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ENVIRONMENTAL CANCUR AMD PETROLICM.™

By LesCor B0J0 M Aoy, OB B, MC (Pasl.Presulent,

Mopwry industrind eicilization has brousht in i bedin many ardkded
dangers to mankind,  Not ghe loast, of these are the oveupational discuses
resulling front exposure Lo condifions avising in the course of manufacloring
sperabions,  Somelimes sueh adverss offeets coe o the é&?;t()t’piiu;z
of definito poisons. o thad ease stops can be laken for the purpose of
ameliorading the envivonmental conditions,  Lu nny ovent tho eonrse of
the specifie polsoning can often bo followed and kuowledgo buill up for
the provention and treatment of the aflment coneemed. That is par.
tivudsrly the cuse where the poison is recoguizable and is quick in asiion,

Whaore the effect i slow or a lengthy lulent period exists, endminating
i sudden and often spparentdy unvelnted iliness, reeopnition and contro)
of the disease s more difficults That is goneeally bow [ happens swith
enviroimental eancer  avitle canewy brlowd as o whole, whare the iaitial
impetus given to the nueontroted coll growtlh which constitutes the disensc
is ulien unknown because of the long latenk periad whish lollows,

That 18 regrelinblo, for, with fow exeoptions, the sumes of caneer so {ar
diseoversd are of external origing 1 i, undovtunately, akso true that ot
the preseat time only a fraction of T per cunb of all sanvers can b traced
L kuown eiuses. Po be able Lo braee the origin of any eanensr 25, con.
seuently, of the greatest possiblo value in the bailding up of owr dolenees
in what the whole world is realizing is the zeeatest battlo ol all fime which
wune huw hud to wage.

Hoas for sneh rensons vhat the appeseanee in this field of the petrolonm
industry is to bo whole-henrtedly weleomed,  The ofl dustry is the mox
higidy arganized and most seientifieally sontrotled of all the worlls great
industries. The fuel thad iy divect participation in the cansation of eancer
appears Lo be suadl i of little secount comprred with its mesourees for the
collection sl vecording of data; and in particular its ability to teaes
effeets 1o adentifinble materinds, lo comnditions of production and o
wirtheds of bandling or application,

Inoorder o show how the oil world is helping to-day, and lavgely in
Greeat Tieitain, in establishing a tink between eanse and effect o ivast in
acevpativnal or environmetal enncer, i necessary Gst to shoteh in
the backgronnd of proved or suspected causes of environmental eaneor,
antd Lo proceed therefrom to the particulur cuse of the hydrocaorbans and
thetr nssocintion with pelroleum snd s applivation,

Phe anthoy’s position must be misde elear to prevent any pisunder.
sranding, e is not @ medieal nn or o biologkst, andd his association
with this subjeet is that of an oil teehnologist.  However, for many years
he hing helpsl to represends the pebrolew industey, throngly the Tostitne
of Peteolonny, the Patrolenm Board, and she Mindstry of Fael and Power,

A0 address to thes Northern Branch ot the lastitnte ot Pofroleaw, Jamuwuwry 17,
1650.
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m o thety vartows jomb diseusaons wath Uoverament and other bodies
coreerned with the sulject.  He ean, thevolote, disenss the sabhject with
“0e wzcimimc and authority, bub must ewphagiae that his sperialized
inserest is vhat of oil.

Loyportant snd nterestingg ar oo i
mental eansation, shoae fabakis ) ().
our problems are soots paeatte el o,

cz:\.&_s anthrasene wl, il ereosniy
Abtention s divected to the ot 14, .
orls,” whiel i any cast is a v Copyy,

Kaows Cavsuey op Caxcra.

The resopnized and established earcinogers ave generadly either physieal the stibject of one speetd berest, oy
Q 35::2; in nabure. M:, E:\ ical inelude 2o, 3+, »-, and Xe-ray«, and chemdcals aro veeoguiznbly monae o

condditiors of heat which presaue e o
appliee evon Lo thy so-u er Cparafing o

ultra-violet light.
The chemical 1

ish I3 o lobg oue, and is continually belng extouded,
Hueper * has class

sified them approaimately ax in Table L . to Lo the aumse of carvwer amonpec v,
] inchostries. I goneral,  pphies e,
Tanvs I. outskirts nf our provinee, like the 1o dy e
. e B : T e Tlie original chserevations oy wio b
o ;%W,Mﬁ.mzﬁim. o o mgae ] emanate are those of the celelu
Avsaic ) Arownbie ammes,  Amline * S, mwwz,i olomew’s Hospital, and veca 1
Chrownates m Nenzole.  Polyeyehe hwdmcarbons “ His cagnosts has ;r.c;;{. Lser quoled
Niekol carbouyl Sast.  Uar c:: Llack. P end pitch ; oy >
- N RN 4 ' = S i ::._ st adedeeas fo Lhe Dot o
Ashostos © Prenfin oih.”  Shale Ol Minwisd Oils m his 1 x; b reas , weal e
Berylliam Anthraceno oil,  Ureoscte and Cancer®  1s refers to Post’s PUc
Azp dycs * : s o specifie disese, coneornng whadho f
Oustrogons *
i S is o dseage wheh alwass

fival, appoetance i, Hie paferior g
drees a suppeficed. pontul, naaad
rising edges. The {rade eall
roo?o seets singuludy huwd o th
froquently  treaten with creid b
cold and bunger . oy ot pe

* Conflicting evidense

These are placed n Table IT in theiv chronology of ciscovery, with notes
added as to mro investigator, the crgans affected, and the nature o» exposure,
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Laportant and duteresting as are many other of the forms of envucn.
wental enusation, those tababived which have a partiends earcig on
one prablens are sool sarsdfig, and shnle ol piteh, tar, and o fames:
benzole, anthraecue oil, and creosote; awd fubriciting vila.

Attention i direcled to the fact that, with the exception of * hibreating
oile,” which in uny ense s n vague terny chomnenlly speaking and w lorgoly
the suhjeet of owr specind inw ‘w% ali ol 1hese organie materals or badiviinal

chemicals qre recognizably momntic jn nabure m }nvv hoen formed undler

conditiony of heat which prosage thewr content of such substances,  This
appiies even to the so-called ™ paraffin mb,” shown by Vollomann m 1375
o be the vause of cauncer dmongst workers in the lgnite and shale-oil
industries.  Tn general, it applies also to the organie chemicnls on the
outskirts of our provinee, Jike the 2zo dyestufls and the aromatic ammnes

The original observations frow witeh our prescut-day lines of ensquoy
enmanate are those of the ceebrated surgeon Percivall Pott, FR.S ‘,, nf
St Bartholomew’s 1lospiial, and recorded by bim ag far bacl as 1775672
His dingnosis has already beon quoted ab longth by Prof. J. W, Coole in
his wmportant address to the Royal Institute of Chemistry on Chemislry
and Cancer® Tt refers to Potv’s recognition of chimuey-sweepers’ cancer
as 4 speeilic disease, coneerning which he says .—

o

i o disease which always wakes s fiest abtoch on, and ibs
first appearance in, the inferior part of the serotwm; whern it pro-
duees a superlicind, pamful, vagged, ill-locking sove, with hard and
rsing eelges. Tha frade eall it svot-wart. . The fate of thesa
people seems ginguluely nard; in their early ni,mov, they are most
froquently treated with great brutality, mud almost starved with
cold aned hanger; they are thruwst up varrow, and sometimes hot
cammies, whore they are braised, burned and almosl suffoented;
ad when they get to puberty become peendinely lable to o most
noisome, painfal and fatal disense.

COF this asb elrainustaee there i3 not the oast donbt, thrgh
perhaps it may not have heen sufficivutly atbended o, to make 1t
generally known.

" The disense, i these people, seems o derive s origin from a
fodgement, of soob I the ragae of the serotam.”

This tromendously inportans ohservation lay practically dormnant for
ane hundred yewrs.  Roports then began to appear rogarding skin pnd
ather forms of cancer in workers connected with the coal-dar ndustiy.
These, touethor with reports from the shialo.oil mdustry, aud ater thy
“ ranle-spainners’ cancer ” of the catlon industry, indicated the exissence
of industrial, or at any rato vesnpational, origin of spocific forms of cancer.

Since 1913, when Japancse workers first used modern biological techmique
for the laboratory examinabion of causative agoncies of cancer, thore has
boen ever-expandiog observation and wvrardmg of data connecting actual
tnings, froquently chemncal, snecuntered in Uie mdustries coneer 1@1 witlt
observed fucidence of vaneer. Thus, in the coal-tar industry 16 was pro
gressively shown thal raw tar, and then particular fractions hoi'iug above
H0° €, contained the envcinogenie materialg which were heing sought
This was quickly followed by the recognitinn, due (v therr freedom from
Rl
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nirogen and sulphur, that the most active bodies esmeerned were m faot

hydrocarbons,
Broroarear, Teserxa,

It s as well at this stage to oxplain the test proeslurn waed by the
Biologists v deterinining the exvent and vowrse of saneevous actbivity.

The tests are made on living animalss ehietly mtice, rals, rahhbits,
guwmen-pigs, dogs, and monkeys. Tho most extensively anployed are
mieo--partly besanso of theiv suseeptibility, paetly bocause of the relative
vapidity with which results can bo obeained,

Tho guesbion wust arise i the minds of oil e, or seientists in other
sphares of training and setivity, whether the disease s indueed in anials
iv the same or similar to hman cancer, and whother the offects are oy
ave nob genorally otherwise comparnble.  Also, in respect of the repro-
ducibility of the tests, their quantitative suflicieney, and the satisfaotion
by statistieal proeedurs of climinution ot other known or unknown
conditions which might alfect the conclusions to be drwwn, Al of these
mattors are of extveme importance in biologicnl tests in 4 way much
ess known Lo phe chomist and physicist, whose aims to produce like
vesults from like comlitions are comparatively simpls in the matter of
choosing the eondibione.

I the pust these points greatly voncerned those oil technologizts who
wore drawn fnto considorablon of the problem of earcinogonesis @ they
have satisfiod themselves that the procedure is standard and fully neceptod;
that the standards are seimtifically high—that is, they are fully organized
m detail and anderstanding like those, for oxample, of the methods of
the Lustibute of Petroleum.  This nportant matber might bo summed up
to Lhe lay techuical man by saying i

{) The results wre gonorally repeatable and reproducible.  Kven
i there woro nothing else to the procedore, this wonld constitute it
a valuable observation and non-committal test,

ik} The pathelogieal effects produced aro constant and closoly
similer to those of spoutaneous and humun eaneor.

(¢} Differonce of suscoptibility or, as wo might suy, the response,
of the varions aunimalg is vecognized; and in the event of cheek-
testing being needed animals np to and inelwding the primates are
available (Table HI},

Tests o nilee, &g boing the fiest, greatest, and best.organized sereon, are
therefore very important. “The greal laboratovies use mioe by the thousand,
They are bred from constant, sultable, strains, and are used, or should be
used, af the same approximate age and condition of health <and, of course,
ford, housed, and generally looked after identically.  In a modem laboratory
they are, as test materials, approximabing the standardization of chemienl
tost reagents,

Oue aspeet of this biologieal test toehnique to which attention needs
comstantly to be padd iy the quaniitative or statistieal side,  Bvon with
the quiek-lving mouse, o oseries of tosts requires abont a year Yor com-
pletion.  This is a big proportion of o mouse’s tife. 14 is necessary, there-
fore, to use cnongh mien for any test, and at the same tioe 1o Know
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Beproducdon of Ououprtional Cancers in Anuodly.
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* Conflicting ovidonce.

sufficiensly the past history of their straiu, g0 as to be able to allow for
Beenase of the loayg time
rocpaived for the lests, extrapolation of the results must he very fompting
whon the quantitative faetor is found insufficient.  That might happon
as w result of starting ont with insufficient Hving subjects or beanse of
some experimental disnster. By any oxteapolation, or filling up of gaps
for that matter, can ohyionsly be very dangerous. Tt is for Shose reasons
that biological tests must be condieled on o vast scale wud with mesiculous
eare in respect of such conditions as enn he controlled.

Tur CARCINOGENIC HYDROCARBONS.

The recognition that extracls from soot and from cancer-prodcing
tars wore themselves carcinogenic stimulated interest m the search for
single chomicals capable of producing malignant tumours,  In the scarch
the pioneeting work of Sir Bruest Kennaway on carveinogenic artificially
produced fars wus important by diresting attention towards the comples
asomatie hydrocarbons, and encouraging the search for the individual
eanses of conl-tar canver.  Eventually, in 1932, Clook and his co-workers
fragked down in coal-tar piteh a strougly carcinogenic hydrocarhon, 3 4.
benzpyrene (Flig. 1), From 2 tons of piteh they were able to separate
T g of the materal.

i 2-Benzanthruceno.

3¢ 4-Benzpyrone.

fa L

The ** tacking down " of this hydrocarbon was done by a method which
has more than noademic interest. 16 may voadily be brought to the




240 LD ENVIRONMENT UL CAONCRR AN PRTRUE B
attention of cil men and questinus asked about it 1t s fuorescencr. Iy
hatd been observed by Mayieord and Hieger, who ecoltaborated with Caole,
that the sarciuogente tars were all strongly fluoreseend and possessel
fluorescence spselbrum bauds of cimilar position and distrivation,  Herg
was o possible quick elue, withous having to wadl, for the resulls of biologicul
tests  ench of which involves many woenths or years to complete.  Con.
cerbration of the extracts nsing this means of control eventually resnlied
from a vartety of methods, including the chromatographic, in the separation
of the 3:d-benzpyrens described. This has a closely related structare
to 1:2-benzanthravene {Fig. 1) whick, thongh itsell inactive, has o similay
type of fluorescence speetriun, partly in the visible. This synthetic
maderial {8 the parent hydroearbon from which nearly ull the highly aedive
carcinogenic componnds of this kind are derived.

1t is clear, then, thatl although flnovescence nccompanics the penernl
structure of the hydrocarbons belonging to this important enveinogenic
grouping there is no relatiouship betweon fluorescence and carcinogenicity.
first, there ave many known carcinogens which are not fluorescent at all.
Secondly, slihough the active hydrocarbons of this kind are lavgely
fluorescent, the reverse is not the case- -as i seen from 1@ 2-benzanthracens
itself.  Phirdly, 1 is nov fluorescence in general which is charvacteristic,

either visible or under ultya-violet lizht, but the analysis of the spectrur

and 118 classification.

These arp poiuts 1o be borne in mmd, since as a result of Hieger’s im.
portant work ill-advized generalizations have somethnes been made and
suggestions offered, in respect of oilvwnd obher materials, to use fluorescenco
a3 a classifivation of earcinogenicity and as a guide towards the nse of
parbicnlar materials,

Of the many hundeed dorivatives of 1: 2-benzanthracene which have
been prepared, many are inactive, others ouly slowly active, and others
again vory powerful, Tt deponds largely on the positivn of sulistitution
anel tho nature of the substituting groups.  Geverally, the higher the
substituling  homofogue  the lower the carcinogenic aotivity. Small
differences in structuve may huve very big effects ou carcinogenivity.

Tho first compound of this class found to be cancer producing was
12,5 8.dibenzanihracens (Fig. 2.
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One of the mo=t powerful is 0 : [0-dimethyl-1 : 2-benzanthracone (Fig 2).
QOthers may contain nitvogen, sulphuy, five-ring groupmgs, or incompletely
closed rings.  Cholauthrens (Fig. 2) is of interest as being a powerfully
active carveinogen related to cholesteral (Pig. 3), and the sex-hormones
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Other polyeyelie hydrotarbon= of i -,
have also heen synthesized and snowy (o
realized that these are also asymundewd
in structure trom the benzpyrenes and ey, -

The skin tumours produced by 1 owe
compounds are truly mulipnant. and i
spontaneous and humun eancers.

That is the ral answer to the very o
significance of this gynthetic wink « Ther
i multiplying the number o hydrovarhon
of inducing cancer puexperimental andne !
results are consistent wnd repeateble poo
in the study of the form of oecup i
gancer, as well ax jn thiowing lght on 1,
of eancer in the hunas body,  Whether o
intermediates In spontancous huuu o
relationship betw een thens and body nwdert
i3 a matter for speenlaldon.  Bul it i ol
must be opensd wide—-and everything wu
serutiny.

There are, then, btwo great reasons fo
relutionship to the cancer problem Thoo
helieved will be a velauvely short-tenns ¢
the ol industry  and there s the possi
thoronghly organized research aid study o

It may be veiterated that sueh aamadl
eun be traced to acenal ennve that it s of -
chues ghould be followed up inexorably |
industrics, petrolemn v of soall inzportan
must he veponted thal thie relatively oli
importance beeansge of the highly organioe,
varying chomdcal natire of the evnde ol
the widesprond use of petraloun prodoets

The oil industry has beeu concerned v,
the following wuys . —

() Ocewpational.
{1} Amounzsy paratfin-wax worsera,
(2} Atwmongsy Jubriating-ail s an
{3) L the use of eulting oils.
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woasked about it I fuorescence T
and Hirger, who collaborared with Cook,
all strongly fluoreseent and possessed
siilar position and disgribution.  Here
having o wait for the results of biological
iy mouths or years Lo coniplete.  Con.
this means of control veenbually resulied
ng the chromatographie, in the separation
U Phis has a closely relatod alructuro
ek, though itselt mactive, hag w similar
partdy o the wisible, This synthetic
1w from which nearly «ll the highly active
ind are derived.
h fluorescence accompanies the general
elonging to this important carcinogenic
between {luoreseence and careinogenicity.
snogens which are not fluorescent at all,
hvdrocarbons of this kind are largely
sge—as 18 seon from 1@ 2-bhenzanthracone
cenece in general which is characleristic,

it light, but the analysis of the spectrum

jeomimd, suice as o result of Hiego's im-
zations have sowetimes been made and
ila and other muteorialy, to e fluorescence
ey and as a goide towards the nso of

wes of 1 2:-bonzanthracene whieh have
‘0, others only dowly active, and others
s Jurgely on tho pusition of substitubion
tivg gronps.  Cenorallty. the higher the
aver the carcisogeniv acthivity,  Small
very big effects o curebiogemuiby.

lass found to be cancer producing was
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10-dimethyl-1 : 2-bonzathracene (Fig, 2).
phur, fivering groupings, ot incompletely
. 2% is of interost as bsing a powerfully
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astrone and festosterone (gl 3), all of whiel are, of conrse. normal
compononts of the human hody,
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Cholusteroel

Other polye yelie hydrocarbong of the phenanthrene and chryseno sories
liave also been synthesized and shown to be carcinogonie, but ¢ will be
realized that these are also asymmetrical vig conpornds, not dssimilar
in strueture from the benzpyrenes snd benzanthracenes,

The skin twmonrs produced by these synthesized or netural chemical
compounls are truly malignaot, and indistingnishable v nature from
gpontaneons aud human caucers,

That 13 the real angwor to the very natweal question of what is the
significance of this synthetic work?  There would in itsell be hutle point
in multiplymg the number of hydrocarbonsg and other componnds capable
of inducing cancer m experimental animals,  But the mere faet that the
results are cousistent and repeatable may have the greatest importance
in the study of vhe form of oceupational and gonerally environmental
cancor, as well as in throwing light on she course and ultimately the cangse
of cancer in the human body.  Whether such substances arve concerned as
intermedintes 1 spontansous human cancoer, or whethor thoie is auny
relatwnship betweesn thew aud body matecials of apparently allied stracvure
i o matber for speonlation.  But i is obvious that here is o door which
must be openad wide  and evervthing within subjected to the nrost caveful
serutiny.

There me, then, bwo grear veasons for the sbudy of potroleum m e
refabionship Lo the eancer problem. There g the attack on what it i«
bolioved will be o relatively shat-term problom—oceupational cancer in
the oil fndastry; wnd there s the possible apphication of the ~esulls of
thoronghly organized vosearch and stady 10 the cancer problem as o whole.

Tt may he reiterated thad such a small proportion of all human cancer
can bo traced to actual cause Lhat it is of the highest importance that such
clues should be followed up inexorably.  In comparsson with many other
industeies, pebrolenm s of sinall importance in cancer cansation.  Bub it
must be repeabed that this relatively slight connexim muy be of yrest
iniportanee beenuse of the highly organmed industry involved, u e greatly
varying chemical nabure of the crude oils and tho processes concorned, and
the widespread use of petroleum products thronghout the world,

The oil industry has been concerned in the wtiology of skin cancer m
the following wavs -—

{n) Ovcuputional.
{1} Amongst parafiin-wax workers, in shale.
(2} Amougst luorvicating-oil users as mule-spinvers’ eanver,

/

{33 In the use of culting oils.
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{b) Kaperimentud.

(1) As selective-solvent extracts,
{2) In eracied oils of low volatility

H i not proposed to consider these suljects serladim or chronologically.
Tl be wore o the point to ook at thoso regarding which there has been
wusy discussion. Many of tho matters of broader interest will thon avige
in pasdng, But firsb b st bo pointed oul that both epidemiologicelly
ancl experimentally those portions of potroloum concemied are within the
lnﬁ w hoiling ranges.  So far there is no suggestion that eareinogenicity

is ditoctly concernesd wnlil the volatile low-boiling or intormediate produets
sueh as gasoline, kerosine, and s ol Nevertheless, that does not oxelude
the hydroearbons which may iw present in such fractions,  Benzene itsslf,
wder sertain condisions, s not free from suspicion, dospite the fact that
it 1a a chosen solvent of the biologists for the application of carcinogens
o experimental living subjects,

AL presout potential pebrolonn careinogons appear fo be concerned
chiefly with those fractions generally known as: (o) the wax distillates,
wird {B) the lubricating-oil vesiduums,  Thess, in effect, cover the whole
Tubricating-oil vunge, with » boiling peint from say 300” C apwards.  The
eamyge would include the lowest-viscosity .«sp:m}ic oils up to those practically
non-volutilizable at ordinary pressnres, like the heavy machine olls,

Tois also bo be nobed ghad the lah includes on the one sido shole ol
anel erncked fractions which have beon subjected to high tomperaiures
for their fundamentedly reconstrctive production, and on the other side
fubrienting-oil dstillaios mnd residues which by prewmise have not beon
¢h mmmﬁv ehangoed during fractivnation, or the slight changes in which
have heon negated in the normal course of refining.

The distillation range in both classes wonld, of ecourse, cover the
possible vecurrence of those varcinogenie hydrocarbons— natavally known,
syathesized, or vel wo coma which have been referved to.

w
i

Paravrisy Wax anp Sgary O

The light oils and wax derived from shiade ol have long heen recognized
as onuses of skin eancor.  Bell in Edinburgh veported scrotal cancer of a
shade worker in 1876, aml Volkmaun is quoled by Leiteh as recogniving
skin vancer ws o result of shale wad Hignite oeenpation in Gormuauny one yeur
earlier.

Bormatitis is known to ovenr amongst the shale-pacaflin workers, but
there i no record of petrolewm operators with paralin wax having been
subjeet oither to dermatisis or eancerous growihs,

Tr i moxt likoly, even in shale, that the irritant ov aclive constituents
are not part of the wax, which is paraffinic by nature as well as by name,
but rather of the oily colowrnd components accompanying the sluck wax.
These are known to bo chemically rosctive, and are ot necessarily allied
in nabure to the crystalline parsffin wax.  todeed, Berunblum hag ex-
trseted from Blue Shiale Ol the same 3 ¢ 4-benzpyrene as Cook identified
i cond-tar piteb,
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Aracts,
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‘AX AND SnALR OiL,
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Munparinnsis Uavosnn.

The occupational disease of mule-gpinners’ cancer has abbeacied niucih
ablention o the UK, Tt is indeed around mule-spinners’ eancer that much
of the intevest and eoncern in pefroleunn careinogenicity ha~ revolved.
Les hirtory is nlready uw trifle obscure, but it appears to be the case that
Houtham and Wilsow in 1922 drow avtention to the high ncidenco of serotal
caticor in Lancaghive mulo.gpinners, and thav in 1924 Loiteh waa ablo to
produce btumours in wice by am)lymg solutinng of the lubricating oils
involved.  Mulo- -spinners’  cancer is o skin cancer, opxdemmlogu,n. Iy
associnbed with the cocupation of cottor-spinning \Vlbh the mule (Wi, 4).
Operators who sucemmnb, generally do so after a long period of working
undor tho conditions prevailing - sometimes over twonby sears. The
disease may attack varous parts of tho body, but like soot vancer wnd
pacaffin cancer is frequently associated with the serotum,

The eonditinus of apeeation sre of impertance, and have been regorded
by Dr E. M. Broclcbank,* who says :—

“ Tho spioner works bare-fouted in vest aud overall trousers without
any shorts between them and the skin. As the illustration shows,
he leans over the muls to join or piece with the thumb and finger the
broken ends of 4 thread of yarn . . . The serolnn constantly comes
in contact with oil on the trousers. The vast majority of men picce
with the left hand, and for thig resson the left side of the serotum is
affected a similar number of times. . . .7

The temperatures in the mule-spinaing rooms are excessive, and may
exceed 1053° I,

Brockbank also quotes Home Offico records (Table 1V) giving informa-
tion on the ineidence of the disease over gome seleeted years,

Tanre 1V.

Spinnery {lascs i ‘1‘0La\ | Total

and piocers. pol I(IO() i caeng, & denths,
1926 1 48,020 | 183 | o8 20
1950 46,714 | 175 ¥ 41
1946 boasuse 127 41 12
1040 23,009 174 41 10
1046 { 17,671 2.08 3 36 21

He points oub that the increase in number of cases per 1000 in recent
years ig due Lo the greater proportion of older spinners at work, and the
greater liability of cancer of any form to ocour.

Maworesver Compurrsx on CANCER.

As a vesulb of the observations of Southam and Wilsou and the work
of Leitch, the Manchester Corporation some yeurs later, in 1828, set up o
large committes further to investignte wvancer in gonorvsl, and mule-
spitners’ cancer in purtirular.  Experimental work was placed andor tho
direetion of Dr O, C. Tworl aud the cancer research committes undec the
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chairmanship of Dr K. M. Brockbanle  Raports wore published annuonlly, { T oview of the mpottanee o Ha L,
and accounts of the researches pablished in the medical Press,  These Clomsitter’s conchuion wae natyed,
confirmed the observations of Taeiteh, and snpporied his conclusions that | Duta showed this specfienting = .
mme-gpinnesy’ cancer 13 caused by earcinogens present in the fubricating { in blonds of paraffinie (Gklhora Cn
oil nsed. :

uits, curves, and check-tinees vr o1

Lorirontal) and speeiie maciy (oo
chay Mendy belween 47 and 71 pee e
71 per eent iu the other wre dungerone o
stoclas wonld be sava, Many other s
eoeplte boek ot acceptabildy of e
made clear thay © exdent of relineoen,

This work was substentially subsidized by the oil industry  notably
by the Shell Group, the Aungle-American O Company, and the Anglo.
Parsian 0 Company

[n 1934 the Manchostor Commitiee proposed s standard for miueral
oils 1o enable the textile tudustry to choose Jubricants which shoudd be

Lo gy R v
. i,

, O line > degros of carcinooor (i
ise SPECIFIC GRAVITY AT 6O §/601 686 ) 19 {ir mq?‘thh‘ degt { iulusm TR
89 N ’ the spectfic refiaetiviby ‘density relur one
sa8a AN 3 % By this sime, however, it wa- v,
G575 MIXTIRES OF STOCKS  GF AND 672 ;}r‘w Manchester Fonnnda for  non-cancesoun
vy Bla 672 4 v s . N . .
S5l SPECIFIC REFRAGTVITY : / wreotigly been widely accopted as the
o This was nnfort wawe for several resone
55501 () The textile workers, the n
sugel © § axtent the medieal profession were
o550 z : of the case, ard possibly ntled i
bt of oils sueh as those described wer
5 w
S - practice,
b - Sy e : o
554ty & L (h) The oil ndustry fornd the 3
5535 A - ; able, and many oil seientises felt by
¢ U g )
A - - { paid in the texiile fnhistey 1o s
i ! conditions  medieal inspection, <ho
280 W N 5
ssae / ; suscoplible to slon trouble, and wo o
E530 3 ] )
shis i These thiugs were koown, from the e
S551% . . .
§ with shale o wixd ocoupational ol devin
550 . [ndend, parathn dermatilis ol poraily,
5505 : tne shale ipdusery as being wnder con,
e .. FERCENT STOCH 81 e e | alder men whe had contrasted then you
§ 7w a0 B we ab o s ke dn o nuore me m e 5, in the UK. and in the RN A w0 the
630 s% W0 8% 85 % G0 6% 60 S5 S% &% 20 36 2% 30 45 v % . . “
PERCENT STOCK 6/2 £ by systematie washiog wd other vean
Yig, o ?§ wiie applivation pri,or to working o 1
{ were \’("l'y (31}(‘("[1!’?&@2!1]8.
batanbially  f £ . . . 1 i ] Anotlier poust which seemed (o supy
i bt iy visl X CRICITORE K OPETLICeS, 1Y SGEr YR H . B G H
;n}).q zltllit;h:, 1y 1;9 Igsm curen ,,_;{m; pmpntw{% A‘i | 1{,&11(;:\}‘ W n; problem  was that onquitiee in ather
slieved to render tests or mie aolereent, and consiste s heliev . TR, :
velicved to rander tests or mice obso ek(f?zt, wd consisted of o believer ; Prance, aud Didia failed to disclone the
relationship between caronogenicity andl the refractive index nud specttie :

. : g DU g in ther textile trades whea workig o
graviby of the hubricating o:l. The spovification read — ;

3 and with shnilar oils 1o those e fauw o
l)))“

“ Mulespindle wineral lubricating oils should have s specific ‘ (¢) It meant that inenffioprt o
refinctivity below 0:5530 when the specific gravily 1s above 0-895, g developmant—or rathor tho (eatitg
or a specific reftactivily be.ow 05569 when the specific gravity is oils. It had been apparent Lo man
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In view of the importance of the subject, the validity ol the Manchester
Comn.ittee™s conelusiong were natweadly closely examined.

Dota showed this spuciication to be wusowd,  Tor cxwnple (g, 5
in blends of paraffinic (Oklahoma City) and naphthenie (Gull Coastad)
oils, cwrves, and check-owrves cross the wpecifieation imits of refeactivisy
horivontal) amd specific gravivy (vertical) o such a way as to mdwas
that blends bolween 45 and 71 ner cenl in one case and hetween 20 and
71 per cent in the othor are dangerous, whereas all other bleuds of the same
stoeks would be safe.  Many other similiuly collated data also mdicated
enpmptete Tuele of accoptability of the specification,  In addition, it was
mado clear that “extent of refiuement 7 the characteristic most likely
1o Hue up wich * degree of careinogenicity * goes m the opposite direction Lo
the spocitic refractivivy fllensity velnbionship when applied to paraftinic vz

By this time, bhowever, 1 was over laute. The too-much piblicized
Munchester Formmla for © non-cancorous oils 7 had understandingly, but
wrongly been widely nccopted as the complete solution to the problem.
This was unfortunate for several reasons -

(e} The textile workers, the cmployers, and to an appresiable
cxbent tho moedical profession wers being wisled as regards <he facts
of the case, and possibly lulled mto a folse sonse of securiby. Blends
of oils such as those deseribed were by no means unlikely to exisv in
practice,

{h) The oll industry found the Manchester spesilicution unnceepry-
able, and many ol scivusists folb that insufficient attontion was being
paid in the textile industry to prezention by eloanliness, working
conditions, medical ingpection, change of occupation for workees
suseeptible to skin trouble, and so on,

Thean things wore known. from the petrolenn mdustry’s own experience
with shulo oil and occupational oif dermatitis, to bo of the first nunortance.
Indeed, paraffin dermatitis and paraflin cancer wore already repuded in
the shale industry as being wuder control and largely confined to the
older men who had contracted tham years previonsly.  Also, vesilts hoth
o the UK. and in the T.8.AL in the control of autting-oil dermatitis,
by systematic washing and olher roguluriced forms of cleauliness and in
the application prior to working of profeclive ereams and oinbments,
were very encouragiug.

Another point which seemed 1o support shis form of approach to the
nroblem was that enguiries in other countries—iuchutng the US.A
Franee, and India failed to diselose the ocenrvence of ocoupasional caneer
in their textile trades when working under appurently sunilar conditions
and with sinilar oils to those in Lancashire.

{6) In meant that insufficient attontion was being paid 1o the
development—or rather the testing and use, of truly von-curcinogeuic
ods, 1t had been appuarent to many oil men that more drastic refine-
nient- possibly by solvent extraction, or by treatment wish such
agents as might be expected fo destroy the carcinogens, was Lhe most
logieal approach to the problem as far as the labrieabing oil was
converned.



St QURE O ENVIRONUT WIS U B AND PETROS £

{d) Tt delayed congideration of aystematic examinabion of petroleum
for the purpose of scparating the actual carcinogens and study of
thele chemical straetnre and propectios.

Wawrins Covpirions,

T 1048-44 arose two matters of some significinue in placing the study
of the carciuogenicity of pelroleum on the vight lines.  The fvst was the
brmg,smsr {o notice by Pwort of the possible carvinogense, or obherwise
noxiouy offeot of lubricating-oil sxiracts, which under war conditions were
in use ag subsiitules for extenders, plasticizers, and binding moterials
which could wo longer be oblained.

The second was an approach to tho Petrolenm Board by tho Federation
of Master Colton Spinners’ Associations and the Amalgamated Association
ot Operative Cotton Spiuners and Twiners, asking that oils to the Manchester
Specification bo made availuble to the textile industry. [n making this
request thoy gquoted tho Manchestor Committee as stating * testing of
oils from cotton mills for esrcinogenicity has been praciieally discon-
tinued, as all mineral oil heing generally wsed s pooled and is a mixtoro
of oils. . . .7 'This, of course, wus not at all the way in which the
Labricating Ol Pool acbually vperated | But it gave the Petrolenm Board
the oppertnnity of summing up the situation, and pointing ouv that oila
to the Manchester gpecification had not been ashod for dnring the previous
four years of war cither by distributors ar usees; thav such oils could
nndoubiedly have been supplied if wanted, and the Board was prepared
at once 1o sotb aside oils meeting e specification in two ranges of viscosity—
degpite the fact thut the officacy of the specification wag quastioned, At
the snme time the Ministry of Fuel and Power drew attention vnce more
o the nead for the improvement of operating eonditions in the cotbon mills

Thoso two matters obviously tied up together. If, by solvent ruﬁmng
oil stocks [vom which libricating olls wre muile, the extracis were more
carcinogenic than the onginal stocks, then the refined oils musl bo less
50, This couformed with the oil industry’s past views, and the Potroloum
Board arranged to finsnce biological testing and rescarch on tho matter
at Brwminghan University,  Work was ivitiated by Prof. Haswell Wilson
and Dr D T Woodbouse in the Cancer Resenveh Laboratory in she Dopart-
wend of Pathology wnd under the sogis of the Biitisn Bmpive Cancer
Cawmpaign Commibtiee,

After about twolve months’ Invesbigation and testing of petroleum
oxtracly, interesting results wore obtained to which zeparate reference
will be made.

Warrs Ons,

Throughout the extended study of the relasionship of lubricating oil
o mude-spinnus’ cancer the question of exient of ofl refining hag eropped
up frequently.  As far as thoe oil is concerned this hag always been the
chosen agpect 4o the problem of the chewmist and oil techuologiss.  From
giite carly days Twort expressod helief in white ov necicingl oils being
the leust carcinogeie of all be tested, shadng lnmunity i thal eespect
with falby oils. Tho possibilities of removing reactive earcinogens from
wineral oil by earth $roatmond, oxidation with aic or chomiealy, solveut
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oxbraction, aeid brealment, were all disenssed, bt nobldng wasg done,
That possibly wag due Lo the Thinited !(Mm;r fueilivios uwnmhif‘ the
amount and expense of the work bivalved, and lack of a sense of rorlisi
povhaps in those mast intimately conierned.

In the carly days of 1946, however, the step wan taken by the Manchoester
Ol Refinery Grong, in eonjunction with Twort, of definitely recornsnending
the wse of technic xi ornatlichm] white olls ng medm bils for male spinuing.
"These vils are selected petrolewn distillates heavily treated with sulphuric
avid or oleun.,

The proposal wis ln'(mgiﬂ, to the attention of the Petroleum Board,
whose widvisers wors qm( ly alive to the dogie of the suggestion, ad recom-
monded that, i o prime jume case conldd bo nade vut for the non-eareine-
genicity of such white oils, thoy should al once he made available to the
textile trade as spindle oils. Kxmnination discloged that the oevidence
avatluble was mengre,  Novertheless, at & meoting ealled by the Ministry
of Labonr and atteinled by represontatives of other ministeieg, the textile
trade, and the poetrolenm industry, the decision of the Ministry of Fael
and Power to make white oils available as textile hubricants was con-
firmed, despite the searcity and dollar cost of such oils at that thne.
Simultaneously, the Potrolenin Board anuounced its further financial
subsidy of research work on the subjoct ut Birmingbam to suppletaent the
vory limited information on which the docisian had heon made.

With the exception of a few more lettors and acticles in the trade journals,
oneo again nothing happoned for another oxtended period —uearly two
years.  There were practically no enguivies for the white oils amd o
domands for supplios ~cithor from consumoers or distributora,

In U8, however, tho Master Spinners and the Cotbon Operatives again
entled inko being the wd hoe Commities of 1946, with the addition of repre-
sentation from the Bhivley Tustitute. By this timo thore was fortunatety
corroboration by Woodhouse of Birminghain of the biological mactivity
of while oil samples submisted by the Petrolowm Board,

Decigions wore thercon made by the Toderation of Master Cotion
Hpinners Associulions to standavdize on the use of white oils subjeet to
practieal tests showing thent to have suitable Jubivieating valne.

Huch mill trials, carried oud with plain white oils and white oils blended
with fatty oil, all of comparable viscosity, showed satistaetory performanee
and unexpectedly very little difference amonygst themselves as rogards
power consumption,

Tho ad hve committee concerned s sinen achievesd an official basis by
being brought under the control of the Factory Department of she
Ministry of Labour and National Serviee,

Witk O1L SPECIFICATION,

Tt was remilted to the petroloum industry reprosentatives to submit
& specification to eover suitable white oils for mhspmm’; by the trade,

This has now been done, and thoe drafs specification is in the hands of the
Qumxmt«tw, by whom it may be expected to be published at an ewdy
date.

The specification is bused primwrvily on dofinibion of nature and pro-
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Junevion, and upon eolonry 16 s recommmended than colour shoule be ot
the highest standard known, us reprosculiog b iost drastisadly vethed
uils, and vorsequently those fikely Lo be the least cavcluogeniendly netive

Laber, when fuether testiog suel bivestipation bas been enrried oud,
omuy be possible 1o relax the stundurd without danger, Phis jaint
action of the solton and prdrolewn industeies, with the support amd widery.
standing of the Government, s o ne example of co-wperation fir the
common good.  omkes up somewhat for the period of ndsandeastanding
al diversity of action of the past Txpenditure of thoe aud money, ad
ulbimate vosy of the very specinl ol concerned, have been no obstasle in
dealing with this uspect of the fell disease,

Ag far a3 cau be seen at present nothing further can be rdone as regnrds
the oil.

Thore may, however, be unforseen suags, anl s essendial thors shonld
be no false feeling of fsaftz!,}. 1t i most sineerely Lo be hoped that vothing
will interfere with Lhe
clothing and barrier evearms, and for Letter conditions of operation. The
recommuendation of the Joint Advisory Commitlee of the Cotton Indostry
(1945) for the ndoption of antomatic wiphgelown motions aad non-splash
deviees s good az far as it goes, but no Jayman ean bul wish that mule
apinning, with ity atteadant condilions as deseribed by Dr Broekbank,
could be exchangad for ather methods of spinuing less oxacting.

Yampry Ol

Statements to the effect appear from time to time in the technical aud
trade Press that animad and vegetable Gy vilk ave nonccancerous. Twort
has recorded all suel oily tested by huom as being imoesoous ;. but he has also
puinted out that oleic and linoleie ncids (which may, of course, be prameut
to an appreciable extent in eommercind fatvy oils and 1o 1 small oxtent
even in well-relingd oilsy are capable of producing non-nmalignant tumours
i mice.  They ure alse capabie of amphifying the cansur-procucing elfests
of certain chemical componads.

11 has also been stabed that when msing sesame oil as aocarvior for chomical
carvinogens the blunks with sesamo slune wore not free from activity ¥

These matters are mentioned, ag the specification for while oils eeforred
to muy faciually or taeitly permit compounding,  Tn this ib would he in
ine with the chssrvations of vhe Manchester Commitkee, LU ix well to
roalize, however, that there is no full elearance for fably oils, and in view
of the difliculyy of defining theie nabure and their purity the author would
suggest limitation of their wse uniil fuether work s been done.

All enneerned wonld wigh o axpress their apprecintion o Dr €. (L
Twort for his devotion to his parpose of eliminaling mule-spinnes’ canecr,
The siugle-mindedness of Twort and his co.workers--and of the Manchester
Conunittes as o whole -lws been responsible, both directly and indirectly,
for nmeh of the progress made,

CanoiNogeNiciry or O Exmpaors

The work of Woodhouse at Birmingham on behalt of the Pelrolenm
Board, to evaluate the carcinogenicity of oil exirnels, wovered naterials

cammpaign for cleandiness, for protestion by means of
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froni stucks dorived bons different evudes by various processes of solvent
weatment.  Sueh reatment s a process of physical exmaetion wikh
selontive solvents. These pranove the more arematie and naphtheie-
ring-type compounids, which inelude wany of e more chicioally sos
geptible ronstitients, =o that e raflinate = nwele more resssiant, to
oxtdation for example, wnl is ore paraflinic in nabure than tho original
oil.

The materials tested ab Bivwgiam were all prodaets from feed-stocks
derived variously from | -

Vaneaurla {Colon, Lagunilles, Curcepeion, and Tin Juana),
1756, Gulf Coaet (West Beaumout),

Colombiu,

Equador,

Middle Enst {Persia),

FK L (Bakring).

The solventrextraction provesses conuegmed inclwded Duosol {proapanet
Selecto), Bdeleann (honzol/S0O,), wid furfural.

Altogether, twelve petrolomn extroows of different kinds were tested
ever a porior of some twelve months, A seeond seriex of confirmatory
toste followed, and pave almost identical results.  The hirsv series were
curapared by cheek-tests with known carcinogens and with  corlain
chomicals normally wied ag plasticizers and extenders in the rubher
industry.

The results varied quantisadively from one wmaterinl to another, but
showed that solvent refining tended, whece they exsted, 4o coneenirute
carcinogens in the extencets.  Fhe most active were lower i Diologice
acbivity then corresponding coal-tar products and less noxions sha eertain
materinds already in use.  Nevertheless, L was apparent thab such products
shonld be nsed with cirenmspection and under controlled conditions,
espocially avoiding continual bodily contact

Recontly somes attention has been direeted towards thie use of psticloum
extracts as core ouds ry foundries, takmg the place of iinsced wed other
products Joss readily oblainable. There can be litile connexion betwunn
snch recont wse cf exteaets wud o belisved aboverovmal miicence of
cancer amongst foundry workers | but it drawg fresh aftenddon o the
possibility of all decompostion products of organic malier at high
temperature being careinogenie,

Currine s,

Iy a vesenk paper by Dr Cruickshanl and Prof. Squire® aftention is
drawn o the possible effeets of exposure to mmeral oils of workers in
engineering processes, and particularly to the use of cutting nils in anto-
mabic machining,  Under these conditions workers are suscoptible Lo oil
{ollienlitis (inflamation of the hair follicles), and the great majoriny berome
affucted.  Moreover. about one-third of those exumined contracted warts
of one of two kinds. These wavts are of o lype known amongst lar.
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workers and mule-spinners. Thore were m addition sowme saser of pro
cangerous skiu condition and one of serobal cavicer.

These obsorvations may have t0 be regarded us warning signs, and
gertainly call for study and ameclioration where possible of the conditions
of operation. Lt scems to be the case Lhat whilst a little of the cutbing
ail may be oxidized ut the twol edgoe, the considerable loss of vil known to
acour in vse is due Lo the formnation of very fiue spray which dopogits on
the sueroundimgs, ineloding the operasors, ws a thin flm,  The initial m.
flammation is mostly on the hands and forearms, but clothing becomes
charged with oil, and the general conditions in this respeet ure not dig.
similar from those meb in mule.spinniug.

The conelusion to be drawn is that if improperly dealt with continuous
exposure to cutting oils iy a hazard. Thig is supported by certain epidemi.
ologieal data and also by biological tests. Magnification of the effoct is
undoubtedly caused by irritation from clothing, injury, and abrasion from
metal particles, and in thiz respect falls wishin the class of action of oil
end other occupatioual dermatitis, to the avoidance of which much
attention is nowadays paid-in factories,

Tu this connexion Cruickshank and Squire urge stricter methods of
prophylaxis—reduction of actual skin contaminasion by oil, improved
anti-splash devices, and use of more suitable clothing; higher standavds
of cleanliness, organized use of elfective barrier creams: regular medical
ingpection ; and attention to personul susceptibiliby.

To those interested in the nature and use of bazrier ereams o previous
puper hy Cruiekshank 7 on the subjeet of their evaluation may be recom.
meniled.  As protectives, the acapy type of oil-vesistant barviers seem
to he of limited effect, and have the disadvansege that when after a hmited
time they are penetrated by the mineral oal they give no aid to subgequent
removal.  Cready protectives, on the other heml, rapidly mix with the
contaminating oil, hut do assist subsequeny cleansing,

fn view of the dubious nature of some of the prolective components, it
is vlear fhat a great deal more work is vequired on the subject,

CRACKED-OIL PRODYCTS.

Modern refinery practioo is largely concorned with the reconstitution of
petroleurm hydrocarbons by means of heat and catalyste. Under the
eonditiong of eracking and reforming, most of the new products are wole-
enlarly velatively simple.  But theve is always a small proportion of heavier
matertals formed hy re-condonsation and polymerization. These, when
distillates, may range in hoiling point up to the gas oils and light fuels.
They are preponderantly aromatic in character, and having been sab-
jeoted 0 heat treatment are not readily susceptible to heat. Their
molecular-weight range, for example M.W. 230-250, would include that
of many of the hydrocarbon careinogens previously mentioned,  In view
of their nature and mode of origin it is not surprising that biologieal testing
hag shown soms of these fractions to possess carcinogenic activity., This
has resulted in the suggestion boing oxunsined by tho medical section
of the Awmocrican Pstroleum Tnstitute, to which reeference will be made
later.
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ORUANIZATION O0F RESEAROH,
[nshibite of Potrolewm Beseorch Growy Mo, 2.

The work spowsored &t Birmingluun University by the Pelrolomin Bonld
startod by biologleal testing of white oils and petrolouns extrants,  An
aveount of this work is contained i 4 paper by Woudhowse and Irwin.?

Tt had bren delernsined hy the Petrolown Board's advisers, however,
that work ou the corcinogenieiby of petroleinn should be put on a funda-
ntenbad basis a3 soon as possible.  Por this purpose the Board promised
the necessary fumls, awd svemgoments were made with  Binmingham
Univorgity to undertake the hiclogiead side of the vesenrel work involved,
These arrangements wers woll nuder way when the Petroleum Board was
dissolved.  Amongst its last activitios the Board, with the conourvence of
the Ministry of Fucl and Power, nppronchsl the Institute of Petroleam to
accept respousibinlity for eontiunation of the work, and offercd a substantial
gum 0 initiate Uhe researell, 16 wies implicit that further finoucinl support,
when needal, would be fortheoming fram the individual ol conpanies,

The Institute nceeptord the responsibilivy, and implenented i by the
forwation (under its Research Comunitdes) of Rosearch Group No, 2, over
which the author has the honour Lo preside.

The Group consider thal work ensbarked on shoull not be of an
apphied vr ad koo nataere, bul an encdenvenr Lo separate amd identily the
active compoenents present in petrolenm and determine their propertics.
As theve wre lmdreds of different oiffields and many hundred difforens,
eritde pebrolerms, it s necossary Lo e velistic and make o Hmited
choiee.  This ehoies is governed by

{a) Ditforonce of type and disbrilutiou.

{b} lmporiance i extent of production,

(e} Content of lubricating.oil fractions, since carcinngens, where
alrendy indlicated, had avcwrred in the heavier distillutes,

() Snpphies being the complete and nitreatod crudes.

(e} Authoentieity and repealability of experimentul supphies.

Mudical Research Council.

Quite separately, as a resull of the altention paid to mineral-o] carcino-
genieity, the Medieal Resemvelr Conneil at the end of P8 set up o Com-
mitlee with the torms of reference o -

s indtiate and carey oub researeh inlo the rareinogenic astion of
mineral oils and compounds of other origin with whiehi they muay be
combined by use,”

Thy Medieal Regearch Counal, it should be explained, s a hody of the
Privy Couneil, arl as such possesses all the powers necessary to embark
upon such aclion,

The Commitlee tims formed is of high cahbre, and includes specialists
in caneer patunlogy, the chemisfry of cancer, biological testing, statisties,
and petroleur. techno’ogy. The varions ministries concerned have also
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