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ENVIRONMENTAYL CANCER AND PHIROLECM.
By Le.Cor, W30 M Aven, OB B, MO (Past-Presudent,,

Mopury industrial vicilizntion las beought i ity frein many adided
dangees to munkind,  Not the doast of these are the osenpatinonal discases
resalling from exposues bo conditions avising iy the conrse of manufaeturing
operations,  Soutebimes sueh wdversy wiforts come from the absorptiong
of definibn poisona, I thas
wneliorabbig the enviremmental eonditions. I any evend, tho course of
the sperifie poisoning e often by followed and kunowledgo built up for
the provention and treabmont of the ailmeut soneerned, That s par.
ticuderly the ease where the potson is recognivable and is quick in action.

Where the offeet is glow ov a lengthy fatont period exists, audmdnafing
i sddden mud oflen apparently wnrelnted iliness, recognition and contsl
of the disease is move difficull. That is gonemdly how i happens with
enyiromental eancer -with cancer indewt ns a whole, where the iaitial
imps*‘m g wiven to the ancontrolled coll growth which constitutes the disenso
is olien nnknown beceause of thv fong Iatont paviod whieh follows,

Thay is vegrobfable, for, wilh few a‘xm«p& tong, the eauses of cancer go far
dimeoverpd are of external origin, W is, anfortunately, adso truee that pg
the presons Hime only a Gaelion of 1 per conte of wll vanvers can be traced
Lo known eanses. To be able o trace the vrigin of any eancer < cons
sesprently, of the greatest possible vadue in the bailding up of owr deleness
i what the whole world is realizing g the geentest hatule ol all Lime whiel
nu has had ko wage.

1wy for sneh ressons that the appearanee in this field of the petrolium
industry ix i be whole-heartedly weleomed,  The il budustey is the most,
My omganized and most seientifier ally vontrolled of all the world's preat
industries. The Tael that s divecs participation in Bhe eansation of cancer
apiprars W be soadl s off Hiute necount eompared with its vesources for the
colleetion vl revording of datn: and in partienfar its ability to trace
effeets 1o identifinble waderinds, to conditions of production and (o
miethods of imn(lling or application,

T ovder o saow how the ol world s belping to-day, and Jargely in
Creat Brivain, in eslablishing o Hnk between entme and sffect o east in
seenpational or envirenmental enneer, i s wecessary st Lo sheleh
the baekground of proved o suspeoted eauses of enviranmental caneer,
and Lo proceed therefrom o the partividar case of U hydrocarbons and
the arsnciation with pelrolonm and s :q)p!t('llwll

Phe anthor’s position musl he made clear to provenl any misunder
ghanding,  He is nob o medical nan or o biolegist, andd s assoctation
with this subject is that of an ol technologist.  However, for many years
Jes fing helped to ropresent the potrolown dndustey. threngly the Tustiinie
of Peteedennt, the Pabeolenm Board, and the Ministey of ffp) aml Power,

An addeesss to the Northorn Branch ot the Institarte ot Petroleqin, Janvary 17,
1950,
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case stops can by Laken for Lthe porpose of
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m their vartous tant disereions with Government amd other bodies
coneerned with the subject,  He o, thevelowe, disouss the sabject with
~ome knowledge and avthority, bub wmust emiphasise thel his g ;c‘mhzm]
miorest is that of o1l

Kaows (svsny oy Cavers.

TEe wmynm(i and established carcinogers are wnm,ulv cither physical
ur chemicnd in nature,  The physieal fnclude 2, 8- -, and Xevays, aud
slteacviolet Tight.

The uh(rmml list 15 o long oue, and is cottinually being extonded,

Hueper ! has classificd then approaimately as in Table L.

Tance T.

lum YR, 1 ("')r;zmm;.

:\wamc \ummho anes,  Auiline

Chromates i Benzole.  Polyeyelic hydhocarbons
Nicked onrbonyl Sout. Catbon black.  Tar aud pitch

© Paraftin oi},”  Shae Q.
Anthracono oif, Crensoto
Azo dyes *

Opstrogens ¥

ASHOSLOS Minwial Oile

Beryilinn ¢

¥ Conflicting evidense,

These are placed in Table IT in their chronology of discovery, with notes
added as to the investigator, the srgans affected, and the natare of vaposare,

HUNTIR NN §
(Adler Huatpery

Name, Date DHSCCYers, P Sheane  Nute al pesuee.©
Hoot . . 1YES Vel Kb Gaoentin) | Oce. el sioopsg
Arsouie . . . 19928 1 Ayvilon { syin iU, eaw,
Pariiin ol . . 878 | Vollmann i Kkin { o, ignite sl shaly
: i indnatery
shale o'} . 1676 | Det Rhin G,
Proohaad £ . WS Yannuveioy Skin {¥oe.

Y. 1% | Mitetug and Hesse Sion {bee.
“s\iu(h]ln"ml(r; . L 1RO Yuna Sl Qee. (Boners, sattors)
Avornatie cmites 1805 1 Re Bidder {er, énl}.v funefis NI
Wontgea rays 1302 1 Prowsr sian Qv el
ssehiatosnmas hemntubum | 1015 fipringann Riwtiles 3 Rov, wee, (Bgy ol
Rentgen rays, radinma 191t | Vou dagiez, vehsarta, and | Bone marrow | e, ted,

Vo Siepeamek {Jucmpin)
Aunthirasene nd 1912 | Ravbongek BRin re,
Berol aut, Yol aco . 131 | Davis Mouth Habit {linkin, Maly)

Digl defieleney | 1918 ] demches and Gerasd Livey oy, {povioty ety

Afrlars, Ulhiness}

3

Radinn . s . 1820 ] Lelteh and Sequdra M O, med.
Lubrweating ofls 1922 | Aputhon and Wikson Blin Qee, Qumde apdinees)
Crocaote R . S ] 1824 | Lookson : Skan e,
Roneply E . .| 1628 | Delore and Bergamo ©Bene mprxow 1 Oes,
fisuewmning
Uianium . B . toub § Lowny ; bang o,
Rudivantive rays 1681 | Martland o Geeyy tteed,
Chromeies ' L1882 | Alevens g e,
Nicket carbonyl . 183% | Stepbens X ,‘{a}m\!:ﬁnxwm«l Que,
1118
Ashestoy , . 1084 | Wood and Gloyns I I,unggn Qee,
Radionetive Tays 11984 | Nettsel Tung Ouu., meh,
Tar fames i 1980 | Rahawatae Luny Qee.

* (oo, == opcupational; env, = enviionmental; med, = madical
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The orginal olservaticus frov which .
emanate are those of the eceleln v 4.
St Bartholomew's Uospital, and
His diagnoss has ab Lwl l;iml‘. quole
his mportand address fo the lm\,x! hm,
and Cancerd 1 rafers to Pot’s reeong
as eospevifie disnase, coneerning wladl!

Toe f b

S s a disease wheeh adwaos
firal appoarnnce in, the anferny pop
cheees aosuperiiciadd. prontul, g ol
rising cdges, The trasle eadl g o
people socme singndady houd | e th
feaquently  treated with erest bra,
eold and hunger, ey are
chitnies, where they are brumed
andl whett they get to puhely huo
nedsome, painful and flat disvase

< Of U;u last clrennstates e
perhaps if nu,Ly nol bave besy wait
zenerally kouown,

“The disease, it these peopls, «
lodgement of sool in the ruge ot tu

thrtst

This tromeudous’y tnportant ohse val
one hundeerd years. Reports then bega
other forms of canear It workers conue o
These, together with reperts from the
rnnl<w1>huwv*’ cancer " ol the cotron
of industewd, or ab any rate aecupitiongd, »

Sineo 1815, when Ja{,mnose wikers drst o
for the luboratory examinution of o
been ever-expamiling uhservation and 1o
things. ‘r‘r(,qnmt}\' cliemieal, snecinteoved
olmerved 1 Thue,
greseively shown thal raw lare 2o fhen
~(){) C, contained the carchiope i
This was quickly followed by the reerr
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Lmportant and Ditereding s are muny other of the forms of euviron.
woentad cunsation, those tabulived which have a partenlar eatiig on
cur problems are soot, varatg, and shiale ol piteh, tar, and tar fames:
Brenzole, anthraccue orl, and erevsole; awd lubrieating oils.

Attention is dirccterd o the fact that, with the exception of ™ lbrieatmg
pils,” which in any case ix a vague borm chomically speakiug aud s lovgoly
the subjeet of our special interest, all of these orgnme materals or indivicual
chemnicaly aro recognizably aromitic in nabure or have boen formed under
eovditions of heat which presage their content of such snbstances,  This
sppries even Lo the so-ealled ™ paraffin ml,” showir by Vollemaon m 1875
1o be the eause of cancer amongst workers m the lignite and shals-oil
industries,  Tn general, it applies alse to tho organic cheniienls on the
autskires of onr provines, Jike the azo dyestufly and the aromatic amines.

The original obsorvalions from which our preseut-day lines of enquiry
emanate are those of the ceebruted surgeon Percivall Pott, FRE, of
Nt Bausholomew’s Hospital, and recorded by m as fay back as 17752
His diagnosis has alroady beon quoted at length by TProf. J. W, Cook in
his important address to the Royal [nstitute of Chomistry on Chemislry
aned Caneer® I refers to Pott’y recognition of chimuey-sweepers’ eancer
ax a speeific disease, concerning which he says —-

L s o disease which always makes its first attack on, and by
first appearance in, tue inferror part of the serobwn; whoere it pro-
duces a superficial, puinful, rvagged, ili-looking sore, with hard and
vising edges. The trade call it soot-wart. . . . The fate of {hese
people seems singulaely nard; in their early infaney, they are most
froguently treated with great brutaliby, and almost starved with
cold and hanger; they are fhrusl up narrow, and sonwetimes hot
caimnies, whore they are braised, burned and almost suffoented ;
w1d when they get o puberty beeome poendiarly Hable to o moss
noisome, paintul and fatal disoase,

T Of this Iast eiroinmstance there is not the leagt donbt, though
perhiaps it may not bave been safficicutly atsended to, 10 make 1t
generally known.

»The dssease, m these people, seemns tu detive its origin from a
fodgement of roob in the rgee of the serotum.”

Thig tromendously important observation lny practically dormant for
one humdred years.  Roports then began to appear regariding slan and
ather forms of cancer i workers connectod with tho eoal-bar industry.
These, together with reports from the shalo-oil mdustry, and laler the
" mule-spinners” cuncer 7 oof the cotton indnstry, indicated the exdissence
of industrial, or at any raty cewnpationa, origin of specific forms of eancer,

Sinee 1015, when Japanese workers fivat used modern biological techniyue
for the laboratory examinabion of causative agoncies of cancer, thore hax
boen over-expandiog ebservation and voeording of data connecting actual
things, frequently chemical, encountered in the mdustries concernsd with
observed madenee of vancer.  Thus, in the coul-tar ndustry it was pro
gressively shown that raw tar, and then partion]ar fractions boutlyg ahove
0° 1!, contained the earcinogenic materials which were heing songht.
Thiz was quickly followed by the recognitinn, dne to therr freedom from

e
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ninrogoen and sulphur, that the most active bodws eomeerned wore in fact

hydiocarbons,
Riovooican Testrxa.

It & as well at blis stage to oxplain the tost procedure naed by the
biologists in deterinining the sxtent and wurse uf caneotous aubivily.

The tests are made on living anmalse ehielly mues, rats, rabhitg,
guwinen-pigs, dogs, and monkeys. The most extensively employed are
mice ~partly beeauso of their suscepiibilivy, paretly beenuseo of the relative
rapidity with which resulls ean be obtained.

The guestion mugh ardso in the minds of oil mon, or seientists in obhor
sphieres of training and aetivity, whether the disease so indored in animals
g the same or siimilav fo hwmnan eancer, and whother the offects nre op
are not generally otherwise comparable.  Also, in veapest of Lhe repro-
dueibility of the tests, their quantilative suflicienoy, and the satisfaction
by stabistienl procodurs of cimination of other known or unknown
conditions whicl wight affect the eonclusions to be dnwn.  All of these
matters ave of extreme imporlance in biologieal tests in a4 way much
Jews known o the chomist and physicist, whose ains to produce like
results from ke conditions are comparatively stmple in the matter of
choosing the conditions,

It the past these points greatly eoncorned those oil technologisty who
were drawn futo eonsidoration of the problem of earcinogonesis @ thoy
have satisfied themgelves that the provedure is standurd and fully seceptod ;
that the standards are seientifically highe—that s, they are fully organized
m detail aond mnderstanding o those, for example, of the methods of
the lustibute of Petroleam. This importani natber might be summed up
1o the lay technical man by saying

{w) The results are genorally repeatable md voproducible.  Hven
i there were nothing else Lo the procedure, this would constitute it
1 valuable observation snd non-commitial test,

{6} The pathological effeets produced aro constant and closoly
stmilur to those of aponbuneous and huroun caucor.
© (e} Difference of suscoplibility or, as wo might suy, the response,
of the varions animals is vecognized; and in the event of check.
testing being needed animals np to and ineluding the primsates are
available (Table 7).

Tests on raiee, as being the fiest, greatest, and bost-organized seroon, are
therofore very important,  The gre 1t laboralovies use mice by thoe thousand,
They are bred from coustant, suitable, strains, and are used, or should be
used, at the snme approximeats age and condition of health and, of course,
fod, housed, and o generadly lookesd after identically.  In a modern laboratory
they are, ag test nmmrmlﬁx, approxinating the standardization of chemienl
tosl reagenis.

Oune aspueet of Lhis tivloglenl test fechnique to which attontion needs
constantly to be pald ix the t;mmiihuivn or statistical side,  Bven with
the quick-living mousy, o series of tests zfxqun'os abant a year for com-
pletion.  This is a big nm;;m*!um of o mouse’s life. 1t is necessary, there-
fove, to use enongh miee for any test, and at the same tine o know
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iis to which the are 2
respuived for the tests, extrapoludiom of to
whon the quanbiiabive factor is found o
as u rosult of starbing out with insutfici
some experintental disagler.  But aoy oo
for that matler, ean obviously be very il
that binlogieal tests nwst bo conductd op
care in respect of such vonditions ns s

P Cancixooeanie
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Beproduction of Ocsepational Cwncers in 4 nimads.

. Hpeovios,
Agent, i Orgng, -
: t |
e o S G e e e B IOV
oot | Skin Rahbit,d maouse
Lawnig Honise
t
Khnlo oil F ki Mouse z
{ Tang Mouse H
Pateh and tar i Skin ! Mouse, goat, rubbit, dog i Monkey
Anthracene oil Skin Mousn :
Lubricating oils Skin t Mouse |
Creosoto Slin ! Mouan
Benzole Bono mariow | Mouwe *
Tar fumes Lamyg Souse ¢
B-Naphthyiamine | Bladder Uog l Rahbit, ygoat, monse

* Cooflicting ovidoneo,

safficiensly the past history of their straiu, so as Lo be able to allow for
are prone,  DBeouse of tie long bune
reguived for the tests, mlmgmhltmu of the restts numt be very templing
when the quantitative fagtor is found insufficient.  ‘Fhat might happen
as o resulh of stocting oub with insufficient Hving subjects or because of
some exporimental dissster.  Bub any exteapolasion, or filling wp of gaps
for that matior, can obviously be very dangerous, Tt s for those reasons
that biologieal tosts must be condireted on o vast seale and with mesionlous
earn in vespect of such conditions as ean be controlled.

Tim CarctmoeBNI¢ HYDROCARBONS,

Tho recognition that extraets from soot and from cancer-prodacing
tars wore themselves carcinogenie stimulated interest m the search for
single chomienls mpah!o of producing malignunt tumones,  In the search
the pioneering work of Sir Bruest Kennaway on caveinogenic artificially
produced fars was important by <llzo<,§mg shlension wwzu (h the mmpksx
aramatic hydvoearbons, and ene ouraging bhe search for the individual
canses of conl-tar eanver.  Bvontually, in 1932, Cook wmd his cowarkers
tracked down in vond-tar piteh a strougly (:zuwwggauic hydvoearbon, 31 4.

benzpyrone (Fig. 1), From 2 tons of piteh thay were able 1o separate
7 g of the material.
NN AN
i ! l
{ )\]/ j g f‘(ﬁ\/ﬁ“ NS
! E

4 s 4-Benzpyrene,

f‘ N
9. Huwmthmwmx
Fae L.

The * tracking down 7 of this hydraearbon was done by a method which
hag more than aecademic interest. It may veadily he brought to the
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attention of il wen and questinus asked about b, L is fluorescencn, [y
had been observed by Mayneord and Hieger, who eollaboraded with Coolk,
that the curcinogenie tars were all =tropgly Huoreseent and possessed
fluorescence spactrnm bands of sieilar position wud distribation. Hew
wos a possible quick elue, withous having to wail for the vesulls of bislogical
tests  ench of which involves mauy months or years to complete.  Con.
cantration of the extracts nsing this weans of control eventually resulied
from & varieby of mebhods, ineluding the ehvomutegraphic, iy the separation
of the 3 4d-benzpyrens deseribed.  This has a closely related strucinye
1o 1 2-benzanthracene (Fig, 1) whick, though itsell ivactive, has o similar
typo of fluorssconce speetrm, partly o the visible. This synthetic
material I8 the parent hydrocarbon from which nearly wll the highly active
careinogenic compounds of shis kind ave derived.

It is clear, then, that although tluorescence nccompanies the genernl
structure of the hydrocarbons belonging to this important careinogenic
grouping there iy no relationship between {luorescence and carcinogenicity,
fMirst, thero are many kuown sarcivogens which are not fluorescent ui all,
Secondly, nithough the active hydrocarbons of this kind are largely
flnoreseant, the reverse is not tho case- as is soon from 11 2-benuzanthracene
itself, Phirdly, 1 is vot fluorescence in general which is characteristie,

either visible or under ultra-violet light, but the analysis of the spectrum *

and ils classification.

These aro points to be horne in mmd, since ag o result of Hiegor’s im.
portant work ill.advised peneralizations have sometines been made and
suggestions offered, i respect of gils and other materials, 0 usoe fluovescenco
as a classification of cuvelnogenicity and as a guide towards the use of
particular materials,

Of the many hundred dorivatives of 1 2-benzanthraceno whieh have
been prepared, many are inactive, othurs ouly slowly active, and others
again vory powerful. 1t deponds lurgely on the position of substibution
amwd tho nature of the substifuting groups. Generally. the higher the
substituling  homologne  she lower the ecarcinogenic activity. Small
differences in structure may huve very big effects on carcinogenicity.

The firgt componnd of thig cluss found 6o be cancer producing was
1: 2,5 f-dibenzanthracens (Fig, 2.

A
H O

] Lo
y s /./ . /_/ \“xff // \ P
: | Lol
-, o A A P
/‘i e NS \\/ ,.Y/ "
J 1, Lo
. ;’f —
™ 91 10-Dhaethyl-t - 2.

1: 2.5 8-Dibenzanthrpooneg, honzunthracoene. Cholanthrone,

¥, 2,

One of the most powertnl is 0 ¢ [0-dimethyl-1 @ 2-benzanthracene (Fig. 2).
Others may contain nitrogen, suiphur, five-ring groupings, or incompletely
closed rings. Cholanthrene (Fig. 2) is of interest as boing a powerfully
active carveinogen related to eholesterol (Fig. 3), and the sex-hormones
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The oil industry has been concerned &
the following ways . —

{a) Occupational,
(1) Amongst paratiin-wax workers,
(2) Amongst lubriabing-oil thers o
(3) L the use of culting oils,
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walrone and toestosterone (Fp. B), all of which are, of course. normal
companents of the human body.
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Other polyeyelic hydrocarbons of the phenanthrene and chryseno sorios
Lave also been syuthesived and shown to be carcinogenie, but it wiil be
realized that these are also asymmetrical rhig conmpounds, not dissimilar
in structure from the benzpyrenes and benzanthracenes.

The skin bumonrs produced by these synthesized or natural chemical
compounds ave truly malignant, and indistinguishable in nature from
spontaneons and human caucers.

That iz the roal answer to the very natural question of what is the
significance of shis synthetic workt  There would in itself be little point
in mulsiplying the number of hydrocarbong and other componnds capable
of inducing canver i experimental animals.  But the mere fact that the
results are consistent and repeatable may have the greatest importanse
in the study of vhe form of cvcupational awd goneradly environmental
cancor, as well as in throwing light on the course and ultimately the canse
of eancer 1 the human body.  Whether such substances are concorned as
intermedintes m spontaneous human cancer, or whether there is any
refationship between the aud body malerials of apparently allied struecture
is o malter for speenlation, But it is obvious that here is a door whien
must, be openad wide  and everyihing within subjected to the most eaveful
serutiny.

There are, then, two great reasons for the study of pelroleum m i
reladionship to the cancer problem. There is the aliack on what iU is
bolieved will be a velatively snart-term probleni—oceupational cancer in
the oil industey; wnd there is the possible application of the vesulls of
thoronghly organized research and study to the cancer problem ws v waole,

Tt may he reiterated thad such a sinall proportion of all human eancoer
can be traced to actual eanse Lhat 1t s of the highest importance that such
chues should be followed ap inexorably,  In comparison with many other
industeies, petrolenm iy of snall mportanco in cancer causation.  Bub il
must be repeated that thig relatively slight connexion muy be of great
importanes beeauss of the highly ergamzed industry involved, the greatly
varying chemical nabure of the orude oils and thoe processes concorned, and
the widespread use of petroleum products throughout the world,

The vil industry has been coucerned in the ctiology of skin cancer in
the following wavs
{a) Oeccupationad.

{1y Amouyst paraflin-wax workers, in shale,
(2} Awougst hiuricating-oil users as mule-spinvors’ cancer.
(3) In the use of wutting oils.
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(b Kaeperimedal.

(1} As solecbive-solvent extracts,
(2) In eracked oily of low volatilivy.

1L s not proposed bo cousider these subjects seriatin or chronologienlty,
{1 will bemore to the point bo look at those vegarding which thero has been
mosh discussion. Many of tho matters of broader interest will thon arise
in passing,  But fiest it must be pointed out that both epidomiclogically
anc exparimentally those portions of potroloum concerned wro within the
higher boiling ranges. 3o Tar theve is no suggestion that earcinogenicity
is direetly concernesd with the volatile low-boiling or intormediate products
sueh ag gasoline, korosine, and gus oil. - Novertheless, that does not exclude
the hydroearbons which may be present in such fractions,  Benzene itself,
wnder cortain conditions, is not free from suspicion, despite tho fact that
it iz a chosen solvent of the biologists for the applicution of carcinogens
to experimental living sulijocts,

Ab preseut polential pebrobnun careimogens appear Lo be concorned
chiefly with those feanotions gonerally known ag: {o) tho wax distillates,
and {0) the Inbricating-oil vesiduums.  Thess, o effect, cover the whole
lhricating-oil range, with » boiling point from say 300" ¢ upwirds,  The
eanyre would inelude the lowest-viscosity spinlle oils up to those practically
non-volatilizable at ordinary pressures, like the heavy machine oils,

i is ndso to be noted that the Lt fneludes on the one side shale oil
wel eracked fractions which bave buen subjested to high temperatures
for their fundamentadly reconstructive production, and on the other side
lubricating-oil distillates and residues which by premise have not beon
chemieally vhanged during fractionation, or the slight changes in which
have beon nogaded in the normad couvse of refining.

The distilution range in both clusses would, of course, cover the
possible vecurrence of those earcinogenie hydeoenrbons— nataradly known,
synthesized, or yeb to come which have been referved Lo,

Pararsiy Wax axn Sgawe O

The light oils and wax dervived from shale oil have lony been recognized
as ooy of skin eancer. Bell tn Bdinburgh reporbed serotal cancer of o
shade worker in 1876, wul Volkuwmun is quoted by Leiteh a8 rocognizing
skin eancer as a result of shale and lignite oceupation in Gormany one year
earlier.

Dermalitis is known b0 ocour amongst the shale.paraflin workers, but
there is no record of petrolenns eperators with parafin wax having heen
subjoct eithor to dermatitis or cancerous growths.

t is most likely, even in shale, thai the irritant ov active constituents
are not part of the wax, whish is pavaffinic by nature as woll as by name,
but pather of the vily colourad components accompanying the sluek wax.
These wre known Lo bo chomically reactive, and are not necessarily wlliod
in nabure Lo the ceystalline parsffin wax.  lodeed, Berunblum has ex-
teneted from Bhie Shale Gl the same 3 ¢ 4benzpyrence ws Cook identified
i conb-tar piteh,
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Vi espinnery UaNesn.

Thoe ocoupational disense of mule-spinners’ cancer hag ableactod mueh
altention in the UK. Tt is indeed around mule-spinners’ cuneer that muach
of the interest and concern in pefroleurn carcinogenicity has revolved.
Tus history is already a trifle obscure, but it appears Lo bo the case that
Southam and Wilson in 1922 drew astention to the high incidenco of scrotal
eancor in Lancashive nmle-spinners, and thav in 1924 Lellch was able 1o
produce tumours in mice by applying solntiona of tho lubricating oils
tnvolved.  Mulo.gpinuers’ canoer i s skin cancer, epidemiologically
associnted with tho ceoupadion of cottou-spinuing with the mule (Fyz. 4).
Operators who sucenmnb, generally do so after a loug puricd of working
under tho conditions pre vailing sometines over Lwenty years, The
disease may attack various parts of tho body, but like soot cancer and
parafin cancer is froquently associated with the sorown.

Tho eonditions of operation are of importance, and have been recorded
by Dr E. M. Brockbank,* who says i—

““ Tho spinner works bare-fooled in vest aud overall trousers withous
any shorts between them and the skin. As the illustration shows,
he leans over the mule to join or piece with the thumb and finger the
broken ends of a thread of yarn . . . The serotuin constantly comes
in econtact with oil on the trousers. The vast majority of men picce
with the left hand, and for this reason the left side of the scrotum is
affected a similar number of times, R

The temperatures in the mule-spinning rooms are excessive, and may
exceed 105° 1.

Brockbank alko quotes Home Offico records (Table 1V) giving informa-
flon on the incidence of tho disease over some selected yenrs,

Tanie 1V,

| Hpinnars asey E Total i Total
and plocers. pur 100( ; CHROS. ‘; (lUn tha,
1926 1 48,02 | 183 | a8 “ap
1930 46,714 | 173 82 21
19as 1 oasoese 1 17 41 12
1940 23,009 L 41 10
203 g 38 21

1ada i 17,671

He points out that the inereass in number of cases per 100 in recent
vears is due o the greater proportion of older spinners at work, and the
greater liability of cancer of any form to ocour.

Mavcupsyer Commurrsy oN CANCER.

As a result of the observations of Southam and Wilson and the work
of Leitch, the Manchester Corporation somo yoars later, in 1928, set up »
larga committee further to investigate cancer g,r\msml and mule-
spiuners’ cancer in parbivalar. Experimental work was ]xhwef‘ under tho
directiou of Dr ¢. C. Tworl and the cancor research committee under the
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chairmanship of Dr B M. Brockbank,  Reports were published annually,
and aveounts of the researches pubhshed in the medical Press. These
confirmed the observavions of Ttel, and supporied his couclusions shat
mide-spinuers’ canver i3 outsed by carcinogens present in the labricating
oil naed.

This work « s substanvially subsidized by the oil Industry notably
by the Shell L.oi.r the Angl io-American Oil Company, snd the Anglo.
Pursian Oil € Cormpany.

I 1934 ihe Manehestor Commitiee proposed a standard for mineral
oils Lo enable the textile ndustry to choose lubrieants whueh should boe
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substantially  free  Bom cwrcivogenic  propevtics.  The  criterion  was
helieved to rondor tasts or mice obsolereent, and consisted of a helieved
relabionship between earcinogenicity and the refractive index and specitle
gravity of the lubricating o:l. The spevification vead —

“Mulespindle mwineral  hibricoting c:z should have s apeeilic
refractivity below 0-5538 when the specific pravity 15 above 00885,
or a specific refractivity veow (-55¢ ;, s.:cz the specific gravity is
n |

i
refractive index for d-line sodinm bght, and where d is demsisy in
arames per millilitee at 20° (1

helow 0-885 By spocific refract vity i meant , where n is the
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T view of the importance of the subject, the validity ul the Manchester
Comn:itiee™s conelugiong were natwally closely exaumined.

Duta showed this spuciication to be unsownd.  For cxwmple (Fyg 5
ire blends of pavaffinic {Oklahoma City) and vaphthenic (Gull Ceasial)
oils, curves, und checl-ourves eross the wpacifieation limits of refractivisy
horizontal} and speciic graviby {vertical) ni such a way ax to mdirats
that blends bebween 45 and 71 per cenl i oue case awd hetween 20 and
71 per cend in the othor are cangerous, whereas all other blends of the same
stocks would be safe.  Many other similirly collated data also indicated
complete Tnele of acceptability of the specification. I addition, it was
mado clear that *exteny of refinement ™ the charactersistio moss bikely
w e up with © degree of carcinogenicity * goes i the opposite direction to
the speeific refractivivy fdensity relationahip when applied to paraffinic oils.?

By this time, however, i was over lute, The two-much publicized
Manchester Formula for  non-cancerous oils 7 had understandingly, but
wrongly been widely accopted us the complete solution to the problem.
This was unfortunate for several rensons : -~

{«ey The textile workers, the cmployers, and fo an appreviable
extent tho medical profession were being misled as regards the facts
of the case, and possibly lulled mto a false sense of security.  Blends
of oils such as those deseribed were by no meaus uniikely to exisg in
practics.

{0y The oil industry found the Manchiester specification unarcept-
able, and many oil scientists folt that insufficient astention was heing
paid in the textile industry to prewention by ecleanliness, working
conditions, medical inspection, change of occupabion for workers
sugeeplible Lo skin trouble, and so on,

These things were known, from the petrolenm mddustry’s own experience
with shule oil and occupational oil dermatitis, to e of the fivst tuportance,
Indeed, paraffin dermatitie and paradlin cancer wors alroady reguded in
the shale mdustry as being auder control and largely confined to the
older men who had eontracted thom years previousty.  Also, results hoth
in the UK. and in the TRA, in the control of cutting-oll dermatitis,
by systematic washing and olher regulavized forms of cleanlmoss and
the application prior o working of profective creams and ohnbments,
were \"Cl'y eneoy l"&glllg.

Another pobnt which seemed 1o support this form of approach o the
problem was that engnivies in other counlries—ineludmg the US.A,
Franee, and India  failed to diselose the ovewrrence of oceupasionad eancer
in their toxtile trades when working under apparently similar conditions
and with similar oils to those in Lancashire.

() 15 mcant that insufficient attention was being paid to the
development—or rather tho tesbing and use, of truly non-earcinogouic
ols. Lt had been appurent to many oil men that more drastic reline-
went- possibly by solvent extraction, or by trcatmont with such
agents ag might be expected bo destroy the carcinogens, was the most
logical approach o the problem ay far as the lbricating oil was
coneerned.
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{d) 1t delayed congidoration of systematic examiuation of petroleum
fur the purpose of sepurating the actual carcinogons and study of
their chemical straeture and propertios,

Warrmn Covpirions

Tn 1943-44 wrose two mabters of some signiticutco in phmmr the sbudy
of the carciuogonicity of pelrolenm on the n;,ht lines. ‘The Rrst was the
brm;,}msr to notiee by Twort of the possible carcvinogenic, or (;Lhmwvise
roxious offeet of mbrie ating-oil ‘extracts, which under war conditions were
in uso a3 subsitutes for extenders, plasticizers, and binding materials
which eould no longer be oblained.

The seeond was an approach to the Petroleum Boand by tho Federation
of Master Cotton Spinners’ Assoeiations and the Amal g amated Association
of Operative Cotton Spinners and Twinery, asking that oiis to tho Manchester
Specifieation be made availuble to the textile industry. [n nmking this
request thoy quoted tho Manchestor Committeo as stating * osting of
oils from  cotton wills for enveinogenicity has beon pmctzm{h‘ discon-
tinued, as all minersl oil being generally used s pooled and is a mixture
of oils, 7 This, of course, was not at all the way in which the
Tubrieating Oxl Pool Lubu(d}} operated | But it gave the Petrolsum Board
tho 0})];&1'cnmt_v of summing up the situstion, and pointing ous that oils
to the Manchester specification had not been asked for duving the previous
four years of war cither by distrihutors or users; that snch oils could
wndoubledly have been sapplicd if wanted, and the Board was prepared
at onee Lo sel aside oils meeting the specilication in two ranges of viscosity—
despite the fuet thut the effica aey of the spocification was quostioned. At
lh(\ same time the Ministry of Tuel and Power drew atlention vnee more
to the neod for she iprovoment, of operating eonditions in tho eotton mills.

Theao two mubters obviously tied up togather. If, hy solvent refining
oil stocks from which ibricating oils wre male, the extracts were more
swroinogenie than the oviginal stocks, then the refined oils musl be less
so.  This condformed with the oil industry’s past views, and the Posrolonm
Board arranged Lo finance bologival testing anid rescarel on tho mutter
at Bivminghan University.  Worlk was initiated by Prof. Haswell Wilson
aud De D. L. Woodhouse in the Cancer Researeh Laboratory in she Depart-
ment of Pathology and under the mgis of the Biitisa Empire Cancer
Cawmpaign Commitlee,

After about twelve months’ investigation and tesiing of petroleum
extracls, interesting results were obtained to which soparate reference
will be made.

Waree On.s.

Thraughout the extended study of the relasionship of lubricating oil
to mule-spiiers’ canver the question of extent of oil ‘ohmng has cropped
up frequently.  As far as the oil is concerned this bas as always been the
chosen aspect 1o tho problem of the chemist and oil t.ec]moh)gist, firom
guite early duys Twort expressed belief in white or medicinal wils being
the least carcinogenic of all hie tested, sharing bnununity in thal respect
with futby oils.  Tho possibilities of removing resetive eareinogens from
mineral @il by carth brestmont, oxidation with air or chemicals, solveny
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CONDTTIONS,
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oxtraction, aeid fresbment, wore all disoussed, bul nothing was done.
That possibly was due to the Thaited tosting lueilities nvailable, the
amount aud exponsy of the work involved, and lek of a sense of ronlism
porhaps in those most intimately concerned,

In the early days of 1946, however, the step ways taken by the Manechestor
Oil Relinery Gronp, in conjunction with Pwort, of dafinitely revommending
the uge of teehnicul ov medicinnd white otls us spindlo vils for mule spinning.
These oils arp selected petroleum distillates hoavily treated with sulphurie
aeid or vleunt,

The proposal wus brought o the stdention of the Peteolonm Board,
whose advisers were quickly alive to the togie of the suggestion, and reeom-
monded that, 1€ a prime fueie caso could o nade out for the now-curcing-
genicity of such white oilg, they should i once he made available Lo the
textile trade as spindle oils. HKxmnination disclosed that the evidence
avniluble was mewgee, Nevortheloss, a6 a meoting ealled by the Ministry
of Labowr and attonded by representuiives of otlier ministries, the textile
trade, and the petroleum industey, the deeision of the Ministry of Bael
and Power to mako white oils available as textile lbricants was eon-
firmed, despite the scarcity and dollar cost of such olls st that thne.
Simultancously, the Petroleum Board anuonnced its further financial
subsidy of rescarch work on the subject at Birmingham to supplement the
very limilel informoation on whicrh the docision had been made.

With the excoprion of a fow move lettors and arsicles in the toade jourmals,
ontes again uothing happened for nnother extended period —nearly two
years. There were practically no enguivies for the while oily and no
domanndds for supplios - either {ronn consumers wr distributors,

I B, however, the Muaster Spinners and the Cotton Opovatives again
ealled into being the @l hoe Comniittes of 1946, with the addition of repre.
sentution from the Shivley Tustitute. By this Hme there was fortunately
eorroboration by Woodhouse of Birmingham of the biological nnelivity
of white oil sumiples submisted by the Petroloum Board.

Decisions woro thercon mads by the Federution of Master Cotton
Npinners” Associntions Lo standavdize on the nse of white oils subjest to
praciivit tests showing them to huve suitable Inbrianting value.

Such mill teinls, carvied ouy with plain white oils awl white oils blended
with fatty oil, all of compaeable viscosity, showed subisthvtory performanue
and unexpectedly vary listle difference amongst themselves as vegards
power consumprion,

Tho ad hoe comnuitler concerned has sinee achieved an official basis by
being  brought under tho eontral of the Fectory Department of the
Miuistry of Lnbour and Nusional Surviee,

Warre 011 SPECIFICATION.

16 was remittad to the petrolenm industry representatives to submit
o specification fo eover sujtable white oils for adoption by the frade,
This has now been done, and vhe deady specification is in the handds of the
Comnibtes, by whom it may be expected to be published at an ewly
date,

The specification is based primnarily on dofinibion of nature and pro-
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Juetion, and upou colour,
the highest standurd kuown, ax pepresenling e most deasbisally vodined
ails, mid eonsequently those likely to be the least caveinogenieally aetive

Later, whon fuether testing awl vestization has been ] oud,
ooy be possible to rolax the standard withous danger, Plis joint
action of the eotton and petroleum industries, with the support and unddeg-
standing of the Govervment, s s foe exsmpls of ce-oporbion fre the
cemnmon good, Honakes up semewhal for the peetod of misunderstanding
antd diveraty of aetions of the past Mxpeoditare of toe and money, aud
ubbimabe eost of the yory speainl oil concerned, finve been no pbstuele in
dealing with this uspect of the {oll diceage.

As {ar a3 can be seen at present nothing further can be donc as regards
the oil.

There may. bowever, be unforsecy suags, and i s esgentiad Yhoro shonkl
be ne fulse feeling of safety . It ix most sineerely to be hoped that nothing
will interfers with Lhe campuign for clennliness, for protection by means of
clothing und burvior eroaus, and for beller eonditions of operation. The
recommendation of the Joint Advisory Cononitiee of the Cotton Industey
(1045} for she sdoption of autematie wiping-down motions and non-sphsh
devices §s goord as far ax i goes, bul no layman can bul wish {hat mule
spinning, with its attendant coudilions as deseribed by Dr Brockbank,
could be exchanged for viher methods of spinning less exaeting,

Warry O1ps.

Statements to the effect appear from time to time in the technieal and
trade Press that animad and vegetable fubly oils are non-canestous Twort
has reeordod all such oils tested by hing as heing funocnons . but he has adso
pointed out thal oleie and linolele acids {whick may, of course, bo present
to an appreciable sxtent v eommereind fatty oils and Lo o small extent
even in wellorefined oils) are wapable of prodocing non-nulignant tumours
i miee.  They are alse capabie of amplifying the caveor-procucing effests
of eertain chemical compotinds,

Tt Las nlso been stated that when using sesane oil as nocarrier for chemical
carcinogens the blunks with sesamoe vlone were noy free from netivity

These matders are mentioned, ag the specification for white oils referred
to may facbually or tasitly perinit comapounding,  Tn this i would be tu
line with the cheervations of the Manchester Committee. L v well to
realize, however, thal there iz no full elearanee for fatly oils, and in view
of the difliculty ol delining theiv nature and thelr prrity the suthar would
suggest lmilabion of their use wnddl further work has beon done,

AL concerned wonlil wish to express their appreciation to Dr G ¢
Twort. for hia devolion 1o his purpose of sliminating mule-sphmers’ ceneer,
The single-mindedoess of Twort and his co.workers—and of the Manchester
Contmittes as u whole - s been responsible, botlh direetly und indirvectly,
for much of the progress made.

JARCINDQERTCITY 08 O1L BXmacrs.

The work of Woodhouse at Birmingham on behalt of the Pelroleum
Board, to evaluate the cavcinogenieny of ofl extruets. wovered naterials

Iy i recomnended thes colour should be of
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from stucks derived Dom differeny cvudes by various processes of solvent
treaf ment, Such drenfoent i o process of physieal exteaction with
selective solvents. These rranove phe more arowabic and papbthenies
ving-type compounils, which lnelnde many of the more chianically sus
eeplible vonstitienls, so Lhat e rad Dinate is mmeh more resistant, to
oxulabion for example, vt i wore paraffinic in nabure than the original
oil.

The materials testod al Bientimvghun were all products Drom feed-stocks
derived variously from | -

Venezuela (Colon, Lagullie, Convepeion, snd T Juaaa),
.8 Quif Const (West Beaumonty,

Colombia,

Roumdor,

Middle Iias {Persia),

UKL (Bakring).

The solvent-oxtrastion processes voneorned included Buosol (propane/
Seleeto), Hdelmuu (honzolfS0,), and farfieal.

Altogether, tawvelve peteolomn extracrs of differcot kinds were tested
over o period of some bwelve months, A second sertes of confirmasory
tests lollowed, and gave almost kdentical resulle. The {irst serios were
corapared by chevli-tests with known  careinogens and  with  coriain
chomicals normally wsed as plasticizers and extenders in the rubber
industry.

The reaults vared gquantitatively from one waterind o aother, bug
showed that solvent refining tended, where they existed, to concentrate
carcinogens v Lhe extracts. The nosh aclive wore lower 1n hiologive
acbivity bhan corresponiding conl-tar products and less noxions shan vertain
materinls already i use,  Nevortheless, iU was apparent that suea products
should be nsed with eirenmspection and wnder controlled conditions,
especinlly avoiding continual bodily eontact

Recently some attention Lias been divected towards the use of pelioloum
extrachs as corte oils ru foundries, takny the plwe of linseed wud other
procducts dess readily oblainable. There can be little connuexion imv' von
such recent use of extrocts and u belisved abovenormal indonce of
eancer amongst forndry v«;rkor' but it draws frosh afteniion o the
possibility ot all decomposition products of organic mabler al high
temperabure hoing careinngeuic,

Cuprine Ores.

In s recent paper by Dr Cruickshiank and Prof. Squire ® attention is
drawn to the possible effecls of exposure to mineral oils of workers in
engineering processes; and particularly to the nse of cutting mils in anto-
matic mechining,  Under these condivions workers are susceptible Lo oil
folliculitis (ullamstion of the hair lollicles), and the great majoriy become
affeeted,  Moreover, nbout one.third of those exumined contracted warts
of one of two kinds, These warts are of o Lype known amongst far
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workers and mule-spinuers. There were w sddition sotne eases of pro.
cancerous skin condition and one of scrotal eancer.

These observations may have to be regarded ay warning signs, and
cortainly call for study and amclioration where possible of the conditions
of operation.  [b soems to be the case that whilst o little of the culbing
oil may be oxidized at the tool edge, the eonsiderable loss of oil known to
accry in use is duc to the formation of very fiue spray which deposits on
the surroundings, ineluding ihe operators, as a thin flm, The inftial in-
flammation is mostly on the hands and forearms, but clothing becomes
charged with oil, and the general condilions in this rospeet ave not dis.
similar from those met In mule-spinuning

The conelusion to be drawn is that if inproperly dealt with eontinnouns
exposure to entting oils is o hazard.  This is supported by certain epidemi-
ological data and also by biological tests. Magnification of the effect is
undoubtedly caused by irritation from clothing, injury, and abrasion from
metal particles, and in this respect falls within the class of action of oil
wnd other oecupational dermatitis, to the avoidance of which much
attention is nowadays paid-in factories.

Tn this connoxion Cruickshank and Squire urge strictor 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
inspection ; and attention to personnl susceptibiliby.

To those interested in the naturc and ure of barrier ercams a previous
puper hy Cruiekshank 7 on the subjeet of their evaluation may be rocom.
mended.  As protectives, the soapy type of oil-resistant barviers seem
to be of limited effect, and have the disadvantage that whoen after a liraited
vime they are penebrated by the mineral ol they give no aid to subsequent
removal.  CGreasy protectives, on the othier hand, rapidly mix with the
contarinating oil, but do assist subsequens cleansing.

In view of the dubious nature of some of the prolective components, it
is clear that a groat deal more work is vequired on the subject.

Crackep.oln Propvors.

Modern refinery practice is largely concorncd with the reconstitution of
petroleum hydrocarbons by means of heat and catalysts. Under the
econditions of cracking and reforming, most of the new produects are mole-
cunlarly velatively simple.  But there is always a small proportion of heavier
materials formed by re.condensation and polymerizativn.  These, when
distillates, may runge in hoiling point ap to the gas oils and light fuols.
They are proponderantly aromstic in character, and having been sub-
jeoted to heat treatment are not readily susceptible to heat. Their
molecular-weight range, for example M.W. 230-250, would inchude that
of many of the hydrocarbon careinogens previcusly mentioned, In view
of their nature and mode of origin it is not surprising that biclogicul testing
has shown sote of these fractions to possess esreinogenic sotivity. This
has rosulved in the suggestion boing cxamined by the medical section
of the American Petroleum Tnstitute, to which reference will be made
later.
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ORUANIZATION 0P RESEAROH,
Tastitute of Petrolewm Besearch Grawg: No. 2.

The work sponsored at Bivmingham University by the Polroleam Bonrd
started by biologieal testing of white oils and pebroleum extraets,  An
aveoaut of bhis work is contained g paper by Woodhousr and Trwin ®

Tt had been determined by the Pebrolowm Board’s advisers, however,
that work ou the careinogenicily ol patroloum should be pat on a finda-
menbed hagis as soon as possible. Tor thag porpose the Boawd pronsised
the nacessary fonds, and serangements were wade with Bieminghanm
Univerdty to wndertake the binlogiead side of the resenvel swark invelved,
These nrrangemoents wers woll under way when ihe Petrolowm Board was
dissolved.  Amongst its lash activitios the Boaprd, with the sonenrrence of
tho Miniebry of Fuel and Power, appronchid the Tnstitate of Petroleum to
aceept responsilnlity Jor continustion of the work, and offered a substantial
s o initiate Uie researeh,  Ttowas Bnplicis that further Gnerwinl suppors,
when needed, would be fortheoning from the individual oil compunies.

The lustitute accopbed the responsibility, aud implemented it by the
forwation (under its Itesearch Committen} of Resenrch Group No. 2, over
which the author has the honour Lo preside,

The Group consider thal work smbarked on should not be of an
applied or ad ko nature, but an ondenvonr to separate and identify the
active components present i petroleum and determine their properties.,
As there are indreds of different aflfields sl many lumdred diffovent
erude polrolenms, it s necossary Lo be rvesdistic and make o lanited
chotee.  This choies is governed by o

(@) Differonce of type and distrilution.

(0} Imporianes in extent of produetion.

(¢} Content of lubrieating-oil fractions, sinece carciungens, where
already inrlicated, hud oconrved fn the heavier dssillates.

(i) Sapphies being the complete and witrented erudes.

(e} Authonticity and repeatability of oxperimentul supplies.

Modicnd Researeh Gouneid.

Quite sepnratoly, as 4 vesull of the gitention paid to mineral-oil carcino-
genieity, the Medical Reseaveh Conucil at the oend of 1948 set up a Coms-
mitlee wilh the torms of reference - -

“as indbiate and earcy oul research inle tho sardinogenic action of
wineral oils and compounds of other oriyin with whieh they muy be
combined i use.”

The Medient Research Couneil, it should be explained, is a hody of the
Privy Counedl, and as sueh possesses all the powers necessary to embark
upon sueh action.

The Commitiee thus formed in of high calibre, and includes specialists
in cancer patnology, the chemistry of cancer, biologieal tosting, stavistios,
and petrolewn techno’ogy. The varions mnistries concerned have also
nominated representatives to abtend as may be required.

The M.B.C. Committee works clogely with LD, Bescarch Group No. 2,

s
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