aetiom of pareffia
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911 and tar constituents by painting mice twice a weck.
Aft r sixz months a state of Eslignancy was obtained with
peraffin oil. Coal tar resdily develops melignant tumors.
Various purified acid and bdasic frsctions from coal tar
give negative results. Ths neutral tir oil is most
effective as s tumor induoer.

Schwartz, L. 85<in Disesses in 011 hefineries. Sefoty IEng.,
210 (Novw. 1924) '

It hes been found that workers in oil refineries have
a8 percentsge above the evsrage for carcinome of the cheek
rud of the 1li)p. An unusual prevalence of pigrented vapil-
lomat~ on the hands, forearms and legs of workers in oil
refineries and among mechinists in contact with 5il sné
gresse was also noted. 4bout 105 of such workers were
found to have these growths,

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

Schwertz, L. and Tulipan, L. “Jccupational Diseases of ths
Ckin®, 193¢, 51¢

Secott, A, Oooupational Dermetoses of the Paraffin Workers in
Boottish Shale Oils. Brit. Med. J,, 8.28.28, S01-5

Sequeira, J. H. Cancer and other Diseaszes of the Skin Caused
by lhx)m-l Oils. Kenya and K. African Med. J., 8, 15-23
1929 -

Sayth, H. 7. Review of Litersture for 1926-1934, ine.
Report of Committee on Industrial Skin Irritants to
Am, Pudlic Health Assn.

Southam and Wilson. Cancer of the Scrotum. Brit. Med. Jeo
2, 971-3 (1922)

Speakman, J. B, snd Chamberlain, N. K. Trans. Farsday Sos.,
29, 387-8 (1933)

‘ In a study of the earcinogenic potency of minersl
oils, Twart has shown that the addition of €lyeerides
reduces their potemoy, although no oil surpasses
lenolin in this respect.

Telexy, L. Occupationsl Cancer. Aeta 4. Internat. Ver. f.
Krebsbekampfung, 3, 253-75 (1938)

Several isclated cases of lumg ocancer smong generator
workers have been reported and among works exposed to
coel dust, tar and tar distilleates, but the number is
small.

Teutsohlaender, 0. 1Industrial Cancer, espeeially the Types
Ogourring in Germany. Z. fuer Krebsforsch. 32, 814-29

(1980)
Discusses x-ray eancer, ocancer of driguette workers,

-y T o
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mule spinners' cancer, which has not spoe=red in
Germany, 2nd peraffin cancar among thosa who work in
the petroleum industry.

08. Teutschlaender, O, Occupational Cancer, with Speciel Con-
siderstion of its Prevention snd Legislation on the
Subject. med. helt, 11, 18267-72, 1341-5 (1937)

Occupations in whioh there is danger of develomment

of csncer ara reviewed; many data are given regrrding
substanc 2 oconsidered oarcinogonic, the location of
malignant tumors, their latent »eriod, proteotive
messure of an industrisl-hygienic typs, questione of
insursnce, etc. There is no s). agent common to ell
cercinogenic substances ss & promoter of cancsr growth.

98, Teuschleenler Does Tar Require Ultrs Viclet Light to
Produce &xin Canseri Klin. Wehnsche., 18, 13845 (1937)
White mice were painted with ter, Ctnoorl developed
not only in the irradiated animals but also in those
kept in a dark chambdber so that not only s preparstory
but also an independent cancerogenic effect must de
q ascrided to tar.

94, Teutsshlaemder, O, Light and Skxin Cancer. Ztsochr. .
Kredsforsch, 50, 81-92 (1940)

The author investigates the prodblem of whether or
not s photedyneamie influence ismpessary in the genesis
of tar ocancer. He sondusted experiments on tarred mioce
kept in a darkroom. <ince skin caneer developed om the
painted skin, it is evident that ultra-violet light is
not a requisite {n tar ocsnoer genesis. The same is shown
by the development of spontanecus skin esaneers in tw
wild grey house mice that lived in s driquet factory.

a Nevertheless there is a widesoread delief that doth

N ocancer of radisnt source and tar csnser of the skin are
caused by eyelic hydroecardoms. According to Roffo, bdoth
types are originated dy oxidation and deocomposition of
cholesterol in the tissues whieh may be ocsused by
radiation as well as by ehemisal influense-~¢ancer-
provoking oyelie hydrocerbons are finally gemereted.
Prophylaxis must, thersfore, guard against the influence
of one or doth fastors.

95. Touraine, A. and Bour, H, Cancer from Lubricating Oils.
Rev, Med. Frane. 30, 285-98 (193)
A very scmplete review of eancer from lubricating oills,
its oocurrence, elinicel symptoms and the medioco-legal
agpects of sueh cases,

%¢. Twort, C.C. end Ing, H.R, Mule Spinners' Cencer and Minersl
0ils. Lancet 1, 753 (1928)




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

From a considerstion of the chericesl re=ctions
involved, the authors are of the opinion that it is to
benezenoid hydrocarbons that certein rinerel oils owse
their cercinogenic properties. Trastrent of the oils
with sulphuric acid led to almost total adolitior of
their cerocinogenic properties, and similer results were
obteined by the eadoption of methcds of oxidrtior end
reduction.

"0

98. Twort, C.C. and Twort, J. K. Studies zr the Origir op Cercer,
2tschr. f. Krebsforsch., 32, 491 (1930)
This is a general survey of the work of the Twar:s,
*né ie besed on experizents cn 435,000 mice, a mmaller
number of rats, guinee-pige, 2and redbits, and on the use
of some hundreds of weriaties of tare and oils of various
cepacitisas to cause ocanocsr. There is dut little pro-
badility that en acquirsd physiologloal immunity against
' cancer-producing sudstences exiasts. The suthors' verious
substances are divided according to their omneser-forming
capacity in mice, so that every group has sdout ten times
the powar of the preceding one.

99. Twort, C, C, anéd Twort, J. M. @h@ssification of Four Thousand
Experizental 011 and Tar 8cin Tumours of Mice,
The 2tudy from which this clsssificstion was meade
wes based upon 29,100 esnimals,

100, Twort, C. C, and JFulton, J. D. Further Experiments on the
Carcinogeniecity of Synthetic Tars and Their Frcotions.
Jo patho B‘oto _5_3_’ 11"‘8 (l’w)

101. Twort, C, C. and Twort, J. M. The Careinogenic Poteney
of Minerel 0ils. J. Ind. Eyg. 13, 204-226 (1931)
Peinting miece with refined shale 0il induces caneer

more reeadily tham painting with refined petroleun well

oil. The most potent frection from shale oil is un-
finished lubdbricating oil from which moet of the
peraffin wax has deen removed dut which had not deen
trested with H,80, and filtered. The heavisar grede
oils are less notent than spindle oils. The cenocsr-
producing property of oils sppears %0 de related to
fluorescence., O04ils having a dlue fluorescence seem
more eactive than those having a green fluoresoences.
Chrysene disaclved in oleis acid possecses carcino-
genic properties,

i 1108 Twort, C. C. snd Twort, J. M. The Relative Potency. of
Carcinogenio Tars end O0ils., J. Hyg., 29, 373-9 (1931)
A method has deen devised wheredy tﬁz’potoney of
any given ¢2reinogenic agsnt oam bs compared with that
of & standerd sagent. A unit of careinogenicity- U.C.-
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hes deon ecstablished, end a concertration af 500
cercinogenic units per cubic centimeter iz considered
to {nluce the zeximum reletive response in aninsls
whaz the agent is applied twice a weex,

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

dypothetical standerd agent 100.0
Pean. nil 0.1
Cal. pet, oil 3.0
011 No. 3 0.8
Shale 041 43,0
Piteh 25.0
Gas tar 94.0
Pinene synthetic tar 706.0
Effsct 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 extraoct 3.0
Shele o0il 45.0
O0zidized at 130-160°C. 0.3
Pinene synthetic tar concentrate 3745.0
Oxidized at 100°C. 2389.0
0xidized at 150-16C°C, 58,0

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

Carcinogeniec Prineiple in 01ls and Ters. J. fuer
Xrebsforsch. 35, 543-73 (1932)

In the attempt t5> assess U.C. by physieal and
chemical charactoristics, the specirfic gravity, re-
fractivs index snd ijodine number apperred moet pro-
misirg, though other features may £lso ultimately
prove t°ufr value.

Twort, C. C. and Lyth, K. The 8election of Kon-careino-

genic from Carcinogenis Oils. J. Hyg., 33, 464-73 {1933)
~ll the animul and vegetabls oils tested by the
euthors on animals have proved tc de incapadle of in-

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

It has Yeen found that the ezrcinogenis oconstituents
of a given crude are not equally distridbuted in the
varioues >roduets of éistillation obtained from this
cxudes, The activity of the first Sroduets % ocoms over
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in the still, the motor spirits, etc., is neglizivle,
end thet of the lamp oils, burning ofls, light fTuel,
otc., 18 also of little account; but when we reach the
boiling range of the lubricating sils a definite
23roinogenis activity may heocome manifest. Amang the
latt2> tae most mciivo grades are, on the whole, the
=oindle srades, closaly followed by oils of # Redwood
viscosity 52 %00 to 1500 at 70°F., with a gredual
decreste in activity as one approsches the internal
compustisn engine (motor cer) gredes. The cruds oils
themselves, 23 a rule, are sozewhat less votsnt than
the motor ser oils, bdut of ocourse, it will necessarily
depend ujon the amount of refining to whioh tne latter
hzve been subjected before being merceted.

Twort, C.C. end Twort, J. M. Cercinogeniocity of Spindle Oils.
01l =nd Colour Irudes J., 92, 1193-4 (1937)

A phyeical and en animel test for carcinoganioity
and 2 vhysicsl »nd en arimal test for dermatisity of
zincTel textile olls.are desorided. The average results
of these tests on 83 oils (qxeluding shele oils)
collected 5-10 yrs.ago end on 88 oils aollected recently
are tabulated, (The animel test for carcinogenicity is
not yet camplsted for the recent oils.)] These results
indicate tha. tne originel oils are definitely worse
than the recent oils in both the dermatitis tests, ,
while in the canecer physical test there is no signifi-
oant difference. It i3 expected that the figures for the
reoent oils in the animal test of cercinogenicity will
be lower than those of the original oils.

It 1s conecluded, howevar, thst little is being done
to imyrove aule spindle oils from the bdiolegicsl stand-
point. mare are alsc 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
hAdopted for Assessing the Blological Activity of
Kineral 0ils. 041 Colour Trades J., 94, 851-8 {1938).

Mineral oils may induce demmatitis or eancer of the

skin. In detg. the carcinogenic asnect 3 essential detas.
are made: 4., n and kinetio viscosity (LV). The data
collested are bdased on the utilization of formulas for
sssessing the biol. astivity, espeeially from its car-
cinogenis espect. In Formula A, Rs (n-1)/d where Rs sp.
refrectivity, ns refrective index and d. density. In
Formula B, Ra n-(4/8). PFormula A is used in odtaining
the cancer refractivity CR from Jormula C which is CRe
Re3(2-0,900)/30. In Formula D the refined cancer re-
frectivity RCRaCB=(KV/50). Results, where these mineral
0ils have been employed, are shown im tedles in which
mineral oils are grouped acoording to toxicity and
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according to the n drop. The significsanee of 4. in
relation to the n 4roy among oils of similar toxiocity
and the significence of viseosity in relation to the
n érov axony oils of spperently si‘milar toxicity ere
shown., The r=al d477iculty in sr-iving at the true
biol. 2ctivivy with grestar accursoy is the lescx of
uniformity of the insrt fully hydrogerated oconstitu-
ents. Thers is gquite godod correlation between cor-
olnogeniocity, refractivity, n drop and toricity.

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

Trelve acid-treated ludrierting cuts of a crude,
Borneo rineral oil, were tested for csrcirogenic uotivity,
The whole range was tislogicelly sotive, which activity
hed beon foreseen from nr examinstion of the physical
charrcteristics, The perk activity wae around & vis-
cosity of 200-250 Centiponises et 28°C, Moleotler dise
ti{llation gave 8 greater concemtretion of the carcine-
genic mateariel than ordinary distillation at froa 2-10
zu. In confirmstion of previous findings, the middle
fractions of e Bormeo orude 0ll were mostly responsidle
for pathological changes In the organse-fatty infiltrese-

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

108. Twort, J. M, end Lyth, K. 8in Canger &ue % Handling Coal
Tare Uged for Presurvation of Fishing Kets. Kature,
144, 448 (1939)

fevaral fisherman contracted ocsnser of the skin after
handling the tars, Mouse expts. rhowed that differemt
ocorl tars 4ifferad in their carcinogenis sotivity,
although all produced same cancers, Crecscts oil and
snthracsne oll .were also ocarcinogenic. 0Only ocal tar
made in varticel low-temp. retorts should de used om nets.

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

the sotton industry from different fields of origin,
in the orude and refined states, were thoroughly ex-
sained and the results showed that there is a danger
of any one »roducing ocarcer of the s¥in if applied
long wnough dut the oils from cersain fields are the
more likely to &0 30, Special sttantion was jpaid w0
the examination of the physical eharasteristiecs of
verious mineral oils, and it was proved that a Imowl-
‘odge of thelr refractive index end vissosity provides

tion of the liver and hyaline degeneration of the spleem. -
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8 0iore relieble estimete of their cancer-producing
povers then the aporlicstion of the samsle te the skin.
Thie tast is sccurste, repié and irexpensive, while
thet vith the ekxir 18 verisble, lengthy and costly,

The chiel lins of ia7zstigetior nes been o contirus-
tion of e sore oz ths zoleculer 3istillatiorn of ninersl
oils sit:: the object of 1scleting the substences resson-
sitle for their earcinsgeric activitiss, Arnimsl exseri-
Lents +itn fractisral di{etillates frox e Verezuelar oil
are in -rogress. JYractions obteined By aoleculer dis-
till=tion of a ocurcincgenic shele oil heuve deen subjected
to chrometsgrayzic adscrption anéd two aprarently nure
hydrocarbons have teen isclated in small quentity;
thece ere bteing investigated chemically. Painting
exceriasntes waita fractione cbtzinsd by this method have
shown trizt zeny of thex are highly toxic for nice. HNone
of the sudetsnoes 85 frr tcezted hes beer shown to POSS08S
e high cercicogenio sctivity,

4 fow spindle grade oils end three sils intended as
vehicler for insecticides heve tsen tezted for cercino-
gericizy,

A colloidol raterial intended as a protective agsinst
crreinogenic o0ils hae teen tested, There are indications
thet 1t hes esome protective ection.

The oarcinogunic sctivity of twp producte formed during
the purificetion of cardbonisatis ‘ges bean testved, and
found to te less than that of the everege ges tar,

Ullmenn, K., Oppenheix, M. and Rille, J. B, - J. Ind. Byglene,
f

8, 283, 364 (1926

¢ lesions esused by crude potrcleum are the same
28 thoss caured by erude cosl tar, showing the analogous
substances must be present in both, The final »roducts
of distilletion are tne zost active, etpeocially parefiin
¢il. The cercinogenic agent is present in fractions
from 300°C. to 450°C., dut it is rnect oertain that the
seme subatence causes botl, derzatitis end epithelioms.

Valade, P. Ceancer of the Human Lung from Dust from farred

Roads., ?repeo Med., 2.1.39, 181

cl{l12. Van nuns.m.ux. Chauiesl Cancar. Ing. Chim., 29, 50-5

+1938)

More than twice as many cesss of cancer due %o soofl
wsrs found among Swee:sars tnhan among sny othar oesupa-
tion. Personal cleanliness and clothing that fits
tightly around the extremities snd around the neck are
ths best prevenditives. SEimilar care will &0 much to-
ward raventing cancer due to exposurs to gascline and
its derivatives, parsffins, oils, and greases. Such
precautions are even MOre nLecessery in cases exposed to
tar, pitch, rosin or aniiine dyes. 8triot mediocal super-
vision and ths use 52 precesses whish svoid contect of
the workers with he s>cduct wiiBl further reduce the

dm.ro
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wam>ler, F. J. Occupetionel Diseases of the Skin (by

" L. &chwarz), "Induetrisl Kedicine", 1343, 327-3

Crlzrey eweene' otzcer hec beern rerorted in iEngland
more Trauncntly tnag in a5 2thIr esumsrr. It 1 said
thet th2 In-ldenecs P c:ncir aronz cnimnev saeans is
eizat timer aore comron then eaong the Jeuersl o ula-
“lan. Cancor 9f ths :crotam af chimnay swes)s, nhowever,
ia 9m the d2clline in Insland G it ie reso-ted ss teing
precticslly non-existent im other ccuntries, excipt for .
an isolatsd caee =r teo in Geraany. The local irrication
and rubhing in of *he 305t as tne sseep 1s Graued in
4e2cending the chimmey is 81ié t5 he tne c=usca.

Tar i3 usad ¢n Huilding rosds, !n making roofing
naner end felt. 2Pitch is uszed for saking oondultcs,
lacquers; insulating material, graeetde, =nd minerel
cement=, ard worcers at “hece sucupationg ars sf’aected
with camedorsc, twmiors, warte, xeratoses, and evithe-
liomen, =mostly of the ncrotun‘ 14p, Taecs and hsnds,

Ro ceres of Tule spinnars® cencer have busn reported
froa Francs, Cermeny, Rus-iv, or Pol=nd. Tne author
made excminations of thousands of mule spitners exoloyed
in the United Btates and 414 not find any ceses of
sorotsl caneer, although thers were many eases of folli-"
cullitis and <teratoses of the “higha ecused by nil- 3
sorked trousers, .

Weniek, R, Melsnodserma and Xeratoses from the Aotion of
Asphalt, Arztl, Bachverst. Ztg., 86, 49 (134).

In the preparstisn of cork plutes (hest-insulatinm
plates of asohelt and oor:) much dust develops under
vory wnfavorahle working oonditions. Two workers, who
had hesn working for thres months, suffered from
rlgnentntion, infl.omatory ohang<s and hypsrxeratosss
of the fags, forearas and hands. The hyperplastie
yrocesis weTe intinsified in the older workers. The
mantons wers aggravatsd by lizht. The intensivs actiom
nT asshalt dust is oonsidered ts be the ganss,

Watson, A. 7. Tar Canosr 'n Mine, III. An apparatus for the
Preparution undsr 8tandard Conditions of a Highiy Potsat
Careinogenis Agsent of Low Toxioity. Brit. Jour. ixjsr.
Path,, 13, 441-7 (1931)

With an adaptation of the ajyvaratus of H-gue aud
Whesler the author hat s:c3esded ir making from purified
turyanting, =t 850°C., a relativaly non-toric uar whisch
elicited tumors after 210 duys in 904 of ths survivors
from » groupy of 37 rice; nmost of thees growthis were
malignant. ~

Welwart. Cencer rrox Peraf?!n ¥ex ord Mineresl Odls.
Jeifans. 2tg., 82, 792-C (1935) '
Most chenirts rnd dcrmatologists believs that workers
in pareffin feolorian -t cencaor froo the peraffin itoel?
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while Bcherder and Teutsehl:eerder clsuin that cencer
doef nes come from jerelfir but frog mirernl oils.

Windaus, A. eni renrliek, C. Como Derdvet!ivar of 3, 4-Nenzo-
pyrene. Z. Physfei. Cham. 849, 228-48 (1937)

By onaloky tc x-roys ("x=rrys proluce and x-revs eure
orncer”, curcinopenic hydrocerhiua siiould be tested for
possible therapeutis values. Bug,sstive results have
been obtalned with J,4-denzopyrene (I).

Wood, ¥ C, The Bon-Caroinogeric Nature 3f Purified Minerul
011.0 :o Am. g“. “mo' 9 » 1“1 (1?”)

The gmeral olianiozl evilence that there exists no
relatior between the therapesutio use of refined petrolesum
products and the ccsarrence of cancer is eonfimed by
experisental studies. '

Weed, E. B. Pareffin Not Produciive df Capser. J. Coneer _

Vood, K. B, Skin Lesions Among Tar Workera. J. Caneer Res.,

13, 54-9 (la29) S -

Pifferent types :nd composition of tars ape &4s-
eussed. Oaly tar ocbtained from the 4ista. of eoel at .
Righ temps. oontgins a substence careinogenic %o sepdain 3}
1sh. mmimalis. Workmen handling cosl tar showed Sap -
wrts as a result, dut n> other offest, Ne frritamsd
sction en the human skin wms found frem low temy, -
distillate tar or frem petroleum tay, . ‘ .

Weedheuse, D. L. Carecinegenicity of Synthetis Ludrisating ,
0fls, J. Inst. Pet. Tech., 20, 1357-43 (1934) S
Y - .o F -
Yemegiwe and Ienikems. ZXyperimental of sk Pathogmuanis '
of Careinama. J. Censer nes., III, l-x1 {1028} '
In 1918 preduced e=nser by the :Lm;d\ql ; applisatiam
of tar %o the esr ¢f & ladorstory al. e
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