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June 21, 1957

My, D, ¥, Stroop

Anerican Petroleum Institute
50 West SO0th Street

New York 20, New York

Dear Mr, Stroopt

I o» attaching some information forwsrded

10 me from Dr, M, N, Bewquist by Mr, 4, E, Docley.
Perhapayvumldnketohn;thic&xpliumm
dstrituted to the msembers of the Subocommittes on

Carcinogenicity and aleso to Dr. Horton and Dr. Keboe

Sincerely yours,

TR LRt
R, ¥, ECXARIT, ¥, D,

R¥Escth

Attach, -~ Institute of Petroleum. Rese
Mimtes of Meeting Ko, 17 held st 26, P
Ma’ ﬂolo on the 12.3097

Copy From D, V. Stroop For Information Of Members Of
Subcommittee on Carcinogenicity . 6/25/5T

1”

¥o. 2,



[ PR

INSTITUITE OF PETROIEUM RES-2-17

RESEARCH GROUP NO. 2,

Minutes of Meeting No. 17 held at 26, Portlend
Place, W.l. on the 12030570

ATTENDANCE
IN THE CHAIR: F. Morton
MEMBERS: S.J.M. Auld

G.A, Dickins
J.N. Haresnape
C.F. McCue
H.W. Stevenson

APOLOGIES FOR ABSENCE: B.G. Banks
J.W. Barrett
JW. Cook
A. Mclean

SECRETARY: E. Herbert

1. MINUTES OF MEETING NO. 16. 23.10‘56:

These were signed as correct, subject to the additior of "pages 146-155" to
"Phe Transactions of the Institution of Chemical Engineers” Vol. 34 No. 2. (See

Minute No. 7) and the alterations of “Research No. 2 Committee” to "Research Group
No. 2."

2., MATTERS ARISING:

(a) The Chairman mentioned that the paper for publication in the IP Journal in
continuation of that presented at the World Petroleum Congress had been prepared (See
Minute 3 of Meeting 15).

(v) The disappearance of activity referred to by Dr. Irwin was being studied in
the present series of tests at Birmingbam (See Minute No. 5 and Minutes No. U4 para.
2 of M.R.C. Minutes M.R.C.57/176 and C.A.M.O. Minute 21).

3. CONSIDERATION OF FINANCE FOR FUTURE PROGRAMME:

The Chairmen's memorandum and the report on the Constitution and Biological
Activity of Mineral Oils which had been circulated was noted.

The Chairman mentioned that there was no great urgency for additional finan-
cisl support as the I.C.I. and the Salter Research Institute had wade contributions of
isoo each and the M.R.C. Current Budget included a grant similsr to that wade last
year. It appeared that there was sufficient finence available to complete the present
work, During generel discussion, it was evident that development of methods was of
more interest to industry than actual results and that a biological testing unit for
use of industry would be welcome, The Chairman undertook to prepare a memorandum of

suggestions for future work which would include (a) programme for Middle Distillates
and (b) Oxidation.
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Members were asked to write their comments to the Chairman after considera-
tion of his memorandum so that recommendations which were likely to receive industry's
financial support could be forwarded, through the Research Committee, to IP Council
early in 1958.

4., DATE OF NEXT MEETING:

To be arranged by the Chairman.

ng, 19570 JB.
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Segtion I

INDUSTRY ARD RAW MATERTALS

Ths petroleum irdustrv and skin cenoer

The potroleum industry has been conoerned with cooupstionsl skin
oenoer cansed in the following waya:

(1) Froo long-term contsot of lubriosting oils with
the skin of workers (e.g. mule-spinners' canmoer).

(2) Froo long-ters sontast of oonstituents of unrefised
p-zi-ffin wox with the skin of workers (sholo
sorrkors’ ocanoer),

{3) From long-torm ocnteot of outting oils with the
skin of workers (e.g, skin cancer in the light
enginsering industry).

(1) From other poasible nisoell’neouc couses (o.g. skin
oancer in furnace workers

The first three of these groups have besn confirmed in the
laboratory by enimal experiment. In addition animsl exporiment has shown
thst meleotive sclveont extrasots and orscksd oils of low volatility mey
ocause skin csnoer, but this has not been noted in man in industry.

Tho 1ight oils and wax of shale have long been known s causes
of skin cancer., It is most likoly that thds effeot is due to csrcinogens
acocmpenying the waxy fraocticns, and not to tho wax itself, which is
pereffinio in naturc. Reocognition of the factors ooncernmed hsg led to
greatly improved conditions 0f work in the shale 0il refineries 2nd has
brought the dimasse iargoly under oontrol. There iz no racorded corres=
pending coourrence of skin oenoer or of dormstitiy amonget minoral oil
refinery workers.

The oocupational disease of mule~spinners' cenocsr has sttreoted
zuoh attontion in this oountry over the lest thirty or so years and from
osrly on waz asoribed tvo the lubrlcating oil used. Investigetion by a
coraittes sot up by the lbuohastor Corporstion in 1928 confirmod this view
sod resulted in en aticmpt on thoir behalf by C. C. Twort asix yorrs later
to distinguish, oy physical means, oercinogenio fyom non-eareinogerdo oils,
veing 2 formulption hased upon o relationship involving spooifio gravity
apd spooifio rufrectiviiy. The formula was wrongly soospted in many quarters
as 8 uolution of the ,.ro‘blem ord load to & false sonso of seourity umtil
Auld in 1938 poirted out its woaknessss. Botwsen 1934 and 1939 an
indepondent exsmination of C. C. snd J. M, Twort's data was osrried out by
Irwing, who while £inding considersble correlstion batween d&roinogenio
potenoy and nfrao*iv:‘.;y. d%d not oonfirm all the oonclusions in C. C. end
J. X. Twort's published papszs. The ¥anchester formuls had slso led,
unfertuartoly, in the uinds of marny potroleum scisntists, to insufficient
sitention bslng pril in L ':extile indusiry 4o olsanliness, worlkdng oonditions,

1o Aedd, S J. M., (2938) Soacific refractivity and carcinogenioity of
zinerel lubrioating clle. J.Inst.Pet.Teok. 24.577.

2. Trwin, J. O. & Goodzsn, N. (1945) J.Bzg,, Cemb. ik, 362.
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mediocal inepsoticn, obanp of osuupatiorn with long~terr wodlosl follew—up
for svaosptible workers amd so on; *hst is o wsay, “he massures which hrd
brought the parafiin dermetitis end paraffin oaposr of the ghale industry
under oontrol. It also lo2 to insuffiosient attention being paid to the
development of truly nom—ceroinogenic oils. It had been apparent in the
potroleum industry thet more drostio refining, suoh as solwent extrsction
or sulphtric soid 4roatmwent, which might be expested 4o destroy or elimimste

! possible caroinogens, was the post logiosl spprosch to the problem s far

‘ as lubricoting oils were osmocrmed. In additicn, asoeptance of the formula

{ delayod consideretion'sf systoustic oxeminstion of poiroleum for the purpose
of soparating possible carcinogens and siudy of their sitruoture snd properties.

e e In 1943~4) aticatisnwas foousped on the libricating oil extreots
which wero being used as sudbstitutos for extenders, plastiolsers, oto., which
could no longer be obteined umder wnr-iim oonditioms. It was suggested -
thot theso extraots might have carcinogonio or otner very noxious propertiss
and, as p.resuld,- work was initisted st Birsinghsm University by the

i Fotcroleum Board for the bioingloal testing of extroots. This wopk is

reforred to later, and more fully, in Section IXI of this report’. If the

supposition thot by solvant refining oil ztooks from whioh lubricating cils
are msda, tho extrmcts sro mnds moro ocreirogonic then the criginol stocks,
thon the refined olls must bo lass carcinogenio, which leads %o the thought
that Intensive refining to tao sisge where white oils sre produoocd would be

2 logloal mosns of obtaining & non-oaroinogenic oil. In 1946 the Petroloum

Boand took the gtop of reouvmmending that if a prims facie case oould be

] oede out for the non-carecinogerinity of such white cils, thsy should de

{ wade availsbls to the textile tiodc ss mule apindlo oils, At o meeting
convaned by the Hinistry cf Labour, tho desizion of tho Minirtry of Puel
sud Powe:> to meke white oilis availeble es textile lubracants wes oonfirmed,

"despits the.mesgrs evidenco svailsble snd despite their soerzity and doller
oort.-at .thet time. Sioultansovsly, the Poiroleun Board armnounced its further
financial subsidy for rosearoh werk at Birmdinghaw $o supplemont the very
limited informstion on waich the dsoisicu lnd been made.

I

——

) : In 1548, tho masiur spianmors snid the ootior operatives reoellod
the ad hoo committoo ¢f 1545 to consider the mstioer, by whioh timw there
was oorxooorstion from Birminghsm of the biological insotivity of white
oil samples submitted by the Potroicum Beord. Deoision was thereupon mado
to stondardize on;white oils, stbjoot to practlosl tests showing them to
havo sotisfectory litwiocesanz properties. Mill 4risls carricéd out with
plein whito oiis and white ciis blended with fetty cils, all of ooxpsreble
visoosity, showed sotisfoctory rerformanca and vory litiie éiffeorence betweon
the 0ils in power ocnsumption. The 8d hon oummditteo which aschieved an offioisl
basis by being brought urder the oontrol of tho Fastory Dspartmont of the
Miristry of Labour and Nationel faxrvice, 2hen sskod the Petroleum Industry
roprosentativos to submii a specification to oover sulisble white olls for
adoption by the Trads. This wos dope snd tho speoifiioation is referred to
in the Ministyy of Labour snd Noiional Sorvios publication: "Mule Spimners’
Canoex™ = Second Interim Repert of the Joint Advisory Committee of the Cotton
Industry (H. Stotionory Office). Ons of the rcoczosniations in this report
' . is that spropriates sotion should be token 1o wake the swmeocification es
efifective as poasible et ths oarliest posaidle dato end it is understood
that consideration is being givan to iiz nforcement Ty mrans of & Statutory
Instrvoent. ’

e The work st Zirminghom on behelf of the Petroleum Board ¢o

. evolusts the orroinogenioity of soivent extracts is Acalt with in Seotion ITIS
of:thiy report. The rusults varioi quonitideidvely from ove materisl to

. .onother, dbut showed tha* svin:at ofiring scnled to ooncontrento oaroinogens,
whacre they existed, in tho extrast. The zost soliva were lower in bielogiosl

. sotizity thun thy ovrrasponding oo2l tur produots erd lecs noxiour then
carisin meterials alreedy in ure for similer purposns. Furtiar work invelving
biologioei testing wns envinaged ard the Boerd set aside womy for this

. purpose. Whon the Boerd wos Gissolved in 1948, it opproschnd the Institute
of Potroleum, wlth {he soncurrense of tho lHnistry of Fuel ard Fower, to

) 3. Sou Selow vaps 1.,
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The distillstion wes repested with further sharges of 1000 nl.
untdl 5000 ml. of each freotios hed boon distilled. Dets for the first
ilinutm.ation of each of the three freotions ere given in Tsbles I, 1X, ond

Blending, After disoussion with Profossor Squire it wee sgreed ¢o
blend the dlstillates ecoording to the following scheme shown in Tadls I.

The arrangsmant gives five fractions from each orids cherge,
with £ minimum oolumm cf 900 1. for any fraotdon. The final blernds end
volumos are given an thy attosoed Teblesl, II, XIII, IV,

Roeport on samples of Dounillas, Oklahoma and Xuwnit distillstey

rooeived . At th: Tenth macting of the Research Group No. 2 it was

asgreed that future work on the exsmirstion of orude oils should be restrioted
t0 ths originsl three orude oils from Legunillas, Oklshome and Kuwait.
Acoordingly, semples of commercislly prepored distillates approximeting to
ths No. 4 frsotion prepered % Thornon Rerearch Cuntre have boen obtained
snd are stored at the Uaiversity of biyminghem.

Lagunillss distilliate. Through the kindness of ¥r. H. W. Btevenson
amd the courtesy of the N.V. Curacacache Petroleum Industrie Nastaschappil
{ ws have boen fortunats to obtain 10 druws of lagunillas distillate
i .300-400°C, pregored by commercisl vacuum distillation from s charge stook
{ oonsisting of alwost 1005 lagunilles oruds oil, The inspsotion data on
tain dipgtillate is given in Tedble V; for ocomparison, the Aistillation dsts

: on freotion No. 4 prepered st Thornton Resesxroch Centre is included.
\ Oklshom Bright Oruds Distillsts, Through the kindness of Colonel Auld

snd tho oourtesy c. Dre L. C. Foard Jr., aml the Sooony~Veouua 041 Co. 10
drums of No. 70 lubriocating oil distillate ox Oklahome Bright Crude have
been received and »re stored et the University of Bimingham. Ingpootion
\) dats on this material is glven in Teble VI with the ocorresponding distillstion
dsts from Thorntor Reports I% will be soen that in this osso the naw
matarial ip & somewhoat higher teiling fraction than the ordginsl Qp, the
bulk of the distillate being conventrated in the 350-L07°C. rangs. There
is, however, sufficient of the metsrisl availsdle 3 popsre large séuplos
in tho . 300-350°C. rengs should this prove to be neoccasory.

. . Xuwsit Vaouum Digtillote. T4 prowed impossibla to cbtein, ss 8 lingle

. stresm, 2 sampic OF Auwait Vacoum Distillsto boiiing in the range 300-4000C,

i Through the kininsas of Mr. E, J, Bocurmen and tho ocourtesy of Beso Fetroleum

Co., Fawloy, wo hove obtained threes drums of esoh of & vacuum overhead and

Ne.L sido stream fraotion which tngether cover the boiling range in whioh

) wo sro intorested. The distillation data for the two freotions are ahown
in Pig. 2 with 2 sicilor distillation for the Lagunilins distillate for

compoariaon.
f : Futurs proprenme
1 The ersction of the Stedmen Vacuom distillation urdt is tow
completed, Thermooouples and manometers eto. ere now being ocalibrated snmd
¢ the adiabutio Jsocket winding hes been fitted in place and is undor test.
: On completion of these tests the umit will be cherged with tha"first of the
. Kuwait seaples and the distillate oollmoted in appropriate siss eamplos.

In tho first vese 1t is proposcd to collsct tho samples in -ooo?danoa with

the bolling rangs distridvutlon Xy 4, K, 2, K 3, K g 2;d of. Repoxrt
r . ¥o. BY/52 =~ page 3). Material hoilingl%ut-ido’%zh lxtange ﬁﬁ be colleoted
seperstely ond stored.

4 fuli veport on the dssign eto. of the Stedman unii will be

s ol

7. Thiz is the text of » reporti (B,2/52) by Professor Morton to Resserch
Grecup No. 2 of the Inatitute ¢f Petroleun snd is reproduced by their
percdisaion. )
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sooept responsibility for oontinuing the work, and offered a substantial
sum to continue the rescsroh. Ths Institnte of Petroleum scoeptad the
responsibility and implemented it by forming {under its Bepearoh Committes)
“has Reasarch Greup No. 2., whope Chairman is Colonsl Auld. The Research
Group No. 2 falt tho s fundamental investigstion wes required in sn
endepvour to sspareto the sotive componments pressnt in petroleus end to
detormine thoir nroperties. As thore are meny different oil-fields and
peny differsnt cruds oils, it wes necosssry 0 Do realistio and meks
licdted choios. A4 2bbut the geme tims the Medioel Rasearch Council's
Committos on the Chrefnogenic Action of Minerel Oils was set up end it
was naturzl $hot tho aotivities of the Institute of Petroleum Research
gr:;gtl\’o. 2 should bo dovetailed with those of the Medioal Research Counail's
o tees ~indE 4 L. - *

Rav materisls

. A3 a rosult of the vo-operetion between the Madioal Resssroh
Council Committee ard Regosroh Group No. 2 of the Institute of Pstroleum,
three oruds oils, Kuwait, Loguniilas and Oklahoma weroe solected as being
either typiocul of orude oils likely to bs much in use in tho United Kingdom,
or slternativoly typical sources of lubriceting oil fraoiions, bright stooks
and residual lubricating olls, Substantisl supplisa of thess oils were
arranged by the oil oompanies concerned, i.o. Euwait 01l Co. (xmit;,
Skell Petrzleun Co. (Tagurilles) and Socory-Vacuum 011 Co. (Oklshome).
Enoh 01l wes inftislly froctiorated by oontrolled disiillstion at the
Shell Reseorch Cantye at Thornton=le-Moors intc four freotions and &
residue. This fractionation im -desorided in Appandix II st the end of
Seotion IV, Tho fraotionz were numbered for convordencs Oy, 02, O3, O,
05 (Oklohom), and similsrly X1 and Lyjs for Kuweit snd lagunillas
regpeotively. Loter,. the fourth™ fraotion of esch 5il was soleoted for
furthor atody*. A dssoription of the progressive frectionstion of the
three ohosan frootions, corried out by Profsssor F. Lorton at Birmingham

" Undversity, follows.

Redigiillation of Practions On, Ty ana.Kf. Three orude oils,
rapresonsetive uf t7uical stocks, from Oklshoms, Laguniliss and Kuweit
reapectively, hed been fractiorated at 4ho Thornmton Resesrch Comtre into
four ovorleod fracticns and & residhd, The distillation had -been conduocted
with open siesm %0 avoid tac uae or temparaturor in exosps of 250°C. In
sach caso frsotion 4 (bolling range epproximately 300~400°0, st 750 mm. Bg.)

“wss salecgied for further inws atiq_n, beocause these freotions hed boen

shown to bo tho most osroirogeiic®.

- The Purthor fraotions: "diptillntisn of ecch of the three

cempiss M, iy onI ) voe eardcl eut dp the followking mnieta
apnraiis, T Gmochosiiug ool Ll cuxdllssy spperetus is

phiwn wn tew cmounsTping dlsgrem 1Fig. 1) The occlumn (18 in. high x 1 in.

dizmoter) was pasied wiin B Tonske Lelioces. Adiabatic conditions were

mainteined by = boating Jacket srd tho flask wns heated by isomantls to

avoid local cvorhoeting.

L The 34111 wos ahargod with 1000 ml, of the semple {provicusly
dried over auiydivur sodium suipheta) and opersted under totsl reflux st

& controllod prussuxe of 1.0 omeEz. for'l hr. The tako off ocook wes then
oponsd to giva on effsotivo reflux yetic of 10-1. Thip dlatilliate was
0ollootec to 100 wl. fraoilenn, tumpsrature ard pressure being recordsd
throzghout. Tho distiilaidon was stopped st o still pot temporsturs of 250°0,

i+ Parther desaripricn of t4is work is given in Seotions II (pege 7) snd
T (pagw 13) of *his sopcrt.

3. This is the iuxt of & eport (B/52) by Professor dorton to Ressaroh Group
No. 2 02 tho Zrotituts of Petroleum and is roproduced by their pormission.

-~
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Fig. 2.

I.P DISTILLATION METHOD C.

90
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W
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PERCENTAGE OF DISTILLATE

n
o

e

X 240 260 280 300 "320 340 "360 380 400 420
s TEMP IN DEGREES C.

d T 1. These curves are approxizate.
2. The nomenolature is that used by the patrolecum oompeniss uﬂ does not
oorrespond exaotly with that used by the Comxdttee.
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able Qic arudo fraction N Yolime charge 4
Pressure 4 mneHge

Praction No, Boiling Range Volume

- %(Correoted) nl,

1 #290 , 100

2 290-320 100

3 320-360 , 100

b 360~370 100

5 370-370 100

6 370-350 100

7 390-400 100

8 L,00-400 100

9 L00-410 100
Residu_e o 100




Table IIT, Iaguinillas cruds fractionNo, 4, Volume chargs 1000 ml.

Frossurs 1_mmHg,
Fraotion No, Boiling Range Voluze

90 (Corrocted) ml,

1 £-380 100

2 380-385 100

3 385-390 100

4 390~4,00 100

5 4,00-4.00 100

6 L0o~410 100

7 L1 0-410 100
Residue 410 300

Tabls IV, Kumit oride frection No. 4.

Volume charge 1000 ml,

Pressure 1 _mm,Hg,

Fraotion No, - Bolling Range Yolune
oC(Corrected) ml.
1 ££300 100
2 300-350 100 ~
3 350360 100
N 360-380 100
5 380»385 100
6 385-390 1co
7 390-395 100
8 355400 100
Realdus 200




b'\/, L ] L - it s e - e v - _
TARIE I
Distillstion rande snd voluse of sssplep propared for biological testing
Oklahore (o,’)- Iaguinillas (LA) Kuwait (x,*)
Boiling renge Boilin%;;onp Boiling virnge
Fraotion sorreoted to Voluwme Fraotion oorrae o Volume Freotion eorractud to Yolume
Now 760 . wle . No. 760 = wl. Fo. 760 e al.
% %a o
041 -320 1600 Ly ~360 900 K. ~350 770
04.2 320-370 1860 L2 380-390 1800 Ey.2. 350~180 1650
Op.3 370~3%0 1800 § L3 390-4,00 1800 K.3 380-390 1760
Oty 350410 2700 Iy 400-4,10 16800 LR 390400 1070
1
Op.5 Ensidue > 120 900 .5 Res3dus 410 27C0 K,.5 Regtduo >> 100 2500
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TABIR V

K.V, Cursonosohe Fetroleum Industrie Mastsohappij
(Curscao Nii.)

Analysis of a seaple of leguimillas diatillate('*)

Spooifio gravity et 15/,°0
Specifio gravity st 60/60°F
Gravity 4.B.I. at 60°P
Visoosity Redwood I st LLO°F
Flashpoint P.M. oo,

Water

Pourpoint

Organio acidity

Inorgunio soidity

Ash

Aspholtenes

Distilletion (Vaouum 3 _am,)

2% recovered at

W v
o v
m L] L
ok v
s% v
6“ | ] »
0% v .
ok v,
ok »
9k v "

0. 9?99
0.9304
20.6
55
B0
0.05
33
" 5.0
ndl
nil
nt1

“8-

80,

Op.
g KOH/g.
g, KOH/g.
%
4

Thornton Report
No. 030 2/50
Teble 3 fraotion 4
oC

3 nz
3

350

354

360

365

370

376
"

(%) This Tablo is roproducsd by permission of the Institute of Petroleum

K3,

These ssxples were jretered by the petroleom cowmsnies sad sre thoes
dessribed On pege 4 wonder the hesding "Rsprt sm sesples of legpmillass,

Okishoms, Bnd Xuseit distillstes”s




TABIE Ki

Sosony~Vaouun Laborstories

Analysis of & sample of 70 di.tuht.,(ﬂ

Laberotory No.
Buffalo Rofinery Ko,
Produot

Gravity

ASTH ocolour
Pourpoint
Fleghpoint

S.U. Visoosity

Vaouum distillstion

{Readings sdjusted to
760 r=n.Hg.)

FEERELERUAKRE

bt

296
356
368
3N
378
385
388
392
396
402

405

934,796
192
70 distillste
28,2
1-1/2
+30
335
83

Dp

566
673
€95
706
2
725
[}
137
45
755
162

GA.P.I.

op
op
@ 100° P
Thorntsn Researeh
Centre Report No.
C3/2/50 Table II

Fraotioen 4
°c

296
35
320
327
332
338

350

B3 ¥

{5) This Tsble is veprodudl by pormission of the Instituts of Petroleum.

K3,

These ssuplos were prepsrod by the petroloua ccupsnies and are thoss
desoribed dn pege & undsr the heading "Report on samples of Lagunillss,
Oklshoms, snd Kuweit distillates”.




issued in due oourse. The unit oonsists of & still pot ozapedle of e working
oasrge of 75 gels., & freotionating oolumn 10 ft. high, 6 ins, diemeter
paoked with oiroular Steduman packing, snd the neocessery oondensers, hesters,
reflux aocumulotion and control instruments. The unit is the -ift of
Mesgrs. Trinidad Leaseholds Ltd. and the new peoking hes been supplied by
oourtesy of Foster Whooler Corp. snd the Midlend Tar Distillers Co. Ltd.,
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/5[5 RESULTS OF CHEMICAL STULLES

Ohdeniivo

The vliimate objsative of the chemical part of the investigaticn
is tns {dentificazicu of the constitusnt(s) respensible for the ecereinegente
action of whe patvolaud olls and the utilisation of this imonledqe = do"i.sing
onemical or physical methods for the detaction and estimecion ¢ the caroino-
genic consiitusnts of oommercial ofl fractions, This wovld “-u-ni sh & ranid
means ol cvilra’ing the carcinogenio votensy of a given ruterini, t- us oh-
vieting the rneed for longthy an?d oostiy biologieal sximiraticas, ~thers
nsre, o know! ndie of:the chemical natirs of the active weterisl miziyl =il
1cné o 2 M'ﬁc-....ion of refining procedurss which would result ir detoxi-
fication i gha c¢i,

Tha_cil Treelicna

Dpree roor e-am..n"ive eruie oflls were Relected (soe Seation I),
Dach w23 seuremted Ty & ation ab the T E Zertre litho
Iour truciions and o rc- : A3 it is knovn thet vers '::'.gh tomperatures
ioa L0007 C) nay nrzorm such materials into carcinsgenis polycyollo
"-.’;"J-!‘ varhons, the soniitizc of Airtiliation were careﬁ.l;y conirolled so as to
k e 'xﬂy »isit o” r-. owing carcirogens by pyrolytic treaimeat. By
ni~3illing uider recucs? rressure and 'ty introducing steam it wns possible
o mrintain the tcmemturﬂ of the 1iquid below 250° C during tho distillation,
The lager stages cf sub-i~actionation are all being planned so as to avoid
sigp-temper-tire, trenitment, and in this wey ensurc that anv carpownds which
v e lseolated are rearemably corteinly prosent in the originti crudo olil,
firat st-we of sub-frictionation of selocted fractions pivonreld ty the
2 fzsenren Centre L2 belag earried ous vader rhe swervision of
T 4, -LO.\...X in the Lepuitment of Chemiecal Bngincering of the
NP The 15 sub=fruochions (5 from wach of the thrse
rs uniorgoing biological test in tho Cancar Research laborantories
i are w1z0 "~c:‘._; subjecte‘ tec chemical ex :aiantion b" Dre V. Carruthers
voziing in Whe Lisaiseey lucariment of the Leiversity of Hlasgow umder the
cenernl diracsinn of rrofonces TW, Cwlte Yhis soeticn of the Report is
consernad voth tho wenk of . Carruthors,

Ehe hmotho’iend chemigal siticture of the unknown ecorcinogen

I% kas long buen novm +had u'Snonl ll'b“zﬂatirg oils are liable.
to eontrin enreirovenic comtotifoange, -wlly Tosponsible fer
wme Righ iacidenae Tef skin canars e 2, and the careino-
Zenlunne vic ivirieatling o8 & sl 5o t- @ muren nac heea domonstrnted
repuatoedly Ly oxporiments on mice, but no pure cr.roinojenio compound has
....the*':c bzen isoisted Srom sich a source, A similar carcinogenic indus~
triad matcrial is eoal tor, and from this o potent carcinoeenic constituent
nas bcen izeiated ond shosn ti he a fusedering aromitic hydrocarbon 3:h4 -
bennpzrens,  Other hydveear® ons of comparatle potusncy, ?‘Plonging to the
me clnas. have tern prepared svadhctically.  Usiog 23 a working hypo-
'-:.*.u..n.:, tacesiore, tac assizg Son $has the active ingredionss of mineral
oile may bz of ‘chc seme type, oitontion is being ‘ocuss«& in the first
instunco on *he arematic frcti-mns of the oils, and particulariy on the
volysyriic aremtic materials, vhich have ocertain ch'\mctfristlc proper-
tes oy vhich they =y be recognized, This eay help do aunpl!.?f the
rowrse of” the investigntio., bt 1t is rscognized that the active con-

.,1+lmn.s ol the vils way b2 of quite other chemicnl typeas and 3he non-

Tomatie Dinetieas will cortninly not be neglected, There is som®

‘.1‘:‘&1....;0'1:.1.0.. Tar aevebing mors nttention initially to “he polycyelic
arcmtie conatituents of the oils, for not only do the mcst.potent compounds
Lrora belers tu tids clasa, Put it haa been owr experience that all of

the aarainogenic oila \rhi.ch we have exnnined contain polscyclic aromatic
{reotions,
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Chrmond expaination of ‘he frctions

e’

Up vo the prysent ihs chemical examination of ihe frections
haa lnsvitally lagged far behind the other phases of the work, for not
only have the erude oi2s had to be selected, procured and frastionated,
bl ths carcinogenic potencies of these fractions have had to be svaluated
by ieborious blological t2sts extending over more than a yvar, Conso-
guonlly it has beer zossibie oaly racently to make a start on the main
cherizoal taslc o attampting the isolation of pure constituents of the otls
seloctod fer sysiemutic investigaticn, Eefors this start became possidle
attentica wvas Gevevel to shorisr tem projocts of examining soms oil sxtracts
which had alrexly Taom shuwm oy Dr. Woodhouss to be carcinegenic and also
sxe related maisrials separated {ran potroleum oilg. A doseripiion ¢f
the rosulis of this vwork is included in this Report®., It has proved wsll
worthwhile, not so much for the intrinsic value of the resulis obtained,

‘but eaiefly for the experiernse which has been gained in devising and studying-

the methods of soparation which will be applied in the mein task confronting
us in this research. Ameng the mothods studied wors fractionel dlstillatiom,
chromtography, extraciion with concomtinted sulphurie acid, and formetion
and fractionm crystallisation of molenuler compounds with polyniiro campaunds
auch as pieric anid and s~trivitrobenwono,

The extracis emamincd wers commercial produota obtained by
oxsreciing certain petroloum distillates with Xiguid sulphur dioxids, a
sclvent which selectivaly dicsolves the arcmatic components, Thas extracts
were gensrclly darx viscous ofls of high boiling-pcint, ccntaining only
=all amounta of material distilling below 200° C/0,2 mm.  Higher-boiling
miterial vas distilled ot temporatures wp to 2500 C m the mercury pump
(13 - 105 tm,), affording viscons orange or yollow distillotes, Be-
cause of the high boilinrg pcints froctional distillation could not be
employed to achieve an initlcl sub-division of the extrasts, For this
PWposs use was made of carcaatography.

Thoe ~Liacour dLatildlntes obiained as above wers chromtogrenhed
en 2 large senls cn colums cendaining large amounts of alumina, with the
ebjoct o' obtaining less complox fractions which might serve as tho basls
Tor furtier snooratlions by eryoteilication of molecular somplexss or other
riexns, By eluiion with peirolewr ether conteining increasing proportions
cf bonzene, o large nimbor of arbitrary fractions was collected of increasing
ayaaticity. Theso fractionc wors prvely arbitrary; thero was uo olear
demareation between thawm. In genoral, oluticm with poetroloum ether
afforded a considercble amornt {50-€0 per ccnd of the cherge) of almost
colourless elunte, roprescniing 4ic lensi arsantle portion of the frastiom,
Continued oivtisn with patrlewn — btensene shen afforded fraoctions of
increasing refructive index and dsopening colowr, centeining mors arcmatic
mrterield,  The lasi eluntss wers usuntlv dark orange viscous gums, From
mny of these later Dations hishly esioured crystalline picrates scould
o obtnined by {reaiment with picric ncid in aleohol, These were generally
dnrk re@ or brown in colcux.  Taer could be crystaliised from alechol
or Loazene, bui gonerslly wevs obtalned in posr yisold, and none has yet
been obtained it a purc otass, Cx decarposition only small amounts of
oily materinl werc obtained, Theao pierntec must rezpresent a oousiderable
concontr-4ion of aremniic meteriad over tnat present im the original extract,
bub &t i3 clear thai trey ave stil> complex mixturss. Only by working
on o very large ccals will 4% te poussitle to chtain sufficiently large
amownts to offer nny procspect of achieving pirification of the plorates
by cxystailisation or other menns,

In scae cases tho fimoticns cbiairod Ly chromtegraphy wore
further sb-dividad by wepeatod chrcantocmmuphy on alvmina., Froo one of
the extmcts trentad in this way (Pizor 33) for. erystalline asnlide wore
iz- 2ted, To2se woru roadily obizinsd honogenenus Ly crysiallisation,
Cno cf thec Yoo peon Leontiffed as the pentacyclic arcontio hydrosnrbom
poryleno, Tho others hovs not tecn complotoly ldentified, Ons cppears
$a be an aromatie hyércenrbon oo tho formula G%Hm, 025}1&, or 025825"
Tho wWltri~ricle: sbsoipiion rpocirm sogzests that it is o dorivative of
chrvsenc with n large clkrd swbsiituont of aix or seven carbm =tons
Posaidly locoted i positienm ¥ or L of the nusleus, The two other
campownds §noloted ave mnd arcmatic, They have ithe approximte formulae

8 Soe beicx p. 1.
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frootions of H showsd wook maximn in the reglon-LIO=4LO max , but were
otherwlss smooth, There wes, howsver, no evident relationship bstween 4.
the spootru and the biologlonl properties of the fimotiona (seo Figs. 3=6).

Biologienl testing at Birmingham and at London of the five
freotions prepared at the Thornton Research Centre from the three crude
oils (Xumit, IAgunillan and Oklohoma) being used for the main systematie
1§ve|tigatton has indtonted that Praction 4 is the most aotive in each
chse (designated K-, L4, and O~} respeotively), These are dark coloured
falrly mobile olls, bolling in the range 330-400° C, 317-384,° C and
296-4,00° C respectively, Theso active fraotions have been further sub-
divided by Professoxr Morton into four sub-fractions and & reaildue (de-
sigrated K~ up %o X,4-5 eto,) and these are now being testsd blologloally.
Samples of all of these sub-frxnctiona {exsept K.l4=4 ond L,L4-1) have been

‘mads available to us, and we have carried out some preliminary experiments

with them, For purposes of comphrison, the idtra-violst absorption
speotra of the three main fraoticns (K.4, L.b, and O,4) and the sub-frections
were méasured in cyclchexnne solution over the range 240-440 mp . The
three main froctions wers very similar and showed only genernl sbsorption
with & dooreass of intensity towards the long wave length., With most
of the sub-frnctions, however, thers were distinct maxima or polints of
infleotion at nboitt 325 muand 385mp (e Figs, 7, 8, 9)., The Okishoma
sub-fyactiona 0,4-1, 2, 3 alao showed maxims at about 255 mm ., Some of
thess madma muy be due to anthrnaens hydrooarbons, Only the three
residues, K.4-5, L5 and 0,15, nnd the fractions O,h=4 guvo smooth
ourves similar to those of the mrin froetions, The similarity of the
speotrn of the other sub-fractions is noteworthy,

) The zain fraction K.l has been exmined in more dstail. The
arcoatic compononts were consentrated by selective absorption on & colum

_of silica gel, and the concontrnte distilled and oolleoted in 2-3° frootisns,

Forty-ons fractions were taken, These fractions rsadily ylelded orcugsw
r2d crystalline clorates with picric acid, scme of which were orystallised
and analysed, clthough they wore not hamogoneous, The analyses indiccted
that the arcuntios present consisted of compounds of the C45 to C4g rangs,
suggesting three or four rings in their molesules, These plarmtes gave
positive teats for sulphur, but the analysis showed that it vas not present
in significant amount, The ultmg-violet absorption spectra of tho oils
recovered from thess pieratop wero exanined in lchexane solution, The
olls recovered from-the earlier picrntes of ihe eariier fractions of the
A stillations (Lop. € 1709/0,4 mn,) gove spacira resembling each other
olosely, and showing distinct maxime 4n the reglon of 375-380 mp , and
others of loss intensity at about 360 muand 325 mp. The speotra of the
frootions from which ‘thess piorntes ™ere obtained were also measured and
found to be aimilar to those of the material rocovered from the plcrates,

10, In thess Pigures and in Pigures 7=13 the abscissae represent wavelengths,
and the ordimntes give a measure of the amownt of light absorption

. at A given wavelength, The.nbsorption is usinlly designated by the
quantity log. £ (E being the moleoular extinstion cosffieient) which
{s defined bty the equetion .

h ¢
108. 'ig “&Ba
Henoo log,§ = log. R -~ logs ¢ -~ -where

I .
R = log, _ig s 8nd 0 = oonsentration in gm,~molecules’
1isre

In the Tiguros tho oxprossion log, Eis wed for the absorptton
spooira of puro campoinds (Figse, 34 and 12), but in the ocases of
tho oil finstions the mcleculonx woights of the absording ocmpounds
are unknown and the intensity {» shom thersfore as log. R = log. o,
whers g is the oonsentration in gm./s.0.
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CoyHzy0 and $pellypon, wid ove uxuronely recisisnt to chemical rengents,
The fa“.;ter o26D0W £as Deon mere ox.easively imvestigessl, Waat evidonoe
there ic v? fia ciruciurs noems to indicato 7 retuzated paphthonice
structure contalning oven riags - The fimciior f tnc ox gon atoms i
vrknewz,

Therw wes 1o abuaption ¢ hydrogen over o palladium catalyst
and the compoiml woo wrshanged af'ter cttemptod selenium dehydrogensticn
and aftes honting wdsy nrossura ¥hih fguccus or alocholioc hydrochloris
zoid,  Reaciions o surbord cad aydroxyl groupa were nogative.

We olon invagticatnd e possidility of offeciing a conoone
tration of metmo of the wwomatic ctapsnons in ths axiracts by utilising
tho paleciive solveni sotlon of omnonstruted puipiiwric acid, This is
knom 4o ddgenlve nexvnds. pelyeyslic aramatio hydrounrbons (e.ge 31k bense
pyrons) without swlphenation, regenorating thes on dilubion with water,
It vas favad trat goasxallin oxSrucilon af o potyolsum sthor solution of
tho disbilinies wita conscnuinged sulphurio noid 41d irdeed lend to the
separcbtion of 2 @a’l wpovortion of the original fracticn, but this was
55115 oceplox 1 wwbers. Tnie wos dhoun by she witmeviolet sbsorption
spootrn of fumoticny rrwmnreg in this way, Thesa showed only goneral
absorptlor and werd. cenplesely dovoid of auy chamctoristlo foatures,
Tho bulk of" the oilz a1 complesely unevsacikzsd by cold concentrated
sulphuric aeid, Fighls colowrsd erystalline plcerates could be readily
Lmodated if 4aeso exdbiacic wora further breken dewn by chromatography

- oon alusind nd tne fractiona thus obieiued treated with slecaclic plorie

¥

acld, Fheon plorais mera Jar frem nomowunsous, snc agsin the amounts
obtained wews o amil o allow of ruch seprratisn by crystollisation.

. Sawnilel with fhis wor: we alae emminel some samples of .
olemn sludpo and soldd soinug ueliphoraves, avnplied to us by Manchester
0Ll Reffmury und the Stuniow mefiners of Shell, Taess are preduced
in the refinery ln tresinert wish oiewn of the wndissolved matorial
(the r:ofinsie) from tar liguid sulphar ‘ioxide Yrontment. Any aramtie
hydrocardons presans ¥ilicr sepiva 1n the olsvm {parily as suiphouie
noids) er form stiphoato onily scluble in the ell,” Tae Tormer solution
somprises the olewm siodyc. and solid scdivn zulghonaies are obizined from
the oflwsoluble swdpk ~ = acids. Il saeusl pausible viiat these materials
mighd contelz some of 4in wolycyuliz cromcric mvdroarriins of the ariginal
ofl and an sticzpd we.s moas Yo imnlabe sish cormporeis froa them,  The
£0lid sc@ium sulghenates were hxdrvelyssa = {h fydrochlovic acid wnder
pressure, ont the ruccvored cil diaditier and chramicgraphed.  The
Practlens obitnincd gove andy wany pole colocurctions wita pderic acld, hoe-
ever, and in no gosc Eos L #1ii8 vaeplex situscd,  Siodlar rosults
ware obteixed with tae oil reoovcood from tee olowr siadge, It seems
grobable, thorsiers,int thcse matorils do aot ceniain any appreciable’
sagunt of patyereiic aruvzatic cwpennds, and fertivy examinstion of them
was therefore poutpoast,

The Witro-vod ot ansoprsion spoctre,of fuur earofrogenic
extresss stpliiad Ty v, Fondhouat Py 4, I, X}’ rers mzasured ta
Lefemidng i3 dhoy orhibleed awy exmn Soataxo whicn cight be related to
theiy blodngical setividy, 18 wis comumdan it 1s notoworthy that
Apericon wurkers 5 v Kehbzning Talowatory «f tho tnivorsity of Clnoinnati
have reportod & rei:t!ouchip Urkmon the eaveinngsaio petonsies of cortain
cravied cile ond fhye insansiiy ¢f ea choor:tion Trad ot 430 mp.  In
the presons cuoe a7 spagise of faciluna prepexad from the four oruds
ol exbrowin Wy Aistsilosio. 3uro azmpined oves the ronge 3CO-L50 mpin
eyolehomara snihicn,  Gmomaliz Hhsye 407 & gredwel fG11 of intenslty
towards the izug woveleagihs, Phe spestre of I and X sawed no maxima
or pointa I inflectinuy  tho Ligier bolling frrovions of F and the

————— A A e GRAR e

9 " Pur pooparii rn and actiachs of g oparebion 308 Scolion ITI Tables
VZi{a; end Tiiiyy.,
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b.p. 200-220%/1+5 &=,

~JLTRACT X (FROX DR, WOODEOUSE). DISTILLATION FRACTIORS.
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EXTRACT I (FROM DR, WOODHOUSE). DISTILLATION FRACTIONS.
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EXTRACT F (FROM DR. WOODHOUSE). DISTILLATION FRACTIONS,
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LAGUNILLAS SUBFRACTIONS,.
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FRACTION b,p, 150-152°/1 mm, FROM DISTILLATION OF K.L
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The speotrs are consistent with the presence of anthracene hydrocarbdons.
This view is supported by ths fact that there is a radical alteration of
the specirum after treatment of the oll with maleioc anhydrids; the bands
at 375-380 mpe and 360 mmare completely elininated (of, Fig, 10)s  (Pigs.
10 snd 41 give the absorption zpeotrum of 1:2 benzonthrooene and its malelo
ide nddition compound, It will be noted that formation of the
latter is attended by a complete change in tho charactsr of the xpeotrun.)
The presence of anthmoens hydrocarbons in K.4 has now been oonfimed by
the isolntion from the frections Ko4=t, =2, and=3 (see above), through
malelc anhydride adduots, of amnll amoumts of crystalline materials, the
speotrn of which show clearly that they are derivatives of anthrasene
(Fig. 12)s The spootmm of the hiphor hoiling fractions from the dlsw
tillation (beps 1709/0,4 mm,) =~ and of the mterinl recovered from the
corresponding picratos ~ showed more general nbscrption, with no maxima
or pronounced points of inflestion, By chromatography of the oil from
the plorote of one of these frnotions, 2 s0lid vms isolated shoss spectrum
{oftor crystallisation) is olearly that of & chrysens dorivative (Fig, 13).
Those results moem to indicate the pressmec of three-~and four-ring cromatics
in K4, and this is consistent with tho boillag point, 330-400° C of the
t‘négtion. Anthraocene boils at 340° C, pyrene ot LO4° C and chrysene at
536° C,

Before the results of the dblological tosis on tho maln
frootions became available, soms preliminary work was oarried out with
tho residues from the initinl distillation of the three crudes (i.s. K,5,
L.5, and 0,5).- These wers black visoous oils, and contained much hi
beiling mtertal, only a very smnll smount 2istilling bolow 200° C/1077.,
affording viscous orange distillates, Fractional distillation was
thersfore out of the question, As in the onse of the oxtraots alroady
studied, use was mnde of chromatography to achleve some initial fraotioma~
tion of these materials, It was found an advantage first to separate
the aromntic compounds from the naphthenes and paraffins also present.
For large scnle wark this wns best accomplished by extraction of the
distill~tes with furfurml, n process used indastrially for thls purpose.
The nromatiec extroots thus obtsined were chromtographed on alumina as
desoribed before, The results obtained were similar to those in the
experiments with the extracts, Many of the fractions readily ylelded
highly coloured orystalline plorates, but in amowunts too small to allow
purification by orystallisation, The dark red or brown colour of these
plorates suggests their formation from complex arcmatio materinl. One
deep rod plormte from 0,5 annlysed for a hydrooarbon of approximate
fomuln C,Hqge Work with these residucs was discontinued when the
blologl tests showed them to be without activity, s

Summxy

Token as a wholo, the resultsa obtained indicate that it
should bo possible eventunlly to séparate and identify n number of the
polyoyolic aromatic ocmpounds present in the aotively sarcinogenio
froctions of the ofls. It is olear, hewever, that this will be a
diffioult and laborious task and a rapid ccnolusion of the investization
is not %0 be expected, This is especially so as tho successive stnges
in the chemionl separntion of the consitiuents of the fractions will
need to be controlled by very time-consuming biological tests, There
is alwoys the possibvility, howover, that the worl: may bo accelernted by
the isolation from some of the subefrachions at present under examination
of knovn carcinogenic hydrocnrbens or oleseiv velased compowunds,
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ZTablo VIIs. Birming-um Tests. Jsta rolating to souros snd charscteristios of froctiong A - ™

-

Potrol. Board |
Esmple g::: nat;gn . Feod stock Proooss Refimary
A Group 5(71) Colon Rosidue (V) Duosol (Propans/Salecto) Stanlow
B Group 5(78) Eskring Residus . . . Stonlow
c Group 1(72) Legrinillas 1.0.D. (V) Edeloanu (Duosol/S05) Stonlow
D Group 1(85) Conoepoion L.0.D. (V) Furfurel Extroot Shell Haven
B Group 55(8.5) Distn. residue firom D. Furfurel Extrect Shell Haven
Conospcion 1.0.D. (V)
P Group 1(11) W. Besumont I.0.D. (T) Edoleanu (Benzol/S0p) H.0.R.
G Group 3(33) W, Beoumont L.0.D. (T) . . . 1O.R.
B Group 14(140) W. Besuoont L.0.D. (T) . LA | Lobitos
(Reprocessed st Lobitos
0i1fialds Ltd. Ellosuere
Port) :
X Group 2(200x) Bakring L.0.D. Edelesnu {Bannol/S03) Lobitos
J Group 4(2228) Irondan L.0.D. ] - = Llsndsrey
4 Group 1(2241) Coloabisn L.0.D. . LA Llandsroy
L Group 4(2252) Colombien L.0.D. " LI Llandaroy
¥ Group 54(2345) Colombisn L.O.D. . - Llendsroy
. (sulphur herdensd)
N Group SA(2¥,5) Colombisn L.0.D. Edslesnu (Benzol/S0p) Idsndsroy
¥ (Air blown)
c Group 1A(2419) Tis Jusns L.0.D. (V) Edelesnu Boneol/503 Llsndsroy
2 Group 2(2003) Bousdorsin L.0.D. . . . Lobitos
] ]

%L.0.D. = Lubriceting Oil Distillate;

V = Vonsrzuela;

T = Texss;

K.0.R. = Msnohaster Oil Refinery




Table VITb. Birmingham Tests. Dets reloting to chersoteriatics of frootions A - P

Cheradter of Toxicity by Visoosity | Redwood 1 Softoning | Pemetration
Sawple Frootion How spplied Survival Rate @ 1,0°F @ 200°P Point 9 25°C
) (R & B)

A Shiny black Solution of Modorote - - 51%0 65
tor. Almost 50 g. in 30 al.
solld at 18°C toluene

B Sicdlsr to A Ditto Slizht - - 37°C 188
but slightly
moxe liquid

c Very visoous With J0% Pronouncad 662 - - -
o1l Yellow- tolucne added
greon fluor-
osocnce -

D Similar to C Ditto Proncunced LT3 - - -
but slightly
more liquid

E Bleck pitch Soln. of $0 g. Slight - - 37.5%C 160

. in 30 nl. toluene

r Fairly thin Without diluent Very toxio 48 - - -
brownish olly
ligquid

G Vory viscous With 10% tolucne Modoroto - 450 - -
dark brown

: tarry liquid

B Ambur oil. Yithout diluent Moderate mo - - -
Groon fluor—
esoonos |

I " Thin, doxrk’ Ditto Moderste - 236 - -
brown tar .

J Viscous brown | Soln. of 50 g. ‘Moderste - 824 - -
tar in 30 ml. toluone

X Thick trown Yiith 10% toluene Very pro=- 190 57 - -
oil nounoced
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Tablo VIIb oontinued
Softening
Ssuple Charsotor of How spplied Toxioity by Viscosity Redwood 1 P Ponotrstion
e Fraotion e Survivel Rate @ 1,0°P 4 200°F (R"i";) @ 25%
L Very visoous ¥ith 108 toluemo Pronounood -~ 44 ' - -
barown terx .
N Solid pitch, 50% wt./vol. Slight - - &%c -
blaok "suspension®
. in toluvono
N So1id black Ditts Very slight - - 80°¢ -
pitch ..
0 Yellow oll. Without diluent Slight 300 - - -
narked gresn )
[luoreaooned !
P Very visoous With 10R tolucne ! Poairiy groat - 200 - -
browm tor L




Iakir Vilo. Birminghes Tosts. Caroinogenic responss to
sarpisg A = P and controls

~——

loteriel Oarcitx:;;:;:’}?::pom
Extroct A 15
Extrect B 0
Extraot C 20
Extraot D slightly positive
Extract B ’ 0
Extract P 25
Extreot G 0
Extrout E 20
Extract I 25
Extraot J 10
Extroot K 30
Extraot L 5
Extroot M o
Extrect N 0
Extraot 0 19
Extreot F 3
Crecoots 50
Anthracens ocil x
Linseed odl (o]
Pine Tpr cil o]
Butyl phthelste 0
Tricresyl pbo-phaiba - -

Taie ostimato Ls bosed on the ¢totel number of tumours oompered
with nusbers praviously obteincd with 0.5% solution of
3:L-bsngpyrens in beneenes This would be assigned s figure
of 600




Iablo VIXI, Birminghom Togig. Spindle Oily

6 o1 Animols Tumours Estimets of
pindle Surviving L Skin Resotion Caroinogeni
25 wooks PopdLlbue ta Ceroinomata Totel Rospones
R 19 3 3 3 §light roughness 15
with epilstion
H] 21 ? 2 9 Blight roughneas 25
with epllation
T 25 2 2 4 Slight woughness 10
with epiletion
v 16 3 3 6 Rough & dry with 15
epilation
v 15 1 2 3 Slight epilation
' 19 1 o 1 Smooth & dry with 5
' epilation
X 25 1 0 1 No epilation .5
Tablo VIIIa. Birmingham Tosts. Other oontrol oil
Anthruosne oil 20 8 6 1 . 30
Creosots 0il 119 10 9 19 50
Pine oll 18 0 0 ) 0 0
Iinseed oil W 0 0 0 0
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Zeblo IX. Birminghsmi= "Duplicats Experiments”

1at Experiment

Fraaotion

Mj oe
Surviving
25 weeksX

Papillomats

Caroinomsts

Total
tumours

E v ® O+ Q@ =" " 9

32
15
35

12/62
23
26
29

20/70

30/60
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2nd riment

Fraotion

Mioe
Surviving

Popiliomta

Carcinometa

Totel
tumours

E O M O+ m e oW oY w
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22
12
22
15
12
16
15

20/60

2c
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THE RESULTS OF BIOLOGICAL TESTS

The teschnique employsd in the biologicel tests on bshslf of
th= ¥edicsl Roseorch Counoil were based to s oonsidersble extent on the
experisnce geined during work previcusly carried out for the Petroleum
Board. A pert of the work during the period under revier deslt with
oxirocts viilised in the esrlier work. A short outllme of this will
therefore vo given,

Tests o cdne=al oll fwsotiong omrried out st Birminghsm for the Potroleym
Board

A. Birmingham. Tosts on 16 freotions and residues, During 1944-1945

8 serios of 16 fractaions, A~P, .were tested on groups of 50 mice. These
consistac of lube Gistillates sni residues from crude oils originating in
U.S.h., Verezusls, Eguador, Coloubis, Iran and U.K., processed by Duosol,
Fdoleanu and Furfural methods. Their sction on arimsls, inoluding the
preduction of benign snd mslignant tumours, wes noted end an estimete of
their relative carcinogenio potenoy was unde.

During the same period 6 meterisls, not of minsral oil origin,
wore tesied elther so controls or on eooount of their use industrislly.
Those weroe Creosots oil, Anthrsosne o0il, Linseed oil, Pine Ter oil, Butyl
phthalate, snd Tricresyl phosphate. (Ths 1a:z% wes so toxic that long=
torm experimonts with i1 were absndoned.)

Thue oroosote and anthracene oils were potent ceroinogenms.
The ‘vegutobls® oils did not produce sny tumours. The charaoteristies
of thu materisls snd o summary of the rosults of thosc tosts sro given in
TabicsViI(a) and T2I{b).

B, Birmingham. Tosts on 'Spindlc’ oils snd 'White' olls. During
1946-3947, using similar tcohniguos, the osroinoge.icity of 7 spindle
nils degigan%ed R, S, T, U, V, ¥, X, end 3 samplos of 'whitc' oils
dosignated A, B, P1, were tostod. (Thcao symbols have no oonnexion with
the minersl 0ils menticned in A.) The spindle oils in every instanoce
hsd soms ocoroincgenic sotivity snd the gnnersl results ars given in
Table VIII.

The 'white' o0ils, however, osused no skin reactinn, no
opilstisn 2nd ne fumours oz the mdoe during the painting and observation
period of 50 weeks or moxe. The oomplete obsenoo of any resoticn ine- .
dlootcd that such substances right be employed sofely in industry snd slso
in subrogient 2wl tests ss o soivent for standsrd csrainogens.

C, Bixminghamw Dupliocets exreriments. During tbs sams poriod (19,6-1947)
& rupetition with 13 froctions seleciad from those tested duxing 1944=19L5
waa endestaken in order to asceriain how aloss the results would be to
on2 arotier and what dogree Of unosrtainty might be introduced by un-
aveidstle vnriations in teohniguy undor such oircumsiznces. .
The results of those tasts wors snslysod statintiaa&y by
Indn cud the Mrdings wero-published (Woodhouse & Irwin, 1950)~%. The
felioving strmory of toshniqus, observations end rosulis aro taksn from tho
2tblisbad peper. Subdssquontly som alight modifications in toobriguo
wero introdused following discuasion with Frofessor Hsdde-, Dr. Corr smd
Dr. Btagoy, s> taat tosts whioh wore to bo cerricd out in eollsboration with

1. Weoskouso, De L. & Irwin, J. O., (1950). J. Hyg., Caub. 47, 221.

-11-
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ths Chester Bentty Repooroh Iastituie stould be made as far as possibls
under standard oconditions, These onsnges nre noted below,

Genorol syrangemsnts for the teats

Animals

Baoh fraotion was tested on 50 slbino mioe cbtained fyom one
source. They were spproximately 10 weeks old when the experiments
compenood end 15-20 gs in weight; males and femeles wore used in sbout
equal numbers for sach fraoiion. They were housed in wooden daxes 10" x
" % L3, “wo snimnls par box, bedded with sewdust and ‘oellulose wool',
A diet of wholomori bresd and rusks with water and fresh wmilk wes given
asiiy, with the addition of arushed oats and & little bren two or threo
timzs a wook,

Exoorimnial tochnique

The oils were taken from bottles by wesns of short glsss
rods and spolied to the skin fn the interscipulor ares from whioh the
hair was roroved with @4lnde sodium sulphide some days before eommencing
the pointings. 4n eres sbout 1F ome in dismater was cowred, ond ths
smount cf ¢ii uscd wes kept aa constant ss poscidle, though it was diffioult
to d¢ tLip exactly with samples of widely differsnt visoosity. With fow
excentions, applications were mwade $wioo woeekly for & period of 25 weeks;
or. $ho 3cath of any snimal whioh hod survived a poriod of more than 12 woeks
the skin cf $he tronied aren was removed for miorosoopio exsmination.

It wens thought desirable ¢{o use the substanoes nest whensver
peesible, but in some Zneiances they were so visoous thaot it wes noocessary
to 235 & 'solvent'. Acctone has boen favoured by many investigstors for
mokirg selutions of csroincgenio hydwooarbons, but some of the specimens
wor: 1ot sufficiently miscible in this medium; bonzons or tolvons, howover,
yieldcl homcgoneous solutionss It 1is known that both of these solvents
aro sorawhes toxin, but tho lotter has been shown to be less injurious ¢o
srimalc. The emount edded $o 1mdividusl fractions is given in Table 7.
Iais nlso dnnoribud the genoral aharactors of tho freotions end their
generni affoots on tho mice dwrding the experiments.

Rosults

The nuther of enimols surviving 25 woeks or more and the
tosal number of tumours produced by the various fraotions in the experi-
pants axro givon in Teble IX. Fuller srelycis of the rcsults by statistiosl
mothods ars given in the paper cited sbove. Two illustrstive examples
of dsto from which those statisticnl caloulations were mado are also set
out in Tables X and XX:~ {for Expt. 1, fraction K, a moderately caroino-
gonio semple and Expt. 1, fraotion L, a weak carcinogen. The oompleto
data arv ovailable.g

Conclusions

Frea » gensrsl stidy of the dats in Table LXend the '1ifo
sheets’, of which Toblos.X nnd XI nre exauples, it is possible to draw
somo genorali gonclusionz.

1. Th.em wos 2 fair sgreemesnt in- tho rosults of tl;e‘ﬁv
scrion, though soue distinot differcnoos mey bo noted.

2.,-° On the whole, tho survival rate in Experimont 2 was
oonsistently loss then in Exporimont 1.

LS There sppesred to bo 8 slightly groator tumour reosponse
in » nomber of ‘sats in Experiment 2.

4o Several fraoticns hed » very similor, moderste degres of

aotivity (P, H, 1, X,), while frmotion M was very woek
_or of negligible aotivity. .

-12-
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Table X, Birminghem Duplicate Egrimentg.

Mioe Life Sheot

Praoticn X = Experioond 1.

Weoks from Survivors Survivors % Survivors New tumours in
Start of Experiment | {out of 50) | with tumours | with tumours | previous wesk
16 39 0 0 o]
17 8 0 .0 0
18 36 0 0 0
19 36 0. 0 0
20 3 2 5.9 0
21 3 3 9.7 2
2 29 L 13.8 1
23 23 I 13.8 1
21, 28 5 1718 0
25 26 6 23.1 1
26 26 6 23.1 1
27 25 7 28.0 0
28 25 7 . 28.0 1
29 25 7 28.0 0
30 25 1 28.0 0
n 25 7 28.0 0
32 25 7 28.0 0
b} 2, 1 29%.2 0
3 23 7 30.4 0
35 23 7 304 0
36 23 7 30.4 0
37 23 7 304 0
38 23 7 304 0
39 23 7 30.4 0
L0 23 6 26.1 0
41 22 6 27.3 0
42 21 5 23.8 0
ik 18 5 27.8 0
L5 17 RS 23.5 0
46 15 4 26.6 0
L7 u 3 2l.4 0
48 13 3 2%.1 0
50 n 2 18.2 0




e oty

Table XI. B:,rm.ggz_am Durlicste Experiments,

Mice Life Shegt

" Fraction L - Experiment 1

13

Wooks from Survivors Survivors % Survivors New tumours in
Start of Experiment | (out of 60) | with tumours | with tucours | previous waek
0 30 0 0 0
31 30 0 (o} 0
32 20 0 0 0
13 28 0 ) 0
3L 28 1 3.6 o]
36 28 1 3.6 o]
37 26 1 3.8 0
38 25 2 8.0 0
39 25 2 8.0 1
4 24 3 12.5 0
41 22 32 1}.6 1
42 13 3 15.8 0
43 17 3 17.7 0
L5 17 3 17.7 0
u6 . 3 21.% 0
57 13 3 23.1 0
48 12 2 16.6 0
59 9 1 1.1 0
50 é 1 14.6 0
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5. The investigntion indiceted that in order to obtein o
gonorel eatimete of the caroinogenio propertios of
this tyre of matorisl at least 50 animels should de
employed.

. For relisble comperison of ocertsin osroinogenic potendcies, it
is dosireble that frzoticns should slweys be compsred conourrontly in

an experimont carried oud oa rendomisod betohes of mioe. The peintings
in ell tho tests nenoscary on any one day should be oarried out by s
singlo individusl. Under these conditions it appesrs posaidls to echiowe
reproducible rosults. :

Summery of Irwin's findings

Woodhouse's experiments on the cercinogenisity of 10 difforent
fraotions for the skin of mioe have beon snalysed statistioslly. Two
oxporiments seperatod by & considersble pericd of time were performed on
oaoh fraction. A numbor of differont measures of oarvinogonicity were
used. All sgroe in showing thaot:

1. The apparent caroinogenicity wes greetor in tho ssoond
sorios of exporiments.

2. There were sigrdficant differonces of oceroinogeniocity.
The frections oan be divided into three groups within
which the oarainogeniocities wore about the same, F, H,
1I,X;38,D,C, L, Ey X. The groups are in order of
deoxrcasing aotivity.

D;. Rogearch oo-ordinated by the Council's Committes on the
Ceroinogenio Activity of Minernl Oila
Poriod 161,9-1950 = 'Dilution experiments’

During this period work for the developwsnt of s standsxd
method of expressing osrcinogenio potenoy was osrried out snd, following
on the observstions of Profossor Squire snd Dr. Cruiokshsnk snd the advioce
of Dy, Beronblum, exporiments to test tho suitsbility of rebbits for
ssssys of ooroinogenioity were also ccnduoted. Ths oruse dilution ax=
periments were carried out in duplioste, st Birminghsa snd st the Choster
Beatty Regoarch Institute. Tho rabbit dilution experiments were cerried
out st Birmingham only.

The objoots in these tests were:~

1. To ssoortain the effeot of diluting the materisl to be testsd
on the .sarcinoger’e rusponso of the skin of mioce, with & view to providing
dats whioh will servs os s basis for future tosts on fraotions or isolated
oozpounds separsiod from the orudes or distillates by physicel or ohemiosl
mothods.

20 To compare the offeots of the samo dilutions of these materisls
on the reaponse of rebbiis whon thoy are applied at 8 number of sites on
eaoch srimel.

Stendardiszed ucohnique sgreed upon by tho workers et Birmingham
ard London in tho Jight 2£ ths oxperimonts outlined above and the design
for the rabbit tosts dovised by Irwin were followed, Tho ohief points
rospecting the erxpozisonts aro ss follows.

Moo

¥hite albino mice, streim Clarks 0.1, 12 wocks old at tho
start wexre used, 25 mnles and 25 females on each frsotione Tho scxes
were soparstod.and tho animala housod in metsl boxcs 5 in 8 box. Food
for the zdos consistud of moprictery otbes with scpplemont of cod-liver
oil (on btresd), wilk, oto., with weter sd l1ibitum. The sppliostions of

- 13-
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the mmples_ worc mede twios weekly by glass rod appliostors, to the arees
fiom woisk hair had besn removed by olipping. Tho cesults are glvon 4in
Tebles XIla-g, Xilla-¢ XIV, XV ond heve hoen anslysed atatistioslly by Irwin.

Rathiis

) Skort heired msles of '02d English' type with ereot esrs
ohiefly widte with some coloured patches, 4 months old st the start wers
usod, Thoy were housed 4in soparsto oages with a painting ohart fer esch
animl, Food consisted of ocats and bran with s smell smount of csbhage or’
roots. Applinations to tho designsted sitos were meds aftor heir had bosn
removed by olipping.

All deaths, pepillomats eto. were recorded o tho nesrost half
weok. The mtoo axperiments commenood on lith Narch, 1549, the rebbit
exporimont on 12th Msy, 1949 end both sories were oontinued for 12 months.

The following materials wore used in these tostst=~

1. 9:10-dimothyl-1:2-benyanthracene in dilutions of 0.1% (5/1)12,
0.025% (D/4); 0.00625% (D/16); 0,00156% (/6.

2, 01l freoticn I, usat; diluted 3/4; 2iluted 1/16; diluted 1/6L.
3. 0i1 fraotion ¥; diluted aa for 1.

The polvent diluting medium wes colourlesa B.P. grade of liquid
peraffin. T and I were fractions similsr to thoso used in the expsriments
described above ard had been proved to produce spitheliomets in mise, The
fraotions end aclutlons were stored in amdor ooloured bottles emd in a1
the oxporiments reocrded in this report precautions were token to awoid
exvosurd to light or any socideninl aontsmination.

36 vabbiis ware used, divided into 12 rendomised groups of 3.
Esoh rabbit wos veinted on 6 sites:~ I, II, = both oars, outer surface
noa> baso; IIT, [V, = latoeral thoraoto; V, VI, « latorel sbdominsl.
Tho four dilutions of eack of the ithreoe oils were assigned to the groups
‘and sites as shown in Fert IV, Appondix I, p.i. Boms rosults sre given
in Table XVi. Taoy asve been furthor saalysed ststisticelly by Irwin
(Fart IV)s Saoxions of skin frot tho mice whioh received more than 12
weeka! appliceting, and the treatod patohes from the rebbits werevsut
end ptained for oxarinstion of histologloal changes. inoluding classifiostion

of funcurs.
Dests on 'experimersally Seriwved’ fragtions (Birmingham only)

Sexc tosis on meterisls derived from oil fractiona during
Profossor Cook's and I, Carruther's researchos were also made by sppli~
cation to the gkin of odoce and by suboutarsous injeotion.

1. An homoger uesorystalline poldd (shown to be a homologue of
chryceng) which wes is0lated from the extrac Edmor 33 and designated
Edmor 3%A. This vos injcoied sutcutancously into 24 mios; ona garcoms
ocowrred arfier i months.

2. 4 7isoous ci whish wes obfaired by deoomposition of & orystalline
piorate preparo. frow an exsract of a o u2iis (Vemezvels) srude. This
was applied to tho okin of 40 nios, %% ir bLonrone, end produced papillomsts
in 3 cdoe sfter 52, 55, and 60 wocks, respectively.

Poriod 1950-1S5) - Testo on % solooted gruden end 15 doxived frsctdons

Dheac tests wers oarmied out in duplicete, st Birmingbsm and
the Chester Eeatty Resssxroh Irstitute. Thba source, qusntitiss required

D e e . e .

12, Tho-lettors and nuvbars in brmokets oxe tis short form Of reference to
esoi IFlulicz.

-m—
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Teble XITa, Birmingnsm Dilution Tests. Mios Life Shest, Solution DZI

o e S P, T W o8 S o it

o o s

o — I OBy A B mEPt S $ ome Pt By

Weeks from g Sarvivors % Survivors Total dead
Start of Erperimont Urvivors | with cumours | with tumours | with tumours
i 13 36 0 0 )
! 1, 36 0 0 0
15 36 2 . 55 0
16 25 3 8.3 0
17 36 3 8.3 0
18 36 [ 16.7 0
19 35. 8 22.8 0
20 "35 A 22.8 0
| 21 3 & 23.5 0
' 22 3% 8 23.5 )
23 3, 13 38.2 0
2L 33 18 48.5 1
25 i 17 "le 1
26 32 19 59.4 1
27 29 2 €%l 3
28 28 18 6L 3 N
29 25 6 8440 6
30 2 15 642 7
31 2h 16 64.7 7
32 22 16 72.7 8
33 21 U 66.7 10
3, 19 i5 78.9 11
35 18 13 83.3 12
26 15 15 100.0 15
37 15 15 100.0 15
38 12 12 100.0 18
39 11 u 100,0 19
40 1 31 100.0 19
il 10 0 100.0 20
42 9 9 100.0 21
NN 2 2 100.0 28
15 2 2 100.0 28
L6 1 1 160.0 29
L8 1 3 100.0 29
50 1 1 100.0 - 29
51 0 0 - 30
52 0 0 ~ 30
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Table XIIb. Birminghem Dilution Tests. Mice Life Shest. Solution D/L
Weeks from Totel Survivors % Survivors Total dead
Stert of Experiment | Survivors th tumours | with tumours | with {umours

20 29 0 C 0
21 29 0 0 0
22 29 0 Q 0
23 29 1 3l 0
2l 29 1 3.4 0
25 29 1 o 0
26 28 1 3.6 o]
27 26 1 2.8 0
28 26 1 3.8 0
29 26 i 3.8 0
30 25 1 Lo . 0
k28 2L 1 4.2 0
3 21 1 4.8 0
33 20 2 10.0 0
3% 19 2 10.5 o
35 18 2 1.1 0
36 18 2 il.l c
37 18 2 16.7 0
38 18 3 16.7 0
39 15 2 12,3 1
40 i 1 o 2
i 12 : 8.3 2
L2 12 2 15.6 2
43 11 2 18.2 2
bl 10 PR 20,0 3
45 10 1 20.0 3
46 10 1 20.0 3
47 10 1 20.0 3
48 10 1 2090 3
49 10 1 20.0 3
50 8 1 12.5 L
51 8 l 12.5 4
52 6 i 16.7 4
53 6 1 16.7 L
54 5 1 16.7 3
56 6 1 16.7 4
57 5 2 40.0 A
58 5 2 40.0 N
59 5 2 40.0 b
€0 5 2 LD.0 L.
61 5 2 w.O I{."
62 5 2 10.0 L
63 5 2 40.0 N
6l 0 0 - 5




et

R s aveny

o meaeay

Table XIYo, Birminghsm Dilution Tests. Mioe Life Sheet. Solution /16

z Woeks fron Total Burvivors & Survivoers Total desd

i &%t of Experiment Survivors with tumours with tumours with tumours

P

_. 45 15 0 0 0
46 12 o] o] 0
47 11 0 o] o]
48 11 0 c 0
49 11 0 0 o]
50 11 V] 0 o]
51 11 2 - 18.2 0
52 10 2 20.0 o
53 10 2 20.0 0
5y 8 1 12.5 1l
55 8 1 12.5 1l
56 6 4] o 2
57 6 0 0 2
58 6 0 0 2
59 6 0 0 2
60 4 0 0 2
41. 4 0 0 2
62 & (4] 0 2
3] IN 0 Y 2
64 0 o] - 2'

o o =

Table XIT4. Birminghsm Dilution Tests. :’rs Ii°s Sheet. Solution D/6L

v e et e ——

e ey e

) e it S o cprntn gmmaan o

Weoks from Totsl Survivors & Survivors Totsl dead
Siart of Experiment Survivors with tumours with tumours with tumours
L5 16 o] o] c
46 B7A ] +] 0
47 12 0 0 0
48 11 0 0 0
L9 11 0 0 0
50 11 0 0 0
51 n 1 16.1 0
52 9 1 1.1 o]
53 9 1 1,1 o
54 9 1 11.1 0
55 8 1 12.5 0
56 8 1 12.5 0
57 3 1l 12,5 0
58 8 1 2.5 0
59 7 1 1.3 0
60 7 1 Z 0
61 7 1 U3 0
62 7 1 3 0
63 5 0 ) 1
6L 0 0 - 1
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Tablo XTTe. Birmingham Dilution Tosts, Mice Life Sheet, Praotion 1/}
Weeoks from Total Survivors % Survivors Total desd
. Start of Experimsnt Survivors with tumours with tumours with tumours

) 15 3 0 0 0
- 16 33 0 0 0
17 33 0 (v} 0
18 33 1 3.0 0
20 33 1 3.0 o
21 33 1 . 3.0 o]
22 32 1 Je1 0
23 32 3 9eds 0
24 32 5 " 15.6 o)
25 31 6 19.3 0
26 3 7 23+5 0
27 3l 7 23.5 Y
28 30 10 33.3 1
0 28 13 L. 2
31 27 15 55.5 3
2 27 15 55.5 3
33 27 16 59.2 3
3, 26 15 61.5 N
3B 26 16 61.5 k
36 2 u 583 6
37 2L 17 70.8 6
38 2, 17 70.8 6
33 2L 18 75.0 6
5 19 16 82 1
Ll 17 1, 82.3 13
42 17 1 82.3 13
L5 13 10 76.9 17
1NN 12 10 83.3 18
L5 10 9 90,0 20
46 6 6 100,0 24
47 5 5 100.0 25
49 5 5 100, C 25
51 L & 100.,C 26
54 2 2 100.0 28
55 2 2 100.0 28
56 2 2 100.0 28
50 2 2 100.0 28
%o 2 2. 100.0 28
€ 2 2 100.0 28
66 1 1 100.0 29
67 0 0 - 30
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Table XIIf, Birmingham Dilution Tests, Mios Life Sheet. Fraction I/4

Weoks from

Stert of Experiment

Total
Survivors

Survivors
with tumours

% Survivors
with tumours

Total deasd
with tumours
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Table XTIg, Birminghem Dilution Tests. Mios Iife Sheet. Fraotion F/1

Veeks from Totsl Survivors % Survivors Toial dead
Start of Experiment Survivors with tumours with tumours with tumours
20 32 0 0 0
21 32 0 D o]
22 32 0 0 0
23 31 2 6ols o]
2, 31 2 6ol 0
26 27 3 11.1 1
27 22 3 13,6 2
28 22 4 18.2 3
29 18 3 16.7 3
30 17 5 29.. L
31 1 5 35.7 L
32 - Uy 5 35.7 4
33 11 6 5445 5
3% 11 6 54.5 5
35 11 7 63.6 5
36 9 7 77.8 5
37 9 7 77.8 5
38 g I 77.8 5
39 9 7 77.8 5
L0 7 5 Tl 7
4l 6 4 66.7 8
b2 6 3 50,0 9
L3 5 3 60,0 9
IyA 5 kL 8C.0 ‘9
45 L 3 75.0 10
L6 4 . 3 75.0 10
47 3 3 100.0 11
48 2 2 100,90 12
53 1 1 200.0 13
50 1 1 100,90 13
- 52 0 ¢ - Uy
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Tople XITI~. London Dilution Tests, Mioce Life Sheet. Fraotion D/1

e i g wnt  amm e ame ieeETaas 8 4

e

Weeks from Total Survivors % Survivors Totsl dead
fitart of Experdment Survivors with tumours with {umours with tumours
12 29 0 0 0
13 29 4 13.8 0
TN 29 5 -17.2 0
15 29 5 17.2 0
16 29 5 ‘Te2 0
17 29 6 20,7 0
18 29 7 24,1 0
19 27 10 37.0 2
20 26 0 38.5 2
21 2L 10 T IR
22 2l 10 1.7 4
23 2L 10 41.7 &
24 21 15 7L.4 7
25 19 1 73.7 8
26 16 11 68.8 11
27 16 11 68.8 11
28 12 1 9.7 15
29 12 11 9i.7 15
30 11 10 50.9 16
31 1 10 9.9 16
32 10 9 90.0 17
33 9 8 88.9 18
3 5 5 100.0 22
35 5 5 00,0 22
36 b L 10,0 23
37 3 3 100.0 2L
38 3 3 100.0 2,
9 2 2 100,0 25
W0 2 2 100,0 25
il 2 2 160.0 25
42 2 2 100.0 25
43 2 2 100.0 25
U 2 2 100,0 25
45 2 2 100.0 25
46 0 0 0.0 27




Table XIITh. London Dilution Temts. Mice Lifs Sheet. Fraction D/L

Weeks frem Total Survivors % Survivors Totsl dead
Stsrt of Expariment Survivors with tumours with tumours with tumours
18 41 0 0 0
19 29 1 2.6 0
20 39 1 . 2.6 0
21 38 4 10.5 1
22 38 I 10.5 1
23 38 4 10.5 1
2 38 & 10.5 1
25 38 5 12.2 1
26 38 5 5.2 1
27 38 5 13.2 1
28 37 8 21,5 2
29 35 10 28.6 3
30 35 12 e 3
3 35 12 34 3 3
32 33 10 3.3 5
33 33 11 33.5 5
3k 32 16 50.0 5
35 29 13 4.8 8
36 29 13 .. 8 8
37 29 13 44.8 8
38 29 13 e B 8
39 27 17 63-0 0
L0 27 17 £3.0 10
i1 27 22 €1.5 i0
42 25 20 80,0 12
L3 2 19 79,2 13
NS 12 L. 3.7 18
L5 19 1, 737 18
46 19 "l 737 18
47 15 12 8U.C 20
L8 15 12 80.0 20
49 15 Ly 97, % 20
50 13 12 92.3 22
51 12 12 110.0 22
52 11 11 300.0 23
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Table XII1Is. London Dilution Tests, Mice Life Sheet. Freotion D/16

RS .
Weeks from Totsl Survivors % Survivors Total desd
Stert of Expardment Survivors with tamours with tumomrs vith tumours
20 39 0 0 0
21 39 2 5.1 0
22 39 2 5.2 0
23 39 2 5.1 0]
2 39 2 - Bl 0
25 39 2 5.1 0
26 38 i 2.6 1l
27 38 1 2.6 1
28 37 1 2.7 1l
29 37 1 2.7 1l
30 35 0 0.0 2
31 35 0 0.0 2
32 35 0 0.0 2
33 3 0 0.0 2
34 3% 0 0.0 2
35 3 0 0.0 2
36 33 2 6.1 2
37 33 2 6.1 2
38 33 2 6.1 2
39 - 33 2- 6.1 2
L0 33 2 6.1 2
41 33 2 6.1 2
L2 33 2 6.1 2
43 33 2 6.1 2
s 33 2 6.1 2
L5 33 2 6.1 2
L6 33 2 6.1 2
L7 31 2 6.5 2
43 31 2 6.5 2
43 o 3 9.7 2
51 31 3 9.7 2
52 30 8 26.7 2




Tabls XTI1d, London Dilution Tests. Mice Life Sheet. Frastion I/1

Wecks from Total Survivors % Survivors Totsl dsad
Stert of Experiment Survivors with tumours with tumours with tumours
12 Ll 0 0 0
13 43 1 2.3 0
U 42 1 2.4 0
18 4 1 2.4 0
16 4 1 2.4 0
17 41 1 2.4 0
18 11 1 2.4 0
19 ¢ 4i 1 2.4 0
20 41 1 2ok 0
21 41 1 2.4 0
22 41 1 2.4 0
23 41 1 2.4 0
2}, 39 1 2.6 0
25 39 2 5.1 0
26 37 2 5.4 0
27 37 2 5.4 0
28 kA 2 5.9 0
29 3L 2 €.9 0
30 LI 2 5.9 0
31 2. 2 5.9 0
32 34 2 5.9 0
33 3 2 5.9 0]
2 3, 2 5e9 Y
35 33 2 6.1 0
36 33 2 6.1 0
37 3 2 6ol Y
38 pal 2 3,2 1
35 31 2 6.5 1
L0 31 2 6.5 1
41 71 2 6.5 1
42 21 2 6.5 1
43 20 2 €.7 1
Wy 30 2 6.7 1
45 30 2 6.7 1
LE 30 5 16.7 1
IN 30 5 16.7 1
48 3 5 16.7 1
49 30 G 0.0 1
50 20 9 30.0 1
51 30 9 30,0 1
52 30 10 33,3 1
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Table XIITe. London Dilution Tests. Miocse Life Sheet. F;aotian P/

Weeks from Total Survivors % Survivors Totel dead
Start of Exferiment Suwrvivors with tumours with tumours with tumours
15 45 0 0 0
15 45 1l . 2e2 0
17 45 1 242 0
18 L5 1 2,2 ¢
19 L5 1 2.2 0
20 INS 1 2.3 0
21 4, 1 2.3 0]
22 L3 i 2.3 0
23 42 1 2.4 0
24 42 1 2.4 o]
25 42 1 244 0
26 L2 1 - 0
27 41 1 2.4 0
28 40 1 2.5 0
29 39 1 2.6 0
3¢ 37 1 2.7 0
3 37 2 Sels 0
32 37 2 Sebs 0
33 37 2 ek 0
3% 37 2 S5ed 0
35 37 2 ok 0
36 3 3 8.1 0
37 37 3 8.1 0
18 3 g 5.2 1
39 34 2 5.9 1
L0 3 2 5.9 1
4l 33 2 6.1 1
k2 33 2 6.1 1
43 33 2 6ol 1
Lh 33 2 6.1 1
45 33 2 6.1 1
46 33 2 6.1 1
47 33 2 6.1 1
L8 33 2 6.1 1
49 33 2 6.1 1l
50 32 2 6.3 1
51 1 2 6,5 1
52 30 2 6.7 1
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Table XIV. Dilutien Tests., Survivel Rete of Mioe

Kumbexr <f Mioce ocut of 50 surviving

¥etorial 12 waeks 25 wesks 50 weeks

B L* B L B L
/1 36 29 33 19 0 0
D/l b 41 29 38 8 13
D/16 3 41 30 39 11 31
D/8 48 INA 42 i, 11 36
1 36 I3 31 39 5 30
1/ 36 41 33 38 5 32
1/16 3 43 25 48 6 17
I/6n 34 IR 30 43 8 33
F/1 35 45 31 42 5 32
F/L N 47 4 47 17 36
F/15 L0 43 36 kO 19 29
¥/6k, 26 IN 17 43 9 35

B = Birminghem L = London




Table XV, Dilution Tepts. Tumour Incidengs in Mice

" No., 92 4mmnn-p Total No. of
7 TN
ook in :;i;aégt tuzour elicitei.nt tomours out of
Material 25 weeka “C possidble
B® - B L B L
/1 15¢h U th 20 22 30 27
/k 25rd 20th 1 5 5 3
D/16 5lat 22nd 0 2 2 10
D/4L S5lst - o} 0 1 0
/1 18th 14th 7 1 30 11
I/l List - 0 0 1 )
1/16 ?1 in Llst - 0 0 0 0
weok, re-
gresned, nat
visible at
LY waeks
1/6, 0 - 0 0 0 0
F/1 23rd 17th k 1 N 3
/L 0 - ) 0 o 0
F/16 0 - n 0 0 0
F/84 0 - 0 0 0 0
¥ B = Birminghem A 1 = London
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Table XVI, Birminghem Dilution Tests. Tumour Inoidenoce in Rabbits

. -

Week in whioh Sito;tw;;h\,::gura Time for ii:-d:g;'s%
Material first tumour 4 tumours tumours
sopeared (22%)
Total Body Ear Total Body
/1 34k 118 | 7/12 | u/€ 40 wks 49 wke | 42 wks
2/ 34th b 3 1 4B wks - -
D/16 - 0 0 - - -
D6 - 0 c 0 - - -

l
LV 33rd %18 | 5/12 | 4/6 40 wks - -
/b 3 th 8 I L 42 wks - -
1/16 48th 2 1 - - -
Z/6 - 0 0 - - -

S /41 3644 13/18 | 8/12 | 3/§ 41 wks 45 wks | 45 wks
¥/u. L6th 1 1 n - - -
¥/16 47th 1 0 1 - - -

' F/GL - o] 0 0 - - -

P —

Motal nuober of rabbit sitep = 216, 144 on ths body and 72 on the esrs.

T:are are 18 rabbit sites to each frection, 12 on body snd 6 on enrs.
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Igble XVII. Carcinogenic sotivity of fraotions of o'lp

P N )
.

- Number of tumours st the Birminghsm Lsboretory = B
Number of tumours at the London Laborstory =L
¥aximum Rabbit test | Mouss Teat | Moximum
011 (Fre a:iogzaﬂamnged possible Nugber of Number of possible
1ight n orh avy) No. of tumours tumours No, of
g% ——> Reavy tumours B/L B/L tumours
orude oil n 60 0/0 2/0 50
light fraotion i 35 1/0 2/0 "
Kuwait ' K2 " 31 4/1 "
e X3 " 5k 3/0 "
heavy fraotion K4 . 12/8 2/1 »
residus K5 " 0/0 1/0 "
orude oil L 60 0/0 0/0 "
light fraotion Il 35 1/0 2/0 €
l- . 12 " L/2 5/0 n
Tlaguinillaﬂ A L} n 1}/5 5/2 "
Yeavy fraction L, n. 16/6 3/1 "
residue 15 » o/2 0/0 .
cruds oil 0 60 o/2 0/0 "
light freotion Ol 5 o/1 0/0 ]
' 02 " /2 0/0 "
Oklahoma 03 " /1, 2 /1 "
heavy fraotion oy " WL 2/0 "
regidue 05 " o/a 0/0 "




——————

s sty

1952 =~ ¥Work in progress

After comparing the results of the Dilution riments in
which the 9:10-dimethyl-l:2-benzsnthracene was used at 0.1% ~ 0.0015% in
liquid paraffin, with those obtoined in the experiments on the derived fractio
of C, K, snd L, Professor Squire suggested that some idee of the oontent of
carcinogen of the varlous frsotions in terms of 'equivalent' .of thst
polyoyolic hydrocerbon could be ocomputed. Similerly, the eguivalent
oconoentration in the original orude could be sstimeted and thus an 1idoa
obtained of the degroe of oonoentration aohieved in the derived fraotions.

Thus K; and I eppear to hsvo sbout 7 erd 5 times the dimethylbensanthracens
‘equivelent' of the originsl ocrude.

Since it was possidle that further considersbls ‘conocentration’
of saroinogon might be expeoted to bo attained by seperating those sotive
fraoticns into cuts of narrower temperature limits, a poheme wes dovisod

for testing 5 sub—fractions from each and incorporeting two dilutions of
threo possible refercnos standards.

The 15 sub=fraotiona soparatod undcr the supervision of
Profossor Morton ere shown in Table I. The rcforonce stondaids oomprise:=

9110~dims thyl=-1:2-benzanthracens, 0.2% and 0.05% in liquid persffin;
Mothyloholanthrepe 0.2% end 0.5% in liquid persffin;
Kuwsit fraotion 4, meat and diluted 4 times with liquid parsffin.

These 21 rpecimens are now boing tested on a totsl of 1050
umioco and 105 rebbits.

Tho ellocation of sites for the rebbit sppliomtions, doviged by
Dre Irwin and Dr. Armitage is givon in Tsble XIX, togsther with tho appro=-
priste key. As will be noted, 5 rabbit sites are involved, the 2 eers,
left and right thorsoio, and intersoapular. Tho exporimentsl proccdure
previously uged is being followed.



[ L

Table XIX, Deesign cf experimsnt on 21 fraotions. {1252 tegtg!

Rabbity 3 11 111 v v
L~5 a p n u 8
6 - 10 e q ) a b

12 ~ 15 by > ] b ]
16 ~ 20 g ) .q [ d

21 -~ 25 bs! % b o d 8

26 - 30 -3 u ] 9 £

3 -35 W a t £ -4

36 -0 k o u g h

Ll - 45 1 o a h i

LE ~ 50 & & b i J

51 - §5 n e 0 J k

56 = &C o f d Py 1

g1 - 65 P g e -1 m
66 - 70 Q h by m n
71~ 75 r 1 8 n 0
75 - EC s 3 h 2 P
B8: - 8% kA k i P q
ae - 90 u 1 J q r
91 - 96 3 m k r 8
97 - 10 b n 1 [ 14
101 - 1205 o o m t u
Xey to fragtions 8 -~ u

:'\L'.‘l k 0"'.1 =0 LI&‘Z = f Mz = h

KL;.Z"‘b 0.14__2=t I-!+,2=3 M% =P

y = = n, =0

Fuu3 = Oz ™ ¥ Pz =2 2

Kppeis Op.y = 3 By =1 K% =9

K4‘5=3 C‘,”S:e ng..5=d z*'zn

K=t

8 =Ly, 3 8 =55 m= Ky a=1L,2

b:’.Kh,.Z h:nz n:KL'_ tzoh.z

s =Dz i=K.% 0=0,.2 u=K,3

a =Ly, 3= %4 p=Hy '

e = 02#-5 k Klpl q= D&

f' = ‘:J‘H: l-= LL.-..'L r = 0&.3
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Tsbe XX. Experimonts with mice at Birmingham, Three orudes ond fifteen
derived fruactions

Cruie oil or
fracticn

Expectntion of

‘unmourless life
ond stondard error
(limited to 52 weeks)

" Dates whon 10% of
survivors had tvnmours
ard standard error

Total
nunber of
Sumoes

Sruds Kumit
Ruwmenit

Crude Citlohom
Clelahomn 1

1 2
1 5

i 4

Rericue

50.34 X 1,16
50,73 % 0,89
.42 & 2,11
8,40 % 2,13
50s19 * 1.26

.06 T 0,8

52
50,48 7. 1.10
LIB.S? i 1 o}'-B
48,75 < 1,85
48,98 & 4,66
52

52
52

52
50000' t 1 035
‘."'9092 .-: 1 n:‘\}

LA

39,4 © 8.3
3905 t 6:";
28,9 % 2,8
77,8t 4,0
not reached
not reccheld

no tumcora
no% reached
28.7 * 0.8
30.0 5 4.5
31:8+14,2
no tupours

no funotrs
no Lumours
no tumcurs
2.5 LA
45.5 L 4.3
ne Suncirs

=W N M

CMNOOO oWwuuino
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Iable XVITT. Caroinogenic sctivity of fraotions of oilw in mousé tests
Date of arneersnoe_of each tuwour (weeks from atart) snd numbders of
survivore at that tims
Birminghsn London
Freotion No. of Teeks from start and Ne. of Weeks from
tumours no. of survivors® tumours start & no,
- of survivors
I orodo 2 29727, 32/26, 0 -
Rl 2 30/25, 32/29, 0 -
X2 4 21/2., 28/20, 31/18, 1 /25
3 3 23/23, 21/18, 28/18, o -
R 2 3/24, 32/23, 1 52/36
}
' X5 (residue) 1 30/24 0 -
l L crude 0 ~ 0 -
L1 2 26/27, 41/20, o -
2 5 28,29, 26/29, 29/27, 4/16, ) -
48/,
iI3 5 28/2),, 28/24, 31/2h, 32723, 2 26/3%, 52/19
! £5/13
i
b 30/21, 32,18, 1 52/32
i 15 (residue) 0 - 0 -
! _—
i 0 oruge 0 - 0 -
i. 01 0 - o -
; 52 0 - 0o - -
L' o3 2 30/23, 20/23, 1 31/40
?
P o 2 25/21, 38/13, 0 -
i 05 (residue) 0 - 0 -
{

® The first figure

-

ig ths dcte of appearance (s.g. 29 mosns
tne 29vh weck of ths oxmrirant), the second is the nuiber
of sarvivers our of 50.
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snd +hs soope of the initisl fractionation of the oruvdes te bes examined
wero oonsidered in committce from o1l sspoots (see also Part IV, dppendix I).

The orudes wore (1) an sasphaltio, psraffinic type (Kuweit),
(2) » naphthsnic type /Legunilles (Venerucla)/, snd (3) » pereffinic type
(Oxlohoma, U.S.A. Mid Continental). Baoh of these was soparsted into
5 frections at tho Thornton Reseserch Contre. .

Tha tosts for osroinogonic sotivity were oerriod out as bofore
en groups of 50 mioo and on a total of 105 rabbits, For the 3 orudes &
total of 30 rabbits wers used with 6 skin pstohes on esch snd for tis 15
derived freotions & totsl of 75 rabbits with 7 spplication sites. Thess
were the same es those dascribed in the seotion on 'Dilution Experiments'
with the addition of ono ‘intsrsospular' site. .

The allooation of the animols end sites is set out in Pert IV,
Appendix I, p. i, whero for Birminghem, 4 = Oklshoms, B = Legunillas,
C = Kuwpit, and for London 4 = Kuweit, B = Legunillas anid C = Oklahoms.
(see s1so Table XIX).

Results -

Mouss testps

The numbers of tumours induced by the orudcs srd froctions
oare given in Teble XVII and tho timo of sppearsnce of all the tumours is
von in Table XVIII. - Tho total nuabers of tumours obtainad were 33 and
respeotivoly (in 900 mioe) for Birminghsm and London, end the grestsst
number for sny one freotion was 5 (in 50 mios). The results suggest
thet the Lagunillag dorived fronotions were somowhat more sotive then tho
Kuwait and thet tho Oklshoms fraotions werv essentislly inert.

At Birminghsm only two tumours wers obtainsd aftsr ocontinucd
2pplisetion of the orudes; at London they yielded no tumours after 50
wooks.

Rabbit tonts

In oontrast with tho tests on mioe, therc was s totel of 61
dumour~beering sitos in tho Birmingham sories and 39 in the London sories,
on & possidble 705 sites (105 rsbbits), or, oxoluding the crudss snd rosiduss
(fraction 5), the romeining 12 freotions produccd 61 and 35 tumours rospec=
tively on & possible 4,20 sites (60 rebbits) (Tsble XVII). Thus the skin of
the rabbit wes distinotly more sonsitive to these fraotions than that of
the mousc. This observation wes confirmed by the typo erd rote of growth
of the pspillicmste, In & numbor of instences, at both laborstories,
soveral tumours ocourrud on one rabbit site. In goneral the grading of the
caroinogenic potenoy ren similerly in the Birmingham end London tusts.
Ssotions of skin from the treated sross heve beon prepered for histologiosl
oexsmination.

Irwin'e statistiosl enalysis brings out the following points.
Fraotions I3, Is; 01, Oz, O5; K3, K2, K5 cen be regarded es of negligible
cercinogenic potensy. According to the Birminghso figures the order of
potency for the fractions 4, thu most potent, is Iy, X, O, ; and the
London results are not inconsistont with this.

A striking fecature of the teats is tho spueinrl gonsitivity of
robbit skin compsred with mouse skin for these minersl oil fractions.
The response of different spacivs of animsls to difforent coroinogens hes
besn investigstod by 8 numbor cf workers inoluding Borunblum; some pure
ohozioal carcinogens have selective sotivity towsrds ocortsin speoies. It
pay o no more than 2 conjeature to suggest that the rxosults indiesto the
presenca of earainogons Gifforing in chomical struoturs from tho bettor
¥nown polyoyelio hydroosrbons. However, thoy reinforce tho opinion thet
the rabbit should be inoluded in tests for 'carcinogsnicity' om this type
of material.

—15-
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Table XXI. Exveriments on rethiis with 15 derived fractions, Mean valuos
oorrected tor sroup dirferences)

Birmingham Ghester Beatty Instibute T°t‘;%ng°n;s°f '
Fraction
TTonsformed sme Transformed Chestenx
Volue (y) Probability Value (y) Probabllity Birmingham Beatty
Iy bo27 0.007% (=3412) 04 000 1 0
Ly 14489 0,066 o352 0,010 4 2
. Ls 34458 0e325 13.52 0,035 { 13 3
3 Iy, 43051 0els73 19,38 0.10! 16 6
L 1,35 0,000 8,15 0,020 0 2
’ E4 3097 0.C07 0.25 0,000 1 0
K2 8,52 0,022 2,90 0. 005 3 1
5 { 17,80 0,093 } {13.14; 0, 054 } ( a}
g K5 0,02 0,000 2,23 0,00 0 0
04 1.5 0.002 3,70 0,066 0 1
; 0y 2,64 0,005 5.59 0,010 1 2
! 03 5.2% 0,009 14,.62 o.osu} 1 N
; 0, 8,99 0.025 13,80 0,057 4 4
i 2y 1.27 0.002 0.25 0.000 0
8% Individuwal 5,15 416
means
SE aiff, bet. 7.29 5488
2 means

X The unbrecketsd fractions are of negligible carcinogeniclity.
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STATISTICS AND METHODE

The plan of the experimonts and the instructions for cerrying
them out are shown in Appondix I. Tho experiments wore of two kindsi=

1. Exporiments on the three whols orudos erd five frsotions
dsrivod from cach of theme

2, Idlution experirvents.

Both pets were oarricd out on rebbits as well as mics. The thres crudes
were Kuwait, Lagunillos end Cklahoms. Tho methods of distillation amd

the physioal ohorasteristics of the fraotions arc described in Appendix II.
Fraction 5 was in oach came the residue.

1. Experimonts on tha thvoe whole orudes and g. ftoon dsrived fraationy

In the mouse experiments a batoh of 50 mioo was used for esch
orude end frsotion both at %imingham and at the Chester Beatty Research
Ingtitute. At the Chester Beatty Institute there were only 6 tumours in
500 mioe; these rosults were olesrly uot worth while snalysing statisticelly.
At Birminghsm thsre wero very few tumours and no significent differcnoos
betwson any of the oils (orudes or frsotions). Toble XX shows for esch
of these fymotions the expestation of tumourless 1ife (Iimited to 52 weeks),
tho dates when 10 per cent of surviving micoe had tumours together with
their standard errors. The total number of tumours is slso given. Ths
distridution of the number of tumours was &s follows:-

No. of frections
No. of

tumours Obaerved Expeoted (Pniuon)

0 6 3

1 1 5

2 6 5

3 or more 5 5

18 18

xz x 6.2 2 d.f

There is mo significent departure from the frequencies expsoted on the basls
of ohsnoe variation sbout a fixod msan (Folsson frequendel).

The other two measures of responsoe alsc show no signifioant
difforences.

Por tho rabbit experiments on the threo whole crudes 8 6 x 6
Latin Squere design wes used. (sec Appendix I). For the experimeats on
the fiftoen darived fractions o mors complicatsd design (known'es o
Youden sguere) was employed, Hexe tharo wero 15 groups of five rabbits.
In each group onch Tohbit wes painted with the ssme 7 frootions. Eech
of the 15 frootions wap painted on each site in one and only ons group.
Rach freotion wes used in exnotly 7 groups end every pair of fraotions was
used in exmotly 3 groups. Tc obiain the Jesigna aotuelly used et
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Birminghom snd the Chostor Boetty Resesroh Instituto wo must substitute in
tho key of Appondix I:- for Birminghsa (4 w Oklshoce, B » Legunilles,

C = XKuwait) ond for tho Chestur Bestty Hosearoh Instituts (4 = Kywait,

B = Leguniilas, C s Oklahoms). :

In the experiments with the three whole erudes no tumours wers
obtained st Birwminghem and only 2 tumours on 180 sites at the Chaster Boatty
Hosooroh Institute; thus, there was no used for statistiosl enslysis in
these two experimsnts. Hesults of grest interest were, howsver, obtained
from the exporimonts with the fifteon derived frsotions.

The percontsge of each group of five animels whioh got tumours
on esch site wos celoulated. The wethod of anslysis employed wes to
tronsfeor perosntagess to degrees by mesns of the engular transformstion
p = sir?y (whioch approxdmstely equslises the varisnoe st different levels)
and then o perform an apslysis of varisnce of the results. Tsble XXI shows
the mesn values of the troreformed varisble, snd the probobilities of gotting
& tumour, estimsted for es..a fraction. TFreotions 14, Is, Ky, K2, K5, O3, Op,
Og oen be regsrded es of pepligible potenoy; so osn 63, 61, in the Birminghsm
results but not in the Chestor Beatty Institute's rosults, snd 12 in the
Chastor Boatty Institute's but not in tho Bimminghsm resulto. If wo exolude
the cight fraotions first mentioned wo ero loft with sowon; Lp, Ly, Ly, X3,

Ry, 03, Oy, The Birminghan rusults show that froction 4 ia wore potent tgan
fysotion J and that tho ordoy of potenoy is LYK>0., PFurthor, these difforcnoos
in potenoy arc sigmifioant. Tho results from tho Chostor Beatty Instituto

for thoso frections show no significent difforonces smong thomsolvos (oxoept
for 1) but sre not incompatiblo with the Riruinghsm results.

The analysis of varisnoe shows that there am significant
differsnoes in sensitivity between the fiftsen groups of rabbits in both
sets of results. In the Birmingham exporiment, site differences might be
due to chenoe (P = 0,12 for greater varisnce retio thon that cbsorved), in
that at the Chester Beatty Institute they Just pess the 5 per osnt level of
signifioonoo (P = 0.04). Howover, tho aotusl rosults shomn in Table XXIII
axe concordsnt and suggest 8 rosl effeot. Both sories show the greatost
muber of tumours on site VII (in the riddle of the baok nesrest the csrs)
and sites I &end II (the ears) oome next om the svarage. Thero suems to bs 2
lorger nunber of tumours nearer the head.

2, Dilution cxperimonts

s stoted in Seotion IT of Appondix I the pure cercinogon was
9:10-dlmothyl=~l:2«benzanthrooone, ~The other two oils wore the frnotions I
and P which hed boon tested bofore at Birmingham during 1944=6 ard 1946~-7.

‘(Woudhouso »nd Irwin 1950). In the mouse experimonts batohes of 50 mioc werc

used for oach oil in esch gentre (Birminghsa end the Choster Buatty Instituts).
The results ore givon in Table XXIV, Grsded Josagc rosponse curves were
cbteined for sll thrue oils nt Birminghom, and for tho purv oarcinogen in

both oentros. It oleerly seoms best to use E.T.Le. 23 8 responsc in theso
uxperiments sinos the 10 per oent datus arc not always resohod. Betwsen tho
undilutod oil amd the 1/4 dilution the slopes of these 4 dousgsrosponse
ourves do not differ signifioantly. At Birmingham the saow is truo of tho
slopes betwoen the }/4 and 1/16€ dilution, for ell threo oils. This result is
very onooureging 8s it suggosts thet dimethyl-bensenthreoeny might bo used

es & standard in oompering the carcinogenic potencins of tho oil frsoetions.

to changes of staff, the rebbit dllution oxporiments woro
ovoaplated only st Birminghem.

The design for the rebbit experiments (see Appendix I (2))
consisted essentislly of thres 4 x 4 Letin Squares, veing sites III, IV, V
and VI. Sites I snd II, boing svailsedle, were used for some additionel
observations, sc sa to parmit if neoosssary of direot comperisons between
differont fraotions st the samo dilution in the same rebbits. Howsver, in
tha event, the statisticel smalysis of the thrae &4 x & Latin Squeres, wes
suffioisnt to show that thare were no signifiocsent diffeorences betwsen the
dosage=rosponso curvos of the three frsotions. This analysis is prosentod
here.

-18-
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Table XXII,

Experiment with rabbits on Pifteen derived fractiona

Analysis of variance on angular transformation of
proportion of tumcurs out of 5

Birminghan
- Sun of sguares D;rp;:g:m“ Mean Square Varianoe Batio
Sites 1957,36 6 326,23 1.84 (not sigm,)
Groups of rabblis 5772.04 14 112,29 2,33 (0,01 <P <0,05)
Frections 18924 47 18 1351,78 7.84 (P<£0.01)
39038.81 19,_
Chester Beatty Institute
Bun of squarss | Degrees of Mean Sguars | Variance Ratio
fraedon
Sites 1613475 6 268,96 2,36 (0,01 €P<0,05)
Groups of rabbits 4980.42 1 358,74 3.42 (P< 0,01
Fractions 5561.45 12 397.23 .48 (P 0,01
Error 7983,01 70 114,04

(The 'theorstical' errce variance is 826,7/5 = 164.1,
with which the abovs estimtes are in good agroement,)

Table TXII1, Experiment with rabhits cn fiftecen derived fractioas

Number of tumours out of 75 on the ssven different asites

R e el
I i I3 8,5
1z " 7 9.0
I 12 2 7.0
v 4 4.0
v 3 b 3.5
& 7 3 540
v 13 1" 12,0




snalysed, For sny one dose snd site thore srw 2 degrees of frwedoam for
difference between the three rsbbits meiking 32 in all (4 sites, 4 groups
of rabbits, 4 x 4 x 2 = 32). These 32 together with the 15 from the

Latin Squsre snelysis meks 47 in sll, clesrly oorreot for 48 observations.
The 32 degrees of frecdom can be sub-divided into 8 due to differsnoces
betweon rabbits end 24 dus to error. The snelysis bes been osrried out

by 90° scoring for & tumour end 0° for the sbhsenoce of s tumour; the results
are shown in Teble XXVI. , .

The difforonces botwaen rebbits are significent only for
fraction I (Varianoo Retlo = 2.59, 5% vt » 2,36). Thore ere no signi-
ficant differences betweon sites. Thors are no significent differoncos
between the throo fractions at the ssme dllution, ovon 1f tho swellor
standard orror, bascd on tho assumption of homogensity of tho rsbbits be
uscd, Honco, it was unncooseary to use the supplemontery observations
montionad ebova.



Tabls XXVI, Rabbit Diltuion Experiments at Binmingham

Analysis of Varinnce of differences at the same sites
and dilutions
(Tunour = 90° Absence of tumour = O™
(Sums of Squares and mean squares divided by 3, to meke them comparmble with Table XXV,)

Bt W

Fraction D .
Swm of Decrees of v
Sq . £ rendm Nean Squares ariance Ratio
Between rotbits | 2700 8 337.5 1,29
Error 6300 2 262,5
Totol 9000 32
Frection I
Sum of Degrees of Mean Square Variance Ratio
Sguarses freedom
Batween rabbits 5625 8 703,12 2,42 sign, at 5%
Error 6975 2 290,62
Totnl 12600 32
motion P
S of Degroes of Mean Square Varience Ratio
Squores fraedam ”
Botween robbits 2250 e oh 1,36
Total 7200 32
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Rather unaxpectedly thore wero no significant differonces
between rabbits trested aliks {exoept possibly for frsotison I) 4in the
probability of gatting 8 tumour; nor wero there signifiocent differences
botwuen sites treated slike.

The method of snelysis employed was to transfor contages
to degrees by means of the anguler transformstion p = sindy (:rhiob approxi-
matoly equalises the verisnce at difforont lovels) and then to- porform an
enalysis of verisnoos of thy results. The regression of y on log-dilution
wap caloulstod end did not differ signifiosntly froa linearity. The

error vorianosg obtainsd from tho experimentsl results wore in all cases in
good agreoment with thoir theorotiosl valucs.

1 (180 )2 = 2736
-\

This Justifies the method of snalysis.

From ths regressions an estimate of the probability of getting
a8 tumour at the four dilution lovols wes estimoted for ceach fresotion. The
rogults arat~

Freotion
Dilution D I ¥ A1l Threo 5% Fiduoisl limits
Pmbo Prob. Prdbo
1 0.53 0.33 0.49 0.45 0, 30-0,75
/N 0.22 0.16 0.19 0.19 0.12-0.36
1/16 0.03 0.04 0,02 0,03 0.00~0,10
/6L 0.00 0.00 0.00 0.0% 0.00-~0.01

These results are not signifiocantly difforent for the difforent oils, st
that the ostimntes in tho last two columms oan be taken ss 2pplying to esoh
of them.

The error varisnoes per group of 3 rebbits taken from the
enalyses of varianoe are -

Fraction Error Veriance (6 d.f.)
D 218.4
I 213.1
P 288.3%
Theoretiosl valus 273.6

The datailed aralyses of v-risnoe ere shown in Tables XXV and XXVI.

The Latin Squares &re anolysed in ths usunl manner; the 3
degrees of freedom for differences between the four dilutions have been
aub~divided into 1 dve to the linear regression of responae (7) on the
logarithm of ibe dilution and the romsining 2 dus to departure froa
limwer vegrossion. This departure is not significant. These rasulis
are given in Tadle XXV.

To investigate whether thore are any significant differenoea
betweon retbiis troatod slike, the results for individusl radbiis cust de

.19 =
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Table XXIV, Mouse Dilution Experiments

Expectation of tumourless 1life and dates when 10 per cent of

survivors have tumours

"7 Biymingheam Chester Beatty Institute
(1&2@2& to] 108Date | tumonre (ligi..f;;g'to 10% Date tomouse

52 wks,) 52 wks.) -
o/t 2BATE 2,00 | 17.2 % 0.6 30 22,06 £ 1,58 12,79t 0.3 27
% 48,08t 1.7 |33.0 5 bt 21,45 | 21,0 t0.,7 3h
D/16 51,73 % 0,23 | 50,5 £ 0.k 0 49,26 + 1,27 | not reached 10
D/6h 51,86 £ 0,17 | 50.6 £ 0.4 0 52 " 0
I/t 3.9 11,37 | 23,1 £ 0.8 30 48,8k 1,22 | 45,6 £ 1.0 1
I/, 51,18t 0.83 {42,0 1 52 not reached 0
1/16 52 not reached 0 52 " 0
Ve, 52 " o | 52 " 0
F/A 36,39t 2,57 | 25.3 t 3.1 14 50,16 £ 1,08 not reached 3
L 52 not reached 0 52 " 0
¥/16 52 " 0 52 not reached 0
F3e, 52 ' 0 52 " 0




Paple XXV, Rabbit Dilution Experiments at Bi o Analysis of Variance
of Latin Squares :

(Angular trensformation of the proportion

of tumours out of 3)

- Fraction D
Sum of Squares D;g:g;;:r Mean Sqare | Variance Ratio
Grows 118,05 3 39,08 1.80
Sites 1715..85 3 571,55 2,62 »
Dilutions R°8r°5=1®g 67€3,36 13 6769.363 31,00 sign,at 17
Rezeinde 1018,55 .
e I T R >
11956, 9; 5
Fraction I
Sun of Squares Dg"?e;;m“ Kean Square Varianoce Rattq
Groups 1944,98 3 6644699 3412
Sites 77957 3 259,86 1,22
Regression 273,29 1 2743.29 12,73 sign, at 5%
Dilutions Remaindor 339460 2 169,80 Fe]
Error 1278.51 6 213,08
7405, 595 15
Fraotion ’
_ Sum of Squeres Dgg:ggm“ Xean Square| Variance Retio
Groups 553.30 3 184,43 <1
Sites 210,89 3 6;0.30 (171 t 14
Dilutions Regrosni'ca; €833,50 1 33.90 | 23, sign, &
Remaindey 2692,4L0 2 1346,20 4,67
Error 1229.63 _6__ i 288.27
' 12020,12 15
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(3 ) Rogording of warts
.Reoords will be maintained of the following observatiocnste
1. The date when a wart first sppears,

2, The approximats date when a tumour is regarded as melignant
on olinioal grounds,

5. The dats of dsath or kimng.
Histologiocal examination of all painted sites will be esrried

out, provided that death ocours after 12 wesks or after the appearsnos
of the first tumour should this appear earlier,
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- 50 miod at Birmingham and 50 at tho Chostor Beatty Research Instituts,

LAPPENDIX I

XHE DESIGN OF EXPFRTMENTS TOR TRSTING THE
CARCINDGENICITY ~OF OIL PRACTIONS

Teats on 16 fractions, three whole orudes and five fraotions
derived from each of them,

{1) Mouss tosts

The experiments are to be dona in duplicats - on batches of |
These exporiments should be standardised as far as possidle, {in partioular
in the following respoots:

(a) Pive ar six animals per boxe
. S ETI8
(b) Sexos in equal numbers but separsted, Age as near to
2 months as possidle.but in &)l oases loss than 4 .
A month& Vi I11 11 I - ediddnfl

(e)  The 25 males and 25 females on sach fraotion to be
solocted randamly from the stock existing at the time
tho experiment is started, This ratio may have to
be altered ot the Chester Beatty Researoh Institute
to inolule a higher proportion of mles,

(a) Each animal in each test to be numbared and the ssx end
calour, inecluding spotting if any, to be recorded,
This is in order to be able to divide the animals in
ench test into random groups,

(o) Diet, Therley's Rat Cubes, plus supplement as given
. at the Chester Beatty Research Institute, vis. bread
and cod liver oil on Mondays, oats on Wednesday, and
o smoll amownt of greens on Fridays., Froe water
' . supply. .

{f)  Twics woskly painting with glass rod.from stoppersd
numbered bottles, diapensed under single control -
at the Choster Boatty Ressarch Institute, :

(2) Rabbit tests

Tho fallowing experiments are to be done in duplicate at
Birminghom and the Chester Beatiy Research Inatitute, Malo or famale

rabbits to bo used, between 3 and 6 honths old, Sox and colour to be

recordod as for mioco, Diet as for mios, Two sxperiments are to be
porformed¥(s) on the throg.whole crudes, (b) .on tho fifteen frnations
dorived frum them. Fach rabbit ia to be paifited on six sites” (&)
and on seven in (b) as follows:-

Sites I, II  EBars, outer surface near bass,

111, IV lateral thorole

By - V, VI Laternl obdominal
Y ¥ Interscapulay
A vii P

(6)  Experiment on the three whole orudes, 30 rcidits aro to
bs used vided ra into 6 groups of » rabbits, The three
orudes A, B, C to bo aasizned to the groups and sites in acoordanse

with the following achomai~
'L
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SITES
Rabbits I II héng Iv v i
1 =5 B B c (o} ¥ § A
§ «10 c c A A B B
M «15 A A B B3 0 c
2 =25 c c B B A A
26 =30 A - A c c B3 B

Dates of appearance of tumours and of oourse any dsaths ars to be recorded ,
The experiment is to be oontinued for 12 mouths,

{b) Exneriment on fiftesn dsrived fractions

75 robbits to be used and divided mndomly into 15 groups
of 50 The 15 fractions a, b' Oy Qessssvese0 O be ullignea to the
groups and sites in acoordance with the following schems:-~

Rabbits I II 1T - 1v v vI I

1 -5 L g a [ o b a4

6 =10 X 3 b i h a o
11 <15 o n n 1 3 o b
6 - 20 h i a n © e a
A =25 a ° 1 4 m 4 3
2% =30 i a 4 m 1 g E
N =35 ° X 8 a 3 t n
36 =40 a Y h ° b 3 t
M =45 n £ £ | b 4 k 1
4 =50 1 b 3 h g n s
51 =55 ] ° k g o 1 )
856 =60 n h n a x o 8
61 =65 g 4 0 3 s 1 °
€6 =170 e 1 ° o 4 h k
N =75 J o o 4 n . 1

Freotion in orxder A B (o]
of light to heavy

o n ora = AL £ = B} K=Al
n 4 b= B, g =C3 1sC5
? g o = 45 h = A2 m = B2
b q d=ClL 1 =C2 n=(l
e 1 =35 3 =il o= Bi

ey
(- ZFS- 4

Date of appearmnce of tumcurs and, of course, ony deaths to be recorded,
The exporiment to be continuad for 12 months )

15
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Tosts v 4 dilutions of ench of three 'oila', one of which &a

to be a pure ooroinogen, 9:10-dimothylet:2-beneanthrooens, The pure
oayoinogen {s to bo givon at dilutions

1 = (0,1)% 1in medioinal liquid peraffin

1/ = 0,0625% . . L
1/16 = 0.0062%5% . " "
1/6, = 0,0015% " - n

The othar two olls to be given at dilutione:~
1 a neat
21/ = 257 in liquid paraffin
146 = 6,25% " .
1/66 = 1,5625% " "

Mouse tests

The exparimonte are to be done in duplicato = on batches of
50 mdooe ot Birminghnm and 50 at the Choster Beatty Resesarch Institute,
This will necoessitatc 600 mioce in cach plac3, 50 for each of the four

_:.:lixa.sxm of the thres oils, The oxporiments aro to bs standardised as
»

Rabbit tests

Thess are also to tc dons in duplicate - at Birmminghoam and nt
the Chester Beatty Research Institute,

Mele mbbits are to be used,white inbred strmins $f poasidle
and three ~quarters gromwn,

Ench mabbit is to Vo painted on six sites, the same sites
as in 1,2(a),

36 rubbits are to bs used ond divided randomly imto 12 groups

of threc rmbbits,

The 4 dilutions of each of tho threo oils are to be
assigned to the groups and sites as follows:

SITES

Rabbits 2 11 IIX w v Vi
1-3 11 I1/4 D 1/4 D1/16 D1/ D1
I T 1/16 14/64, D 1 D4/6 D1/46 D/
7- 9 7./ P1 T 1/6, D1 D 1/} D 1/16
10 - 12 P 4/6. P 1/46 D 41/16 D 1/:1 D1 D /64
1359 P 1. PR I I4/46 It1/6h: I
16 - 18 P 16 P/, I /64 11 T 1/4 I 1/16
19 = 2 D 4 RV S VAT /v 11 1 1/64
22 -2 D 1/16 D1/ 1 14 T1/65 I41/16 I /4
25 - 27 D /4 D1 ¥ vk P4/16 F Y64 R A
28 - 30 D 1/& D1i/16 F 1/16 P P4 » /6,
3 -33 L V/ U F1 Fi/6a PA/16 P4
34 - 36 I 1/ I 1/16 F /6L 24 Pi/L P 1/16

Dates of appearances of tumours and deaths to be recorded,
Tho experiments- to bs continmed for 12 months,

111
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. APPENDIX II .
(RESCRT OF THE THORNTON RESE:RCH CENTRE (C 3,2/50, 7th MARCH, 1950)

CRIDE OII8 = Job No, 22, Distillation of orude oil
for the Institute of Petroleun

Requested by: S.R, & M, Co, Technological Department
Memo, No, AJT\Ne/IP/TL, dnted 25,2,49.

Surmary

’ 4on sach of Kumit, Oklahom Bright, and Laguinillas oruds
oils have been distillial t5 7ive fcur Gverhead freotions and ons residus,
Crecking was avcided Gurdng +he dfsuiliztion by maintaining the temperature
of the liquid below 250° C and reduoing the oflectivs pressuvs by the intro-
dwtion of steam,

Disoussion -
1, Distillation unit

The unit employed for tho distillation is 1llustmted diagrame
matioally in Fiz, 1, For steam distillution, saturnted stsam at 30 psig
was injeoted into the bnss of the vessei Vi, through a perforcted ooil,

The rate of low of steam into the vessul was measured by a Foxbaro orifice-
typo flow metor., The cruds oll is distilled from V1 through oondensor

C1 to elther of two primary receivers V2 and V3, Uncondensed vapour then
passes through ocondsnser C2 and Ve A 2 in, mild=-stoel line passes fxrom
this vosssl to the vaoum pump,

2, Operntion

Pricr to the distillation the system was thoroughly cleaned,
V1 wmas initially clenned by hand and then a light kerosine was distilled
fram Y to V2, V3 and V4 to flush out contaminants, A long period of
ateaming then followed to remove the hydrooarbons, This procedurs of
cleaning with kerosine and steam was oarrisd out before the diatillation
of ench of the thros orude oils,

The orude oll wo.s charged to the distillntion vessdl Vi via a
line entering the vessel at the base, In order to avoid ocontamination
of the erudea which might ocour when using reciprocating pumps, charging
was carried out by suwtion, the vacuum pump in the system being utilised
for this purpose, A ocharge of cn 350 kg, was distilled psr baton, mo
that tho distillation of three batches was nscessary to obtaln the required
amount of oruds oll diatillate,

After charging, the vessel VI, was vented to atmosphere and
the orude oil in V{ hoated to a maximum temperature of 24,00 C with
stirring, The temperature of the oil entering and leaving V4 Jacket was
between 24,5° and 250° C, (During this stage cars was roguired to avoid
bumping, ospecially with the laguinilias oruds, which contained quite
Jarge aromnts of water,) .

The distillate was oolleoted in V2 until tho mte of diatilla-
tion had deorsassd, ut this polnt the vont ot Vi was olnssd and the
prossure slonly reduced to 150 mm Hg, the distillats being oollegted
in V3, The two fructicons so obtained wore bulkod to give fraotion 1,
The prossure wes again redwed (4o 100 mm Hg) and ateam introduwsed to
o maximum mte of 30 1b/hr, while three further frecotions were collestod.
To simplify the operntion, the volumes to bo expeotod for these last
thres fructions wero dotermined prior to tho astunl distillation by a
labommtary distillation of tho oruds oil, Cut points in the plant
distilintion wore thon taken when the predetermined volumos had been
distilled, . N
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3, Drying and storing

After ths distillations the ocarresponding freotions were
bulked and allowed to settle, The water layer was removed and the
oil partially dried by flltering slowly through cottom wool prds, This ~
method was uadd to avoid unnecsssary contaminmation by chemicel driers,
The dry frastions were then stored in new 40-gallon mildesteel drums,
The reaidues fram the distillations wers dropped,while still hot, from

the distillation vessel into new 40-gallong milde-stesl open torpod
drums,

. .

Bosulty

' The yiolds of each fraotion, and simple physicsl chamoteristios
of Kumalt, (klahoma Bright and. laguinillas orude distillates are given
balow in Tables 1 to 3, It is interosting to note that in the highe

sulphur=content Kuwalt orule no hydrogen aulphids or sulphur dioxids ws

v .-

.evolyed during tho d{stilletion. of fruotions 2, 3, and L,  This is a

good indication that no orecking oosurred during the diatillation, The
relatively high losses were dus primarily to losses in hardling during’

drying, but in the case of laguinillas orude the high water content cotisiderably
rodwoed the percent weight of oil distillate,
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Table 2
Kuwnit orude
Crude Fragtion Fra;tion Pra;tion I’m:tion Rosidus
¥ kg
oight Fo 1018 267 99 80 €0 U5
93, 9% 26.3 9.8 - 7.9 5.9 4,3.0
Distillation I.P.mothod
range 17,28/1,2
: I.B.P. 39 M 167 281.. 330 -
' 5% 82 71 231 303 345 -
‘ 103 17 81 24,2 303 150 -
) 20% 172 99 251 31, 357 -
- 0% 225 116 258 318 361 -
) L% 265 1%0 263 323 365 -
50% 332 w2 273 327 368 -
. 607 - 348 160 280 333 372 -
: 1% 355 180 290 30 378 -
¢ 80% 372 202 303 9 384 -
9% 3% 321 39 263 393 -
95% Cracked 259 339 375 - -
FoB.P. " 279 350 396 400 -
Reocovery 90.5 98 98 99 98 -
. Residue 9.5 1.0 1.5 1.0 2 -
: Loss % nil 1.0 0.5 nil nil -
. Visoosity IB.71/4TT  26.0/70°F 0,95/70°F 4.53/70°F 14.0/70°F 9.26/1,0°F 1300/140°F
l kinsoatio o8
Redwood I seo IP.70/46 108/70°F 28/70°F 37/70°F  65/70°F  50/U0°F 5000/ 14,0°F
{ Tlesh point  IF.3%L4 60 50 146
.- Abol closed
oup
( Pensky=larten IP, 34/17 255 35  oa 450
oloacd oup °F
{
: ® Thess figures hove boon emended to the oorrect proportions

7 YL}



APPENDIX II

Table 2
Qiclahomn £t oruds

cma,a. Fraction Fxn;ticn Pruotion Fraotion
4

U,

P

PYTRU

T 2 L Residus
Weight ig = .
& Fow 1250 495 119 103 7 1,02
96,5 39,5 9.5 8,2 7.3 32,0
Distillation I.MPmethod -
angs IP,28/12 ' ‘
I.B,P. 4,0 T 244 28 296 -
60 69 226 280 309 -
104 102 8 23 285 315 -
20 % 140 100 237 - 29 320 -
30% 175 117 245 29, 327 -
40 % 230 130 250 299 332 -
50% n 1, 255 305 338 -
60 % 314 16 26, 311 3, -
70% 350 184 273 319 350 -
8o % 350 201, 28, 329 359 -
50% 3eh 233 303 36 375 -
9% % 370 268 323 361 39 -
Reoovery 7.5 98 98 975 98,0 -
Residua 2.5 1.0 1,5 2,0 2,0 -
Loann % nil 1.0 0,5 0.5 nil -

Viscosity . IPV/LTE  Le§/70°F 0.896/709F 1,8/4409F 3.L/1LOF 5,3/140%F 8,0/140F
kinematio &S

Redwood I seoc IP,70/46 38/70% 27/70%F  3A/A40°F 35/440F 39/1L0F  335/1u00°
: ' {calc) (calc) (cals)

Flash point  IP,33/4 50 50
Abel closed
oup oF

PenskyHarten
closed owp OF IP,34/47 185 250 285 420
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APPENDIX II

Table 2
Iaguiniliags oruds

Crude Fraotion

Fraction

Fmotl on

Feight kg, y Pm;ticn 3 5 Residus
Fow .
1420 92.5 9.8 58,8 51.4 734.8
92,0 8,2 8ok 543 L6 65,5
Q‘.E'ﬁl}t‘.tim IOBQPO
Xoume method
IP,28/1,2
I oEoPc 1 00 57 223 262 31 7 -
5% 200 126 2,8 301 338 -
10% 262 139 251 310 347 -
203 318 153 261 317 350 -
3nz 334 166 269 322 35 -
L0 % 35 45 277 329 360 -
59 % 350 195 287 336 365 -
go % 368 209 29, 342 370 -
o7 e, 222 302 352 376 -
23 A Cracking 339 M7 363 38, -
50 % " 265 335 . 378 Cracked -
95 % " 291 351 392 " -
F.B.P, " 300 359 397 " -
Recovary 90 98 97 98 3 -
Residus 340 2,0 3.0 340 7.0 -
Loas A nil nil nil nil nil -
Vissosity IP /LT A65/150% 1,605/70°F 2.9/ 140 7.3/140%F 16,7/140°F -
kinoaatio 68
Redwcod I sec IP,70/46  66B/140°F 30/70°%F  33/140°F A45/140%F Tu/140°F 20 no%h :);o-
) calc,
Flagh point  IP,33/LL 50 50
Abel closed
oup op
PensrMarten IP,34/47 21, 270 350 L60
clessd owp °F
A Parr D, VICKERY
J.N.L. Thomes

for Direotor of Research
Thornton Research Centre
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{PORMERLY STANDARD OlL, DEYELOPMENY COMPANY;
P. 0O Box 12), Linpen, N. J.

MEDICAL RESEARCH IVISION

ROBEST £+ CHMARDY Pk O MO
L TN TR TS

N v rUNIDIORE, ¢
HEAD INDUR IR, 8L v Gikiald

HORACE W GERARDE P 3. & 0
MEAD TOXS AR

BLRTNAND E. BENMNISUN. RO
CHIRE LLING Al RESEAMC ot PRYDICIAN

January 11, 1957

Mr, D, V. Stroop

American Pelroleum Institule

50 West 5Cth Street .
New York 17, Rew York )

Desr Mr, Stroopt

I would greatly appreciste it if you would have the attached duplicated
and distributed to the members of the Subcommittes on Carcinogenicity and
to Ir. A. W. Horton of the Kettering Lshoratories.

It is xy understanding that the British are somewhat put ocut that they
have not received anything from us in the past several years, 1 suggest
that the subcommittes give seariocus thought as to what they are going to
pend the British s6 that we can discuss it at the next meeting of our
subcommlttee,

In addition, Dr. Newquist has suggested that perhaps Dr. Horton ought to
summarize this, and all past reports received fron the British., This
oocurs to me to be & good idea. In the event that Dr. Horton doss not
have some of the previcus information received frox England, if he would
let me know I would be happy to see that he is brought up to dats on
srything that he may be lacking,

Yery txuly yours,

R.¢ . Schargr”

R. B. ECKAHDT, M. D,

RERscjh
ttach, = Six reports of the Committee on the Carcinogenic Action of
Mineral 0ils, Medical Research Counclil, London, attached to
" 1tr to REE from Ir. Newquist, 1/2/5’(.

Copy From D, ¥. Strcop For Informmtion Of And Consideration
By Members Of The Subcommitiee On Carcinogenicity And Dr. A.
W. Horton 1/14/51
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Meobers of Camnittee

REE v}
Bes
v
HWG COOLTTER (N THE CARCINOGENIC ACTION OF MINERAL OILS
JFwe
ARJ
:4-9-_1-’—_ AGENDA
::: for the Twenty first meeting to be held
at 38 0ld Queen Street, Weatminster, S.W.1,
<=z on Tuesday, 18th Decembor, 1956 at 2,30 Pellle
MKS
l. Mimites of the previous meeting (MRC.56/727, CAMO.Min.20 - already
s . oirculated)

4.  Progross Reports:-

{a) No.XVII, November 1956 (3irmingham), by Dr. D.L. Woodhouse,
(MRC, 56/9L65, CiMO.56/9 - Bnclosure 4),

{b) The 1955-56 Experiments with Mice at Leeds, by Dr, J.0, Irwin,
(MRGC.56/965, CAMD.56/12 - Enclosure B),

{o) Repart by Dr. W. Carruthers, Dr. J.¥. Cock and Mr. A.G. Douglas
(MRC.56/358, CAMO.56/11 ~ Enclosure C).

5, ZErcparation of Kuwait fractions for 1957 to 1958 teats,

As picrate treatment on a large soale has proved impracticable
Professor Morton will suggest preparation of fractions by chromatography
on alwmina from KXg.g.

L Rote by Profeascr Morton is enclosed (MRC.56/956, GIM0.56/10 -
Enclosure D).

4, al for inclu a singlo
non—cavcinopenic in tho Bimingham tests,

Manchester 0il Refineries have prepared an oil which, according to the
Twort Formula is non-ocarvinogenic, for Nessrs., Ferranti, a big user of
cutting oils. This oi]l satisfies all the requiraments from the technical
point of view, and it is now suggeated that it might be tested in the
laboratory to see if it is in faot relatively non-carcinogenic as far as
animals are concerned, If it were a0, then it could bs, and perhaps
should b8, recomended for wider use as a cutting oil,

of cutt oil orted to be

Je m vther business,

6. Date of next meeting.
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COMBITTEE ON THE CARCINOGENIC ACTION UF PL.INERAL 0ILS

" Progress Report No, XVII , November, 1956 (Birminghum)
by
DeL, Woodhouse

Thu fractions listed in Table I were comenced on 28th Fobruary
and nsve becn applied for 37 weeks ‘at the time of the report, when the
tumours indicated were cbserved, Muller details will be submitted at the

end of the 52 week period, the present report being intended as a preliminary

guide for future work,

Table I
Rabbit Tests
Fructaon Yumours

L KySpeyp Axd ¥ (53 ml.) - 1
b) KyS6-f Ari W (53 o) 0
€7 KySé-t Ari X {53 m1.) 0
D) K;S¢-a 4Ari ¥ (53 ml.) o
B) KS¢-¢ Ari 2 (residue) (53 m1.) 1
F) X Sgp arii X (15 ml.) i
G) K;ySg.§ Arii ¥ (25 mi.) 0
H) K;86-8 Arii 2 (resaduv) (15 ml.) 0
1) X86-8 Aridi X (11 ml.) 0
J) X1S6.8 Aridi ¥ (12 ml.) )
X} X;8g.8 Lriii 2 (residue) (11 nl.) ¢
L) KyS6.8 .xi (original pet, (132 ml,) o

sther eluate)
M) X86-8 Arid (ori?.nal (23 m1.) 0

benzene eluute
N) K;Sg-g Aridi (ox'lginal (17 md.) ¢

methancl eluate
0) Xxpy, (B.renge 355-370 C) (300 ml.) 3
P) KXs5.g (B.range 370-380 C) (300 ml.) 5
Q) XX7-2 (B.range 380-3% ¢) (300 ml.) 3
R) IXRossaue (ggoilégs above (300 mi.) B
8) K88 (original Stedman cut wl. o

A “(gt aina:L) out (300 ml.)

T) D{2) Standard as agreed i3
U) D{4) Standard as a;reed &

See CAMO. 56/7 page 1,
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1able I

House Peats

Fractior Tuhoury
c) i:ksa_g 4rdi Y L
H) X,8¢.g .arii 2 H
0) XX2., L
P) KXsg 1
Q) KX7.8 L
T) D(2) 35
v) (%) : ) 25

tlotus

1)

2)

3)

L)

411 other fractions have produced no tumouras,

For comparison of fracticns 0, P, Q wath b 5; || »  geu
Birmingham Report No, XII. KSz2 = 6 tunours

KyS3 - 4 tumours In rabbits
WSy, = 7 tumours all at 37
K435 = & tumours weeks,
X8 - 5 tumours

K87 = 5 tumours

X,S8 = 2 tumours

Comparc R with K)Sy 3 tumours at 37 wccks (Birmingham
Progress Report XVI),
Cormpare 8 = K)Sg wit:n resurts an Birmingham Propress Remorts il
and XIT, i.00 2 tusours at 37 woeks, 3 at 44 weeks and
6 at 52 wouks,
In 1954 - 55 (Birmingham Progress Report XVI)
Standard D{2) gave 15 tumours at 37 weeke
Stendaxd D(¥) * 2 ° * 37

In 1953 - 5 (Report XII)
Standzrd D(2) gave 1C tumours at 37 weeks

Stend,3 () * 6 v % 37 ¢
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MPC, 56/965
CAMD, 56/12

COMMTTTEE ON THE CARCINOGENIC ACTION OF MINERAL OILS

The 1955-56 Experiments with Mico at Leeds

by
Je O, Irwin

Thy results for the Standa.x'da are giwcn in Table 1, aund for the
Fractions in Table 2,

The Standards

The responscs to Df were in good agreement with thosc obtained
in pruvious years, In Table 1 these responses are compared with the
results of the three experiments carried out at Bimmingham in 1952-3,
1953~4 and 1954=5 and that carried out at lecds in 1954=5,

The response to Dy however seems to have been anamelous. The
total mmber of tumours was 32 against an average of 38 in the Birmingham
expurience, but tumours occurred a great deal later, as shown by the
expectation of tumourless life and date when 10F of swrvivors had tumours,

The Fractions

The Practions testod were the eight Laguinillas 14844 - LySgh
and the residue IySp » In Table 2 these are compared with tg;o corresponding
Kuwait fractions tested at Birmingham in 1953-i.

Wite one exception to L fraotions all gave a higher response than
tho corresponding X fractions, The difference was statistically significant
for L4354, I.g,,SsA Lgszik 1,884, ‘also these four fractions gave a higher response
than the other ans, The residuo ISR gave a positive respanse while
X3 Sp 41d not.

In view of tho anomalous response to the standard thease results should
be interproted with same caution. However, Di at Lecds in 1955-6 gave a lower
response than Dy at Birmingham in 1953-4 mdDg at Leeds gave & much lower
response than D2 at Birmingham in the same year. This suggests that the
Laguinillas really wore more potent than the corresponding Kuwait fractions, for
if thoy were cooparod relative to the standards tested at the same tipe, thedr
ralative difference would be enhanced,



Table 1, Results fram Standards in Mice eriments
Leads

N

ey

Yo oy s —

e ]

N\

Fractions Expectation of Date when l% Total
Tumourless Life of Survivors number of
zm.mitcd to had Tumours Tumours

2 woolksa ——

leeds Resuits (1 6)

D, 32,5 * 1.0
By 23,3 % 0.9
Leeds Reaults (195.-5)

D, 26,1 % 1.8
Dy 28,8 £ 0.9
Birmi Results

Dp  1952-3  13.9 - 0.
3—14‘ 12'9 : 006
beS  Lhal 2 2,0

Nean 13.7 1.2

Dy  1952-3 2.3 % 1,6

3l 18,1 % 0,8
4~5 17.9 2 0.8
¥oan m.} : 1.1

2.1
17,3

0.1
12,2

13.0

i+

0ok

14+

0.6

14

0s5
0.2

"

0.8

2ous
2 0.2

(24

0.5

0.6

12 4

1+

0.6

1t

0.3

1+

0.5

32

36

36

38

25
45
43
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Table 2, Results fram fractions in ificce Experiments

Leeds (1955-6) La;muinillns and Birmingham (1953-%) Kuwait,
Fraotions Expectation of Date when 10% Total
Tumourless Lifo of Survivors mumber of
0 had Mamours Tunours
52 wecks)

LSd 48,0 2 2.0 29.4 % 2.9 "
Ki8)A 50.1 % 0.6 not roachod 2
Lsa 4945 % 1.2 32,7 % 3.8 4
K, SoA 52 ' not roached

Li83A 52 not reached o]

K 83k 51,2 2 0.6 not reached 3
LySjA 48,2 2 2,1 not roached 3
KiSia 49.6 2 1.3 not reached N
L,Ssh 42,2 2 3.9 27,7 2 0.6 4
KSA 5.2 2 0.8 not resched 2
LSeA 43,2 2 3.0 19,7 = 3.5 7
LIEYY 5.7 1.0 46,3 2 4.0 2
LS 3907 % 4 17.6 £ 0.6 6
KuS74 50.4 2 1.0 43,9 ¥ 0.6 3
LysgA 3668 % 4.0 27,7 % 0.t 3
X,8gh 47,3 % 1.6 8.6 2 2,3 8
LuSR 46,57 17 a3 T 2,3 3
K.5R 52 not resghed 0
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COOLTTTYE G THE CARCINOGRNIC ACTION OF MINERAL OIS

Report Yy Dr, ¥, Carruthers, Dr, J.W, Cock
and Mr, A,G, Douglas,

Ao aro continuing with our investigation of fractions produwed from
tho Xumit Oil.

The distillates cbtained by fraotional distillation of tho petraleum-
esthor slutes of plorate forming fractions bave yioldsd a numbar of crystalline
substancos bty orystallisatim of molosular camplsxes and chramatography.
Diffioulty has arisen in purifying thoso substancos, becouse of the mmall amounts
.availabls, but tho ulime-vialst absorption spootra of tho oruds materials shows
that thay dbolomg to tho olnss of phonanthronss ar of dibonzothiophanoes. Two
conpowmnds have boon cbtainod homogonoous; omo is a tri- or totm-mothyldibenzo-
thlophono, ond tho othor is o totro-mothylphonanthrano,

Ono of the mothanol cluntos (K,B7blpiv) obtained frem the Kimait fraction
b.pe 3825-385° as outlinod in tho last Report, has yicldod a orystalline ocmpound,
mepe 179-168°, Tho ultmeviolot absorption spoctrun and clemontary analysis of
this substanoc indfcate that it is n pmta~ or hexn-mothylonrbazole, or the oquivalemt,

Tho ocmpowmnd C4gH46S Lsolatod boforo fram fmotion K Sgbhp (meo CAMO.5L/L)

hns now boon idontified ns 3-othyl~6:8-dimethyl-naphtho (1:2-b) thicphano (II)
(Ring-indox nomonolntura),

a3
) @& 8y, Y5
i
as3 7 o8y 7 ‘{ N &y 7 g\"%
. q
CE3 Gz
(2) (11) (111) _

4As outlinod in provious Roports, tho basio 6:7-bongothio-naphthon ring
structure of the oompomd wus shomn by its ultra-viclot nbsorpticn spestnum, and
dosulphurisation with Ranoy nickel affordsd o naphthalono hydrocarban C4gH20.
This has now boon idontifiod by synihosis as 113-dimothyl-6-soobutylnaphthalenc
(ITI). Two possiblo structuros (I and IT) thue romined for the parcnt sulphur
oapomnd. 4 dodision was mndo in favour of IT on tho basis of tho C-methyl

annlysis which showod tho prosendo of only 3 C-mothyl growps, as oxpaoted for (1I).
Comouwnd I would have shown L suoh groups,

6th_Docambor 4 956



—————

~——

-

'MEDICAL RESEARCH COUNCIL

"Unclassified”
For Specified Circulation
(Mermbers of Committee

MRC, $6/95%
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COMITTES ON TiE CARCINOGENIC ACTION OF MINERAL 0113

Suyg-isted Prograrmie of Biological Tests st Birmingham
~1927-28
Note by Prof. F. Mcrton

The lJollowing programme of testa for Dr, Woodhouse was discussed at
Sindingham on U4 Novembor by Professor Squire, Dr. Woodhouse, Dr, King and
Professcr Morton (Dr. Carruthers was unable to attend).

The roascn for the modification in the original schame, which was to
preparc samples by the methods of separation developed by Dr. Carrutheras, is
our inability to handle large quantities of picric scids, Various industrial
concerns have been approached but are not prepared to undertake this work,

We proposa thexelorc to undertake the separation by liquid phase chroma-
tography using alumina, following the publication by Mair et al (A.C.8. Pet.Div.
Sept. 1956) which shows the same separation into polymuclear, di-nuclear and
neno-mucloar axramatios i3 possibls, The use of such technique on a lar
soale cannot be undertaken in our present laboratory (for safety reasons) end
wo therefore suggest a preliminary separation of the KXs.g fractions (based on
the intexdim report of Ir. Woodhouse) to provids samples for the 1957-58 series
at Dirmingham and some material for preliminayy wosk by Dr. Carruthers.

The proposal involves firstly the acetone-water extraotion of &, to
produoc a more highly aromatic extrect and a raffinate (KXs-g P). extract
KX A will then be chromatographed on alumina and the scparation followed by

ive index meammrements on the elutrates, By this means we expeot to
obtain some indication during the preparation of the Petroleum Etner, Benzene
and Methanol clutrates of differencea in the hydrocarbons used in eech elutrate,
Further separastion of the Petroleum Ether and Denzene elutrates will be carried
ocut if the refrective index meéasurements indicatc that scmc further separation
is possible, The Methanol elutrate will be studicd enly if biological resulte
of the 1956 meries indicate some activity., To check on possible loss of
aotive oomponents during chromatography the elutrates will be reblended in
aliquot proportions and the dlond inaluded in tho test semples,

In addition it is proposed to includo:
1. The usual standards (D2 and D}).

2. Kfy, » sample prepared by diatilling the KX residues in a mamner
similar to the preparation of K;S9.

3. At Professor Squire's roquest a cutting oil which has been offered ae
being non-potont,

Tho 1ist of samplos will not be completed until the examination of the
2lutratos bas been discussed with Dr, Carruthers and Professor Squires, i,c.
samplos 12 ~ 21 may be preparcd by further separation of KXg_g AL and Addi,
ar alternatively Dr, Carruthers may wish to include soms vidual
in this series,

-1
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Semple No, Description

1 D2 Standard

2 D} Ll

> Cutting oil

4 KXg

5 KXgug {To repeat 1956 tosta)

6 Kigg & {Acetone axtract)

7 K56 P (Raffinate)

8 KXs.6 AL (Pet:x~c>e§:“let"'zz:a f;:})m-

9 KX5.6 Adi  (Benzene elutrate)
10 5.6 4111 (Uethanol elutrato)
1 Mand of XXz Ad, 1i £nd 111

Kos,12 = 20 To be decided after exandnation of analysis of elutrates,

Stondard strength of all ¥Xs. g samples to be equal to KXs ¢ As
Thus, the KX5.g &1 etc. will be diluted with liquid paraflfin to the
same volume as the 10[5_6 A from whioh they are prepared.
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Members of Committec

COMMITTEE ON TR CARCINOGENTC ACTION OF MINERAL OTLS

Statistical Analvais of 125& Experiments with Rabbits

ot Loeds
by J. 0., Irwin
An experiniont with 11 fractions was carried out., The frxeotions

m'an_l.;:slA ~ I;Sgh the residue L, 8P together with the two standards Dy

The dosign of the oxperiment was the 11 x § Youden square shown in
Table 1. There are 11 groups of 5 radbbits, In oach group cach rabbit was
painted with tho same 5 fractiomis one on each of the sites I, II, III, IV,
VII. ‘“Each of tho 11 sub-fractions was painted on each site in cne and only
one group. Bach frnotion was used in exactly five groups and every pair of
fractions in just two gxroups.

Tho percentage of oach group of animals which got tumours on each
site was calculated, In this experiment there was—an unusual muber of
tumourless deaths before the ehd of the year - 17 out of 55. Accordingly
an allowance was made for them. The number of animal years of exposure was
calculated for each group. For example in the sixth group there was one
tumourleas deeth 11 weeks from the begimning of the exgan.mm « The nunber
of animal weeks of cxposure was therefore 11 + (4 x 52) = 219 and 219/52 = 4.2,
This was rounded off to the nearest unit i.c. & and the thres tumours on site I
were considered to have ocourred in 4 animals oxposed for a full year. The
percontage was therofore taken to be 75% not 60%.

The method of analysis was tc transform percentages to degrees by
moans of the angular transformation and then parform an analysis of variance
of the results.

Table 2 shows the mean value of the transformed variables end the
probabilities of getting a tumour, estimated for each fraction snd standard,
The corresponding values of the K series teated at Birmingham in 1953~k are
shown for camparison,

The Standards

'mé rosults for the standards are compared dbelow with those of two
previous years.

Leods 1955-6 Leeds 1954~5 Birmingham 1953-4
D, 627 (51.18) o8k (52,27) 643 (52,19)
Dy 521 (46.02) W25 (31.84) 256 (26,63)

The figure shown is the estimated probability of getting a tumouwr., (The
trsnnformed variable is shown in brackets, The standard errors are 4.2, 4.7,
5.0 respeotively for 1955-6, 1954~5, 1953-4 respectively.) The result for
D} seemn umusunlly high, For Dp the agreement is good,
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The frmotions

L,874 shows a rather low carcinogenicity, so dowus LydP, though
the value for the latter is higher than for K SP; (the difference just
ebout reaches the 5% level of significance), Otherwise there is little
difference betwaon the response of the differont L freotions. The L
fraoctions give a somewhat higher response than the oorresponding X fractions
and this result agrees with that cbtained for the mice,

is of Variance

_ The analysis of variance is shown in Table 3. There are aigni-
ficant differences between groups of rebbits, and the site differences are
remarkably large. The observed percentage of tumours on the various sites
is shown in Table 4, The highest incidence is again on sites I and II (ears)
and VII (middle of the back nearest ears), -
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Design for lixperiment with Rabbits at Leeds (1955-6)

Rabbits
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Praction or
Standaxd

L,#SJ_A
328
1,8 31\
12‘_8,’&
11‘_0 5A
Iy, 8gh
L4
LSt
Lh@
Dy

Dy

S.B. one mean

———e—ty

Leods 1955-6
Trensformed  Probsbility  Total Mmber  Praction or
Variable of Tumour of Tumours Standard
396 +299 822 38  mma
52,03 648 Bp7 5o L
51.98 642 1}'/21 6% K, Sz
47.16 546 Yae sk K.
50.08 606 Has s xsa
50,65 .618 Mas 6% K,Sgh
52.88 664 Bps 1w xsp
5.5 635 2rs  ex X, Sgis
352 .288 Sm  29% K, 5P
51.18 .627 Yo % D,
16.02 521 %y wm ny
w2

Difference be .9
two mhmg 3495

Table 2

Experiment with Raybits et Leeds 1955-6
Two Standaxds and eleved <derived fractions

Hoen Valuas corrected for Group differences

Birmin
Transformed

Varisble
43.68
25,67
41.88
51.57
48,1
52.77
3?35
49.35

21.28

52,19
26,63

497

7.03

19

Probability
of Tumour

A4Th
a4
-438
631
<563
654
366
587

o077

-643
+156

Total Numbui

(ot' Tumours
10 Lok
5 2%
1 R
u 56%
1 567
16 6u%
16 Lo%
13 5%
2 %
17 68%
6 %
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Eiperiment with Robbits at Leeds 1955-€

‘tablu b

Analysis of variance on angular transformation of

Sites

Groups of
Rabbits

Fraotions

Exrror

Number and Percentage of Tumours on the five
different aites

Site

1
I11

Vil

proportion of tumoura

3um of Degrees of
Squares Frecdom
747843 L
3119.77 10
2565.98 10
2434, 84 3]
15579.02 54
Table 4

Hean
Square

1869,61
311.98

-

256,60

80.49

Experiment with Rabbits at Leeds 1955-6

Number of Tumours

33/42
33/u2
12/42
13/bz
26/u2

14

Variance
Ratdo

23.23 (P « ,001)
3.88 (,0l<P+x.001}

79%
798

1R
62%



Copy Fram D. V. Stroop For Information Of Mexbers Of
Medical Advisory cmimg /;gd Kettering Laboratory

ESSO RESEARCH AND ENGINEERING COMPANY

(FORMARLY STANDARD OiL, DEVELOPMENT COMPANY}
P. 0. Pox 121, LixpEn, N. J.

MEDICAL RESEARCH DIVISION

ROBERT & ECRARDY, PH D, W D.
DiRrcron

HATHAN V. HENDRICKS, OM.C.
HEAD INOUSTRIAL MYGIENISTY

MHORACE W. SERAROE, PXN.O., ¥.0.
HEAD TOKiCoLOaT

SERTRANG E BENMNISON, M.D.

CEHIZR CLINICAL RESEARCH #HYSIC 1AN Febmw 9’ 1956

-

¥r. D. V. Stroop

American Petroleum Institute
S0 West S0th Strest

New York 20, New York

Dear Mr. Stroop:

The attached information has been received through Dr.

Newquistts office from the Medical Research Council,

It would probably be of interest to all members of the

Medical Advisory Committee, and the group at Kettering

Laboratory. I would greatly appreciate it if you would
arrange for its duplication and distribution.

Sincerely yours,
R. E. ECKARDT, M. D.
REE:mak '
Att.-Ltr. MRC.55/1016
CAMO.56/1

to Com. on the Carcinogenic
Action of Mineral Oils.
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MEMORANDUM FROM A. E. DOOLEY

NEW YORK.N. Y. TePe 3» 1956

1o Mr.__R* Ee Eckardt \)(

This feport was received by
Dr. Newguist yesterday from
mgiand. You may wish to heve,
J1. Adetrituted to the mémbers
and assoclates of the Medical
Advisory Committee,

MEDICAL
RESEARTH
DIVISION

REE

NVH
*C -
E*C. HWG

FEB 6 1955
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MEDICAL RESEARCH COUNCIL

WUnclassified”
For ciad Circulation
Vembers of Comaittac)

COMMTTTEE ON THE CARCINOGENIC ACTION OF MINFRAL OIS

-

“Ehort-term Sin Tests fov Carcinogenicity
Carried out by De. Tilliam E, Smith

Following the meeting at widch Dr, Williar T, Smith described his
short=term tests for carcinogenicity, Dr. Woodhouse sent him 13 samples,
without indicating what they were, and the results of Dr, Cmith!s tests are
attached, Samples 3 and 13 were broken in transit and therefore were not
tested. For convenience, a key identifying smaplus has bsen added to
Dr. Smith's Table 1, (see MRC.T%/1010, tiuie: 158 o1 the 19th meeting,




OBSERVATIQNS UPON BARLY CHANGES IN MOUSE SKIN
FOLLOWING APPLICATION OF OILS RECELVED FRCM IR, D, -L., WOODHOUSE,

TARLE 1, Entmeration of sebaceous glands after four daily applications of
: oils at 9% oonc. in acetons.

Sample Scbaceous glands per cm. Sebaceous glands Predicted

No. (Individusl mice) per a1 (Average) Carcinogenicity Xay
10 0 0 0 0.5 1 C, % - Strong I'l»
9 (o 0 1 1 1.5 07 Strong K&-
{ 7 © o} 2.5 L5 25 L1 Cirong K. S
‘ 2 5 5 6 8 12 72 Weak L,
.; 12 8 8.5 8,5 0 8.8, Wurk Lg
: 1 2 8 13 135 126.5 10.6 Dowi dul Ky
L 10 10,5 11 12 16 11,9 None Ok
} 6 10 125 125 15 18 13.4 None Iiquid Paraffin
: 5 10 27 19 2345 17.4 None Perylﬁ L?éf%
i 8 12 16.5 18 20 335 20 None %)
/ 1 26 20 23 26 3.5 23,9 None Kks snbAm

TAELE 2, Hodr loss mine days after single application of undiluted oils

; ’ Sample Hoir loss Predicted
{ Noe (Individual mice) Carcinogenicity
. 10 HHHE M OHE S Strong
, 9 A O M H Strong

12 LA B S Heak
E 2 ,{ ,l fo) 0 Weak

1 £ 0 0 ] Doubtiul

' L £ o o o Doubtful
i NuB, No hair loss followed application of somples 5, 6, 7 or 8 or 11,
. These would be considered non=carcinogenic but note that Sample

7 gave o strongly positive sebacious gland test,
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"Unolassified” MRC,55/1010
Por Specifisd Ciroulntion CAMO, 2idn.d9
iuembors of Caunittoc;

O C ON OF 13

Minutes of the Ninotconth Hsoting held et 26 Old Queun Street,
Londem, 8.¥.1, o Tuesdny, 25th Octobor, 1955, at 11.0 a.m,

Present: Professor T, Forgusca (Chalzmen), Dr, J,¥., Cook,
Professar KN, Green, Dr. I. Hisger, Dr. J.0; Irwin, Profeasor R.D,
Passgy, Frofyoscr J,R. Squire, Dr, D,I. Toodhowo &nd ire. J.C.R., Hudson
(Secrotaxy).

attonind: Dr, R.C, Norton,

A apology forr absence was receivad fiom Professaxr P, Morton,
156, Minutes

The following alterat!ons ware made to the Minutes of the Bighteenth
Meeting: .

1) Minute 150, ine 3
" evsese hod idontified 7, of which 3 were previously

wkzom” to road "oieees had identi¥ied 7; 3 others were -
previcusly wiknom."

41) Line L
¥ ecess dibonzthicphone™ to read "™ :8 dimethyl dibenzthicphens,”
The Minutes of the Efghtesnth Mesting woxs then approved nnd signed,
157. Nomenclaturs (lLinute 152)
(4) Tho memorandun (MRC.55/6%5, (M0,55/8) proparsd by Professor
Squiro and Profossor tiorton was receivad by the Committoo and its
rocamendations approved.

Thus the following amgndmont to Kinute 136 ms acoepted:

Porsgraph 4, no 7:

cxrt]:?i.!lrr""'—...... wurc split into a@tto (A) and mffinate (R)
P ona,

SUBSIITUTR ",.e0es Wore split into aramtio (A) and paraffin
raffinate (P) porticns.” :

This amendment oalls for tho following nmendments in the doouments,
1isted bolow, preparod for tho Committos since the formulation of Hinute 136:

CA0.55/2 and CAND.55/6; forR read P
CD.55/1k; QNO,55/3 and CAMD.55/4; for), P and R read m, p and x,

{11) Dr, Woodhousa reported that he was preparing o survey of all the
oll fraotiona fron the 3 original olls indloating those which had beon
prepered, thoso whioh might bo propared, and thoze vhich have alroady bsen

i -
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the subjoct of investigation., The Committeo felt that this would bs

& nluoble document for them to have and Dr, Woodhouso agresd to comploto
it, to add an introductory paragroph explaining the basis of the
noaunclature used (inoluding the latost developmants) and to sutmit this
to tho Secrotary for clrculation to the Committes,

158. Now Rapid Screening Tests by Dr, W,X. Suith for Poosihle Carcinozens
{Minute 155)

(L) Profgssor Squire ropurted that Dr, ¥,5. Smith had writien to
him to ask if it weuld be possidle for the Council to cover the axponses
of the testing of oil fmotions suppliod %o him 1ty Di, oodhouss if
difficulty wos found in finding those from other sources, The Committco
agroed that tho llmitod sum mentionod could be rucummonded as a
Justifiable exponsa to tha Counclil if this proved nocencary.

(i1) Dr, Smith h.3 submitted & ronor* cn tho rosilt of his tests on
the oll fractions supp'ied by Dr. Won.-giva, o orir of which has been
oirculated %o the Canmittoa w3 papur No. HRG,55/i16, CiMO.56/1 ,» a8 for
as the oil fractions wers gomcernod Dr, Smith's resuiis from the short-torm
tosts wero in agreomont with the long-terz tests corried out by the
Conalttus., Howovor, sample no. B suuplied to Ir. Crith had givon a
negative result in his short-tem tast alshouzh it was the 9110 dimothyl
1:2 benzanthraocno standard (D7) used by +he Cawaitios. This failure to
idontify tho standard as a cusruinogen lud the Camittss to doub% the
genornl walidity of Dr, Smith's test. It was also concluded that only
the oxisting long-term tost methods would suffico for the Comnittee's
purposes at prosent.

It ws agroed, however, that Profesror Squiro should write to Dr.
Sulth telling him of tha success and fajiluro cf rls tests and offering,
dn behalf of the Camittas, to prozide him with further dlind samplos
should he wish to invostigate the discropamwy in the first test, In this
rospoot, the Camittse suggested that if ho adted for further samplos they
should {ncluide, &in nddition to tho dimothylbonzanthracene standard, a
sascond known carcinogun that was known to bde less liadble to photo-oxidation,

159. Ercgross Roports

4 Brogress Repor: by Dr, W. Carruthors and Dr, J.¥, Cook
(M3c..55/8i%, CIMD,55/9)

Dr, Corruthers oxplained that as Profosaor Morton had experienssd
aomo difficulty in preparing an aromatic extinot of Kusg this frnotion had
not boon sudjected to chromatographic scpamtion ns had’been suggosted at
tho previous nooting (Minute 151),

Dr, Cook reparted that a papor had been publizhed in "Nature®, 176, 7950
and tﬁt a seoond paper had been sumitted for publication in the Journal of
the Chemiatry Socisty, o )

3B Erogress Report No,;}l by Dry, D.L,Woodhouse and Professor J.R.Squire
HRC, 55/80l, CAMD, 55

There had been o aignificant changes in the numbers of tumowrs found
within the two weeks since the Roport was prepared, The results were in
accordance with previous findings. From Table 1 it appeared that there
might not be any significant difference between the muber of tumours
resulting from the picrate~forming fractions (p) and the tumours resulting
fron the residus (r). It was noted that in restoring the fractions to the
concentrations found in the original oil samples the picrate-foming fraoe
tions had been more heavily diluted than the residues,

-l - :
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1t was noted that Dr. Woodhousg's tests would bo corpleted within
& fow wacks and it wus agresd that he should suud his rusults bufore the
end of tha year to Dr, Ixrwin for stutistical analysis.

C.Progress Repaxk by Professor H.N, Greon (MRC,55/840, CAKO,55/40)

Profagsor Greon sald that he had little to roport at this stage
singe the start of tho investigation had been delayed due to limited
asocanndation and an epidomic among the rabbits,

160, Extension of Work at Loads

Professor Green oxplainsd that his work on beralf of the Committcs
was bound to be linited by the amount cf accomncdation and technical
assistance avellable, Pilnarcial swport {of the work would be required
before it could be extendod,

The Carmittes cgrued that it was highly dacixidle that the animal
invastipgntione should be continued cni uxtended at Leeds, not only as o
moans of ohecking the results obtained at Birmingiram, but also in order

to speod tho work, For example, it was c:ly at Leods that lagmillas
oll fraoiiony were being tested.

The Camittos agreed that they would swpuri an applicativa by
Professcr Grosn to the Council for a gran% in this respect.

161. Puture Plans

(i) It ws agrood that the nuw fractions to be tested should bo
thoss saparmtoed on the spinning band colun by Professor Marton fram
oash of the 3 pooled eluntes propared by Dr, Corthers by chromato-
grophic separation, At present, Frofassor ¥ortca was carrying out a
irial separntion to detormine how many frastions could b3 cbteined fram
the 3 olwntes, . ..

(11) It was necessary to determine whother the commercially
preparod solvont extractod Kuwmit fruztion now in Professor Morton's hands
prodused sub-fmotions almilar to the KySA serivs already tested, since
lusuf'ficlent materisl derived from the origimal Ky now remained.
‘Acocardingly, in the next year's exporinents smy of these commercinl
extiacts -(to be knom as KEg, KBy otc,) should to studied to determine
their equivalenco, tmier biologitnl tosts, to Kksél, K SA eto.

(141) Tho suggostion was made that samo of tho chemical compounds
so far isclnted Yy Dr, Cnrruthors might be tested blologleally for
carcinogenioity, However, it was agreed that theas should not de tested
until after the noxt series of tests, by which time more campounds might
have been isalated and a larger suply of same compounds already isolated
night be avnilable.

It vns agreed that the details of the fractions to be tested
should bo arranged botween Professor Squire, Profgssoc Morton and Dr.
Carruthers with statistical advice fram Dr, Irwin. PErofesser Squirg
agreod to send o oopy of the finally agreed experimontal procodurs to the
Seoretary for circulrtion to the Committes,

162, Sooond ass Report

It wns suggested that as a moans of assessing the progress of the
resoarch it would bs useful to the Cemmittee to prepare a seocond repot
as o ocontinwmtion of the first repart. It wos agreed that this should
bo prepared early in 1956 with the hope that it would be ready, at least
{n draft, in time for the next meating.
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163, Dato_of Maxt Hesting

It was agreed thut the next mesting should bs held botween
ald-Tuns and mid-July 1956, with s proferencs for a date as late
as possible within that poriocd.
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