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In view of the immense amount of
pudblished information on various phases of the
esncer prodlem it should be emphssized that
this litersture review gives only & rapid survey
of developments in the field of sancer research
as applied directly to the petrolewm, coal tar,
oil shale anéd allied industries. Wnile it ia
far from being camplete, yot 1t 1s believed that
nost of the important work in this partieular
field has bo'- sovered, either im the report
ftself or in ome of the bdidliographical refer-
ences givern in the sppyendix and referred to ’.t
the dottam of pags 1.
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TYE CARCINOGLNICITY OF BITUMINGIS COMPOUNDE >

It has long been resognized that the ineidemce of skin

oancer 18 greater among workers ia ocertain industries and osewpe-

t{ons than among the population as a whole. Attemtion wes ‘firn

airected in 1787 to the very high death rete resultiag from serotal

esnceTr of ohimpey sweeps; it is eight times more common in these

gorkors than in the gemeral pudlie in Inglemd, amd ia the United

gtates the retio of sanger sases in ehimmey sweeps is deudle thut

of the gemneral pcuhti.” In practically all cases 1% 3 YN

serotum that is attasked] this. is alse the site ia -10 splmaeyp’' R

ssnoer discussed htu. Workers 1ia othor iadustries m MI e 1

_direst contaet with tsvs, pitedes, shale oils, oto. ut-lu show

s high ineidense of skin emuser, for example, xm 1w Pty |
’..nu driquettes, Sar roefing, woed murnuv-, md&- -i'»"

s, insulating eempoumds, shale produets, ote. ‘ .
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of 'ﬁich 1“9 sre re.orted to te carcirozenicél, L. F. Feser
‘.u-.,rizos our knowledgze in this fleld as follows At

»As iundgzed by all av>i{lable Zats for the praduetion of
skin and sudboutanecus tumors in rats a4 miee, methyl-
oholanthrene vrodably is the rost >otent of the known
chemionl carcinozens. CSystematic studies of synthetis
gndel compcunds heve shown thasathe methyl group is of
no importance toc the funoctionine of the compounld; that
much, if not =2ll of the efficsay of cholanthrene is
retained in the analogous hydrocarbon 5,10=-direthyl-
1,2=benzanthracens; and that the most lfgnifioant
strmuotural feature of cholanthrene or methyloholanthreme
is the 1l,2-benzanthracene ring system with a carbdoa
substituent at the meso positiom 10. 20+sMethyl-l,2-
benzsnthracens svokes sarcomas ia miee nearly as rapidly
as methylcholanthreme, and, though 18 is distinetly
less effective in the produstion of skin cancer, the s
substance oonatitutes the nearest approaeh in & simple
sodel compound to a simmletion of the dialogieal prop-
erties of the hydrosarSon of Bore eomplisased strueture,

A1l twelve possidlie monomethyl derivstives of the ia-
sotive 1l,2-denzanthracene have been synthesized and tested
) for oarelneccalo setivity, and of these the 10-fsocmer 16
" the rost potent. The mesoc-sudetituted Semethyl eompound
stands aext ia order of potensy, followed elosely by the
S-methyl terivative, which »rodused sarcomas in miee with
s latent period adout twiee es long as that odserved with
10-methyl-l,2-beazanthirasene. MNethyloholanthirene and
benzpyrene csn be regarded ss l,2-deasantireeenes Md-
stituted at the mese pesisions {0 and 9, respestively,
end in model Odlt‘!lﬂl the eombination of she two types
of sudbstitution is partieularly favorsdle. ¥3l0-Dimsthyle.
1,2<benssntaresens produced tumore in sies with
remarkadble rapidity and in shis test sses methyle
cholanthreme speed of astion, though 1% is less. =~ .. _.
effective wvhen administered dy sudbeusaneous injeesion,
The thiophene iselegue of the hydrocarbon has eomparsdle
properties.” : .

b naty

Numercus attempts have Deen made to 1solate the derimite
careinogenie compounds i3 eoal tar by mesns of distillation, solvent

extrection, ete.”), dut while very potent fraeticas have beem
obtained, the individusl eampounds have deea diffieult %o separste.
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18 proved the oarcinogenioity of 1,2,5,6-4i-

fennaway and Hieger
peazanthracens, the first pure carcinogenioc hydorcardon known.

cook, Hieger and Hewitt %4in 1933 isclated 1,3-benspyrens, 4,5-bens-
pyrene and 1,2-benzanthracene and estimated that the origimal soal
tar pitoch contained not less than 0.003% of the potent 1,3-bens-
pyrene.

Several investigators 33, 24, 25 have attempted to eor-
relate ocaroinogenesis with {lyoregoence. For example, the sancer-
jroducing material formed by the astioca of ncx, oa tetrahydro-
paphthalene shows a dlue-vioclet fluoreseense, showiag three dends,
4000, 4180 amnd 4400 A.U., whiah are similar to the fluoresesnse

spsotrum of 1,3-denzanthracene “. Kennaway and Hieger saggest

the possidility of the use of the fluorescense apectrum for the

i

preliminary examination of materials suspected of deing earcinogeaie.

An important faot brought out by seversl invessigators is
that the tempersture to which a tar, shale o0il or petroleum oil )
has been sudbjected determines 1%s eareinogenie setivisy. In
goneral, it would seem that temperatures up to 500°C. are without
effect 33 put adove that temperature careinogens are formed, the
maximum yield lyiag bdetweea 800 and 900°C. 83, o9, Tax and 2i%eh
from gas works are far mors aetive than that from eoke eveas 50,
scoounting for 70% of all eases of tar canser ia the United States
vhile the coke ovea produet csuses oaly 9§ 113.

Yhaile pefroleyn regidueg reslting ‘rom moderats heat
treatment are insotive 120 + YOt By passing aa imsetive Califoraia
petroleum through a tube at 880°C. Xeamsway and leitel edtaiasd
e very setive ocsareinogea %, 0, xvea a2 inaetive sedieinal paraffina
o1l heated to 380°C. under 50 atms. pressure asquired some oareinogenie
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Kennaway Se l1ikewise obtained an active maturial by
pessing isoprege through a tube f1lled with H, and heated to 820°C,
catson 11° achieved aimilar results with furpegtine st 850°C.

Acetylens yields an active produet or bdeing pessed
ghrough a red hot tude L but it must de pointed out that trestment
witk AlCl, st room tempersture alse [roduces aa aetive eompound 81,

On the other hand, gyathetlo Jubriesting eils produced

by AlCly polymerization at temperatures up 10 150°C. were entirely
insetive 181, 14 14 suggested that the ecandensation prodmcts of
aestyleons are of a more ocomplieated nsture and prodadly more
uasatursted than those obtained from ethylems. |

The careinogenic activity of tars depemds apperently not
ealy on the temperatures of their formation dut also e the chemieal
sompound used as the dase stoek l’°°. Jor example, s tar made from
pizege at 850°C. was fer more astive tlan one from turpeasiae mads
similarly, the releative poteneies deing 100:19. Pimens tare madeo at
500, 600, 750, 850 and 950°C. had relative potemeies of 0, 13, 34,

100 and 64. Oxidgtiog of s syathesie tar at 100°C. reduced its poteasy

from 100 to 63, and at 130-160°C. its potency fell se O. Oxidasion
with an acetane n;ntien of KMnO, reduced the poteney to 84; with
pyridine ss & solveas, almost to 0. The aotive coastituents of

synthetic tars form orystalline pigrates, the remainiang filtrate
being almost inactive, and the pisrate extremsly potent.

Shale ol is careinegenie, probadly as a result of the
Aigh temperstures to whiek oil shale is sudjected 1.04. Bowever,
temperatures below 400°C. give a relatively insssive predmets, 8500°C

and adove deing required 101.
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In ingland where high temperature tar is used in
b;i!!"" manufacture, there are many osees of skin oancer amoug
the workmén, whioh is not the cage in France where the low
temperature product is used.

The greatest amount of investigation of any type of
oooupetional cancer has been osrried out on mule gpinners cancer
{a the ootton mills of Lancashise, England. Southam and Wilson 88
{n 1922 Tirst called attention to the excessive ococurrence of
cancer in mule apinners. Women workers are not affected and about
70% of all ocancer amorgmule spinners is of the urétﬁ “. apparently
due to the faot that & mule spinner at work walks to and fro in
froat of his machine, leaning over the moving freme from time to time
to join up broken ends of the ysrn. The base of the frame is on
e level with the groin and the spindles om the frame as they rapidly
revolve throw off oil from their dearings ontc the ¢lothes. In
the hot mills the men perspire freely and so wash off the natursl
greese of the skin, thus allowing the oil clc3er coantast » .
Irritation by the trouoorl and overalls also helps the process. It
is interesting to note that ao troubdle of this sort was noticed in
England upntil mineral oil replesced animal and vegetable oils as &
lubricant 16, Henary b estimates that 0.8%5% of all cotton mule

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

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

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

were dorn in England and the other two in Canada ‘5. which temds to

show thet mule spinner cancer is rarely contracted in the United States.

In a woolen mill in the United States employimg adbout 300 mule
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spinneérs no ocajes of gorotal ocancer were found B‘. Since the method
of operesting this equipment is the same in both ocountries this strike
1pg ocontrest is atiributed by a..';nwn 0 LG he fe0t thal seottish
ghele Ooil i3 used in the Lancashire mills. Eowever, the literature
js not ertirely clear as to the origin snd ype of the oil used in

Lapoashire in mule spianing <5,

Leiteh 70 brings cut a faot Of possible eignifiesnce, to
the effect thet cancer is not known in woolen spinning mills, even

though the same machines are used ss im the atton faotories, ut
points out tlLsl the room temperatures in the cotton mills are muoh
highor, possibly resuiting in msere relaxation of the tissues of the
gorotum and permitting entry of oil into the sedbscecus follicles.

16. however, states that in the woolen industry plecing

Brookdank
of broken e«nds of yarn is dons with both hands with a forward level
bending movement of the body and thus there is not the same friosion
of the clothes on the sorotum as in the cotton mills. He admits,
however, that the eeme 0il is used in both types of mills.

s a result of the preliminary investigation of Southam
and “ilson msntioned adbove, the Manchester Cancer Commission, coa-
gisting of more than fifty members, was organised in 1985 under the
direction of Dr. C. C. Twort to investigate the mineral oils used
in Xanochester cotton mills. Lubriocating oils from the various fields
throughout the world were found to have widely varying degrees of
aotivity. A sample of Yenegusls 0il was very potant while Russisa
and Pepnsylvanian samples werse on sa aversge less than one-tenth as
active. Purified pedicing]l o0i]l had no carcinogenioc properties and

several saponlfiasble oils, swoh as sperm, olive, repe, cottonseed
and neatafoot oil, falled to produce tumors when spplied to mice,
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oveD URder tlue most severs experimental oonditions. In general

Ve

serms, the more saturated were the ocoastituent hydrocarbvens of
the lubricstirg oil, the less capable were they of indueing
oancer in experimentsl animais, the physioal characteristics
peing the sume 101,

This preliminary report was oriticlised sevemiy in an
oditarial 1n the "Petroleum Times" of London ¥, in that while
garious oil ocompanies (Anglo-Ameriocan, .aglo-Persien and Zhell-
yex) bad contributed 51,000 for two years for the support of
J this investigation, yet the Manchegter Cancer Commissioa had not
[ availed itself of the services :od advice of experts from the oil
ipdustry relative to the characteristios 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 ocormission, formed a ocommittee uf its own to follow closely
the work in progress °°. Im 1834 dr. A. E. Dunstan, Dr. 7. H. Jerner
and ¥r. James Kewley of the Institute of Petroleum Technologists
are shown as membders of the Manchester Commission 21.
‘! - In 1933, Twort and Lyth 104 ¢ t2e Hanehaster Caneer
Committee reported that by means of golvepnts, extraocts were
obtained of high refractivity and correspondingly high caroino-

genioity. Thelr recommendations for the seledtion of am oil of

low caroinogenicity were as follows:

‘ *hen seleoting from several mineral oils with similar
gravity, speoify that with the lowest refractive index; when
seleoting from those with similar refraoctive indsx, epeoify that
with the hizhest gravisy; when selecting from those with similar
rerrnotivitj, specify that with the highest viscosily; and when




-8~
geleoting from origin alone, ohoose in the following order:
gussian, Peansylvanian, Texas, aidcontinent, Mexisan, Califoraian,
persien, Fumanis, Burneo, Vemezuelm shale.

However, it should be emphasized at this poimt that
these suthors state definitely thrt "adequate refining of any of
the oils bendled, of no matter whet origin, results im a product
LessesssssssDOSSESSing Only a very low carcinogenieity"” 104. Also,
t12at & sinzle extraction of an unrefined distillate with 50, may
profoundly lower the adtivity of a previously very dangerous oil,
while a seocond extrasction may render it almost insrs. They state
that "4t is prodadly oommercially feasible 30 Sreat oils of any
origin, or oils of any degree of eareinogenic activity, so that they
may be less dangerous than even the very dest of the straight oils
used today”. They evidently assume thet untreated textile oils are
wied in the Lancashire mills.

L;th of the CommissiQn further stated .71 tbat when the
refraotivity® of an 0il was less than 0.5500 it was found %o be non-
toxio, while when the value was creater than 0.5600, the il wes
highly toxie. Pennsylvaaiam oils and oersain mildly treated oils
were an exception. The jodine value of an oil seems to afford aa
indication of its toxieity, yreviding the 0il has not been treated
and again the higher the value, the more potent the oil. The
toxioity increases in the same order as iodine velue, expept for
Peansylveniasn oils whioh again eccupy %00 hAigh e posisiom. The
permanganate values are not regarded as of any value in voannection
with estimating the toxieity of oils.

*(hefractivitys m’%ﬁ%&'ﬂ:‘l—.-x )
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~ytn eva.s thet extreotiun with aslcoholas, scetuas, sto.,
olsy 8au 2¢ld treatment, leads iu 2 rsuuctluu in the potuuc,, os-
p.cxnllj ia the ocasé of the wmors potent olls but a corresponding
geduotion in the refractivity does not alwa: s oocur. Ahere a marked
reduction in the refractivity does ooour, there is, without exception,
g marked decrease in caroinogeniocity; with a marked inecrease in re-
fractivity, a corresponding inorease in potenoy. ihere the re-
traotivity is not much altered, the poteney may or may not be arfeoted

and further tests are neocegsary.
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In spite of the apparent definite findings and recvmmends-

tions of the Manchester Cancer Commission, the Caneer Research Com-
‘ mittes of the Insgtitute of Petroleup Technologistse 81 was 0ot oconvinced
thaet "the sv-culled inocidence uf cancer is in any shepe or form
vonnected with the use of spinale oils”. Jo elaboration of this
slatenesnt was 5ivo£, but was possidly bLesed on refined oils only being
used es textile ludricants.

Ap editorial in the "Petroleux Times” of lLondon in 1637
once again attacked the oanolusions of the Manchester Committee,
pointing out that only one oil from each of a number of ocountries
was ozanineds.
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Iz 1937 the Pederation of Master Cotton Spimners
aspo0iation sent out a letter to its members recownending thas
yhen purchasing spindle oils a gusrsntee should be odtained
¢hat the oll conforme to the specifications of the Manchestsr
Canoer Commission, and that tests had shown that many of the
olls in use st that time oconformed to the specifieation.

While throughout the reported work of the Manehegter Cencer
commission it is stated repeatedly that eo0id or solvent treatmeat of
s potent oil greatly reduces or eliminates its sotivity 97, 103, 104,
71, yot in 1939 Twort and Lyta 197 tavestigated seid and slay trested

- tingg -

aissilletes from a Borneo 011 md twu th- to be uttn. the maxi-
pum poteney being st a unodity ot aoo-aao op ut;f;;huhr
unuhuon gave & mnn oonuntr-uu d the -mmmh material
then was _odtained by Mi.nry unuuuon ﬂ from 3 10 mm. In
sonfirmation of previous ﬂnunsl tho -uno muim of thu

Borneo oil were mostly responsidle for pathological ohanges in

the orgsns.

p oareinogenio shale oil was separated dy meolecular dis-
tillation into frastions which were subd jeeted te ehrumatographis
adsorption. Two apperently pure hydrocarbons have been iselated and
are deing investigated "1”.

A resent repors (1941) by O. O, Twert of the Manshester
Cancer Commission 17 states that aRinsl tests sre variadle, leagthy
and eostly and that & more relisdle estimete of the sareimsgeaieiny
of oils can be odtaimed from the refractive imdex and viseosivy.

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

r . Woodhouse of the Birminghem Censer Researel lLaboratory

also states that mouse tests to determine earoinogenieity are diffiouls
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g0 correlate with humen tendenoies to cancer unless these animal

1z}l.

are stronsly positive or negative For example, two 0ila

“jtl
yore tested (a) from a spinnin: mill where no cases of mule spinners
osn
pad rece-tly been ~enortad. louse tests indicated slight ocaroinogenie

cer had been recorde, and (b) from a mill where six cancers

p,oporuu in the o=9e Of the two 0ils but a greater gsotion on mioes
of (a) than (bl

Dr. E. Y. Brookbenk, chairman of the Menchester Cnncer
commission, has briefly surmarized the investizations of the Connissios
{a & reoent pudblication “. Fe lists the hygienioc preceutions to be
exeroised in mule spinning ~nd urges the adoption of the oil specifi-
ostiom given rreviously by Twort. FHe els0 makes this interesting
goneralization: "As ¢ genersl rule an oil that is strongly dermgtitio
will not be strongly sarainogenic and vioce versa”. This is also
psationed by Kennaway 81 who states that oyolohexens (which is noa-
caroinogenic) is extremely irritating to the skin and should pro=-
duce oanocer 1f ohroaic igritation were am essential factor in osroino-
geneals.

As mentioned previously, shale oilsg are very oaroinogealo
and in the Sopttish shale industry the oese incidence of skin canocer
is about 0.1% per annua among the oil workers but 0.5% amomg the
paraffin workers 53 (this is based on a 28 year record). This
sotivity of pgarsffim is restrioted by Sohwarz and Tulipan 84 10 the
erude product, the rufined wax deing ineotive, which view ias supjported
by %ood 119 who states that the aotive components are present only

in the orude paraffin oils.

with regard to the refining of petroleum 0ils, Woo

nade an investigasion of refineries in Pennsylvenie snd found no
scrotal ocancer, which was oconfirmed by Heller 2, However, Heller

‘130
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geund evidenoce of ocareinogenic compounds in Mid-Comtinent oils as
refined in plants in Ohie and Indiana. Here oil boils are fairly
somzmon and in some eases lead to skin cancer. In ome osss a pars{-
¢in pressman im the Middle West was treated for "wax boils” for
three years when a canocerous growth developed oa the right forearm
end was removed, but eight years leter a second similar gyowth in
the same plaoe had v be removed. Heller alse found records 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 oaneers were preeeded dy werts. The langth of expesure
pefore malignaney appeared varied from four to thirty four yeers.
The part most often affeoted was the serotum and all but one man
worked in the peraffin department. These esases were ocaused by un«
refined oils and Hamilton’C states that so far there is no proo?
of the oceurrenee of skin cancer in the UgS. from the use of re-
fined lubrieating and spinile oils whieh have bsen aoid-treated.

Heller %2 pelieves thet the relaiive freedom from occu=
pational eaneer in the U.S. 1a due to the mechanization of industrial
processes, preventing direet ocontact with ths pitoh and dar; the
extensive amployment of negroes, who are apparently less subjeot
to skin irritants than whites; the use of refined lubricants from
erudes whieh are peer ia sareinogenic properties, and the use of

tar from ookee-nvens instead of from gas works.

Fhillips 77 reports the partieulers of a study ecarried out
by the U. Se. Publie Cealth Service as %o the ineldensce of ooou~-
pational cancer in Texas. The records of 11950 individuals having
nicrossopieally verified skin eancers wesre =nalyzed, eoverin:; the

period 19230 to 1940. The oecupestion of the largest zroup of these
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petients was outdoor work (farming and ranahing); the work of
pousewifes comes next in order, followed by verious activities
requiring moderats outdoor life. The professions were next,
followed by lsborers and carpenters. The railroad and petroleus
{ndustries furnished few outanecus cancers.

Oafafer and Sitgreaves in a U.S. Pubuo‘ Health report
jpsusd 1in 1940 37 analyse 70 cases Of canesr recorded for the male
pembers of the siock bensfit plam of an 9] refining campany during
the period 1933w38; there wers 46 deaths. The death rate was
0.78 per 1000 and a frequeanocy of 1.8 per 1000 (all U.8. death rate
0.96 per 1000). Almost 70% of the deaths were related to the
digestive system and the rate for thissite was higher tharm in the
taal population. Deaths from cancer of the genito-urinary system
ws 6.5 of the total, compared to 15.0% in the case of the total
pupalation.

In 1934 Campdell 0, 21 made laboratory tests oam mioe
vith dust odbtained from Sgrred rgads. This dust caused warts and
canoer of the skin and 1in six months 24 out of 59 mioe showed
typical tar warts, half of whieh dsveloped malignancy. This fiading
was oorfirmed by Kling, Samsonow and Heros, 64, 65 who also spparated
e substance oontainiag the densopyrens nmuocleus from the tar.
However, Hogouneg 47 13 doudtful of the danger from roed tar sinoe
it usially takes years of direot occataet of ecal tar to the skia
to produce skin canser. (Teutsehlaender 91 salls atteation to the
fact that almost all iadustrial cansers require aa exposure of about

tea years Lefare growth gppears, although a fow cases may arise
mach later). Valade L1 xewise 1s of tne opinioa that while pri-

sary lung tumors cen bde induced ia mioce painted with tar or exposed
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to inhelstion of dust from tar rosds, yet these results cannct de
u,‘n.f.rnd to humans. Animals other then miee should bde employed
{p experiments and an inquiry should be carried out on workers ex-
posed deily to such dusts.

While the manufacture of driguetteg in England is sttended
py & high cancer rate, s sines high-temperature tar is used, jyet
in tbe few plants in the U.S. making briquettes osncer is eantirely
ebsent, partly &ue to the lack of contsst with the binder sinco the
process here is entirely mechanized and jartly dus to the use of
petroleum asphalt as a binder, 42, Tnis finding was confirmed by
vood 120 in nis tnvestigation of briquette mamufacture ia Pemnsylvanis.

The addition of glyosrides % reduces the earoinogenio
potenoy of minersl oils but not to as great an extent as janolin.
Speakman and Chamberlain % state that while alechols havenot been
used for this purpose there can be little doudt that suoh polar
oompounds will reduoce the risk of cancer formation by promosing
mulgification, sinoce sn 0f) which is easily and completely rexoved
from the skin must oarry less risk than one which is difficult so
saulsify. These investigators also delieve that polor sompounds ia
¢ nixture with mineral oil msy, however, funstioca in yet another way.
It {s known that the ocarcinogenioc sgents of mineral oil when assoociated
with unsaturated ’oonponnu are free to concentrate at any surface
to whioh the oil is applied, the noOa-polar paraffia molecules offer-
ing little ar no resistence. HNowever, when eil-soluble polar oom-
pounds, sush as oleyl aleochol or woel-fat ether, are nixzsd wit
lhoul oil they eoncentrate at the surfaee, excluding the less
polar oaroinogenis hydroocarbdoas.
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Se,ueira3’ stresses the necessity of sbsolute clgpanliness
of body 2ad clothine, the appliostion of gestor 91185 to exposvd

qurfaces =nd medical imspeotlon every three months. Brootbankl’
gugrests 3 sixture of lanclin and glive oi] be applied to the sxin,

Duekham advooates the use of an ollesolvent cleanser
gimilar to the ether soap used in honitnh in order to remove sll
of the lubricant from the soresd.

In view of the suggested use of lanolin the following
ghould be of partieular interest: Dr. 3, V. .Cowlry, of the
mashington University School of Medicine, St. Louls, has just
asnouneed (N. Y. Herald Tribune April 29, 1945) that sells cam de
sensitized %0 deocme cancer cells by Sreating them with a substanes
which dces not cause eameer and which will even Prevemt powerful
suncer-producing chemicels fram exhiditing that préperty.

For example, wham the MI carcinogen meshyleholanthreme
{s mixed with lanolin {t is without astion when applieéite the skia
of mige, although alome it always 'x\-nuln ia eanser. However, whem
these mice were then treated with methylsholanthrens im bemseame they
developed caneers more qulexly and tumors of groater vir{lity than
miee which had mot reseived the Mrn&tm~'m‘aﬁ'-\‘
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REFLRENCES

Anon., Cancer fror Spindle 0il. 01l and Color Trades 7.,
July 2, 1937, 138,

A letter zent cut by the General Comrittee of the
Federation of Master Cotton Spinners' Assoesiation
recommends that when purchasing soindle oil membders
should odbtain a guarantee that the oll conforms to s
specification of the Maneheater Cancer Comxittee whigh
resently issued s formila elaimed to minirize the so-
salled cancer-produeing elements of minersl oil, Tests
showed that many of the oils in use at present oconform
to this specification and are odtained at regular
prioces.

Anon., Canecer and Mimerul 0ils. 01l and Color Trades J.,
182, 695 (1942

‘i‘bo reports of the Manshester Committee on Cancer
{iasued for the r emded Ostober, 1941, states m‘
in efforts to isolate and charaeterise ium.m
careizogemie hydrocearbons from shale oil, reesemtly
apprecisble quantities of erystallime .l‘.fill have
been odtained, dDut it 1is 100 early to diseuss resulss
in detall, As far as can bde judged, all frasticas .
obtained from Venesuelaa 01l by echromatographie ade
sorptica are sstive. Proprietary eclloids have wvarying
effeots, depending om ths eonditions of the experimens.
A eolloid eonta a ehlor=eompound was fount less
sfficasious than an olive oil-lanolize mixsure as
protestion against the eareinogenie astion of shale
0il, while the reverss appeared to de the case whea
the sarcinogemie agemt used was deaspyrenes.

Anon., The Problem of Caneer. Petroleum Times, 23, 59, 30

(19 )

a) The fellewing appeared i3 a receant issue of the
British Nedieal Journal in eommestios with the use of
ainerel ludsivating 0ils ia the lLancashire eottos millst
"Fae Nanchester Cancer Cammittve, while studying the
part played im the produstien of malignant growths by
ths lubricating o0ils used ia cotton mills, has edtainsd
infermation about the sareimogemetie power of various
oils and the ccmsentration withkia them of a ecsaser-
produeing prianeiple. Ian the ocurss of this researedr,
two pure eempounds of knowa chemie¢al ecmpesitiocn have
been proved eapadle of produeing tumors, amd s stady
has bdeen made of the fastors whieh change & nom~sarein~
ogenis inte an aetive eareincgemie substanoce. Alresdy




s me o7 the methudz for Adestrcylag the cuncer-pr-“ucing
power of certain olls h:ve proved to be eff:ctive, at
least in part, and one method led to the preparation
of a purified o{l which, when subjected to vizcurvus
test, has fatiled altomether to oroduee cancerous zrowths.
Reprerentrtives of the cotton industry, after comparing
this oll with the erude untreected ofl Xavis saié that its
lubrioating rower is unimpeired, and the Manchester
Committee is therefore adle to hold out the hope that
before long it may de possidle to put on the market an
oil whioh fulfils the needs of industry without deing
a scurce °f danger to the workers.®

Assuming that the use of spindle olls ds sueh a souree
of denger, it almost necessarily follows that other
lubricating oils whioh come into closer physieal contact
with the worker must de sourees of higher potentisl
Aanker than any of the light ludricating oils used in i
the looms of the Lancashire ¢otton industry. It might '
be proved unon investization that 1ittle difficulties ‘ i
would present themselves in the production of a spinmdle !
0i{l whiek is non-carcinogenie, and lest the present -
attsck widens itself to inelude the whole range of mimeral
ludricating oils, it would de advisadble to make am ia- )
vestigation of the most emdracing charsster.

Lo Anon., A Dengerous Report oam Lubriesants and Caneer. Pet.
os, 319320 (1932)
Criticizes the report of the NManehester Canmeer :
Comnittes in that the Committee has secepted contri-
buticas of £1000 for two years from the Anglo-American,
the Anglo=Persian and the Shell Mex dut has 2ot availed
itself of the serviees and adviee of experts from the
0il industry relative to the sharacter and metdods
of treatment of petroleus oils. .

§, Anon., Manchester Cammittee om Cancer Report. Pet. Times,

3%, 295 (1937

The 1935-36 repert of the Namchester Comxittes om
Cancer elaims that "with a kmowledge of the refrastive
index of an oil, and of the vissosity, one ean form
e more reliable estimate of its cancer-produeing powers
than by the applieation of the smmple to the skia.*®

IS i3 pointed out, however, that similar eonelusion
in the 1933=3 report was dased on lasurricient evidenee
and that soma &iserepasoies with aniral tests were
admitted, and that in the 1934=1935 report the animal
testa wers reverted %e.

It is ales peinted cut that the adove eonelusion
was based on the examination of omly one oll from eesh
of a number of scuntries.
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Occupational Cancer of the Skim. Annual Peport, Chier
Inspector of P=otories and Workshoss, Year 1927
A tadble shoring distridbution of enithelicmatrus
ulceration by industry for each of the years
1333=13737 18 given in an abstract in American Journal
of Cancer, 34, 61) (Dec. 1938)., Tar distilling end
H cotton wule spinning take the greatest toll. The
inereased 1937 figures for tar distilling cases is
attributable to voluntary periodical examination in
some plants, '

7. Alapy, H. Cancer Prophylaxis by Prelicinary Treatsent
with Caroinogenic Polysyelie Hydroeardons. 2. Kreds-
forach, 43, 32«9 (1938{

Mioce and rats were treated with very mmall doses
of 3 careinogenio hydroearbons (demzo-pyreme,
methloholanthrene and 1,2,5,6~dibensanthrasane as
a method of protestion against the implantation later
of highly virulent tumors. Usually a single sud-
cusanecus injection was made of the eareinogenise
agent dissolved in sesame oll. The most efficiemt
dose in mice was 1l.5-)y and the most favorsdle time
40=70 days defore the implantation of the sSumor
emulsion., Didensanthreeene wes somewhat $he most
effestive, The protecsion in miee was only slighs,
Developmeat of the tumor was delayed 5-6 days and for
56 days was slow, Growth then desams repid and oa
the 17th or 18%h day after implantation of the tumer
the tumars were of the same size in the animals with
treatament snd She ¢ontrol animals, ¥Ne hindrance %o
tumor growih was obdtained in rets givem 1-100y doses,
occasionally 150«180y doses 3)-(~80 days defore im-
plantation of the tumor. A definite setive pretestion
cannot bde odbtained dy shis method,

8. Bachmann, ¥. X. o8 al, Produetion of Camoar ¥y Pure

Hydrocarboss. *19e¢. Roy. Bes.: 34 £1937)
M th respees % high carsinogemie petensy,

nethylsholanthrens ‘15 not surpassed By any
compound yet tested, although it {s almoat egualed
by sholanthrene. Produetion of eareinoma is .
favored By fatroduetion of sudstituents into the
S position of She 1l,2-benszsmthrecsens wol.§ A-l-3,
L=beasophensathrens 18 esareinogenieo te s high degree
as are eertain hexzeyelis Rydrocarboms dorived from
the pentasyslis hytrosarton ),i-demsepyrensd.

'y
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9. badger, G. 1, et al, Production of Cancer by Pure Eydrocarbons.
Proe. Roy. Sco. Bl12G, £3%=67 (1947) -

Informetion 28 tc the most effectusl method for the
production ~f any particular tuxor (pairtins, sub-
cutanedsue injeoction, feeding) 1s mot decisive; inm the
two latter the fur is alweys eontaminated, and inhalation
and swallowing osmnot be exeluded by. any of the rethods,
The J,4i-benzophenanthrens coxpounds possess carcinogenis
properties, and apoarently ars rore active than the
benzantbracenee in the production of mlsinle tumors,
cholangiora, and tumors of the lungj $he 1,2-substituted
gompounds are more active with recpeot to gasirie tumsors,
Compounds substituted on the 1,?-side are usually rore
carcinogenic than those substituted on the 6,7,8-side,
Azong the 1l,2-benzanthracenes, the 5-n-Bu, S-n-Ar, and
5-n-hexyl resexble the },.-Denzophenanthrenes in their
association with & higher incidence of lung adenomas -
and multiple tumors, and a deficiency in sarcoma produetion,

' 10. Baiger, G. K. ¢t al., Production of Cancer by Pure Hydrocardons
Proe. Roy. Soc. Bl3l, 170-82 (1942)

In the series of 5-alkyl derivatives of l,2-benzanthra-
cene (Me, Et, Pr, iso-Pr, Bu, CsHy,, CgH1q» 6781 ) the
higher members showed progressive &lliuuizon of gsrcino-
genioc power on the skin} mecder with more than 3 C ctoms
in the side chaln d4id not produce sareowe, With 4er-
ivatives of 3,{=benzoshenanthrene, sutztitution in
positi~n ” and, to & leceer extent, in position 1, sromoted
carcinogenic =oti{on; most of these corpounds were defiglisnt
in nower to oroduce s>rooma. 1l,.2.3..L-Tetrarethylvhen=nthrene
had s s'{ght but distinot 1bility to produce skin tumors,
3,4,5,6=Dibenzofluorene had no aotion on the skin and
thereby differed fror the 1,2,3,4~, 1,2,5,6-, »nd 1,2,7,
8-0ormocunds. 1,?,5,6-Dibenzooarbazole exhibited a slight
tendency to produce tumors of the liver. thile rultinsle
tumors ¢ould not be ascrided with ocertainty to the zotion
of the =3riniatcred ccmpounds, the most striking cnses
of rultinlieit. 9ccurred under the influence of 7,2,/~
subrtituted -hen:nthrenes, 1,?,5,6-ditencocarbzz.le aud
1,c=5,6-d1benzceridine,

11, Earry, G. et =2tl. Production ~f C:ncer by Pure Hyirocardons,
Pros. Roy. Soc. Bll17, 313-51 (1925)

A larsge nurber of oompounds, ochiefly tetrascycllic =nd
pentac:olic aroratio hydrocarbons, were tested for
eancer-prafuocine action, with rice as experimental snimals.
Considerzble cancer-,rodueing nower was possecssed by
1,2-benzooyrene (frnm coal-tar pitch), methyloh.lanthrene
(s deriv. cf deoxycholiec acid of bile) and 3,lL-benzo-
phen=nthrene. In order to be carcinozenis, derlvs. cf

,?-be%zanthraceno mist contaln subutituents in noritions
5 and 6.
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12e Bergmenn, F. Nechanisa :f Tumor Production by Chemical Azents.
Cancer Re:xcarch, 2, 660, (19i2)
- The following prineiples for tumor produetion by
cbemical agents are hypothetically established: 1.
The forz and size of 2 ocarclnogemie hydrocardon and
of ltes related hetercoyolic oompounis deterrine its
activity, Xvery substance whish imitates more or less
closely & zivean parent structure resesdles it also in
its blzstomatogenis sction. 2. In the living eesll,
the carcinogens are adisorbed by sn aseeptor poo-.-linc
s doefinite adsorption arca. This sets an uprer limit
for the <iaensions of the active sompounds., A lower
lixit {s given Dy a decrease in adsordability with
decreasing size of the molesule., ). All eareinogens
are occnceived as parts of an "ideal ocarcinogeniec strusturse.”
4« A oarcinogen ocan de inactiveted dy additions whieh
prevent its proper adsorvtioa, The meehanism of this
hindering effeet is diseussed,

13. Bonser, G. M, Tumors of the Skia Produced dy Blast-Jurnsee

Tar. Lancet )}, 775-6 (1932) |
The results cdtained with four samples wers remark-
adly similar to Bersmdlum's and blast furnaee tar.is .
therefore ecarcinogenis, though not s0 patent as e E - 1
g2 tar employed, The reascon that it has deem immoeucus
for man is that the yield is small, and it 1s regarded
:n ;lzn-to produst and is disposed of without further
an REe

4o
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1. Boylsand, X. and Brues, A. M, Careinogenie Actlon of
Didenzearbazoles. Proe. Roy. 800.,‘¥§§E=.:29-41 (1937)

Caneer of the dlsdder &5 uaduly
chexieal workers, end these dealing wiltk na
mines 1nd Ragpldine seem mest 1iadle %0 A6 disesss,
It has not doam demcastrated satisfastorily that !
’ saphthylamizes are sereimogenis, and i% is possidie
that it is et %oy Wik are respousidle for saméér
of the dladder, dad $ies formed during thely
manufacture, suek as &ize lamines and 4ldegnsur-
basoles. Substahess of # asture were tharefore
tested for eareinogenise aetivity by paint o8 %he
sxin of mice aad cne (whieh proved mopt sstive am
nouse skin) alse be smudbeutzacous iajéesion L1ave rets,
The mest setive was 3543536-44 azbenols dus
this was toxie. IS produsced meligaant skiy Sume
in mies in 180 days. OFf the other suintanves Sested,

112151 6=410ensearbasole was ceend 1137y
8~dindbenssarbascle fesdly so. THhe tkylanines,
O=eminocaszotoluene, knowm %o mua Keopatemm, ol -
diamino-asobensene { dine) all Talled ‘u yrodide

tumors on the skin of mice. Spindle-cell saresmmta,

ene of whieh was proved mx-uﬁo. mﬂ
in rets by suwdheutanesus injeetiems of &
suspension of 31415:8-didenscarbassle. '

o o a
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18, Brook?:mzra fi)l. Mule-Spinner's Cancer. Brit. Med. 7., 822-3

16. PBrockbdank, E, M. Mule Spinners Camcer. ZEpithelioma of the
Skin in Cotton Spimners. H. K. Lewis and Co., Ltd.,
Londen. 36 pp. (1941)
The first known case of serotal eanser in s mule
spinner was reported in Msnehester in 1887, 37 years

after the introduction of mineral lubdricating oill;

1 before that time spera oil and reatsfoot oil had been
the prineipal ludricants. 1% is now known that eaneer of
the skin, whether of the scrotum or elsewhere, ia mule
spinners ies ceused by caroinogenie ocompounds whieh are
present ia mineral ludrieating oils though not im ludri-

. ocants derived from eanimal Or vegetadle sources. Some
nineral oils are more eare enic than others, that
derived from shale beimg particularly dangereus, and it
has been learned by experience that eaneer is morellikely
30 be eaused if the seme ludricant is used comtimususly
than 1if the kind of eil employed is cesasiomally m«i
It has bdeem found alse that by nixing smimal er vegetable
oil with minersl oil the careinmegenis potemey of the :
lubricant may be adated. , :

\l. Burrovs, K., Hieger, 1., =nd Kammawsy, R. L. Rxperiments in -
Carcinegemesin: the Effeet of the Budsutansous aad -
Intraperitencel setion of Lard, Olive 04l and Other
Fasty Material in Bats and Nice. J. Path. Bast. ¢J,

419-836 (193¢)

18, Campdall, 7. A. IExperimemtal Produstiem of Canser iy Nn
Obtained frem Tarred Roads., Prit. Ned. 7., 5.3.34
T™his &ust uuumnlmoncﬁqm.} nie¢
with metastases ssmetimes in the lumgei in ¢ memths 34
ous of 59 mnise ahowed typiecal tay m. half of ‘1‘

develeped malignmmey,

19. Csmpdell, 3. 4, M of b.;l Bust "IFyeed” frem !::
Produets Upan Insidomee Prins !-3 Twmors
Miee. Bris. '. hno Path, 1‘

rr' tarved mu u.uu

I8 has been showp that
caneer of the skim ¢f miece. Nead dust uinus tar, a8
removed densens, 068 not sanse ssneer of Whe sl

of mice} 1% stimulates the yredustion of lung twmors in
niee, nsutunmsmtuu-mmu

alse ) -

Campbell, J. A, kmo Ageuts Presant ia the Atmesphery
’ -A'qu-« of Primary Twers ia Mles. Iﬂ\. J. Iy,

Patli., 123-88 {4oail, 198}
e has semiimmed Ni5 reseazeh ea SV ARNes
Wat nigd induce lung bumers. HNeo -'.uyd m bost
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and 800t soraped from exhaust pipes of engines durning
haavy oils. Rats were exposed to these dusts for 10 min.
an hour for 6 hrs., S days @ Week for 1 yr. The death
rate of both groups was well within the limits of that
for the ocontrols dut ths number of lung tumors was some-
what higher. Of those exposed to exhaust pipe seot, B3
living 10 mos. or more developed tumors. The most active
substances tested was dust from tarred roads. Dats are
also givem on mice whose skin was painted with ®tar® from
these sudstancas.

g, Clark, R, V. Caneer from Lubrisating Oils. 0il-Colour Trudes
dey 11.9.34, 1878-9

g8. Cook, J. W., Hewett, C. and Hiegsr, I. Cosl-Tar Constitumts
and Cenosr. Nature, 130, 98¢ (1932)

Severel hydroeardons were isclated from eoal tar whieh
were aotive in produsing cameers and whieh had the typisal
fluoreseence spectrum of sareinogenies fractions. The most
sotive hydrocarben isolated was 1l,2-benzepyrens whieh
produced caneer ia half the time required dy 1,8,5,0-48-
bensanthrasens, Perylene and 4¢,5-denzopyrene were alse

isolated.

85, Cook, 7. W., ot al. Produetion of Cencer by Pure Kydroearboms.
(a) Proe. Roy. 80e¢. (Londen), 488-8¢ sna ]
(b) Proe. Roy. Soe. (London), 485-96 (1938

18) Mice were used as exptl. animals, and a stedy was
nade of the sotionm of 38 4ifferent polyeyeslie arematie
hyéroeardons, oontg. 3-8 rings ia their resp. mels. i
applied in sela. teo the imterseapular regiom, uswally
twiee weokly., OFf these pure eampds. oanly 1,82,5,8-4{dauisan-
threcenme and sertain elosely relsted eompds. produced
ocancer; it was aoctive in 9 different solvents, and ws
effective when spplied im 0.009% soln. in C,H,. Of 27Y
nice treated with this eampd., 107 devaloped tunors,
ineluding 77 epitheliomes and 11 papilliemsas.

(b)) The imvestigatien has Yeen extended to ineclude
53 adénml. ):1 ; ;r-auo eompds. !-’c‘r: n::.no-»
dueed dy ¢-isopropyl-l,3-bquuanthracsene, 5,8-eys )
patens-},i-tamsaathiresons, shmaathroseensphthene, md
S derivs. of 1,8,8,8-diveansanthrasenet 2'-de, $*-Ne,
9-NR,, 9-2e8, 9,10 (0,K,Che)s. | _

M. Cook, J. W., Hewets, C.L. and Kieger, 1. The Iselstion of
c:;ur-houc%mum frem Cosd ¥Tar, ¥+ ‘hem.
Soe., 398-403 (1933) '

The preparations derived from ecal %ary piteh W7 @
variety of selvent extructien methods, the fractioms
separeted By formatiom of pieyetes, &istillatiom emd
srystallisation, sad the hydrosardemg liS-DERupIrene,
and 41B=-benspyrene, perylene aad 1, 3-Sensunthrecsns,

' have proved sareinegenie and have given the sgue flwmeyes-
semee spectrum (dands at 4000, snd ¢400A ). The
ceal tar piteh centained not less thsa 0.0096

origimal
of 1,3-DemxpyTrens.

~—



«83-
g8, Cook, 7. W. Synthesis and Blological Rrfects of Carcinogemie
Hydrocarvons., Chem. and Iad., 1022-3 (193%)

Certain forms of skin esneer duwe to ocesupation causes
ia imdustries where shale 0il, eoal ter amd ludricating
0il sre employed, have been showm te de &ue to the demsan-
threasene group of hydrosardoms whieh also impart flucres-
cente to the oils. The exaet masture of caneer formatiom
in the human dody hss mot deem explained although a
similar benzanthrecene hydrecarbdom has deen found to be
produced by body changee from sudstances normally present
{n the humea dody.

g4, Cook, J. W, Careinogenioc NEydrogardons and Their Relatiomship

3 to the Sterols. Chem. Veekbdlad, 563-6 (1938)

X Review of historiecal development of resognition of the
sancer-producing esnstituents of eosl tar and earlier
investigetions; the develomaent ¢f fluoreseenee speetro-
seopy and the systematie study of syathetie carsinegenie
Aydrosarbdons insluding & Bummary ef the results edtained
from the exmminstion of & somplets series of Stetrs- and
pentasyelie hAydrecarbons and s mederstely wide rauage of
bemzanthrecene derivatives. The speculation is sivanised
thast a meso K atom in & eompletely arematie strusture
plays scme reles in the sareinsgemie precess. The isols-.
tion of l,8-benzcpyrene frem osal tar sad its symthesis °
are recounted and an aceount is given of the muutilu'

¥ of bile aeid derivatives, and the ovemtual synthesis of

: nethyloholanthrens, & careinegmnie hydroeardoa related te

the sterols. It is inferred that there is some amxymie

fastor present in the snimal dedy whieh is sapadle of
effeoting dehydrogenation of the sterol ring system sad

Shat excessive astivity of this feetor may eomeeivally

sontridute te the produetion in vive ef saresinegenie

ecmpeunds,

39. Coek, 7. V., vtwi. (hsmicsl sempounds ss Wc Agents.
m, 7. Camser, 09+ (199)

A full survey is givem of the omuq-uo ehemicals,
dealing Yoth with ch chenies)l relationshipe and their
bielegie m...u. : together, under well cheosen
headings, a2ll the materiel pulliched wp %0 e and of
1986, M include 309 only the hydrcsartons ef the
benzanthreeene » Yut alae the sne esmpowmmis, estrin,
ths styryl quine o dorivative disecvered by
ot 8., and the inergmie compeounds 3ine ehleride and
mdo. A Mdliegrephy of 194 referances is appemded.

! M. Cook, 7. V. snd Kemaswmy, B. L. Q.iouw“
Careinegenis Agemts. Tirst Bupplenentary Report
Litersture of 1987, Jm. J. Cameer, 3, 90-9Y (nn)

Authers present sa exhaustive reviow of $his sudjesd
whieh sheuld de of imterest ¢ sll iadusiriel physicians. -
It eontimues the earlier review and the oo reports to-
gether have BMidliegraphies tesaling 394 refaremees.
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99. Davis, A, Chemice<l Carcinogenesis, Drugs, Dyes, Hemedies
»nd Cofmetics with Partiocular Refsrence to Bladier Tumors.
J. Urol, 49, 14 (1943)

Author discusees st eonsjderable length the large
nuaber ant veriety of proved ochemicel carcinogenioc agents
which mey be introduced into the bdody by ingestiosn, ine
helation, injection or cutaneous applicetion. He strongly
inclines to the theory of some chemioal carcinogenic agent.
dany are cited such 22 derivatives of cosl ter, crude
zineral oils, an anilin dye "intermediate”, azo dyes and
estrogenic substances. The aniline dladder tumor of dye
factory works develops after years of exposure ts what
are probadbly extremely small daily doses.

The theory is sdvanced that there may be many other
oarcinogenic agents as yet unknown whigh are unknowingly
smoountered in the routine of daily life, and perhaps
through the use of many 4drugs, patemt medieines and
cosmmetics, vitanmins, sex hormones, and the trexendous
1ist of anilin dyes used in the coloring of food stuffs

. and febdries,

%0, Downing, J. G. Industrial Dermatoses. J. Ind. Hyg., 17,
138-185 (1933) -

A Teview with 208 references, A seotion on chamiocal
agonts including inorganis compounds, hydrocarbons and
orude coel tar products and other orgsnioc compounds;
treatment and legal aspectas.

S1. TYeil, A, 011 Button (Elajokoniosis). Prasse Med., 40,
1841-2 (1932) .
Description of ¢ dermatitis in industrial workers
caused dy heavy mineral oils, including treataent and
prophylaxis,

32, Pleser, L. 7. Carcinogenic Activity, 8tructure, and Chemiocal
Reactivity of Polynuclear Aromatic Hydrocarbons.
Am, J, Cancer, 34, 37-124 (1938)

A long review whioch inoludes: I, a oritical evaluation
and comparison of the methods for determining careino-
genie activity; II, information conocerning the prepars-
tion and purifiocztion snd the ocommereial sources of the
carcinogenioc hydroeardons; IIl, a summary of the work
on eorrelation of ochemieal astructure and oarvinogenis
sotivity, and IV, a summary of investigstions on the
metadolioc fate of various asctive hydrocardvons. There
is a very extensive bibvliography.

3%. TFieser, L. F. Produetion of Cancer by Polynuelear Rydro-
carbons. Univ. Penna. Bioentemnial Conr. Cause and
Growth of Cencer, 1-37 (1941)
- A review devoted to N-ocontaining oaroinqgcnl.
relation of carcinogenic hydrosarbons to the stexréids,
carcinogenic zetivity, ochem. structure and chem. re-

-
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activity, neture of a posrihle resction le=ding to
carcinogenesis and of the metebolisa reactisn., 1I1f
carcinoZenic hytroocasrbons can be produced at times
in the body by =teroid metsbolism, their most likely
precursors are among the steroids of the adremel
cortex. The initiating sction of a hydroesrbon in
carcinogenesis prodadly involves substitution in the
hydrocarbon at its most reactive center, »robsbly a
direct interaction of the hydrocarbon with ap 3-8
linkage of the cell protoplasm. Metabdolioc elimins-
tion of a earcinogen prodvadly is a detoxieestion pro-
duced by s mechanimm different from that lesding to
carcinogenseis, and involving a different point of
attack in the mol. The reaction of detoxication and
that of earocinogenesis are competitive. Detoxieation
may involve bdiol. hydroxylation to a phenolis deriv.,
or oonversion into derivs. of mercapturic acid.

s4, Yieser, L. J. and Fieser, M. Carecinogenie Hydrocardons.
*Organie Chemistry®, 1944, 814-28
Caroinogenic astivity end struoture; eorrelation
with chemiocal reactivity; methods of synthesizing
carcinogenic hydrocarbons. :

ss, Yirquet, J. and Malter, M. A, Piteh Cancer as an Occupationsl
Disease., Archive de Medecine Sociale et 4'Hygiene
et Revue de Pathologie et de Physiologie du vail,
II, 797-807 (1939-40)

The authors report their experiences made in medical
supsrvision of 128 workers in the provinee of Liege,
working with pitoh or tar. There were found two
epitheliomata only, and no lung cancers. VYV, Heary
made a shemiocal examination of various pitches as to
their content in 1.2 bdenzeneanthrascene and 3.4 bdenzo-
pyrene, (the two most effective cancerogenic substanees
{n animals) and he found in the piteh 1-8f of the
first, traces up to O0.4% in the second. The examimation
of the piteh dust in the two driquette factories revealod
mostly large partieles: in the workshop 80% of a dimmeter

. of 30-100u, in the storage roams 904 of 20-B0u.

Therefore it seems--acoording to the authors--theat
srubstences whioh are cancerogenic to animals are not
for men, dut more research is necessary. (The materisl
is mueh too eslight for any oonelusions in the opinionm
of the abstrastor.)

7. Gafafer, ¥, M, snd Sitgreaves, R, Disedling Mordidity and
Mortality from Caneer smong Male Naployses of 01l Refin-
ing Company, with Reference to Age, Site and Duretion,
1933-38, inclusive. U.S. Pud, Health Repts. 33, 1517-
1526 8.235.40)
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ss. Gugliaainettl, M. Do Magondmm Roeds Produce Cencer. Bull.
Aced. Mad,, 122, 39-94 (1939)

The author firat reviews the litereture. He cuestioned
various hospitals in sowe of Gearmanyts large cities ro-
geréing the mmbdar of ohssrved camas of c¢~ncer and sert
these resorts to the menagers nf the road building system
in these cities, Inocramce of esncer weeg affirzed dut
w?:hout relation ‘o macadam roads.

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

40. Hamilton, Alice. ™Ipdustrial Toxioclogy®, 15¢, 253-4
Ooccupationsl ocancer is rere in France. In the U.S,
the only published case up to 1930 was the cace of a man
who had worked for 20 yrs. at the paraffin proocess in a

yetroleua refinery.

In 1928 the Health Committee Of the League of Rations
requested its memders to eid in a world-wide inquiry into
the ocourrence of oocsupationel cancer by undertaking a
study of the que:ticn ir their own countries. The Rocke-
Teller Joundation then mede it possidle for Imre Eeller
t0 meke an intemsive investigation in this eountry, and
his report was pudlished in 1930. Heller confirmed tho
impression held by American authorities om oanoer, that
those of ococupatiensl origin are very very rere in the
United Btates. He found in the records of the two New
Yerk hospitals specializing in cancer only 37 cases of
skin cancer that could possidly be traced to tar snd tur
producte, 26 of these ocecurring among men handling gas~
house tar or pitch, only two in coke-oven tar or pitech
workere. In a Cleveland plant making ocardon and d4ry
batteries, imported Ingliah gas-house piteh was used up
to 1906, when it was supplented dy Amerioan coke-oven
pitch. There were 31 cases of cancer smong the workers
in this plant, only 4 of which were in men handling coke- -
oven pitch, and these were not considered by the physician
in charge to de in€ubditadle esses,

41. Hartwell, J. L. Survey of Compeunds which have deen Tested
for Caroinogenis Activity. U. 8, Pudlie Health Bervices,
371 po. (1941)

This dulletin represents & survey of the field of
chemisal sarcinogemesis in the higher enimals: the ection
of caroinogens on iselated tissues, tissue eulsures
plsnts, protosea, and dacteria is not considered. iho
literature is eovered to 1939, and the compilation elso
includes experiments with 1853 ecmpounds from the unpud-
lished work of Dr. M. 7. Shesar anéd Dr.’K. L. Stewart of
the Naticnal Cencer Institute. The results of the test-
‘tng of 61 of these compeunds are newly reperted, while
45 are new t0 the whole ocmmeer litereture. Altegether
the wore eomprises data referring to 696 chamiesl sud-
stances: of these, 169 sre reported to de sarsinogenis,
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spert from 23 observed as csusing pajilomas only.
After ar introductory discuseion, the bulletin takes
the form of a t=bular review on the following classi-
fication (figures %n Parentheser show the aumber of
ertries for eackh cetegoryi: A. Inorganic substances
138). B. Organic compounds: I, aliphatie {36); II,
2olyeyclic Bioyeclle (28), :ricyolio ‘47, totrncyclic
(152), oentacyolle (1141. nexacyclic end higher (85)];
I1I, Azo-comdounds (39); IV, Cteroids (86); V, Jotero-
cyolie (59); VI, Unelassified (77).

within this arranscncnt. sompounds ere individually
numbtered and then groujed sccording to prototynes and
elphadetically. The teables give structural formulae,
literature references, particulars of species, strain,
sex, and number of animals used, preparntion, dossgs,
and route of sdministration of compounis, nature of
sites of tumors indused, with details of duration of
exveriment and survival retes and other rsmarks. The
sbove conditione snow the wide range of infomstion
necessary in order to essess the carcinogenio activity of
a given compound. The suthor draws attention to the
incompleteness of the dats for many of the compounds
listed, and urges the more systematie investigation of
compounds already studied in a preliminary fashion, and
for the filling of large gaps smong substences whioh it
would seem desiradle to test. The review is completed
by a bibliography (over 1200 references) and separste
indexes to eompounds, routes of application, vehiocles,
animal species, and tumor-sites.

Heller, I. Occupational Cancers (in U.S.). J. Ind. Hyg.,

12, 183-197 (1930)

The chemical properties of gas-works, ocoke-oven,
producer-furnace and bdlast-furnaoce tars and pitch eare
brisfly outlined with a view to correlating these pro-
perties to eaneer ineidsnce among workmer in the ine
dustriez involved., 48 a result of extenaive surveys
and heelth record examns., gas-works tar and piteh
were responsidle for 70. 8% of the ¢ases while ocoke-oven
tar and pitoh were held responsidle for only 5.4%.
Coke-oven ter is much the less injurious especielly when
cognizanee is tgkem of the fact that coke-oven tar is
used much more extensively. The presence of olefins
in gas-works tar seems to de of particular importance
and may be a cause of olil sanocer. Ocgeupational sanocer
does not ooocur in the bdriguet mfg. industry. Minersl
olls vary in earsinogemis asotivity aceording to sheir
olefin or wnsatd, hydrecardon comtent. There is no
method for the deta. of the amt. of olefins in the
various srude oils; if such & method existed, 1% would
be possidble to msasure the cancer-produsing power of
minersl oils. Ceneer is not sttridutable to the ceewpa~
tion of mule spioner in the U.S., 7083idly decasuse of
the serefully refined ludrieating oils used oa the
mashines, thus ensuring relative freedom from oclefins
or unsatd., hydroscardoms.

-
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Henry, . A. Study of Fatal Cases 97 Cancer of the Scrotum.
J. An, Meld, Asmn,, 109, 1667 (19%7)

Hieg~r, I. .Bpectra of Cencor-producing Tsre and 0ils and of
Related Subetances. Biochen. J., 24, 308-21 {19%0)

. Hoffmen, 7, L. Mule 8pinners Cencer. Honthly Lator Rev. of
U.S.. .2_7" ‘57‘475 (192»8)

46, Hoffmen, W, J, Industrisl Cancer. Prevent. Med., 8, 7-34¢ (1938)
One of the seven typer of infustrial canoer discussed
is cencer of skin in workers exposed to coal, ter, p»itah,
scot, shale, petroleum 2nd arsenic. They msy ceuse en
epitheliomatous fore of cancer,

¢7. Hogounenrg, L. The Canserigenic Hydrocertons froz Tar and the

Terring of Roeds. 4mn. Eyg. Pudl. Boocisle, 27, 1-Y (1939)
The cznecerigenie bydrecardons feuvnd in coal tar

produoe ekin cenocer in exposed workers ususlly only

after direct ocontest with the skin for long periods of

time. It is telfeved that men is much more resistant

t0 the rotion of these meterials than lad. anizals.

Hueper, ¥, C., Cencer in Relation to Oceupation and
Iviroment., Pull. ‘a. 80¢. Control Camer, 28, No. &
Jure, 194%) :

Owing to industrial develoment, the generel popula-
tion end feotory workers in particular, sre exposed te
BANY new envirormental factors, mamy of which are
disecze produeing. Oeccupational cancers are scsused dy
numerous chemicel end phyeiesl esgents. Amcng them are
the heesvy metals, nitrates, sromastic amino compounids,
benzol, asbestos, mineral oil, soot, redio-astive sud-
stances, ultraviolet redistion srd X-.rays. The suthor
cites stetisties taken mainly from the reeords of
industrial eomecarns, dut points out their shorteomings.

Cencer of the urinary traet due s cosl-tar is the
most recent sddition to _the 1list of oscupasional
eansers. It is mest frequent in the aniline dys md
related industries,

Home Orfice. Rept. of Deparwmental . %0 Oonsider
Evidenoe as to Oecurrence of Mpi omatous Uleeratien
Among Mule-Opinners. (Londen, 1924)

Cantains a Mdliography on esneer apoag yetrolem

roﬁncrl._
Eunt, B, 8, An Investigatien inte the Incidence of Cansereus
or Pracancerouns Lesioas dmong Tar Vorkers ia

Kew South Wales. Ned, 7. Australia, 8.28.33, 958)-3
The genersl ecenehiaion 13 that tar used in New
South Weles for local road-work is not a serious danger.
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1. P. 7. Cancer Research Conmittes. Carcinogenisity of

S;inf.lo 011.' Io Inst. P.to Temo' .’_§,l 305 ‘1937’

The 1.P,T, Cemritteoes hes Ot Yteen oonvinced that
tke zo-calleé irncicence of cenccr 1s ir any shape or
forn ecnrectet with the use of spindle oils.

Internatiorel Led®our Office. Carcinogenioclity of 0Olls,

Izd. snd Labour Information, 24, 277 (1330)

Tere at varying temperatures have been prepared to
detarmire st what temperature carcinogenis eompounds
are formed, from which experirents 1t would appear that
auoh compounds begir to de formed detween 300° and
602¢, ths zaximuz yield lying between 830° and 300°C. .
Attampt i3 nox deing made to determine the constitution
of a Taw apparently pure or almost pure campounds
isolated from such tars. Applying their standard test
for deterainstiosn of careinogenicity, the staff found
that olive oil, neatsfoot 0il, sperma oil were non-csnoer
producing =nd they have reason to suppose that natural
sxin fat is an important factor in the prevention of

-~ ganger.

International Ladour Office. "Occupation smd Heelth", I,

547 (1834); II, 837, 11358 (193¢)

Before mineral 311s came into vogue the preactice in
textile milla was to use sperm, lard and neat'’s-foot
0ils snéd to some extant castor oil and oolsa oil.

Henry states that shale oil was intrsduced apous 1830
and Americen petroleum ofl about 1364, snd thas, sowerds
1372, these 2ils were deing used as eomponemte of
£2indle 0il; slso that Russian oill was rirst imported
adbout 1339, Rumanian 0il about 1900 sad Persimm oil
about 1909, and all these wers used for this slzss of
lubrisating oil bdefore the war. DZuring the war Scottish
shale 2ils naturally came more into use for ludrissting
purpeses. 011 refiners have their own private formulae
for mixings, dbut there i{s ne doudt that the dulk of the
oil sold for ludbricating spindles during the pest forty
y:;r: has been Trimcipally made up of astursal mineral
eil, :

Aeoordirg to the 1929 rt of the Nanehester Canser
Coxmittes, in the distillstion of tars, the careimogenie
produets degin t0 form at & temperature ramging from 500
tc 800 C. and reach a maxizem a3t detwean 800 and 900 .
The addition of sulfurie aeid at the time of use surfiees
to make the 0ils hamless witheut injuriag eor medifying
their lubriecating power.

Internatiomal Labour Office, Ocewpational Twmors. BSwppl. %0

Occupstion ard Hsalth, I.L.0., Ceneva (Oet, 1939}
Carcinogenie sudstances are ¢iseussed under the
herdirgs of hydrecardoms, non-radiocsctive inorgenie om-

pounte, redissctive sudstanses and radiation, and parusites

By
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and microbes., Attention is called to the adsence of
any eomon Jhysical or ochemical characteristics shared
by there verious sanosr-producirg agents,

It i» suggested thet the canosr problem is essentislly
dlechemicrl =2nd thet 185 solution will come with the
disoovery of the aeture =nd omuse of the iantrg-celluler
chemicel changes which follow the appliecstion of a
screinogenic egent.

Jorden, E. ZPEryperinental studies on the Production of Cencer

by Gas-worcs Tar. Z. Krebsforsehung, 19, 59-55 (1932)
Author hes corroborated the work of others} in white

mice treeted with tar for four months or less, 100%
showed either cancer$¥ precancerous changes. When the
tar was 8iestd. at 400° the voletile fraetion 4id not
produce there ehanges tut the residue produced the
typicrl proliferative ehanges {n ebout 1/3 the time re-
quired with the whole tar. ¥No prelifersticn could be
produced with ernthreeene 0il., Different rice showed @
merked difference in the rapidity with whieh they
developed proliferstion with the ssme axt. of injury
ty the tar. Apparently the work weas not folleved te &
point Gp det. just how many of tho miee with precen-
cercus echanges would have develeped actual careinoms. ¥

¢¢6. Lemmewey, E, L. The formatien of @ Ouoar-produu’ Sudstanee
from Isoprens. J, Path. Baet. 37, 2338 (1924

s¢h. Kawshate, X. Lurng Cancer Among Jenerator-8as Yorkers ia the
Steel Mills. Gamn. 32, 387-83 (1938)
~_ Durirg the past 6 years, 81 csses of primary luag
ceroigohs were odserved smeng the gemerstor-gss workess
et the Yawsta Iron-Steel Mills. Theee workers have av,
servise periods of 18 years. Im ne other seetioms of ,
the millks hes such frequeat appearencees of lung caneey .
been notised. The waorkers are oxposed 30 the spraying '
of ges contg. heavy &ust. 7The inhaled ges eontained :
adout 0.7% of gaseous or ¢ust-like tar. Analyses
showed erecsote oil 84.3%¢%, phenels 0.4, cresols
0.07$, maphthol 4.608, anthreceme 8,004, piteh ofl
62."‘* and water l.?‘. The netastases nay appoey
véry early in the braism, spinal eovd and lymph nodes.
:h. duretion of lung eaméer is very shert, abdout

manths, '

57, Kemmaway, B, L. Caneer-Preducing Constitumis ef Coal Tar.
Brit, Med. J., 564-7 (1924) ’

Cancer formation by Sar predusts was investigated
by author. Oanly higher freetioms bdoiling at £00%¢.
were found active in indweing sanser (erecsote, grees
oil, orude lns\ru-o and piteh). : '
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Tennaway, k. L. Cancer-Producing Tars ard Tar Fractions.

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

Ex eriments 5n seversl thousand mics and esnalysis of
a8 grest mase 7f clinicel records indicate that tar cancer
is crured by a very small quantity of an unstsble comjyound
that exists in the high-doiling fraction (250° to 500°¢)
of a high-temp. coal tar, i.e,, creosote cil and anthra-
oene 0il. Purified anthracene, like all other pure om-
pounds tried, did not produce cancer. BSpleshing with hot,
ocrude anthracene or creosote oils seems to be the usual
pethod of eontact. Shale 0il produces cancer dut is less
active than gas works tarj ocrude petroleum is muech less
nctive; and dlast-furnace tar (s low-temp. tar) does rot
produce cancer. The driquetting industry has reported
pore than half of the known csses of tar cencer. Tar
mnrde by 4distilling cosl a2t a low temperature (delow 330°)
produces cancer very slowly or not at all.

Kennaway, E. L, IExperiments on Cancer-Producing Sudbstances.

Brit. Med. J., I1I, 1-4 (1923) :

Cancer has been nroduced in mice by sudstances odtained
by heating C,H,, isoprene, yeast, human skin to temps.
ranging from 700° to 920°, A jetroleum which produced no
tumors of any kind in mice in a prolonged experiment showed
v.rzv setive cancer-produecing properties after exposure to
880° .,

Kennaway, 3. L. enéd Leiteh, A. The Anatomiocal Distridution

of the Oecupationsl Canscer, J. Ind. Hygieme, 7, 69 (1925)

Kennaway, 8. J. TFurther Rxperiments on Canesr-Producing

Sudstances. Biochem. J., 24, 497-504 (1930)

Carcinogenic sudstances were odtained dy the sotion at
room temperature of AlCl, on acetylene, xyleme, naphthalene,
naphthalene and dromodenziene and tetrahydronaphthalene,
the last twe deing the most agtive. Two sancers were
also obtained im a series of 10 mice painted with a soln.
of 1,2,7,8-4ibensanthracens.

a-Phenylnaphthalene was prepared by action of AlC),
on C,HyBr and C,E,. The distillates up to 343°C. eon-
tasining the hydrocarbon were inaetive But the residue
in the flask was highly esrcinogemies.

Cyelochexane, eyolohexene, styreme, hydrophemanthrene,
hydrochrysene, hydroretene, perylene, naphthalene ant
various naphthalene derivatives all gave negative results.

Xennaway, B. L. and Eleger, I. Cereinogenie Sudstances anté

Toir Fluoreseense Bpestra. Brit. Med. 7., No. 3628,
1044-6 (19%0)

This paper is a review of s large amownt of work By
the authors in am attaapt to eorrelate fluorescense with
careinogenesis,

Tar oils, spindle and shale oils, whiech show earecinms-
genic proverties are also strongly fluoreseent.

© o A L NPIIDARORE--t -
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Kewley, J. Cooperation. J. Inst. Pet, Tech., 13, 242 (1332)
Mention >f the formetion of a committes by the
Instituts of Petroleum Technologists to follow the work
of the Munchester Cancsr Committee.

K1ing, A., Semssonow, N. 2nd Heros, M. The Tarring of
Highweys as a Possible Agent in the Causation of Pulmonery
Exrte. in mice showed thal the tar, as used on roads,
produces cutaneocus tumors and malignanoy in the lungs.
A substence contg. the benzo (a) pyrene nucleus of
decidedly cancerogsnic proparties has bdeen eepéd. from the
tar.

Xling, A., Samssonov, M. and Heroa, 4, Possible Reletionship
between Tarring of Highweys and the Inereese of Incidence
of Pulmonery Primary Cencer. Bull. Aced. Med., 121,
794-91 (1939)
Since tar contains bdenzopyrene, & recognized canceri-
genic agent, it cannot de considered as inoffensive.
Experiments on mice definitely confirm this essumption.

Xoelsach, ri Ca?cer and Occupation. Momatsohr. Kredsdekamp!.

5 7 (1997
The suthor, in the form of an abstrsct, presents a

survey of the relation between cenger and oscupation.
He includes done cancer saused dy readiocactive sudstances,
skin cancer from soot, tar, parsffin and ludricating oils
fof whiech those Doiling batween 250-300° are of especiul
importcnce), skin eancer from arsenic as well as cancer
and sarcoma from ultraviolet and sunlight.

Kunze, G, Mineral 011 end Ceancer. Chem. Ztg., 59, 407-8 (1938)

A study of the map of Cermany indieated that the

number of deaths from eancer was always greatest in

regions where minersl o0il was found, refined or used.

While ne definite relation is estadlished, the asuthor

suggests the possidility of the existence of such &

relationship. Further researsh on this prodlem is

indicated. It 1s pointed out that mineral oil dy i%-

self does not ceuss oancer. It may, however, decome

one of the contridbuting factors, together with others.

Lane, C. G. Ooccupatiomal Dermatitis. Areh, Demmatol. and
Eyphil. 43, 184 (1341)
" Desoribes the esse of a 63 yr. old machiaist who for
3 yrs. had & dermatitis of the face, arms, axillas and
lower abdomen. There were scattered arcas of tan-browm
hyperkeratetic follicles and folliocular plugs. Keratoses
were present on the serotum and there were keratatis
areas on the arms, Autopsy revealed sereinoms of the
esophagus. Dy. Lanse believes the skin changes to be &ue
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to o1l t5 which the man was exposed in his 40 yrs. as a
machinist, and that the condition is that descrided by
White 2mong machinists, oll worcers and mule spinners
in England. It apparently is Jerely seen in this
country, possibly decasuse Oils employed here are less
carcinogenic.

Lsudber, H.J., Hildedbrand, E. and 8chocke, H. Possidle
Therapeutioc Action of Cercinogenic Hydrocarbdbona in
TroatTont of Cancer. Z. Ges, Exptl. Med., 105, 370-94
{1939

Essentially less harmful thsrspeutic measures are
svailadlse., The dangors are demonstreted on mice treated
with methylcholanthrene.

Leitoh, A. Mule Spinners' Cancer and Minersl 0ils. Brit.
Med. J., 2, 941-3 (1984)
Rendered an inert Californis oil very sctive dy
heeting it. (No details as to tex-erature, ete.).
Crude oils from Assam, Borneo, lsyst, Burma and
Badarpur produce mslignsnt growths. Ualieien, kussian,
Californian and Persian samples were negative.

Lyth, kK, The Relation of Carginogenicity of Mineral Oils

to Certain Physical and “hemical Charscteristiocs of
These Vils. J. of Ind. Eyg. 15, 826-37 (1933)

Lyth, K. Moleoular Distillation of Lubricating O1il.
Naturs, 139, 374 (1937)

A drief report is given of the distillation of a
Ecottish shale oil, using a specially designed molecular
still. The most striking result is the inversion in the
change in the physicsl properties going up the tempera-
ture scale, i.e., the first fractions show higher re-
fractive indices and demsities than the original oil,
with gredually descending values from fraction four
as the tempersture is reised. Deta on the properties
of the shsle o0il distillates are tadbulsted. These
experiments ar¢ part of an investigation of the in-
terrelation of refractive index and viscosity to
activity on injection, snd theredby ocsroinogenicity
when applied to the skin.

Miescher, G., Almasy, 7. and Zehender, Z. Is There &
Connection Between the Benzpyrene Content and the
Carcinogenie Effect of Tarl BSchweis. Med. Wehnsehr.
71, 1003-7 (1941)

The authors have exammined the denxpyrens eontent
of gas tar in various towns in Switzerland, using s
method devised by Almasy. Them the tars were purified
and their carcinogenic effect deterzined dy painting
on mice. 7The investigstors tried to evaluate the
results by means Of a statistieal method in order %0
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overcoze the difficulty offered by the fact thet many
mice die in the long period needed for the experiments.
They find a simple, regular reletionshi; detween the
banzpyrene content and the cercinogenicity of the tar.

Murray, §. A., 9t el. Discussion on £rperimentel Production
of Malignant Tumors. Proc. Boy. Soc. (London; BllS ,
268-92 (13933) ’

A symposium in which some attention is paid to
carcinogenic chem. compounds, and to the immunochesmistry
of ocmncer.

0'Brien, E. Y. The Prodlem of Cencer and Oil. Petroleum

Times, 27, 462 (1932)
An open letter to the editor of the Petroleum Timas

(London} in answer to esn editorial in the issue of
March 19th. The writer points out the huxanitarian
and scientific values derived from the cancer rsrearch
of the Manchecter Committee and oriticized the teochno-
logiocel viewpoint of theelitorial.

0'Donovan Cancar from Hendling Anthrecene Coke in
the byo Industry. Br. J. Dermat. and Syph.,
Three cates of cencer in a factory employing only
25 men.

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

Prosser-¥hite, B, "The Dermatergoses” 195-238 (19354)
. Dermatitis and cancer from petroleum products, shule
and tars, Excellent review,

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

The author demonstrated an oil, taken from the streets
of Buenos Alrees, 1dentical to that from motor ear extisust,
whieh oontains carcinogenic substances. Eofrfo had rateds.
inhale the comdustion geses of fuel 0il and later found
s mumbder of pulmenary sansers smong the animals. By
injecting & distillate of the fuel oil into the suricle
of rabdits, he produced tumors in 80%.

Roussy, G, end Obderling, C. Can Tarring of Roads de Con-
sidered as a Cause of Pulmonary Cancer? Bull. Acsd.
Med. 1 ) 181-'° (1’”)
The danger is not considered to de of signifiesanee
although the »ossidility is sémitted.

Schreus, H. T. 2nd Zurhelle, ZX. lxg:rﬂluntnl Production of
Twmors with Tars from Verious urces and with Paraffin,
Deut. Med, Wochschr. 49, 633-4 (1923)

Author iavestigated the poisonous astiom of pareffia
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511 and ter constituents by painting mice twice 2 week.
Aft r 81z months a state of malignancy was odtained with
peraffin oil. Coal tar resdily develops melignant tumors,
Various purified acid and basic fractions from coel tar
give nesative results. 7The neutral tir oil iz most
effective as a tumor induoer.

Schwartz, L, B8<in Diseases in 0il hefineries. oefeoty IEng.,

210 (Nov. 1934) '

It hes been found that workers in oil refineries have
a percentsge adove the evsrage for carcinome of the cheek
snd of the 1lip. An unusual prevalence of pigrented papil-
lomat= on the hands, forearms and legs of workers in oil
refineries and among mechinists in contagt with o1l and
grease was also noted., A4bout 105 of such workers were
found to have these growths.

The use of totally enclosed manufasturing systeas and
of proteoctive ointnents is suggested.

Schwarts, L. and Tulipan, L. %Jccupational Diseases of the
Skin”, 1935, 514

Scott, A, Ogcoupational Dermetoses of the Pararfin Workers in
Beottish Shale Oils. Brit. Med. J,, 8.38,28, 301-5

Sequeira, J. H. Cancer and other Diseases of the Skin Caused
by iu)m-l 0i1s. Kenya and E. African Med. J., 8, 15.23
1929 -

Smyth, H. F. Review of Literature for 1926-1934, ine.
Report of Committee on Industrisl Skin Irritants to
Am, Pudblic Health Asmn,

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

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

‘ In a study of the eecroinogenic potency of minersl
oils, Twart has shown that the addition of glyserides
reduces their potemoy, although no oil surpasees
lenolin in this respect.

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

Several isclated cases of lung ocancer Smoang generator
workers have bdeen reported and among works exposed to
coel dust, tar and sar distillestes, but the numbder is
small,

Teutschlaender, 0. Industrial Cancer, espeeially the Types
Ocourring in Germany. Z. fuer Krebsforsch. 32, 614-29

(19%0)
Discusses x-ray eancer, oaneer of bdriguette workers,

-

iy T~
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mule soinners' cancer, which has not apnre-red in
Cermany, 2nd peraffin cencsar among thosa who work in
the Tetroleum industry.

08. Teutschlaender, O, Ooccupational Cancer, with Speciel Con-
sideration of its Prevention snd Legislation on the
Subject. wed. helt, 1ll, 1267.72, 13415 (1937)

Occupations in whioh there is danger of develorment

of cancer are reviewed; many data are giver regrrding
substanc ‘2 considered oarcinogonic, the loocation of
malignant tumors, their latent Deriod, proteoctive
measure of an industrial-hygienic type, 7uestione of
insurance, otc. There is no sp. agent common to sll
caercinogeric substances as & promoter of cancsr growth,

98, Teuschlaender Does Ter Require Ultrs Violet Light to
Produce Sxin Camesri Kiin. Wehnsehr., 18, 13845 (1937)
White mice were painted with tesr. Canuu developed
not only in the irrsdiated animals bdut also in those
kept in a dark chambder so that not only s preparstory
but also an independent cancerogenic effect must de
q ascrided to tar.

94. Teutsehlaemder, O. Light and 8kin Cancer. Ztsohr. I,
Kredeforsch, 50, 8l-92 (1940)

The author investigates the prodlem of whether or
not & photedynamie influence ismpessary in the genesis
of tar cancer. He eondusted experiments on tarred mice
kept in a darkroom. <inee skin canecer developed om the
painted skin, it is evident that ultra-violet light is
not s reqguisite in tar ocsncer genesis, The same is shown
by the development of spontanecus skin eaneers in tw
wild grey house miee that lived in s driquets faotory.

a Nevertheless there is a widesoread delief that d»oth

N ocancer of radisnt source and tar csneer of the skin are
caused dy eyelic hydrocardoms. Aecording to Roffo, both
types sre originated dy oxidation and deccmposition of
cholesterol in the tissues whieh may be saused dy
radistion as well as by ehemisal influenee-~gancer-
provoking eyelie hydroocarbons are finally gemersted.
Prophylaxis must, therefore, guard against the influence
of one or both fastors,

95, Touraime, A, and Bour, H, Cancer from Ludricating 0ils.
Rev, Med. Frane. 30, 2835-98 (1939)
A very scmplete review of eancer fram lubricating oils,
its ocecurrence, elinicsl symptoms and the medico-legnl
agpecte of sueh cases,

6. Twort, C.C. end Ing, H.R. Mule Spinners’ Cencer and Minersl
Oils. Lancet 1, 753 (1928)




g, Twort, C.C. and Fulton, J. D. Xxperiments on the Nature of
9 the Carcinogenie Agents in <4inerel 0ils, J. P~th, and
Bzcteriol., 32, 149-181 (1923)

From a consideration of the chericel re=ctions
involved, the authors are of the opinion that it is to
benezenoid hydrocarbons that certe!n rinerel oils owe
their cereinogenic properties. Trastrent of the oils
with sulphuric acid led to almost total sdolitior of
their cercinogenic propertiesr, end similer results were
odbteined by the edoption of methcds of oxidetion end
reduction.

98. Twort, C.C., ané Twort, J. XK. Studies cr the Orig:r of Cercer.
2tschr. f, Krebsforsch., 32, 491 (1930)
This is a general survey of the work of the Twar:s,
»né ie besed on experizents on 45,000 mice, a mealler
numder of rate, guinea-piges, and reddbits, and on the use
of some hundreds of werlaties of tare sand oils of various
cepacities to cause cancsr, There is dut little pro-
badility that an acquirsed physiologloal immunity against
' cancer-producing sudstences exists. The suthors' various
substances are divided sccording to their omncar-forming
capacity in mice, so that every group has adout ten times
the powar of the preceéding one.

9. Twort, C, C, and Twort, J. M. @@ssification of Feur Thousand
Experizental 011 and Tar 8cin Tumours of Miece.
The 2tudy from which this clsssificstion was made
wes based upon 29,100 animals,

100, Twort, C. C, and Julton, J. D. Further Experiments on the
Carcinogenicity of Synthetic Tars and Their Frecotions.
Jo Patho B‘ot. _5_3_. 11"‘8 (l’w)

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

more readily tham painting with refined petroleun well

0il. The most potent fraction fram shale oil is un-
finished ludricating oil from which moszt of the
peraffin waz has bdeen removed dut which had not deen
trested with H 80, and filsered. The heavisr grade
oils are less notent than spindle oils. The osncer-
produeing property of oils sppeears %0 de related to
fluorescence. O0ils having a dlue fluorescence seem
more active than those having a green fluoresoence.
Chrysene disaclved in oleis aaid possecses carcino-
genic properties,

i | 108, Twort, C. C. end Twort, J. M. The Relative Potenocy. of
Carcirogenic Tars end Oils. J. Hyg., 29, 373-9 (1981)
A method has been devised wheredy tH?’potoncy of
any given ¢2reinegenic sgsnt oam de comyared with that
of a standsrd agent. A unit of careinogenioity- U.C.-




103.

104.

% T
hes been ectablished, end a concertration of 500
cerecinogenic unit3 per cubic centimeter is considered
to> induce the xe=ximum reletive reaponse in arimsls
wheaz the agent is applied twice a wesx.

Tr.e c-rcinogenic oowers of oils rate as follows,
in descerding order: 8hale, Venezuelan, Bormeo,
Ruranien, Parsian, Celifornian, Mexiocan, Mid-ocon-
tinentel, Texan, Pemnsylvanian, end Russian.

dypothetiocal standard agent 100.0
Penn. nil 0.1
Cel. pet, o0il 3.0
0il No. 3 0.%
Shale 041 43,0
Piteh 25.0
Gas tar 94.0
Pinene synthetisc tar 706.0
Effect of refining
Penn., o0il 0.1
Methyl sulfite extract 22.0
041 No. 3 0.8
Distillate 300-380°C./l2xx 12.0
Methyl sulfite extract 23.0
Shale o0il 45.0
0xidized 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. Conceniration of the

Carcinogenio Prineiple in 01ls and Tars. J. fuer
Xrebsforach. 35, 543-73 (1932)

In the attempt to> assess U.C. by physieal and
chemical charactoristics, the specific gravity, re-
fractive index snd iodine numbder apperrel moet pro-
misirg, though other features may clso ultimately
STOVS touer value,

Twort, C. C. and Lyth, K. 7The 8eleotion of Xon-careino-

genic from Carcinogemis Qils. J. Hyg., 33, 464-73 (1933)
all 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, aleic acid end liroleis
agid, unsatursted fatty acids which may be presemt in
ocommeroial sapanifiadle oils, have frequently induced
tumor formetion; observetions which in their opinionm
are 57 the highest importance iz relation to many
cancers other than those of the skin, end possidly
even of those of the skin itself.

It has Yeen found that the sarcinogenic oconstituents
of a given crude are not equally distriduted in the
various Sroduets of @istillation odbtained from this
cxude, The activity of the firat >rvduots %o coms over
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in the still, the motor spirits, etc., is negligzivle,
end that of the lamp 0ils, burning oils, light fuel,
otc., is also nof little account; dbut when we reach the
boiling range of the ludbriceting oils s definite
zareinoganis asctirity may heocome manifest. Among the
latt2> tae most aciivo grades are, on the whole, the
=oindle 3rad-:s, cloealy followsed by oils of # Redwood
viscoslty 52 %00 to 1500 at 70°F., with a gresdual
decreats in activity as one approsches the internal
combustisn engine (motor cer) gredee. The cruds oils
themselvaes, 23 a rule, are sozewhat less votsnt than
the motor ser oils, dbut of ocourse, it will necessarily
depend ujyor the amount of refining to which tne latcter
have been subjected before bdeing merceted,

105, Twors, C.C. ené Twort, J. M., Cercinogenicity of Spindle 0ils.
011 =nd Colour Irudes J., 92, 1193-4 (1937)

A phyeical and en snimel test for carcinoganicity
and 2 physicsl »nd an arimal test for dermaticity of
rmincral textile oils.are desorided. The average results
of these tests on 83 oils (qxeluding shele oils)
‘60llected 3-10 yrs.ago end on 88 oils collected recently
are tadulated. (The snimel test for ocarocinogenicity is
not yeot camplsted for the recent oils.] These results
indicate thati tae originel o0ils are definitely worse
than the recent oila in doth the dermatitis tests, ,
wnile in the caneer physiecal test there is no eignifi-
—~ cant difference. It is expected that the figures for the

ol recent oils in the animal tezt of cercinogenicity will
be lower than thore of the original otils.

It is concluded, however, that little is deing done
%0 izurove aule spindle oils from the biologicsl stand-
point. Imere are also indieations that the average oil
used in some of the cottone-spimning towns is pore
dangerous than that used in others,

'\06. Twort, C. C. and Twort, J. . Notes on Some of the Procedures
N3 Alopted for Assessing the Bilologicel Aotivity of
Kineral 0ils., 04l Colour Trades J., 94, 23513 {1938).
Mineral oils may induce Gematitis or eancer ef the
skin. In detg. the carcinogenic asneet 3 essential detas.
are made: 4., n and kinetio viscosity (XV). 7he data
collested are bdased on the utilization of formulas for
assessing the bdiol. asetivity, especially from its ocar-
oinogenie sspect. In Yormula A, Re (n-l)/d where Rs sp.
refrectivity, ns refrective index and d4s density. In
Yoraula B, Ra n-{4/8). PYorsula A i3 used in odtaining
the canocer refractivity CR from Jormula C which is CRe
Re3(8-0,900)/80. In Formula D the refined canocer re-
frectivity RCRaCR=(XV/50). Results, where these mineral
oils have been employed, are shown im tedles {n vhich
minersl oils are grouped acoording te toxicity and
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ascording to the n drop. The significance of 4. in
relation to the n 4droy smong oils of similar toxioiy
and the significence Of visoosity in relation to the
n 4droop awon oils of apperently similar toxicity are
shown. The r=al d47%lculty in er=iving at the irue
biol. 2ctivity with grestar accursoy i1s the lacx of
uniformity of the Inart fully hydrogerated oconstitu-
ents. Thers is quite good eorrelation between cor-
ocinogenioity, refractivity, n drop and toricity.

107. Twort, J. M., and Lyth, R. The Concen®ration sf Carclnogenio
Meterisls in Mineresl 0O4ls dy Distilletion Processes,
J. Hyg. 32, 161-9 (1999)

Trelve acid-treated ludriceting cuts of a crude,
Borneo rinersl oil, were tested for osrcirogenic uLotivity.
The whole renge waa tislogicelly sctive, which activity
hed deon foreseen from nrr examinetion of the physiceal
charecteristicc, The perk activity wage around s vis-
cosity of 200-250 Centipnises et 28°C, Moleotlar dis-
tillation gave 8 gremter concwmtretion of the carcino=
genic matariel than ordinary distillation. at froa 2-10
mn. In confirmation of previous findings, the middle
fractions of e Sorneo crude 0ll were mostly responsidle
for pathological chenges ln the organse-fatty infiltres-

Lung tumors were mors prevalent than is usual when this
type of agent i3 used rfor testing earcinogenity for the
skxin. Their incidence was rather nigher in the xore
viscous frections: this incidence was appsrently not
correlated with carsinogenity for the skin,

108. Twort, J. M. end Lyth, K. B8kin Cancer due %0 Handling Cosl
Tere Uged for Presurvation of Fishing Kets. Nature,
144, 448 (1939)

feveral fishermsn contracted osneer of the sxin after
handling the tars, Mouse expts. showed that different
oorl tars differwd in their carcinogenie setivity,
slthough all nroduced same cancers. Crecsote oil and
anthracsne 01l were also oarcinogesnic. Only ocal tar
nmade in vsrtical low-temp. retorts should be used on nets.

109. Twort, C. C. Mule-Spimmers' Cencer: The Need for Using
the Correct 04ls. 01l-Colour Trades J., 8.29.41, 326
The canosr-produoing nowers of mineral 0ils used in

the eotton industry from different fields of origin,
in the orude and refined states, were thoroughly ex-
snined 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 sharasterissies of
verious mineral oils, and it was proved that a mmowl-
‘odge of thelr refractive index end visecosity provides

tion of the liver and hyaline degeneration of the spleem. -
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8 more relieble estimste of their cancer-producing
povers than the agrlicstion of the seamsle to the skin.
Thie test {s sccurnte, repiéd and irnexpensive, while
tr:at vith the ekin 18 verisble, lengthy and costly.

The chlel lins o2 io7zztigetiar nes been s c¢ontirua-
ticn Of e ~ors or the 2oleciler 3istillatiorn of ninersl
oils sltz the object of isolsting the substerncses resson-
sitle for their earcinsgeric activitiss, Anirsl exjeri-
rents +itn fractisral distillatee from e Vernezuelan oil
are in -rogrees. Yractions odbtained dy noleculer dis-
till=tiosn of a ourcincgenioc shele oil huve been sudbjected
to chrsmetagraykic adscrption anéd two =aplueresntly oure
hydrocarbons have teen isclated in small quentity;
thece are btelng investigated cshemically. Painting
experiasnte wita fractions cbteined dy this method have
shown trizt zeny of thex are highly toxie for mice. None
of the sudetances 85 frr tczted hets beer shown to possess
e high cercicogenio sctivity,

A fox enindle grade oils snd three 5ils intended ss
vehicler for insecticides have teen tested for oercino-
' geriocizy.

A colloidal zatorial intended as a protective agsinst
orroinogenic 0ils has teen tested. There are indications
thet it hes some protective ection.

The oarcinogunic sctivity cf twp products formed Auring
the purificetion of car-borisatis 25 dbeen tested, and
found to te less than that of the everege ges tar.

110. Ulhm. ‘o. oppmh.ll .o and Rill.. :o Bo : Jo Indo B’si.‘a..
8, 283, 304 (1926’

e lesions cesused by crude potroleum are the smze
28 those ocsured by erude coel tar, showing the analogous
substances must be present in both. The final sroducts
of distilletion are tue zost active, especially pareffin
¢il. The cearcinogenic asgent is preseant in fractions
‘ from 300°C. to 430°C., dbut it is rct oertain that the

r—

seme sub3atence causes doth derzatitis end epithelioms.

111. Valade, P. Cancer of the Human Lung from Dust from Tarred
Roads., ?repeo led., 2.1.39, 14}

cljil2. Van h'u;g:?h‘.?“.'l. Chaniexl Concar. Ing. Chim., 20, 0.3
1 ‘

More than twice as many csses of sancer due to sool
wers found among sSweecears than among sny othar oesups-~
tion. Personal cleanliness and clothing that fits
tightly around the extremities and around the neok are
ths best prevenditives. G5imiler care will &o much to-
ward (raventing cancer due tO exposure to gascline amd
its Gerivatives, paraffins, oils, anéd greases., Such
precautions are even MOre Le69SSAYY iD cases exposed %o
tar, piteh, rosin or aniiine dyes. 8trict medical super-
vision and the use 22 processes whish avoid conteot of

— the workers with :he »>oduct wiBl further reduce the

danger.
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wamsler, F. J. Occupetionel Diseasss of the Skin (by

33 L. Echwarz}., ™"Induetrisl Kedicine”, 13243, 327-)
\*1-n01 eweene' oencer hee been rerorted in England
moTe Tracuncntly thnan in 2an; 2th3r eoumtrr. It im aaid

tret the In-ldencs sf crucsr ATIngZ a"lmrcv sagans is
ecizat tiﬂoz Iore comon then exong Wne Jeuerel poyula-
tian., Cancor 2?2 ths scrotam af chimnsy swes)s, Yowever,
is 9m the d2cllire 1n Inslind G it ie reso-tad ss toing
precticelly non-existent in other ccuntries, excipt for
an isolated case =r teo in Geraany. The local irritation
and ruhhing in of *he 305% aa tne sseep 18 Grau.ed in
devcending the chiwmey is s813id t5 nhe tnas o0=2use,

Tar {3 uead 4n Muilding rosds, !n making roofing
naner end falt, Piteh is used for saking oondulcs,
lacquers; insulating material, graecde, =nd nminerel
cement=e, and worzers at “hece dccupetione ars sflected
with camedonsc, twmors, warse, xeratossas, and eyithe-
liomn, =mostly of the icrotun‘ 14p, Tacs and lhsnds,

No oeres cf Tule spinnars® ceoncer have duwn reported
froa France, Cermeny, Rus-iv¢, or Polesnd. Tne author
made exeminations of thousands of mule spirtners ssoloyed
in the United States and 414 not find any cases of
sorotal caneer, although thers were many eases of folli-"
culitis Aand <eratoses of the thighs ecused Hy nil- B
sorked trousers. .

114, Weniek, A, Melanodsrma and Xeratoses from the Acotion of
Asphalt, Arztl, Bachverst. Ztg., 86, 49 (1340).

In the sreparstisn of cork plutes (hoat-insulation
platee of acohelt and corx) much dus® develops under
vory unfavorahle working oonditions. Two workers, who
had hesn working for threes months, suffered from
Pignentstion, infl.matory ohang<es and hypsrikeratosss
of the fags, forearas and hands. The hyperplastie
>rocesi.s weTs intinsified in the older workers. The
mymatoms ware aggravats? by lizht. The intansivs actiom
nf asshalt dust 1s oonsidered t3 be the canse,

185, Watson, A. 7. Tar Canosr 'n Mioe, IIX. An apparatus for the
Preparutisn undsr Standard Conditions of a Highiy Potent
Carainogenis Agent of Low Toxiocity. Brit. Jour. ixper.
Sath,, 13, 441-7 (1931)

With an adaptation of the np)aratus of H-gue aud
Whesler "he author har s:csesded {r making from puriried
turpantineg, =t A50°C,, a relativaly non-toric uar whiah
elicited tumors after 210 duys in 904 of ths survivors
fvom » groupy of 37 rice; nmost of theee gyowthis vwere
malignant. :

6. Welwart. Cencer frow Peraf?ir ¥ex ord Uinerl Oils.
-‘Oifm. wt‘.. 62. "92" (1935‘
Most chemists rnd dcrmasologists believe that workoers
in pareffin fzotorisn g-t cencar froo the peraffin itoel?
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while Bcherbder and Teutsehleerider clauin that cencer
40ef nes come from jerelilir but from mineral eile,

Windaus, A. ani remrlian, C. Jomo Dardvetivaz Of 3,4-Nenso-
pyTene. 2. Physfei. Coan. 849, 228-48 (1937)

By cnalok; tc x-roys ("I-"H.JB produce and x-revs cure
erncer?; curcinosenic hydrocerbimA siiould be tested fop
possible therapeutic valuei. Bug astive resulis have
been obtained with J,4-dsnzopyrane (I).

wood, ¥ C. The Bon-Caroinogeric Nature of Purified Minexul
Oils. J. ia. Ked., Astn., 94, 1341 (1330)

The gmaersl oliaiozl evilence that thare exists no
relation between the therapeutio use of refined petrolewm
preducts and the cosurrence of ¢incer is eonfirmed vy
experisental ztudles.

Weed, E. B. Pareffin Not Productiive of Capser. J. Conser _
B‘S.. L. ’7-103 (133’) .

Veod, K. B. Skin Lesions asmong Ter 'oncra. 7. Cancer Res.,
84-9 (1l929) :

Different types snd composition or tars ape &40
eussed. Oaly tar obtained from the 4ista. of ecel af
high temps. oontgins a sudbsisnce careinogenio %o eevdain
1ab. smimalis. VWorkmen handling ccel tar showed Say
wards a0 & result, d»ut no> other offsest, Fe frritamd
sctiom on the humen stin wms foxd fyel low t.,. :
distillate tar or frem pstrolem tay, : .

Weedheuse, D. L. Careinegemicity of Bylthcuc ktﬂuﬁu
0tls, J. Inst. Pet. Tech., 20, 1307-63 (1034) .
. ‘6" . o
Yemegiwe ané Iehikewa. Ixperimentsl of “W
of Careinoms. J. Canser Res., III, 1-11 {1M18)
In 1913 preducsd esnser by the experinmiigl
of tar 16 the esx of & ladoretory al. 3




