FILE NAME: Oil Industry and American Petroleum Institute (API)

DATE: 1953 Jan-May

DOC#: APIO30

DOCUMENT DESCRIPTION: Letters, Memos, Reports, Financial
Reports & Other Relevant Documents from Jan-May, 1953



ITEM 1 2P(pc -1

The minutes of the Fourth Meeting of the Mediwwi Advisory
Committee were approved, Subsequently the meeting followed the
agenda which had been prepared by Dr. Newquist prior to the meeting
with slight modificetion in that the progress report and the
research activities for the year beginning 7/1/53 were combined in

both Dr. Horton's and Dr. Phair's reports.

ITEMS 2 AND 4 - DR, HORTON'S REPORT

\ As the basis for his discussions, Dr. Horton used the
attached Hkmorandum from the Kettering Laboratory-Fifth Meeting of
the Advisory Committee AFPI Research Project Mc-f‘dated January 16,
1953, Considerable discussion was given to the opening two para-
graphs which justified the use of mice in appraising the hazards of
skin cancer in workmen. In response to a specific question from
Dr. Adams, Dr, Horton stated that washing 1s more effective in
reducing carcinogenic potency than a reduction inthe dosage of
carcinogen applied. As evidence he presented the experinental
evidence which was obtained with washing experiments with API-8 and
API-113, It was then suggested that consideration be given to a
. washing experiment with API-113 and API-57 in which these oils would
be painted on at & level of 100 mg. two times a week and washed off
after 9 hours in contact with the skin,

Perhaps the greatest interests in Dr. Horton's report are
his observations or theories that the potency of & particular
materisl is dependent less on the amount of carcinogen than on its
concentration; whereas, the effect of accelerators is dependent less
on the concentration than on the total amount applled at each appli-

cation, Although this i1s an interesting thought, it sppears somewhat
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difficult to understand how this could be the situation and how the

prorer definitive experiments could be conducted in order to con-
clusively oestablish these observations. The concept that acceler-
ators may act because of their similarity in structural configuration
with the carcinogenic agents is an interesting one insofar as it
applies to benzo(c)phenanthrene and highly branched dodecylbenzene.
It is d4ifficult, however, to see how this concept could apply to
compounds like 3,L-benzpyrene or to dodecylbenzene in which the
side chain 1s not highly branched.

The formula presented by Dr. Horton on page 9 of his
‘ report 1s an extremely }ntereating formula from & theoretical
standroint, but whethef it will ever have any practical application
seems highly problemeticel since the determination of the effective
~~ concentration of accelerator in an oil may be extremely difficult,
particularly if there i1s more than one accelerator present in such
an oll, Similarly, suoh a formula allows for the presence of only
two carcinogens, namely, benzpyrens and cre Cl aromatic., It seems
highly unlikely that there would be only two carcinogens present in
P as complex a mixture as slurry oll, and this is partially borne
out by the observations reported by the Standard 0il Development
Company in which 6-isopropyl benzanthracens was determined in a
relative state of purity from one of these oils., It therefore seems
likely thet this formula will be exceedingly complicated by a great
number of accelerators and inhibitors, such that the effective con-
centration of accelerator will have to be determined for each
individusl o0il, and also by the presence of a large number of

carcinogenic compounds, which will highly complicate the usefulness

—~~ of any such equation,

Another interesting observation made by Dr. Horton during
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his discussion was that the average latent perlod decreases more

rapidly for papillomas, depending upon the amount of accelerator,

then the average latent period for carcinomas. This may be

graphically expressed somewhat as follows:

CA
AVERAGE
LATENT Lapg
PERIOD

AMOUNT ACCELERATOR

I{TEMS 2 AND L4 - DR, PHAIR'S REPORT

Dr. Phair used as a basis of his report the attached
memecrandum, which is essentlally a tabular summary of the
number of cases which he has thus far collected from the varlous
companies, It appears that an increasing number of companies are
participating in reporting cases to Dr. Phair but that there is a
heavy imponderance of cases being reported from companies along
the eastern seaboard as compared with companies in southwestern
United States., It was agreed that Dr, Phair would outline briefly
and send to the Chairman of the Subcommittee on Carcinogeniclty his
‘latest thoughts on rertinent dat‘?%ghwishes to have included in the
current reporting of cancer cases among employes in the petroleum
industry, and that the Chairman of the Subcommittee on Carcinogenicity
would then reattempt to stimulate all medical directors to report

current cases to Dr. Phair,
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ITEM L - DR. KEHMOE'S REPORT

Dr. Kehoe discussed the budgetary allocations of funds
and indicated that it would be possible for the Kettering Laborea-
tory to live withln the presently assigned budget of $79,000, but
that it must be remembered that this will result in approximately
! one-querter less work being done Guring the year July 1, 1953-
June 30, 1954. Dr. Kehoe wished to reserve the right to allocate
funds under any of the headings given, depending upon the
Kettering Laboratory's estimation of how the funds should be
’ allocated, Thus, for ingyanco, if full cooperation with Dr, Phair
1s not obtained, it may well be that the $17,500 allocated for
epidemiological work may be re-allocated into other phases of the
Research Project. There seems to be a general agreement smong the
members of the committee that Dr. Kehoe should have freedom in
allocating the total funds to any of the four phases of the project
that he feels the funds should be allocated to., Dr., Kehoe also
made a plea that if there is a determined effort to have a gradual

reduction in the budget of this project during the coming years, he
would 1like to be informed of this as far in advance as possible so
that he might make his plans accordingly. Thus, if the budget is
to be cut one-half in the year July 1, 1954-June 30, 1955, and to

a8 quarter of its present figure in the succeeding years, Dr. Kehoe

I would 1like to know of this as soon as possible.

ITEM 5

Dr. Horton discussed the report from the British on the
carcinogenicity of the mineral oils. He felt that their tests had
been performed with applications of oll which were so small that they

are not getting tumors in the mice, yet they were observing tumors in
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gbbits due to the effects of accelerators., He seemed to feel

the r
that the fractionation of their oils left much to be desired, end

that same fractionation of oils in his laboratories, which were
then applied on his own animals by his own techn?ques, had resulted
in the sppearance of a considerable number of tumors, particularly
{n the K-4, L-i4 and 0-4 fractions. He felt that this was probably
the result principally of accelerators, and that the carcinogens

would be found in the highest concentrations in the K-5, L-5 and

0-5 residues, It was suggested at the meeting that the workers at

the Kettering Laboratory feel free to communicate on a professionsal
» basis with the workers in England in discussing their mutual work,
and furthermore, it was felt that i1f the Kettering Laboratpry felt
they would like to keep this communication in the established
channels, this could be done by having Dr, Horton prepare a critique
of the British work and then having Dr. Newquist forward this to
the British workers through Colonel Auld, It 1s evident that it is
too early to draw conclusions with respect to the British work which
has been reported thus far,
ITEM 6

Dr. Kehoe indicated that he has written s supplemental

letter to Dr, Kotin suggesting that Dr. Kotin more definitely out-
| line what information he would like to receive in order that the
Kettering Laboratory might be able to provide it to him. Dr. Kehoe
did not feel that any of the Kettering Laboratory reports should be
sent to Dr, Kotin or anyone else since they are at the present time
so tentative, It was also suggested that a possible means of
handling this situation would be to have Dr, Kotin come in to the

Kettering Laboratory and discuss their mutual problems verbally, and

' that such a discussion could get to Dr. Kotin ell the information
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which he might need and yet not jeopardize the position of the
Kettering Laboratory.
17EM 7

Dr. Eckardt reported to the committee that 5 additional
cases of skin cancer resulting from cutting oils have recently
come to his sttention., One of these cases was a scrotal cancer and
none of the cases had previously been reported to the group., This
simply served to emphasize the growing importance of cutting oils
as a possible carcinogenic agent in industry.
ITEN 8

Some discussion was given to the possibility of holding
the next meeting of the Advisory Committee at the Hotel Shamrock
on the 29th of September, 1953, and that at this time it would be
a joint meeting with the Subcommittee on Carcinogenicity. Decision
on this matter was left to the Chairman of the Subcommittee, with

the recommendation that if the meeting is to be held on that date,

members should be notified and hotel reservations should be made

well in advanece,

R, E. Eckardt, M, D,
Acting Secretary

M. N, Newquist, M. D.,
Chairman
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MEMORANDUM FROM THE KETTERING LABORATORY
FIFTH MEETING OF THE ADVISORY COMMITTEE

API RESEARCH PROJECT MC-l
January 16, 1953

The use of mice in the experimental appraisal of the relative

hazards of cancer of the skin of workmen from exposure to

various petroleum products,

Materials which in industrial experience have caused cancer
of the skin of workmen have been shown to be carcinogenic
to mice,

The correlation of the responses of men and mice is partice
ularly close in the case of straight run wax distillates,
cancers having resulted in both species from intermittent,
severe exposure (100 mg, doses applied three times per
week on the skin of the mice), when the carcinogenic
material was not removed by washing. Data reported by
the New York University group indicate that mice develop
very few tumors when low dosages (15 mg, per application)
of wax distillates are applied, The mouss, like man,
seems to be affected adversely by these o0ils only when
exposure is severe, A confirmatory test at low dosage
will bae carried out on C3H mice with the Midcontinent
paraffin distillate, API-56 (P, 0.1 at the 100 mg,

level of dosage),

Relationships between potency of oils and the level of dosage

applied upon the skin per apﬁlication.

A

Variation of the relative potency, Py., with the level of

dosage (over certain ranges of dosage) is just what one
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would expect on the basis of human experience with such
alleged carcinogens as ceoal tar, shale oil or the distil-
lates which have been handled in wax presses in the
petroleum industry, i.e.,, the higher the level of exposure,
the greater the chance of skin cancer, The results of the
tests on mice at different levels of dosage which have
been reported for the catalytically cracked residua,

API-8 and 71, are therefore neither surprising nor dis-

* tressing when 9onaidered from the overall aspect of the
progran, Reaily unexpected results are coming from the
tests on standard solutions and refinery streams containing

either very low or very high levels of concentration of

~
accelerating constituents,
2, Certain materials demonstrate a constant potency over a
broad range of dosage:
' (1) sSolutions of methylcholanthrene or benzpyrene in
? benzene
(2) Some blended industrial fuel olls, e.g., API-1l3
(3) Some thermal tars from virgin feeds, e.g., API-108
(4) Solutions of methyléholanthrene or benzpyrene in
dodecylbenzene
(5) Some catalytically cracked gas oils, e,.g,, API-102,
Types (1), (2), and (3) probably contain, at the most,
o very low concentrations of accelerating constituents,

API 05539




Relative
Potency,

Pyc

-3 -

" types (L) and (5) relatively high concentrations, The

types of oils discussed in section B,1l, apparently have
a critical level of concentration of such components. The

situation may best be pictured graphically (see Figure 1):

Figure 1

Upper Plateau

Critical |
Range %

“—— Pyc due to carcinogen alone

M | |
5 | .

(o] D
Amount of Accelerator Applied at Each Application ——

Thus, if no sccelerators are present in an oil (A), it will
exhibit only the potency due to its carcinogen content,
Similarly, oils containing accelerators will show only
their base level of potency if the dosage per application
1s kept sufficiently low so that the amount of the
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accelerator applied to the skin of the mouse each time
does not exceed B. What dosage this will be for any given
01l obviously depends on the concentration of accelerators
in the oil,

If the dosage per application of such oils is increased )
until the amount of the accelerating constituent actually
being applied each time reaches the critical range between
B and C, the relative potency, Pycs» 88 measured by &
shortened latent periocd for tumor induction, will rise,

This effeét wili then increase as higher levels of dosage
are tested until the maximum response for a given concen-
tration of carcinogen is obtained (upper plateau in Figurel).

Proceeding in the reverse direction (from D towards C)
it will be apparent that the higher the level of the con-
centration of accelerators in an oil, the more the dosage
per application may be reduced before a significant
reduction in potency will be observed, This category
probably includes a large number of the current distillate
gas oils with BEnd Boiling Points >700°F, from fractionators
of catalytic cracking units,

Because of the obvious importance nf these relatione
ships between the amount of accelerator applied and the
rate at which an oil containing carcinogens will induce
cancer in exposed animals, steps are being taken to

establish:
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(1) the exact magnitude of levels B and C (with
blends of synthetic hydroccarbons),

(2) the classes and boiling ranges of the hydro-
carbons in catalytically cracked gas oils
and residua responsible for the acceleration

observed, and

(3) the levels of concentration of such hydrocarbons

in various refinery streams,

C. The nature of.the cgppounds contributing to the carcinogenic
potencies of refinéry streams,

1, Polyeyelic carcinogenic compounds,

a,

},Q-Benzgzrena

A direct method of analysis for the S5-ringed carcine
ogen, 3,l-bengpyrene, has been developed., 1Its reliabllity
has been tested and confirmed with four of the major types
of refinery streams under consideration, including cycle
gas olls and bottoms products from catalytic eracking,
tars from thermal eracking of catalytic feeds, and
straight run distillates,

By application of this method, it has been shown
that about 70f of the base potency exhibited by the FCC
decanted oil, API-8, at 5-20 mg. levels of dosage 1s
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contributed by benzpyrene., Approximately 4O% of the
constant Py, value of the No, 4 fuel o1l blend, API~11l3,

is due to benzpyrene.

Benzo(c)phenanthrene

b.

As might be expected, in view of the reported bolling
point of 3,4-benzpyrene (B60°F,), it has been found that
the distillate refinery streams analyzed thus far, with
Ezge end boiling points less than 860°, contain relatively
small amounts of this S-ringed carcinogen. The available
data from biological tests on fractions prepared from
catalytically cracked oils.auggeat atrongly that the
important carcinogen in such cycle gas oils 1s a L-ringed
derivative of phenanthrene, Since the results further
indicate that simple alkyl derivatives of pyrene and

l,2-benzanthracene

Pyrene l,2-Benzanthracene
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are not contributing significantly to the carcinogenicity
of these olls, attention is being centered upon benzo(c)-
phenanthrene, This is the hydrocarbon of lowest molecular
welght which has been shown to be carcinogenic without

the benefit of methylation.

Pure samples of benzphenanthrene and of each of its
six monomethyl derivatives have been obtained, Their
chemical and physical properties are being examined in
the development of a direct method of enalysis applicable

to refinery streams,

2. Accelerating constituentso= 473 ta 706 ttr Rovga

It is of considerable interest that the number of
carbon atoms (18) in the accelerator, dodecylbenzene,
is the same as the number in the carcinogen, benzo(c)-
phenanthrene, The known carcinogenic hydrocarbons have
Carbon Numbers from 16 to 25, The approximate boiling
range of branched-chain alkylbenzenes with 16-25 carbon
atoms is }75-700°PF,, which is the very range that has
been suspected of having accelerating activity from the
results of biological tests on refinery streams and
fractions thereof. It seems likely that we have here
some thing more than just coincidence.,

The problem of the identification of the important
accelerators in refinery streams is being approached in
two ways:

(1) Biological testing of certain synthetic liquid

hydrocarbons as solvents for benzpyrene, to determine
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which types have accelerating properties. The results
obtained in the prosecution of this phase of the
program will furnish a definite outline of the range
of molecular weights and of the structural types of
possible importance,

(2) Bilological testing of fractions of certain
catalytically cracked oils which have demonstrated
(in tests at the 100 mg, level of dosage) potencies
three to ten times as high as were expected on the
basis of -their content of four to six ringed aromatic
hydrocarbons, These efforts are being concentrated
on the components boliling below 700°F, which contain
not more than two fused aromatic rings,

The foregoing phase (2) of this program has
already led to the concentration of a colorless,
liquid fraction from the TCC bottoms product, API=-T71,
which possesses the specific irritant properties
of dodecylbenzene, This fraction is being redistilled
through an 80-plate column to prepare a number of
well-defined cuts to be tested as possible accel-
erators of the carcinogenic action of benzpyrene.

In general, it is a much simpler matter to
separate saturated hydrocarbons and monocyclic aro-
matics from olls and from each other than it is to
fractionate any single class of polycyclic compounds
from an oil, Furthermore, in the separation of

compounds boiling in the range 500-650° at 760 mm,,
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highly efficlent distillations may be carried out

at reduced pressure without fear of cracking, Hence

there 18 little reason to doubt that systematic

application of available techniques will lead to an

adequate knowledge of the structural types of the

accelerating constituents of refinery streams in a

reasonable period of time, The step from that

knowledge to a2 direct method of analysis for their
effective concentration in any given stream should

* present no great difficulties,

3, Physicochemical methods for predicting the relative potencies

of refinery streams,

— During the last aix months, the completion of the
picture (Figure 1) of the interrelations between concen-
tration of carcinogen, concentration of accelerator,
dosage per application, and relative potency, Pygs has
brought with i1t a firm confidence that a reliasble ana-
’ lytical tool will result from the further extension of
this fundamental approach to the problem, The equation
for which parameters are being determined is of the fol-

lowing type:

Pyc = f(cqd) [Ksc5 + thh] .

where f(c,+d) is a function of the amount of the accel-
erator component applied in each application of the whole

oil, c, being the effective concentration of accelerator

- in the oil, and 4 the total dosage of oil per application;
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Cg and Ch are the concentrations of the S~-ringed benzpyrene
and of the L-ringed carcinogen respectively, while KS
and Ku are the respective potencies of benzpyrene and
the L-ringed compound based on methylcholanthrene,

Since the values for half of the factors in th:
equation for calculating Py, are already known (d, KS
and CS)' the remaining job is the determination of Cgr
thh and the breskpoints at B and ¢ in the curve of
Figure 1, These phases have been discussed in Sections

B.2., C.1l.b, and C.2.
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ESTIMATED BUDGET OF THE KETTERING LABORATORY
FOR THE INVESTIGATION OF POTENTIAL HEALTH PROBLEMS

OF THE PETROLEUM INDUSTRY

ASSOCIATED VWITH THE PRESENCE OF CARCINOGENIC COMPOUNDS

IN CERTAIN MATERIALS AND PRODUCTS
API RESEARCH PROJECT MC~l
July 1, 1953 -« June 30, 1954

Salaries
Direct Salaries ¢ 30,000,00
Indirect Salaries
Histopatﬁologiéal Preparation $§ 2,000,00
Other Services $ 22,000,00

Miscellaneous Expense

Purchase of Animals $ 1,500.00

Special Laboratory Supplies $ 5,500,00
Travel ¢ 4,000,00
Overhead

(Proportion of heat, gas, electricity,

steam, telephone, general laboratory
supplies, postage, annuitles,

pensions, maintenance, etc,) $ 14,000,00

Total

$ 54,000,00

$ 25,000,00

$ 79,000.,00
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ESTIMATED BUDGET OF THE KETTERING LABORATORY

FOR THE INVESTIGATION OF POTENTIAL HEALTH PROBLEMS
OF THE PETROLEUM INDUSTRY
ASSOCIATED WITH THE PRESENCE OF CARCINOGENIC COMPOUNDS
IN CERTAIN MATERIALS AND PRODUCTS
API RESEARCH PROJECT MC-1
July 1, 1953 - June 30, 1954

I, Further development of semi-quantitative blological § 12,000.00
testing methods for measuring the relative
carcinogenic potencies of petroleum products
and fractions thereof

II, Determination of thé relationships between the $ 14,500,00
rapidity of induction of bénign and malignant
tumors in experimental animals and various
exposure factors such as frequency of applica-
tion, dosage per application, area of exposure,
number of applications, special irritant or
toxic properties of the oil applied, etc,

I1I. Development of rapid analytical methods for
estimating the relative carcinogenic potency
of any given refinery intermediate or product

A. Isolation and identification of compounds $ 30,500,00
responsible for observed potency of various
types of oils and determination of pertinent
physical and chemical properties of these
compounds

B. Development of semi-empirical methods of ¢ L4,500,00
estimation of carcinogenic potencies of oils
based on the chemical or physical properties
of known or suspected carcinogens and accelerators

IV. Epidemiological Program $ 17,500,00
Collection and correlation of data on cases of
cancer among employees of the petroleum industry
including any specisl investigations in particular
plants of the industry

Total $ 79,000,00
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FIGURE 1 - 1007* CASE REPORTS FROM 13 COMPANIES
\ RECEIVED BY THE CENTRAL REGISTRY

ACCORDING TO SEX, RACE AND

MALIGNANCY
i SEX RACE | MALIGNANT | BENIGN TOTAL
White 745 23 768
MALE Colored 26 - 26
Not Given 114 38 152
TOTAL 885 61 946
White 33 1 34
FEMALE Not Given 9 5 14
TOTAL a2 6 48
= =
NOT GIVEN
i
, TOTAL BOTH SEXES

* Nine reports could not be used. Six were not tumors; one of these
was Boeck's Sarcoid. Three gave only the occupational history.

API 05550




16860 IdY

M

FIGURE 2 - MALIGNANT TUMORS IN MALES AS REPORTED
ACCORDING TO TYPE OF TUMOR
AND PRIMARY SITE

Type of Non- ) Non- Embry,. | Tumors
Tumor Gland. | Gland, | Leuke-} Lympho{ Nervous| Vascular Epith. - Mixed | Not
. Epith, | Epith, mias mas Tiesues| Tissues | Muscle | Tissues | Tissues | Class, | Total

Site 00-09 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90--
Buccal
Cavity 00-09| M 64 1 1 77
Digest, Sys, and
Perit.  10-19 | 247 24 4 7 3 285
Respiratory
System 30-29| 28 9 1 2 3 125
Breast 30-39 1 1 2
Genital
Organs 40-49 | %2 16 u 69
Urinary
System 50-59 | 2! 21 1 1 44
Skin and Soft
Tissue  60-69 170 2 4 2 3 181
Bones 70-75 6 3 1 2 1 13
Brain 76-79 2 3 1 13 19
Lymph. and Hem,
System  80-89 12 17 29
Other
Sites 90--- 8 27 1 1 4 41

Total 364 419 12 24 5 1 17 17 26 885
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FIGURE 3 - MALIGNANT TUMORS IN FEMALES AS REPORTED

M ey

e

A

"

ACCORDING TO TYPE OF TUMOR
AND PRIMARY SITE

Type of Non- Non- Embry. | Tumors
Tumor Gland. | Gland, Leuke - | Lympho{ Nervous|Vascular Epith, |- Mixed | Not
. Epith, . | Epith, mias mas Tissues [Tissues | Muscle | Tissues | Tisaues | Class, Total

Site 00-09 | 10-19 | 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 | 80-89 | 90---
Buccal
Cavity  00-09 1 1
Digest, Sys. and 8
Perit.  10-19 8
Respiratory 1 ,
System  20-29 1 2
Breast 30-39 14 1 15
Genital 2 3
Organs 40-49 5
Urinary
System  50-59 1 1
Skin and Soft 1 6
Tissue  60-69 7
Bones 70-75 1 1
Brain 76-79
Lymph, and Hem,
System  80-89
Other
Sites 90--- 1 1 2

Total 26 14 1 1 42
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FIGURE 4 - MALIGNANT TUMORS AS REPORTED BY SEX AND PRIMARY SITE

COMPARED WITH U,S. A, MORBIDITY AND MORTALITY ESTIMATES

SEX MALES FEMALES BOTH SEXES —‘
Per | U.S.A, *U,S A** Per | U.S.A.* |U,S, A ** Per |U.S, A
Site Cent |Per Cent |Per Cent Cent | Per Cent | Per Cent Cent |Per Cen:
Number of Cancer Cancer Number of Cancer Cancer || Number of Cancer
Reported| Total Cases Deaths || Reported| Total Cases Deaths ||Reported | Total Deaths
Buccal Cavity 77 8.7 10,0 4.7 1 2.4 2,0 1.2 78 8.4 2.9
D‘Blelgt“’.“'oSY:‘;m 285 |32.2 | 36,0 47.7 8 19.0 | 23.0 38.7 293 .61 43.2
Respiratory
System 125 14,1 8.0 15.4 2 4.8 2.0 3.9 127 13.7 9.6
Breast 2 0.2 0.2 15 35,7 19. 1 17 1.8 9.7
Genital Organs 69 7.8 12.0 13.0 5 11.9 51.0 23.5 74 80 18.3
Urinary System 44 5.0 7.0 6.6 1 2.4 3.0 3.4 45 4.9 5.0
Skin and
Soft Tissue 181 20.5 17,0 2.2 7 16,7 11.0 1.5 188 20.3 1.8
Bones 13 1.5 N 1.3 1 2.4 1.1 14 1.5 0.1
Brain 19 2.1 2.4 1.5 19 2.0 2.0
Lym.ph: and Hema 4 29 3. 3 29 3. 1
topoietic System
\
Other Sites 41 4.6 ) 10,0 6.5 2 4.8 8.0 6,2 43 4,6 7.4
TOTAL 885 100, 0 100.0 100.0 42 100.0 100.0 100.0 927 100.0 100.0

* Primary site of development of cancer among white males and females according to Dorn, Harold F,: Iilness from

cancer in the United States,

Reprint No, 2537, Public Health Reports,

ten large cities in the United States between 1937 and 1939.)

ek

Society, utilizing statistics from the National Office of Vital Statirtics,

(Based upon morbidity records collected from

Zancer deaths by site in the United States for 1948 as prepared by the Statistical Research Section, American Cancer




copy from D. V. Stroop for Informetion of Members and Associaes
of the Medicel Advisory Committee

1-19-53
ESSC LABORATORIES
Standard 0il Devalopment Campany
Medical Research Division P. 0. Box 51
Linden, N. J.

January 15, 1953

Mr. D. V. Stroop
American Petroleum Institute
50 West S50th Street
New York 20, New York
Dear Mr. Stroop:
I anm attaching a reprint of an article recently
wvritten by Dr. Hueper. I think that this article should be
trought ©o the attention of all of the members and associates

of the Medical Advisory Comnittee of the API.

Very truly yours,
/s/ R. B, Eckardt
R. E. ECKARDT, M, D.

REE:11k

Encl, - Envirocmmental Cancers:
A Reviev by Dr. W. C. Hueper
Reprinted from CANCER RESEARCH
Vol. 12, No. 10, pp. 691-97, October 1952.
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Reprinted for private circulation from
CANCER RESEARCH
Vol. 12, No. 10, pp. 691-97, October 1952
Copyright 1952 by Cancer Research, Inc.
PRINTRD (N U.5.A.

Environmental Cancers: A Review

W. C. HUuePEr

(National Cancer Institute, Unsted States Public Health Service, Federal Security Agency, Bethssda, Md.)

¢ knowledge of an environmental
ax;::tgg:got; t:ll;man cancer is much older than that
of the exogenous origin of infectious diseases, there
exists & striking, if not alarming, contrast between
the extent to which this mformgtxon bas been put
to scientific and practical use in the stuc'iy and
control of these two important groups of dxseasgs.
In the attack on the infectious diseases the main
efforts were expended on the discovery of the spgcnf-
ic causative agents and on their Sl_lbsequent elimi-
pation from the external and mbe_mal human
environment by appropriate preventive, px:ophy-
lactic, and therapeutic measures. Interest in the
endogenous properties of the host, as represented
by heredity, constitution, aging processes, race,
and sex, in determining the development and
course of infectious diseases did not, as a rule,
assume a dominating character. These factors were
recognized as having mainly a modifying, but not
s causal role, by exerting a certain influence on
individual susceptibility to the pathogenic micro-
organisms and on the course of the disease. The
investigation of the anatomic and biologic proper-
" ties on the various reaction products, particularly
those of chronic granulomatous nature, remained
ususlly a less important side issue in devising
eflective control measures.
The investigations directed against human
cancer, on the other hand, paid relatively little
attention to the factual evidence of its established
environmental causation, but concentrated first
on the various morphological aspects of cancer and
cancer cells and, more recently, on the biochemical
. and biophysical properties of cancer tissue. Can-
g cer was, and still is, considered by many investiga-

tors a dnsu_nct disgase entity and is not regarded
' 8 an atomic reaction product to a large number of

Received for publication June 23, 1852.
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diverse chemical and pu-sical agents. It has been
for the same reason that the rather diffuse etiologic
concepts of physiologic aging and heredity have
enjoyed 2 much greater and much more lasting
appeal than the much more definite and reliable
observations on the diverse exogenous causes of a
considerable variety of human cancers.

Hrzrprry

Since, in a recent discussion of the age aspects of
environmental and occupational cancers (15) the
fundamental fallacy of this concept as to the
majority of human cancers was discussed in detail,
it remains to point out that a similar situation
seems to prevail as to the validity of the heredity
theory. Conclusions drawn from selectively inbred
strains of mice, a notorious biologic artifact with-
out parallel in nature, bave been instrumental in
giving to hereditary factors an exaggerated and
distorted significance as immediate causes of
bhuman cancer. While it may be conceded that
there exist s few rare cancers which display
hereditary tendencies, at least one of them (cancer
of the skin in xeroderma pigmentosum) depends in
its causation on the primary action of an exoge-
nous agent. Although xeroderma pigmentosum is
due to an inherited hypersensitivity to solar radia-
tion prevalent among some inbred family groups,
this fact would scarcely justify the conclusion that
the ordinary type of solar cancer of the skin is pri-
marily an inherited manifestation of the host
organism which is activated by an exposure to
solar rays. Such an inversion or perversion of
normal reasoning would have to disregard the
fundamental fact that without solar radiation
there is no cancer, irrespective of the constitution
of the individual.

The allegation that hereditary factors based on
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prolonged inbreeding play an important causal
role in the production of the lung cancers among
miners of radioactive ore in Schneeberg and
Joachimsthal (Vesin [89]); Macklin [7]; Lorenz
[26]) represents another example of the rather
loose speculations which have been advanced to
bolster the cause of the heredity theory. Apart
from the fact that none of the various proponents
has offered any concrete evidence in support of
such a claim, any significant degree of inbreeding
in a community of about 10,000 inhabitants
(Schneeberg) having a railroad station for many
years would indeed represent a most remarkable
bioclogic and sociologic feat. This speculation ad-
vanced by investigators remote from these opera-
tions has no basis in fact according to German in-
vestigators.!

The occasional occurrence of lung cancers in
several members of the same family working in
these mines certainly cannot be regarded as proof
of a hereditary liability. Similar observations of a
familial appearance of skin (scrotal) cancers were
reported from England during the past century in
families of chimney sweeps. Such familial cancers
were obviously caused by an occupational or en-
vironmenta! exposure to soot by several members
of such families without necessitating the assump-
tion of a common hereditary susceptibility.

The high rates of attack of several environmen-
tal cancers rather clearly indicate that heredity
evidently plays a relatively insignificant role in
their production (cancer of the lung in 75 per cent
of miners employed in radicactive mines—Baader
{8]; Hueper [16]; cancer of the bladder in almost
100 per cent of dye workers following highly exces-
sive and prolonged exposure to certain aromatic
amines—Goldblatt [11]; Mueller {82]; Gross [12];
Hueper [17}; cancer of the skin in 100 per cent of
workers with contact with pitch for more than 40
years—Sladden [85]).

1t is likely, however, that such an almost com-
plete obliteration of individual inherited or ac-
quired constitutional differences in susceptibility
to exogenous carcinogens occurs only in the pres-
ence of an overwhelming, high intensity exposure.
Whenever groups of individuals become exposed to
carcinogens of low potency or sustain exposures of
low intensity and duration, there appears evidence
indicating variations in the speed and character of
the individual responses to the environmental
carcinogen. A constitutional influence evidently

! None of the numerous German workers mentioned in their
papers the occurrence of inbreeding in the mining population
of the Erzgebirge and Linzbach in answer to a recent inquiry
stated that nothing is known among German scientists in this
respect.

controls the susceptibility of different races
solar cancer of the skin, to which light-pigmente
individuals are much more liable than darj
pigmented individuals. The effect of this rac
difference in reactivity to the carcinogenic actio
of the ultraviolet radiation from solar sources i
reflected not only in a lower incidence of ski
cancer in Negroes than in whites, but also in
different topographical distribution of the ski
cancers observe in the two racial groups. Whi
skin cancers in whites are mainly located in
skin of the exposed parts of the head, neck, a
upper extremities, those observed in Negroes &
predominantly situated in the usually covere
parts of the body and the lower extremities (31)

Since arsenical cancers not infrequently involv
the unexposed parts of the skin, it is reasonable
conclude from the above evidence that the variz
tions in the topographical distribution of ski
cancers in whites and Negroes are, in part, due
differences in causal agents active in the produg
tion of these cancers.

It is unwise, however, to generalize or overen
phasize the role of racial factors in the causation g
environmental cancers. Although primary hepati
cancer incidence is high among West Africa
Negroes, their American descendants do not di
play any such tendency (Berman [3}), indicatin
thereby that not racial or hereditary factors b
environmental factors are underlying the Africs
experience. Likewise, it can be considered
established that the absence of penile cance
among Jews and the high liability of Chinese t
this type of malignant tumor do not depend upo
race-conditioned constitutional differences, but a
mainly the result of differences in personal h
giene, especially the circumcision practiced at a
early age by the Jews. There thus exist not on}
“environmental familial cancers,” but also “e
vironmental racial cancers,” which have no re
tion to heredity.

Skx

Differences in the sex distribution of cancers s
fecting several organs (lip, mouth, larynx, bronch
skin, and bladder) have given rise to the concep
of a sex-conditioned susceptibility to certak
cancers. Observations on environmental cances
lend no substantial support to such a theo
Cancer of the lung of unknown origin has a male
female sex ratio of from 4:1 to 24:1, according
various investigators (18). Asbestosis cancer of th
lung, on the other hand, displays a male-female s
ratio of 2.4:1, indicating that with an equalizatio
of exposure to a carcinogenic agent there occ
also an equalization of the incidence rates of lun
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¢ two sexes (Merewether [30)). Like-

cancel for thost improbable that the male-female
wise, it 15(1:; 1:1 for Mexican men and women

sex 'rauoB . and Edmondson [37)) living in Los
(Steinefs l(;ec’ts sex-related factors. It is note-
Angeles, rethis respect that the entrance of female
worthy 10 rs in the English textile plants was fol-
mules"'ar;: a suitable latent period by the appear-
lowedai_ ancers of the vulva in some of these
ance OF €80 - b fact thereby demonstrates that

mwrs\',lespinners acquire the anatomic equiva-
femalefn:he scrotal cancer of their male counter-
lent‘O(ls) \While oral cancer is rare in white
parts th‘is tumor is rather frequent in Indian
womeg'chewing betel quids (Bashford [4]). This
womecancer of the oral cavity represents 12 per
bu)’to of all cancers among Filipino women. For this
e o, the sex ratio of oral cancer among Fili-
”-&f:; s inverse to that found among white people
~,$gbitin8 the temperate zones, where the male-
I e sex ratio is 3:1 (Maxwell [29]; Vedder [38]).

These and other similar observations indicate
that the differences in the sex ratio of certain
cancers of unknown origin are apparently not due;
in the main, to hormonal factors but rather reflect
variations in the types and intensity of exposure
to environmental carcinogens affecting members of
the two sexes to a different degree for reasons of
occupations, babits, customs, clothing, hobbies,
and general living conditions.

Ermmaorogic PATTERN

The type of the epidemiologic pattern of en-
vironmental cancers depends less on certain con-
stitutional factors of the population studied
(heredity, race, sex, age) than on the composition,
as well as the type, intensity, and duration of
action of the agents constituting the environmen-
tal carcinogenic spectrum to which they have been
exposed. The physical and chemical carcinogens
exert their disease-producing effect, just like the
pathogenic micro-organism, whenever and wher-
ever they operate under proper conditions of ex-
posure and irrespective of the special type of con-
tact (occupational, medicinal, dietary, habitual,
environmental, etc.) present.

The general soundness of this concept is at-
lested by the following observations. The appear-
ance of occupational cancers in the various indus-
trialized countries has closely followed the spread
of certain industries. This sequence of events is
well illustrated by the chronologic and geographic
ippearance of bladder cancer among dye workers
i different countries following the establishment
of aniline dye industries (Table 1).

Additional support for the concept proposed is

derived from the demonstration of a centrifugal
spread and scatter pattern of occupational cancer
hazards from the focus of original production of
carcinogens in basic industries through processing
and consumer industries to the ultimate handler
and general consumer of the finished products.
This pattern becomes apparent in the occurrence
of skin and lung cancer among the producers of
tar and pitch in gas plants and coke ovens, the
appearance of similar cancers among tar refinery
workers, roofers, road construction workers, cork
brick manufacturers, and other members of sec-
ondary industries and trades handling and using
tar and pitch. An identical chain of environmental
cancers among Successively exposed population
groups exists in regard to arsenicals, which have

TABLE 1

CHRONOLOGIC AND GEOGRAPHIC AFPEARANCE OF
BLADDER CANCER AMONG DYE WORKERS
IN DIFFERENT COUNTRIES (17)

Total no.

First year recorded

Country reported Autbor up to 1951
Germany 1895 Rehn Approxi-
mately 850
Switserland 1905 Schedler 190
Great Britain 1918 Ross 300
Russia 1926  Rosenbaum and Gottlieb 71
Austris 19832 Schueller (2)
United States 1984 Ferguson et al. 250
Italy 1936 i Maio 80
Japan 1940 Nagayo and Kinosita - m
France 1046 Billiard-Duchesne 41

elicited cancers among miners of arsenic-contain-
ing ores, smelter workers, manufacturers of ar-
senical insecticides, users and consumers of food-
stuffs and drinking water contaminated with such
arsenicals, as well as individuals receiving arseni-
cals for medicinal reasons (Hueper {16]; Neubauer
[88]; Arhelger and Kremen {2]; Butzengeiger [8);
Hill and Faning [14]; Arguello, Tello, Macola, and
Manzano (1)).

Occupational cancer hazards also display a
cancer distribution pattern which shows the
highest attack rates among the population groups
employed within the immediate vicinity of the
carcinogenic industrial foci and gradually decreas-
ing attack rates among population groups increas-
ingly remote from it and thus less intensely and
frequently in contact with carcinogenic agents. A
good illustration of this concentric distribution
pattern of occupational cancers is offered by the
aromatic amine bladder cancers. The bladder can-
cer incidence rate, according to past experience,
was highest among intermittently but intensely
exposed maintenance and repair men who were
followed in decreasing order by operators regularly

API 05557




» .t

© g b g

u

694 Cancer Research

employed in the manufacture of beta-naphthyla-
mine and benzidine, these by truck drivers, yard
men, chemists, engineers, and supervisors who
have irregular and mitigated exposures. Whether
or not “‘neighborhood cases” of aromatic amine
cancers actnally occurred among the population
residing or working within the fume and waste dis-
posal zone of aromatic amine operations is still
doubtful and controversial (Mueller {32], Hueper
{17], and Gross [12]). Since, according to Gehr-
mann, Foulger, and Fleming (10), workers em-
ployed in a building formerly used for the produc-
tion of beta-naphthylamine have an occupational
bladder cancer hazard from contact with the
minute amounts of the chemical volatilized from
impregnated building material, neighborhood
cases of this occupational cancer may conceivably
occur among persons living near aniline dye plants
with defective loading, shipping, and waste dis-
posal arrangements for beta-naphthylamine and
benzidine.

Another major factor determining the char-
acter of the epidemiologic pattern of occupational
cancers is represented by their latent period, which
in turn depends upon the relative potency of a
particular carcinogen, its physicochemical proper-
ties (solubility, dispersion, chemical reactivity

TABLE 2

LATENT PERIODS OF ENVIRONMENTAL
AND QCCUPATIONAL CANCERS

Av. latent  Range of la-
period tent period

Orgas Agent (years) (years)
Skin Arsenic: medicinal 18 840
occupational 25 446

Tar 20-24 1-50

Creosote oil 25 15-40

Mineral oil 5084 75

Crude paraffin oil 15-18 835

Solar radiation 20-80 15-40

X.radiation 7 1-12

Lung Asbestos 18 15-21
Chromates 15 547

Nickel 22 6-30

Tar fumes 18 9-28

Tonizging radiation 15-85 7-50

Bladder Aromatic smines 11-15 240

and affinity, etc.), the physicochemica! and co-
carcinogenic or anticarcinogenic properties of its
vehicle or its associated agents, the route of con-
tact, the intensity of the individual exposures, their
rhythm, and the total duration of exposure. These
factors, which have a distinct influence upon the
incidence rate of cancers among exposed popula-
tion groups, also exert a definite influence upon the
length of the latent period. With decreasing in-
tensity of exposure there occurs a reduction in the
incidence of cancers and a lengthening of their

latent period. Apart from individual differences i
susceptibility, these irregularities in the intensit
of exposure to environmental carcinogens main]
account for the wide range of latent periods r
corded for environmental cancers (Table 2).
The target organ of environmental carcinoge
depends on various factors. Special tissue affinit
of benzene to the fat tissue contained in Lema
poietic organs thus seems to account for its excly
sive leukemogenic action. The intensity of ex

TABLE 8
SITE OF CANCER AND ROUTE OF EXPOSURE
Trpe of
contact Carcinogenic agent Site of cancer
Cutane- i i

Arsenic
ous Coal tar, pitch, soot, asphalt
Creosote oil, anthracene oil
Petroleum l?hdt. coke, tar
Petroleum oils (high boiling)
Shale oil, crude paraffin oil
Lignite oil and paraffin oil
Ultraviolet radiation
X-radistion, radioactive
chemi
Benzene HBematopoietic ti
sues
Respira-  Arsenic dust Lung
tory Chromium compound dust Lung
and fumes ‘
Nickel dust and vapors Lung, nasal cavi
and sinuses
Asbestos dust Lun,
Beta-naphthylamine, benzi-  Bladder
dine dust and vapors

Coa!l tar fumes Lung
Petroleum oil mist Lung
Isopropy] oil vapors® Nasal sinuses,
ynzx, and lung
Radioactive dust and gases  Lung
Inges- Arsenic Skin
tion Radium, mesothorium Bone

* [sopropy! oil in the crude liquor from which isopropano! is obtai
by distillation (40).

posure to some environmental carcinogens
seems to determipe the distributory mechanism
the resulting cancers. The relatively high f
quency of heterotopic multiple primary can
observed among dye workers with cancers of
urogenous tract as well as other organs (1
stomach, intestine, prostate—Mueller [82]; H
per [16]) seems to be due to an unusual hema
enous spread of the carcinogenic hydrocar
ordinarily mainly excreted through the uri
(Bonser [7]). The principal reason for the ap
ance of cancers in various organs, however,
represented by the route of exposure (Table 8).

Epidemiologic and demographic studies carri
out during the past two decades have demo
strated the existence of marked and signific
variations in the total incidence of cancer as well
in the organ, sex, age, and race distribution
cancers in different countries, regions and pop
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:op grOUPS: While a part_of such variations is due
txodiﬁerences in the age distribution of the various
’ ulation groups surveyed as well as in the qual-
pop of medical care and of medical recording of
:it{:eaﬁsv there remains for many of these discrep-

cies in rates of regional cancer incidence no other
8ﬁmsible explanation than the differences in ex-
gosm.e to environmental carcinogenic factors
(Table 4). . . .

The striking differences in the lung cancer
morbidity rates 1o metropolitan centers ]ogated in
the same part of the country mllx'tate against the
concept that such‘logal dl§crepan.cles can justly be
sttributed to variations in medical care and re-
cording, or to differences in the biologic composi-
tion and hereditary properties of th.e populaf.ions
concerned, or to the predominant action of a single
etiologic environmental factor, especially cigarette
smoking (Wynder and Graham {41]). The local
variations as well as the consistent increase of
lung cancer morbidity rates must be ascribed to a
combination of exogenous factors affecting, to
diffiering degrees, the various population groups as
well as the two sexes surveyed. Since the known
environmental lung cancers have a latent period
ranging usually from 10 to 25 years, it may be
concluded that the rising trend of lung cancers
is attributable to changes in the environmental
carcinogenic spectrum which started around the
turn of the century and the effects of which are be-
coming increasingly evident (Hueper [18]). Sup-
porting this concept is the fact that the majority of
environmental and occupational cancers dis-
covered during the last 25 years involve cancers of
the respiratory tract (cancers produced by chro-
mium compounds, nickel, arsenicals, asbestos, coal
tar, petroleum oils, isopropy} oil, radioactive sub-
stances) (21, 28).

In the conduct of epidemiologic studies on en-
vironmental cancers certain important precautions
have to be observed, if misleading, incorrect, or in-
conclusive results are to be avoided (Hueper [17);
Downing [9]). It is essential to survey as far as
practicable the total effectively exposed popula-
tion, and to exclude from membership in the
actually exposed population group all those indi-
viduals who have merely an “‘administrative” ad-
herence to it. In a survey of environmental can-
cers among oil refinery workers, for instance, it is
scientifically not permissible to include office per-
sonnel, sales people, and other white-collar work-
ers, unless they sustain real contact within the
refinery area to suspected or recognized carcino-
genic agents for occupational reasons. Similarly,
whenever, within an industrial population to be
surveyed, only a restricted group is shown to have

a carcinogenic hazard, figures on incidence must
be calculated for this group only, and not for the
total plant population, since the latter procedure
results 1o an undue dilution of positive evidence
and thereby in distorted epidemiolog’c informa-
tion. The limited occurrence of bladder cancer to
relatively small and restricted groups of dye work-
ers (10), the excessive liability to scrotal cancer
limited to workers employed in paraffr. pressing
operations in oil refineries (34), and the increased
liability to lung cancer among persons with as-
bestosis—and not among all persons employed in
asbestos operations—provide pertinent illustra-
tions of this point.

TABLE 4

LuNG CANCER MORBIDITY RATE, 1937 AND 1947, FOR
RESIDENTS OF EIGHT METROPOLITAN CENTERS
PER 100,000 POPULATION®

Mires FrsaLzs Totar

Crry 1987 1947 1987 1947 1987 1947
Atlanta 5.0 18.4 10 50 29 89
New Orleans 18.1 39.1 2.8 4.2 7.6 208
59 20 05 6.4 81 17.2

Birmingham 4.5 18.9 21 8.9 $83 110
Denver 91 2.9 4.2 8.1 66 148
San Francisco 15.6 34.8 359 81 9.8 28
Chicago 18.83 20.5 438 7.0 8.8 18.0
Pittsburgh 9.7 26.1 4.9 538 7.5 15.6

* Supplied by Biometrics Section, National Cancer Institute.

An analysis of the population “‘at risk” should
include not only workers presently employed for a
sufficiently long period, so as to cover the minimal
latent period of the average occupational cancer
(5 years), but also all formerly employed workers
dead or alive who left the industry, plant, opera-
tion, or trade group fulfilling this condition. The
inclusion of large groups of short-term employees
with insufficient exposure and latent period into the
surveyed group also introduces a serious dilution
factor which causes misleading or inconclusive re-
sults (28, 86).

Since the occurrence of environmental cancers
rarely has the character of an epidemic, but as a
rule appears as an endemic, it is necessary to con-
duct epidemiologic studies as long-term investiga-
tions, which means the analysis of data covering
periods of at least 5 years. Negative results ob-
tained from short-term investigations comprising
periods of 1 or 2 years give, at best, inconclusive
results if not incorrect ones (6).

In view of the long latent period of environmen-
tal cancers it is necessary to restrict occupational
cancer surveys to plants which have been in
operation for at least 10 years, unless a large por-
tion of the workers in their employ has previously
been employed in similar operations elsewhere.

The absence of published reports on the occur-
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rence of occupational cancers in an industry hav-
ing known or suspected cancer hazards is no assur-
ance that a serious occupational cancer problem
in these establishments is nonexistent. Perhaps the
most notorious example that can be cited as an
illustration of such occurrences is represented by
the long delayed discovery of the lung cancers
among uranium miners of Joachimsthal. Although
the existence of a high lung cancer incidence
among the Schneeberg miners was established in
1876, despite repeated inquiries made by German
investigators with the various governmental au-
thorities under whose jurisdiction the uranium
mines in Joachimsthal located nearby on the
southern slope of the Erzgebirge were operated, it
was not until some 50 years later that the high
frequency of lung cancers among this group of
similarly exposed workers was recognized. Until
that time (1926), the century-old practice of mis-
taking lung cancers of the Joachimsthal miners for
pulmonary silicosis or tuberculosis was continued.
Likewise, associated pathologic conditions some-
times may operate in nbscuring the co-existence of
an occupational cancer. This danger exists, for
instance, for absestosis cancer of the lung, unless
a thorough necropsy study is made.

CarcrvoaENERIa

An analysis of the action mechanism of the vari-
ous recognized, suspected, or potential human
carcinogens supports the viewpoint that the ma-
jority of cancers develop at sites where, for some
reason, the most intense or most prolonged ex-
posure to the carcinogen takes place. The follow-
ing types of mechanisms determining the distribu-
tion of environmental cancers may be distin-
guished.

a) Cancers developing at sites of primary contact.
—To this group belong the cancers of the skin re-
sulting from cutaneous exposures to substances
such as coal tar, petroleum oils, creosote oil, soot,
and similar combustion and high temperature dis-
tillation products of carbonaceous matter, as well
as to ultraviolet and ionizing radiations; moreover,
the cancers of the nasal cavity, nasal sinuses,
larynx, and lung elicited by the inhalation of
arsenicals, chromium, and nickel compounds,
(beryllium?), asbestos, isopropyl oil, tarry matter,
and radioactive gases and dusts. The cancers of
the connective, bony, and hematopoietic tissues
following exposure to penetrating ionizing radia-
tion may be included in this group of primary
contact cancers.

b} Cancers developing at sites of selective deposi-
tion.—Arsenical cancers of the skin, osteogenic
sarcomas following ingestion of radium and/or

mesothorium, leukemia following contact witly
benzene, (thyroid carcinoma following radicactivey
iodine medication, leukemia subsequent to radio
active phosphorus medication, osteogenic sarcom
following inhalation of beryllium compounds?)
may be included in this group.

¢) Cancers developing in organs with special fune
tional or tozic affinity for carcinogens. —Represents
tives of this group are almost exclusively caused by
carcinogens of potential importance as far as hu
mans are concerned and thus have been observeq
mainly in experimental animals. Cancers of thi
type are the tumors of the liver developing follow
ing exposure to various azo dyes, aminofiuorens
compounds, chlorinated hydrocarbons and s
lenium, the cancers of the breast and uterus sub
sequent to an excessive exposure to estrogens, and
cancers of the thyroid following the prolonged ad
ministration of thiouracil derivatives.

d) Cancers developing in organs of excretion g
carcinogens.—Cancers of the bladder, ureter, and
kidney observed in individuals and experimenta
animals having cutaneous, ingestive, and respirz
tory contact with certain aromatic amines and ax
compounds due to the presence of carcinogenis
material in the urine belong to this group.

e) Cancers developing on the basis of functiona
abnormalities due to certain dietary deﬁc'ienciea ang
represenling a type of indirect or secondary envirg
mental carcinogenesis.—Cancers of the hypo
pharynx and of the liver noted among population
groups subjected to a diet deficient in vitamin B
complex and protein as well as cancer of the live
in rats kept on a choline-deficient diet are membe
of this group.

f) Cancers of the young resulting from a tra
placental penetration of carcinogens.—There exis
so far only experimental evidence in support o
such an exposure route in the demonstration of th
development of pulmonary tumors in the off
spring of pregnant mice given urethan near term
(Larsen [25]; Klein [24]). Whether or not a simile
mechanism may be active in the production o
congenital cancers or cancers developing during in
fancy and early childhood appears to be a worth
while subject of investigation in view of thes
findings.

While it is not likely that exogenous agents a;
the only factors responsible for human cancers]
the increasing number and widening variety ¢
environmental carcinogenic agents suggest tha
they seem to be operative in a much larg
proportion of cancers than is recognized o
realized at present. It appears from the eviden
available that the study of environmental cances
hazards and cancers offers not only the mos
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1 gubcomi tiee on Carcinogsnicity
rile:

pe: DV8

Dr. A, Veslay Horton
University of Cincinmsti

Cincinmati 19, Chio

Desr Dr. Harton:

Uone-indtau,m“mm“‘ -
froa Kettering labaretory, mencrand

Inmnﬁmm,mmm
'mNWﬁwm“mm“h‘ﬁu
of the API Medical Advisary Committes.

Very truly yours,

Joan Bierschenk
Departmsut of Technical Services
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UNIVERSITY OF CINCINNAT! .)}

OEPARTMENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH L y
NN
™ :":"::,::A_':::n AVENUE c“uv:tu-u" ’;‘ u:g:,{fm
ma::m 19. OKIO °‘
January 19, 1953 @r’
/ ;F
\
N ' ~ \
‘\\\' /xS ‘ \\' ~’l
. \L\ v %' .\\\‘
Q’v ‘ t
P 5
. R
¥r. David V. Stroop )U) W

Director, Technical Service
American Petroleum Institute
50 W. 50th Street
New York 20, New York
Dear Mr. Stroop:

W are forwarding under separate cover by
Railway Express the stencils of a memorandum for dupli-
cation and distribution to members and associates of the
API Medical Advisory Committee. 4ll members, except
Dr. T. M. Prank, of the Research Project Advisory Com-
mittee received copies at our meeting January 16,
v.ry truly yours,

2. W@

* PA1. A. Wesley Horton
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AMERICAN PETROLEUM INSTITUTE
830 WEST B50TH STREET
NEW YORK 20. N. V.

February 2, 1953

Sullivan
ke mnittee
~girman Study Co
g; Diviéion of Refining
c/o Guif Oil Corporation

Gulf Building
Fitteburgd 30, Pennsylvania

Dear Sir:

As requested in your letter of November 19, the views of the Medical
Advisory Committee membership on the report and recommendations of the Working
Group are transmitted for your consideration, as follows:

1. That portion of the report, as well as the first recommenda-
tion, dealing with the epidemiological phase of the Kettering
project constitutes encouraging support to recommendations
which have been considered and advocated repeatedly by the
committee, The menbers need and welcome the assistance of
refining executives in the compilation of adequate standardized
records for the petroleum industry.

The balance of the report and the recommendation for an investi-
gation of the epidemiology of cancer in other industries lack
definition necessary for a critical review; however, in
principle, the mezbers deem it unwise for the American Petroleum
Institute to initiate such a project, It seems unnecessary to
recite the many difficult problems incidental to such an
undertaking.

For your information, the members of the Subcomnittee on Carcinogenicity
of the Nedical Advisory Committee, by letter ballot in September 1952, expressed
considerable doubt as to the wisdom of extending to employees of customers the
epideriological studies of cancer by the Kettering Laboratory under the sponsor-
ship of the American Petrolcum Institute.

On behalf of mesbers of the Medical Advisory Committee, T express my
sincere appreciation for tne interest shown by menmbers of the Study Committee and
its Working Group in this subject.

Very truly yours,

E. Kern Linder, M. D.
Chairman, Medical
Advisory Committee

B To Members
Medical Advisory Committee API 05564
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UNIVERSITY OF CINCINNATI ¢

OCPARTMENT OF PRIVEINTIVE MEDICING AND INDUSTRIAL HRALTH ?L"

BORATORY
RETTERING LA February
"“Lnu of MEDICINE—RDEN AVERUL € I'} 17 ) 1953 CARLK ADDRESS KETLAS, CINCINNAT!
|:c""‘"| 19, OMlO TELEPHOME: CAptTOL 1414
[4

Mr. D. V. Stroop, Director
Department of Technical Services
American Petroleum Institute

50 West 50th Street

New York City 20

Dear Mr. Stroop:?

I am sending you herewith a statement of expenditures made on
behalf of American Petroleum Institute for the fourth quarter

of 1952. I believe that the statement will be self-exrlanatory,
but if you have any .questions or comments, Doctor Kehoe would
appreciate your bringing them to his attention.

Very truly yours,
= —
— /\. éz;;LLAagz

. R. Fortiagg, Secretary to
Dr. Kehoe
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UNIVERSITY OF CINCINNATI
KETTERING LABORATORY

ACCOUNT ©

For _4th Quarter 1952

(Based on Proportion of Time Actually Spent on Project)

SALARIES

p_THE AMERICAN PETROLEUM INSTITUTX

Direct Salaries 9688.64
Indirect Salaries
Histopathological Preparation 990.00
Other Services 9073.20
MISCELLANEOUS EXPENSE
Purchase of Animals 448,80
Special Laboratory Supplies 396,46
Travel 1628.3%.
Overhead

(Proportion of Heat, Gas, Electricity, Steam, Telephone, General Laboratory

Supplies, Postage, Annuities, Pensions, Maintenance, otc...........

Balance Available for Further Work
at End of. . 304 Quarter 1952 34,342

Balance Due Kettering Laboratory
at End of

5732.91.

.49

Receipts Deasember 1952 - 8O ,3T72.08

Total Sum Availadble . . . ¢ o o 80:715

AT

Expenditures . #th Quarter 27,958.35

Balance Available for Further Work
at End of.. 3th Quarter 1952 , . .. 52,757

Balance Due Kettering Laboratory
at End of

o8 120x it LAS 300 7.9;

.12

_8,206.51
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orPh DAVID V.

DVs: b
me: Members and Associates

VICES
gCHNICAL SER
ENT °::R°°p, DIRECTOR

To Members and Associates
Subcommittee on Carcenogenicity

AMERICAN PETROLEUM

INSTITUTE

S50 WEST SOTH STREET

NEW YORK 20. N Y.

March 13, 1953

Kieffer Davis M.D, (Chairman) R. C. Cole
Marshall Clintomn M.D. L. C. Beard, Jr.
L. E. C‘.n'tis M.D. R. C. Mithoff
Robert E. Eckardt M.D, R, M. Shepardson
F. D. Gassoway M.D. R. M. Landon
¢. E. Eine M.D, L. C. Burroughs
E. K. Linder M.D. R. D. Bent
M, N. Rewquist M.D. Allsn E, Dooley
James W. Osborn M.D. F, J. Sanders
B. B. Reeve, M,D. E. W. Adams

L. M, Henderson
Gentlemen:

At the request of Doctor Newquist, we enclose agenda

and minutes of Fifth Meeting - RP (MC-1) Advisory Committee

beld Jamuary 16, 1953,

Very truly yours,

Medical Advisory Committee

John J. Phair

Dres. A. Wesley Eorton
Robert A. Kehoe

NStrefp
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FOR PUBLICATIOM
a poR INFORWATION ONLY NOT FOR PUBLICATION

AGENDA AND MINUTES
OF THE
FIFTH MEETING
RP(MC'l) ADVISORY COMMITTEE
TERING LARORATORY, UNIVERSITY OF CINCINNATI
KET Jenuary 16, 1953 9:30 A.M. E.S.T.

AGENDA
1. Approval of minutes of Fourth Meeting held 9/24/52
o, Progress report - Dr. A. W. Horton
3. Progress report on Epidemioclogical Survey - Dr. J. J. Phair
Research activities for the year beginning 7/1/53
Chemical and biological - Dr. A. W. Horton
Epidemiological - Dr. J. J. Pheir
Budgetary allocations - Dr. R. A. Kehoe

5. Report of the Committee on the Carcinogenic action of
) Mineral 0ils to the Medical Research Council
(Great Britain) on their "First Three Years' Work"

6. Communications with Dr. Paul Kotin,
University of Southern California

7. Other

Time and place of next meeting
(MAC meets Hotel Shamrock - Houston 9/30/53)

MINUTES

The Fifth Meeting of the RP(MC-1) Advisory Committee was
convened 1n Dr. Kehoe's office at the Kettering Laboratory of the
University of Cincinnati at 9:30 A.M., January 16, 1953. In

attendance were the following:

M. N. Newquist, M.D, : A. W. Horton
R. E. Eckhardt, M.D. L. C. Beard, Jr.
E. K, Linder, M.D. K. G. Mackenzie
Kieffer Davis, M.D. R. M. Landon
g. H. Hine, M.D. R. C. Mithoff
F. 'g‘ gehoe, M.D. El w. Adams
* T+ Reyroth, M.D. . M.
Iy Phato. ﬁ.D. R. M. Shepardson
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ITEM i

The minutes of the Fourth Meeting of the RP(MC-1) Advisory

mmittee were approved. Subsequently the meeting followed the

g which hed been prepared by Dr. Newquist prior to the meeting

co

agend
with slight modification in that the progress report and the

research activities for the yeer beginning 7/1/53 were combined in

both Dr. Horton's and Dr. Phair's reports.

TTEMS 2 AND 4 - DR, HORTON'S REPORT

As the basis for his discussions, Dr. Horton used the
attached "Memorandum from the Kettering Laboratory-Fifth Meeting
of the Advisory committee API Research Project MC-1" dated January
16, 1953. Conslderable discussion was given to the opening two
paragraphs which Justified the use of mice in appraising the hazards
of skin cancer in workmen. In response to a specific question from
Dr. Adams, Dr. Horton stated that washing is more effective in
reducing carcinogenic potency than & reduction in the dosage of
carcinogen applied. As evidence he presented the experimental
evidence which was obtained with washing experiments with API-8
and API-113., It was then suggested that consideration be glven to
a vashing experiment with API-113 and API~57 in which these olls
would be painted on at a level of 100 mg. two times e week and
washed off after 9 hours in contact with the skin.

Perhaps the greatest interests in Dr. Horton's report are
his observations or theories that the potency of & particular
material i1s dependent less on the amount of carcinogen than on its
concentration; whereas, the effect of accelerators i1s dependent less
On the concentration than on the total amount applied at each appli-
cation. Although this is an interesting thought, it appears somewhat
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gifficult to understand how this could be the situatlion and how the

proper definitive experiments could be conducted in order to con-
clusively establish these observations. The concept that acceler-
ators may act because of thelr similarity in structural configura-
h the carcinogenic agents is an interesting one insofar es

tion wit
it applies to benzo(c)phenanthrene and highly brenched dodecyl-
benzene. It 1s difficult, however, to see how this concept could
apply to compounds llke 3,4-benzpyrene or to dodecylbenzene in

vhich the side chain is not highly branched.

The formula presented by Dr. Horton on page 9 of his
report 1s an extremely iqteresting formula from & theoretical
standpoint, but whether it will ever have any practicel app;ication
seems highly problemmstical since the determination of the effective
concentration of accelerator in an oll may be extremely difficult,
particularly if there is more than one accelerator present in such
an oil, Similarly, such a formula allows for the presence of only
two carcinogens, namely, benzpyrene and one C4 eromatic. It seems
highly unlikely that there would be only two carcinogens present
in as complex a mixture as slurry oil, and this is partially borne
out by the observations reported by the Standerd 01l Development
Company in which 6-isopropyl benzanthracene was determined in &
relative state of purity from one of these oils. It therefore seems
likely that this formule will be exceedingly complicated by & great
number of accelerators and inhibitors, such that the effective con-
centration of accelerator will have to be determined for each
individual o1l, and also by the presence of & large number of
carcinogenic compounds, which will highly complicate the usefulness

°f any such equation.

Another interesting observation made by Dr. Horton iuring
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scussion was that the average latent perlod decreases more
s

his d
papidly f
than the ave

graphically expresse

or papillomas, depending upon the amount of accelerator,
rage 1atent period for carcinomas. This may be

d somewhat as follows:

CA
AVERAGE
TENT
LATE \\\\\‘\\\fffs

PERIOD

AMOUNT ACCSLERATOR

ITEMS 2 AND 4 - DR, PHAIR'S REPORT
Dr. Phair used as & basis of his report the attached

memorandum, which 1s essentlally a tabular summary of the number

of cases which he has thus far collected from the various companies.
It eppears that an increasing number of companies are participating
in reporting cases to Dr. Phair but thet there is & heavy in-
ponderance of cases being reported from companies along the eastern
seaboard as compared with companies in southwestern United States,
It wvas egreed that Dr. Phair would outline briefly and send to the
Chairman of the Subcommittee on Carcinogenicity his latest thoughts
on pertinent data which he wishes to have included in the current
reporting of cancer cases among employes in the petroleum industry,

and that the Cheirmen of the Subcommittee on Carcinogenicity would

then reattempt to stimulate all medical directors to report current
cases to Dr. Phair,
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ITEM =

Dr. Kehoe discussed the budgetary allocations of funds
and sndicated that it would be possible for the Kettering Labora-
tory to 1live within the presently assigned budget of $79,000, but
that it must be remembered that this will result in approximately
one-quarter less work being done during the year July 1, 1953-
june 30, 1954. Dr. Kehoe wished to reserve the right to allocate
funds under any of the headings given, depending upon the Kettering
Laboratory's estimation of how the funds should be allocated. Thus,
for instance, if full cooperation with Dr. Phair 1s not obtained,
1t mey well be that the $17,500 allocated for epidemiological work
may be re-allocated into‘other phases of the Research Project.
mere seems to be a general agresment among the members of the
committee that Dr., Kehoe should have freedom in alloceting the total
funds to any of the four phases of the project that he feels the
funds should be allocated to. Dr. Kehoe also mede & plea that if
there is a determined effort to have a gradusl reduction in the
budget of this projJect during the coming years, he would like to be
informed of this as far in advance as possible so that he might
make his plans accordingly. Thus, if the budget is to be cut one-
half in the Year July 1, 1954-June 30, 1955, and to & quarter of
its present figure in the succeeding years, Dr. Kehoe would like

to know of this as soon as possible.

LIEM 3
Dr. Horton discussed the report from the British on the

carcinogenicity of the mineral oils. He felt that their tests had
been.Performed with applications of oil which were 3o small that

they are not getting tumors in the mice, yet they were observing
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tumors in the rabbits due to the effects of accelerators. He seemed
um
reel that the fractionation of thelr oils left much to be desired,

to

4 that same fractionation of olls in his laboratories, which were
an

then applied on his own animals by his own techniques, had re-
gulted in the appearance of a considerable number of tumors, par-
ticularly in the K-4, L-4 and O-4 fractions. He felt that this
pably the result principally of accelerators, and that the

vas pro
carcinogens would be found in the highest concentrations in the

x-5, L-5 and 0°5 residues, It was suggested at the meeting that

the workers at the Kettering Laboratory feel free to communicate

on & professional b;sis w;th the workers in England in discussing
their mutual work, and fﬁrthermore, it was felt that if the
Kettering Laboratory felt they would like to keep thls communication
in the established channels, thils could be done by having Dr.

Horton prepare & critique of the British work and then having Dr.
Newquist forward this to the Britlsh workers through Colonel Auld.
It is evident that it 1s too early to draw cqnclusions with respect

to the British work which has been reported thus far,

IIEM 6
Dr. Kehoe indicated that he has written a supplemental

letter to Dr. Kotin suggesting that Dr. Kotin more definitely out-
line whet information he would like to receive in order that the
Kettering Laboratory might be able to provide it to him. Dr. Kehoe
did not feel that any of the Kettering Laboratory reports should be
sent to Dr. Kotin or anyone else since they are at the present time
80 tentative. It was also suggested that 2 possible meeans of
handling this situation would be to have Dr. Kotin come in to the
Kettering Laboratory and discuss their mutuel problems verbally,
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that such & discussion could get to Dr. Kotin all the information

end

ynica he might need and yet not jeopardize the position of the

Kettering Laboratory.
ITEM T

Dr. Eckardt reported to the committee that 5 additional
cases of skin cancer resulting from cutting oils have recently come
to his attention. One of these cases was & scrotal cancer and none

of the cases had previously been reported to the group. This simply

served to emphasize the growing importance of cutting oils as a

possible carcinogenic agent in industry.

ITEM 8

Some dlscussion was given‘to the possibility of holding
the next meeting of the Advisory Committee at the Hotel Shamrock on
the 29th of September, 1953, and that at this time it would be &
Joint meeting with the Subcommittee on Carcinogenicity. Decision
on this matter wes left to the Chairmen of the Subcommittee, with

the recommendation that if the meeting is to be held on that date,

R. E., Eclhardt, M. D.
Acting Secretary

M. N, Newquist, M. D.,
Chairman
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— !E!ORANDQE FROM THE KETTERING LABORATORY

FIFTH MEETING OF THE ADVISORY COMMITTEE

APl RESEARCH PROJECT MC-1
January 16, 1953

A, The use of mice in the experimental appraisal of the relative
hazards

various petroleunm products,

of cancer of the skin of workmen from exposure to

1, Materials which 1nlindustria1 experience have caused cancer
of the skin of workmen have been shown to be carcinogenic
to mice,

2, The correlation o; the responses of men and mice is partic-
ularly close in the case of straight run wax distillates,

cancers having resulted in both specles from intermittent,

severe exposure (100 mg, doses applied three times per
week on the skin of the mice), when the carcinogenic
material was not removed by washing. Data reported by
the New York University group indicate that mice develop
very few tumors when low dosages (15 mg, per application)
of wax distillates are applied., The mouse, like man,
seems to be affected adversely by these oils only when

exposure is severe, A confirmatory test at low dosage

will be carried out on C3E mice with the Midconéinent
paraffin distillate, API-S6 (PMC 0,1 at the 100 mg,

level of dosage),

Bo Relationships between potency of oils and the level of dosage
spplied upon the skin per application,
1. Variation of the relative potency, Py, with the level of

— dosage (over certain ranges of dosage) is just what one

API 05575



-2-

would expect on the besls of human experience with such
alleged ecarcinogens as coal tar, shals oil or the distil-
lates which have been handled in wax presses in the
petroleum industry, i.e., the higher the level of exposure,
the greater the chance of skin cancer, The results of the
tests on mice at different levels of dosage which have
been reported for the catalytically cracked residua,

API-8 and 71, are therefore neither surprising nor dis.
tpessing when considered from the overall aspect of the
program, Really unexpected results are coming from the

tests on standard solutions and refinery streams containing

either very low or very high levels of concentration of

accelerating constituenta,

2, Certain materials demonstrate a constant potency over a

broad range of dosage:

(1) Solutions of methylcholanthrene or benzpyrene in
benzene

(2) Some blended industrial fuel oils, e.g., API-113

(3) Some thermal tars from virgin feeds, e.g., API-108

(4) solutions of methylcholanthrene or benzpyrene in
dodecylbenzene
(5) Some catalytically cracked gas oils, e.g., API-102,

Types (1), (2), and (3) probably contain, at the most,

very low concentrations of accelerating constituents,
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types (4) and (5) relatively high concentrations, The
types of olls discussed in section B.l, apparently have
a critieal level of concentration of such components. The

situation may best be pictured graphically (see Figure 1):

Figure 1
A
!
| Upper Plateau
Critical
Range
Relative
Potency, !
Pyc !
N
L é
éﬁfz;u”"‘_ Pyc due to carcinogen alone i
; ) | i
. | |
A B —C t—

Amount of Accelerator Applied at Each Application ——

Thus, if no accelerators are present in an oil (A), it will
exhibit only the potency due to its carcinogen content,
Similarly, oils containing accelerators will show only
their base level of potency if the dosage per application
is kept sufficiently low so that the amount of the
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accelerator applied to the skin of the mouse each time
does not exceed B. What dosage this will be for any given

0il obviously depends on the concentration of accelerators

in the oil.

If the dosage per application of such oils is increased
until the amount of the accelerating constituent actually
being applied each time reaches the critical range between
B and C, the relative potency, Pys, #8 measured by a
shortened latent perlod for tumor induction, will rise,

This effect willAthen increase as higher levels of dosage
are tested until the maximum response for a given concen-
tration of carcinogen is obtained (upper plateau in Figurel.

Proceeding in the reverse direction (from D towards C)
it will be apparent that the higher the level of the con-
centration of aocelerators in an oll, the more the dosage
per application mey be reduced before a significant
reduetion in potency will be observed. This category
probably includes a large number of the current distillate
gas olls with End Boiling Points > 700°P, from fractionators
of ocatalytic oracking units,

Beacause of the obvious ilmportance of these relation-
ships between the amount of accelerator applied and the
rate at which an o1l containing carcinogens will induce

cancer in exposed animals, steps are being taken to

establish:
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(1) the exact magnitude of levels B and C (with
blends of synthetlc hydrocarbons),

(2) the classes and bolling ranges of the hydro-
carbons in catalytlically cracked gas olls
and residua resvonslole for the acceleration
observed, and

(3) the levels of concentration of such hydrocarbons

in various refinery streams,

The nature of the compounds contributing to the carcinogenic
potencies of refinery streams,

1, Polycyclic carcinogenic compounds,

0001

3,4~-Benzpyrene
A direct method of analysis for the S-ringed carcine

&,

ogen, 3,l4-benzpyrene, has been developed., Its reliability
has been tested and confirmed with four of the major types
of refinery streams under consideration, including cycle
gas olls and bottoms producte from catalytic cracking,
tars from thermal cracking of catalytic feeds, and
straight run distillates,

By application of this method, it has been shown
that about 70% of the base potency exhibited by the FCC
decanted oil, API-8, at 5-20 mg. levels of dosage is
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contributed by benzpyrene. Approximately LOX of the
constant Py value of the No. 4 fuel oil blend, API-113,

{3 due to benzryrene.

b.

Benzo{c)phenanthrene

As mighf be eipected, in view of the reported boiling
point of 3,4-benzpyrene (B60°F,), it has been found that
the distillate refinery streams analyzed thus far, with
true end boiling points less than 860°, contain relatively
small amounts of this S-ringed carcinogen. The available
data from biological tests on fractions prepared from
catalytically cracked oils suggest strongly that the
important carcinogen in such cycle gas oils is a L-ringed
derivative of phenanthrene, Since the results further
indicate that simple alkyl derivatives of pyrene and

1,2-benzanthracene

Pyrene l,2-Benzanthracene
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re not contributing significantly to the carcinogenicity

a

of these oils, attention 13 being centered upon benzo(c)-

phenanthrene. This is the hydrocarbon of lowest molecular
weight which has been shown to be carcinogenic without
the beneflit of methylation.

pure samples of benzphenanthrene and of each of 1its
| six monomethyl derivatives have been obtained. Their
chemical and physical properties are being examined in

the development of a direct method of analysis applicable

* to refinery streams.

2. Accelerating constituents - 475 to 700 boiling range.
It i8 of considerable interest that the number of

carbon atoms (18) in the accelerator, dodecylbenzene,

is the same as the number in the carcinogen, benzo(c)-
phenanthrene. The known carcinogenic hydrocarbons have
Carbon Numbers from 16 to 25. The approximate boiling

range of branched-chain alkylbenzenes with 16-25 carbon

atoms 1s 475-700°F., which 1is the very range that has
been suspected of having accelerating activity from the
results of blological tests on refinery streams and
fractions thereof. It seems likely that we have here
something more than just coincidence.

The problem of the identification of the important
accelerators in refinery streams is being approached in

two ways:

(1) Biological testing of certain synthetic liquid

hydrocarbons as solvents for benzpyrene, to determine
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which types have accelerating properties, The results
obtained in the prosecution of this phase of the
program will furnish a definite outline of the range
of molecular weights and of the structural types of
possible importance,

(2) Blological testing of fractions of certain
catalytically cracked oils which have demonstrated
(in tests at the 100 mg, level of dosage) potencies
three to ten times as high as were expected on the
basis of their content of four to six ringed aromatic
hydrocafbona;’ These efforts are being concentrated
on the components boiling below 700°F, which coﬁtain
not more than two fused aromatic rings,

The foregoing phase (2) of this program has
already led to the concentration of a ecolorless,
liquid fraction from the TCC bottoms product, API-71,
which possesses the specific irritant properties
of dodecylbenzene, This fraction is being redistilled
through an 80e.plate column to prepare a number of
well-defined cuts to be tested as poasible accel-
erators of the carcinogenie action of benzpyrene.

In general, it 1s s much simpler matter to
separate saturated hydrocarbons and monocyclic aro-
matics from oils and from each other than 1t is to
fractionate any single class of polycyclic compounds
from an oil, Furthermore, in the separation of

compounds bolling in the range 500-650° at 760 mm,,

API 05582
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highly efficient distillations may be carried out

at reduced pressure without fear of cracking. Hence
there is little reason to doubt that systematic
application of avallable techniques will lead to an
adequate knowledge of the structural types of the
accelerating constituents of refinery streams in a
reasonable period of time. The step from that
knowledge to a direct method of analysis for their

effective concentration in any given stream should

present no great difficulties.

3, Physicochemicel methods for predicting the relative potencies

of refinery streams,

During the last six months, the completion of the
— picture (Figure 1) of the interrelations between concen-
tration of carcinogen, concentration of accelerator,
dosage per application, and relative potency, PMC' has
brought with it a firm confidence that a reliable ana-
lytical tool will result from the further extension of
this fundamental approach to the problem, The sequation
for which parameters are being determined is of the fol-

lowing type:

Pnc = f(c,d) [K5C5 + Kuch’] ’

where r(ca-d) is a function of the amount of the accel-

erator component applied in each application of the whole
oll, ¢, being the effective concentration of accelerator

in the o011, and d the total dosage of o1l per application;
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C5 and Ch are the concentrations of the S-ringed penzpyrene
and of the j-ringed carcinogen respectively, while Kg
and K& are the respective potencies of benzpyrene and
the L-ringed compound based on methylcholanthrene,

Since the values for half of the factors in the |
equation for calculating Py, are already known (4, K5
and 05), the remaining job is the determination of cg,

thh and the breekpoints at B and C in the curve of
Figure 1, These phases have been discussed in Sections

B.2¢y Cosleb. and C.2,

API 05584




ESTIMATED BUDGET OF THE KETTERING LABORATORY
FOR THE INVESTIGATION OF POTENTIAL HEALTH PROBLEMS
OF THE PETROLEUM INDUSTRY

IN CERTAIN MATERIALS AND PRODUGTS
API RESEARCH PROJECT MC-1
July 1, 1653 - June 30, 1954

ASSOCIATED VITH THE PRESENCE OF CAKCINOGENIC COMPOUNDS

salaries
pirect Salaries ¢ 30,009.00
# Indirect Salaries
Histopathological Preparation § 2,000,00
Other Services ¢ 22,000.00
$ 54,000,00
Miscellanecus Expense
Purchase of Animals $ 1,500,00
Special Laboratory Supplies $ 5,500,00
Travel ¢ 4,000.00
Overhead
(Proportion of heat, gas, electricity,
steam, telephone, general laboratory
supplies, postage, annuities,
pensions, maintenance, etc,) $ 14,000,00
$ 25,000,00
Total $ 79,000,00
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ESTIMATED BUDGET OF THE KETTERING LABORATORY
FOR THE INVESTIGATION OF POTENTIAL HEALTH PROBLEMS
OF THE PETROLEUM INDUSTRY
ASSOCIATED WITH THE PRESDNCE OF CARCINOGENIC COMPOUNDS
IN CERTAIN MATERIALS AND PRODUCTS
API RESEARCH PROJECT MC-l
July 1, 1953 - June 30, 1654

Further development of semi-quantitative blological § 12,000,00
testing methoda for measuring the relative

carcinogenic potencles of petroleum products

and fractions thereof

11, Determination of the relationships between the $ 14,500.00
rapidity of induction of benign and malignant
tumors in experimental animals and various
exposure factors sueh as frequency of applica-
tion, dosage per applicatlon, area of exposure,
number of applications, special irritant or
toxic properties of the o0il applied, etc.

11I. Development of rapid analytical methods for
estimating the relative carcinogenic potency
of any given refinery intermediate or product

A. Isolation end identification of compounds $ 30,500,00
responsible for observed potency of various
types of olls and determination of pertinent
physical and chemical prope zies of these
compounds

B. Development of semi-empirical methods of $ 4,500,00
estimation of carcinogenic potencles of oils
based on the chemical or physical properties
of known or suspected carcinogens and accelerators

IV. Epidemiological Program $ 17,500,00
Collection and correlation of data on cases of
cancer among employees of the petroleum industry
including any special investigations in particular
Plants of the industry

Total $ 79,000,00
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FIGURE - 1007* CASE REPORTS FROM 13 COMPANIES
RECEIVED BY THE CENTRAL REGISTRY
ACCORDING TO SEX, RACE AND

MALIGNANCY
SEX RACE MALIGNANT BENIGN TOTAL
F”: ‘—F; Y
White _ 745 23 768
MALE Colored 26 - 26
Not Given 114 33 152
TOTAL 885 61 946
White 33 1 34
FEMALE Not Given 9 5 14
TOTAL 42 6 48
NOT GIVEN
TOTAL BOTH SEXES 831 67 998

* Nine reports could not be used, Six were not tumors; one of these
was Boeck's Sarcoid. Three gave only the occupational history,

API 05587




8850 Id¥

.
R

ACCORDING TO TYPE OF TUMOR
AND PRIMARY SITE

Type of Non- J ‘Y Non- Embry. Tumorae
Tumor Gland. | Gland. Leuke - | Lympho{ Nervous| Vascula Epith, - Mixed | Not
Epith, | Epith. mias mas Tissues| Tissues | Muscle | Tissues | Tissues | Class, Total
Site 00-09 10-19 20-29 30-39 40-49 | 50-59 60-69 70-79 80-89 90--

Buccal
Cavity 00-09] M 64 1 1 77
Digest. Sys. and
Perit.  10-19 | 247 24 4 7 3 285
Respiratory
System  20-29 28 91 ’ 1 2 3 125
Breast 30-39 1 1 2
Genital
Organs 40-49 42 16 u 69
Urinary
System 50-59 a a 1 1 1
Skin and Soft
Tissue 60-69 170 2 4 2 3 181
Bones 70-75 6 3 1 2 1 13
Brain 76-79 2 3 1 13 19
Lymph. and Hem,
System  80-89 12 17 29
Other
Sites 90- -- 8 27 1 1 4 41

Total 364 419 12 24 5 | 17 17 26 885

V-

e s
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FIGURE 3 - MALIGNANT TUMORS IN FEMALES AS REPORTED

ACCORDING TO TYPE OF TUMOR
AND PRIMARY SITE

Type of

Non- Non- Embry. | Tumors
Tumor Gland. Gland. Leuke - | Lympho{ Nervous{Vascular Epith, |- Mixed | Not
. Epith. Epith, mias mas Tissues |[Tissues | Muscle | Tissues | Tisaues | Class. Total
Site 00-09 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90---
Buccal 1 1
Cavity 00-09
Digest. Sys. and 8 8
Perit, 10-19
Respiratory 1 1 2
System  20-29 \
Breast 30-39 14 1 15
Genital
5
Organs  40-49 2 3
Urinary
System  50-59 1 1
Skin and Soft
7
Tissue 60-69 1 6
Bones 70-75 1 1
Brain 76-79
Lymph. and Hem.,
System  80-89
Other
Sites 90---~ 1 1 2
Total 26 14 1 1 42
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TED BY SEX AND PRIMARY SITE
COMPARED WITH U.8. A, MORBIDITY AND MORTALITY ESTIMATES

SEX MALES FEMALES BOTH SEXES
' Per | U.S.A.%[U.S.A% Per | U.S.A.* |U.S. A Per |U.S.AJl
Site Cent |Per Cent |Per Cent Ceont | Per Cent | Per Cent Cent |Per Cemt
Number of Cancer Cancer Number of Cancer GCancer || Number of Cancer
Reported} Total Casen Deaths || Reported| Total Cases Deaths ||Reported| Total | Deaths
Buccal Cavity 77 8.7 10.0 4.7 1 2.4 2.0 1,2 18 8.4 2.9
Di tive Syst
lge;) wieo y:u:m 285 32.2 36.0 417.7 8 19.0 23,0 38.7 293 31,6 43,2
Respiratory
System 125 14,1 8.0 15.4 2 4.8 2.0 3.9 127 13,7 9.6
Breast 2 0.2 0.2 15 35.7 19.1 17 1.8 9.7
Genital Organs 69 7.8 12.0 13.0 5 1.9 51.0 23,5 74 80 18,3
Urinary System 44 5.0 7.0 6.6 1 2.4 3.0 3.4 45 4.9 5.0
Skin and
Soft Tissue 181 20.5 17.0 2.2 7 16,7 1.0 1.5 188 20,3 1.8
Bones 13 1.5 1.3 1 2.4 1.1 14 1.5 0.1
Brain 9 | 21 2.4 | 1.5 19 2.0 2.0
Lymph, and Hema 4
topoietic System 29 3.3 J 29 3.1
\
Other Sites 41 4.6 10.0 6.5 2 4.8 8.0 ) 6.2 43 4,6 7.4
| TOTAL 885 100.0 | 100.0 100, 0 42 100.0 100.0 100.0 927 100.0(| 100.0

cancer in the United States.

ten large cities in the United States between 1937 and 1939.)

#* Cancer deaths by site in the United States for 1948 as prepared by the Statistical Research Section, American Cancer
Society, utilizing statistics from the National Office of Vital Statistics,

% Primary sitc of development of cancer among white males and females according to Dorn, Harold F.: Illness from
Reprint No, 2537, Public Health Reports.

{Based upon morbidity records collected from




Yerch 171 15‘53

wp. Yiefler Davis
?’ ips Petrolevm Coupany
ml.vill‘,

pegr Dr. Davis:

Yor your inforsation as Cheairsam of the Swb-
comittes on Careinegenicity, wa emtlcee a copy of the
statement of expenditres mpde by Kettering Lebcwatory in
scamection vith research project )XC-1.

According to my records and this statemsnt the
total expeniitures by Kottariag 1985-1952 have amounted to
$343,749.79, lsaviag a balsmos of $52,757.12 svailsdble on
Jumary 1, 1953 ¢ meet expewses dwring ths first two guarters
of 1553 o0 dudgeted.

Yery touly yours,

we:
ec: Do, 2. M, Prank
Enclosure
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wmnp. D. V. Stroop for Ixformation of Dr. Xisffer Davis and Or. T. X. Pransk
3-17-53

=
VEIVERSITY OF CIBCINNATI
The Kettering lLedbaretory
Collage of Medicine - Bdsa Avenus
Cineizmati 19, Chio

Febriary 17, 1953

Mr. i. V. 3troop, Director
Departuent of Technical Services
Americsa Fetrolsum Imstitute

SO dest 50th Street

Bev York 20, New York

Dear Mr. Streop:

I ex seuilng you Mevevith a statemext of expenditures made on
behalf of Amerisas Fetrolewm Imstitute for the feurth quarter
ef 1952, I belisve that the statemsnt will ‘e self-explanstory,
but if yeu dave au; questicns or cooments, Soctor Kehoe would
sppreciate yowr briaging them %0 kis stiestion.

TYRReY VY

Yary truly yours,
/s/ ID;R. Fortlage, Secretary to

Su . IFE~

API 05592




UKIVEREST?Y (F CINCINNATI
KETIERING LABCRATCRY

ACCOUN? OF __The Americyn Petroleun Instituts
PR _ Yourth Querter 19%2
W(Mummmdrmmwnmxm
Direct S0LEPISS ...cectiverccncacnsciscacess F6ES, B4
Iadirect Salariss

mmwm esevnoe mow
OhEY SETViONS iievcceccrvasnssscssss JOT3.20 19,751.&

(ICELLANK TS EXPRESE
m‘m [ A REXAENESENEN N NENENNNRN N X J m.m

B#m M‘mm XY N Y Y PN Y] wq“
MI 080 UGRPRICIIPOCISPIIRNREILIIIETICRNIROTEIOITRY 15?5.%

Overheal
(Proportion of Esat, Gas, Elsctricity, Steam,
Telsphoms, Gensral laberstory Bupplies, Poste
age, Anmuitiss, Pemsious, Naistemmace, etc. 5732.91 8,206.51

TORAL 21,958.35
Belamee Availsdble for Perther Work

etentof 34 Guereer 1o ,342.49

Bessipts  _Deoesber 1952 === M6, 372.98

Total Sum Aveilsble 80,T15.07
Expenditures M) Quertery 27,98.35
Balanee Availadle fer Purther Vork
ot end of _ M Quprver 1952 ”,757.12
Balsnce Dus Istteriag Leberstory
st end of
oueOO0000=
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AMERICAN PETROLEUM INSTITUTE
80 WEST SOTH STREET
NEW YORK 20.N. Y.

¢ TECHNICAL SERVICES

a-rm"v'.fvcmoo"- DinecTOR
TiD V.

March 2k, 1953

To Members and Associates
Medical Advisory Committee

Gentlemen:

Dr. Kieffer Davis, Chairmen, Subcommittee on
Carcinogenicity has appointed for 1953 the subcommittee's
Research Project MC-1 Advisory Committee comprising:

Robert E. Eckardt, M.D., Chairman
C. B. HEine, M.D,

E. K. Linder, M.D.

M. N. Bewquist, M.D.

E. V. Adams

L. C. Beard, Jr.

L. M. Henderson

R. C. Mithofr

It is our hope that each appointee can take an
active part in the important work of this committee, if not,
ve shall expect him to notify Dr. Davis promptly.

Very truly yours,

5
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PHILLIPS PETROLEUM COMPANY

BARTLESVILLE. OKLAHOMA
March 18, 1953

ALBERT M MERY w ©

NT
DEPARTME
I!D‘C‘L ASSOCIATE PHYSICIAN

aerrFEr pAviS ¥ O

rgcTOR

ugoIcAL 9 LUCIAN £ RENES

) urs MUNTINGTON. M D INQUSTRIAL WYGIENIST
Chi

4gsT WEDICAL DIRECTOR

Mr, D, V. Streop
American Petroleum Institute

“ 50 West 50th
New York 20, New York

Dear Dave:

I wish to appoint the follewing as members of our RP-MC-1
Advisory Committee:

— Robert E, Eckardt, M,D,, Chairman
C. H, Hine, M.D,
E. K. Lind.r’ HOD.
M. N, Hgmiat, M.D,

\,'K E. W. Adams
L. C. Beard, Jr.

L. M, Henderson
R, C. MitheIf

Please inform each of these men of their appointment and
notify me in case anyene should decline,

Unless there is some reason to change our plans, the next
meeting of our Subcommittee on Carcinogenicity will be at the
Shamrock Hotel in Houston September 30, 1953,

With best personal regards, I remain

Sincerely yours,

\

r

Ki‘fér Daﬁs, M.Do
KD:dt Medical Director
cc: George M, Saunders, M,D,
Robert E, Eckardt, M.D.
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pro® p. Vs stroop for Information of Members and Associates of Medical
oy P2 comnittee
0

April 3, 1953
il

ESS0 LABORATORIES
Standard 0il Development Company

P. 0. Box 51, Linden, K. J.
March 18, 1953

Xr. D- v. Btroop

rican Petroleum Institute
50 West 50th Street
jev York 20, New York

Dear Mr. BStroop:

The enclosed apparently represents a publication
of the data vhich members of the Subcommittee on Carcinogenicity

of the A.P.I. have had an opportunity to reviewv in comnection
yith the exchange of information between the British and our owm
subcomuittees on Carcinogenicity.

I thought you might wish to have this article
reproduced and distriduted to the wembers of the Medical Advisory
Comittee of the American Petroleum Institute,

Very truly yours,
/s/ R. E. Eckardt

R. E. ECKARDT, M.D.

RER /tm1

hcll

(The Value of the Rabbit
Por Carcinogenicity Tests
on Petroleum Fractions,
by Elefer and Woodhouse
+ from THE BRITISH JNL.
@ CANCER, 1952, Vol. VI, Pg. 293.)
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Reprinted from
he British Journal of Cancer,
1952, Vol. VI, p. 293.

tHE VALUE OF THE RABBIT FOR CARCINOGENICITY TESTS
ON PETROLEUM FRACTIONS.

I. HIEGER avp D. L. WOODHOUSE.

From the Chester Beatty Research Institute, The Royal Cancer Hoapital, London, S.W. 3,
und the Caneer Research Laboralories, Departnent cf Pathology,
The Medical School, Birmingham, 15.

Rercivod for publicstion May 28, 1952,

THE experimenta recorded in this article were carried out in the course of
investigations on behalf of the Medical Research Council, a sub-committee having
been et up in 14949 tu inquire into the carcinogenic properties of mineral oils and
allied products. The arrangementa for co-ordinating the research have been
hriefly described by Auld (1950).

The entire series of tests have been made in duplicate at the (‘ancer Research
lLaboratories, Department of Pathology, University of Birmingham, and at the
(hester Beatty Rescarch Institute, The Royal Cancer Hospital, London. At
cach centre the activity of 3 selected crude oils, 4 fractions derived from each
crude by methods of distillation specially designed to avoid high temperature
eracking, and the final residues, have been tested on groups of 30 mice for each
<imple and also on a total of 105 rabbits. The results appear to be of particular
interest, since it must be concluded from them that it is unzatisfactory to exclude
carcinogenicity on the basis of tests on mice only.

The desirability of utilising in industry those types of oils which are least
likely to cause dermatisis or cancer of the skin of workers has been recognised for
over 20 years, and in 1934 the Committee on Cancer of Manchester Corporation
proposed a standard for assessing the potency of mineral oils depending on physical
properties (specific gravity and refractive index) which it was believed would
ensure that the lubricants used in the textile industry would be substantially free
from earcinogenic properties. This Manchester formula, which is not now regarded
as a satisfactory criterion, was put forward following the investigations of Twort
and his co-workers (Twort and Fulton, 1929 ; Twort and Twort, 1930, 1931, 1933 ;
Twort and Lyth, 1939 ;. Twort, 1941), who tested a wide range of crude mineral
ails, distillates, solvent extracts, spindle and shale oils, using mioce almost exclu-
sively, however, for the biological assessment of their carcinogenicity. In the
past, also, mice have for the most part been employed in skin tests with “ oil
fractions derived from coal tars and with the pure chemical carcinogens either
inmnlated or synthesised.

T is true that the classical experiments of Yamagiwa and Itchikawa (1918),
m which the carcinogenicity of coal tar was first proved, utilised rabbita, and this
apecies has aleo been employed in a number of early experiments on tar canoer,
o.g., Bonne (1927), Leroux (1927), Babés (1928) and Twort and Twort (1930).
Also a fow early workers have used other specion to a limited extent, e.g., rats and
guinea-pigs (Wataon, 1932). The majority, however, have favoured the mouse
for Inrge acale experiments, no doubt partly because of low maintenance coste and
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294 1. HIEGER AND D. L. WOODHOUSE

availability, but probably influenced also by the experience of sarly workers tha;
the skin of rats did not reedily respond to coal tars, and that pepillomata op
mbbita 50 produced remained small and often regreased when applications ceassd,

Thus the mouse has become accepted as the most sensitive test animal for
such work ; the possibility that other species might prove more suitable under
vertain circumstances does not appear to have been sufficiently appreciatad,
Schurch (1938), however, found that his experiments with rabbite indicated that
earcinogenic ingredients in addition to the recognised carcinogen 3 : 4-benzpyrene
were probably present in certain coal tars. This was pointed out by Berenblum
(1947), who demonstrated that the relative carcinogenic activity of & numbes
of fractions, obtained by chromatographic procedures, varied greatly according to
whether standardised against the skin of the mouse or of the rabbit. He had
already shown (Berenblum, 1845a) that tumours were readily elicited on the
rabbit by 9:10-dimethyl-1: 2-benzanthracene, which was found to be more
potent to rabbita than to rats or guinez-pigs, in which positive results were,
however, obtained (Berenblum, 19456). l-}e also subsequently observed (1847)
that this hydrocarbon when injected subcutaneously did not induce rabbit
tumours, though rats and guines-pigs responded by this method. Much earlier,
Oberling, Sannié, Guerin and Guerin (1937) had shown that a 1 per cent solution
of 3:4-Lanzpyrene in benzene was active on rabbits’ skins, and Berenblum
(1945a) observed that 9: 10-dimethyl-1 : 2-benzanthracene was much more active
than benzpyrens at & gimilar (0° 5 per cent) concentration.

Experiments using a high boiling fraction of mineral oil from an experimen
catalytic eracking operation have recently been carried out by Smith, Sunde
and Sugiura (1951), testing the residue after removing the lower boiling napht;
and light gas oil cuts, upon mice, rats, guinea-pigs, rabbits and rhesus monk
The rats and guinea-pigs were found to be refractory to akin applicationa
papillomata were elicited in all of the 6 monkeys, 2 being proved cancerous
biopsy 4 years after the start of the experiment. Papillomats were produced
the inner surface of the ears of the 21 rabbits within 100 days. The number
sine of such growths tended to increase during the 2 years in which painting
ocontinued, and in 3 of the 8 surviving animals cancerous changes in the gro
were observed. For tests on the type of material which they intended to st
namely, samples containing oils which had been subjected to a process of flui
catalysis up to 950° F. in the presence of alumina or silica, these workers concl
that white mice were the best animals. .

Recently Cruikshank and Squire (1950) obtained numerous papillomata
the ear and body skin of albino rabbits after applications of a ‘ cutting oil:
obtained from a machine sump. Only 1 benign papilloma was produced by t
oil in a group of 48 mice, of which 50 per cent survived 40 weeks' and 28 per
52 weeks' treatment, and they suggested that such materials should be
against both species before being regarded as non-carcinogenic to man.

In the present investigstion it was decided that it was of importance that
properties of the mineral oils in question should be tested on both rabbits and mi

Crudes and oil fractions.

The 3 crudes wers obtained from Kuwait, Lagunillas and Oklshoma respecti
and had the following characteristics :
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Kuauit (Kuwait Oil Co.): an extensively prod i )

to be mgch u§ed in t-_he United Kingdom, of paym%ini:f:l izfll:iicc"l: St erude l'ik'ely

jubricating oil fractions. P se and containing
Layunillas Venezuelan (Shell Petrule w.): i

}.i(.l(lj;;glu-ell-kxlown lubricating distillates, Fo-Ji w typical naphthonic crude
Qklnhoma ity Mid-Continental So(, ’ i ¢

('uminem-alh distillates_. bright stock an(d re:)ig{lal‘l:%urli]cl:tir? llo'l(nu') ' yields Mid-
The derived fractions were produced by a research grgoul ; inted

Institute of Petroleum, which has been responsible for the c[:lo_ppom Y i

hwving mgard to t~he|.r tvpe, distribution and industriai im rt,allce of 'tl‘he e‘mq“

fractionation of the 3 crudes was carried out at delimiteglo temlce. i lnll_nal

vacuuni apd steam in an apparatus selected to preclude cracking:- T[.;lemt.ures tions

were carried out at t}}e Thornton Research centre, Shell Re;ilgi “; gipermgns

(O_é.tﬁ,,lfor bl:e Institute of Petroleum. n§ and Marketing
!l details regarding the physical characteristi
3 risti

pertinent to the purpuse of this communication. bfxst, :filihge B;Tepl:dl.re e

cotirse in connection with the wider axpects of the investigat.ion.sp need in due

Erperimental arran
Monse tests. gement and procedure.

Fur each fraction 50 animals 10 to 12 w

) e 2 weeks of age were h i
|.1c;1< 8"( >f(ro 4} inchkes. 3 in each box. At Birming&l?am t,heyov‘:::g :l:ewt:l t;o'x“
cach ses | i an ‘outbred laboratory albino strain previously employed i » 25 of
“.83":"0 ;"Lof“c"wm (Woodhouse and Irwin, 1950). In Londgn )th B
\sfere lx:.mk)a ratory sto.cks randomised so that each group of 30 co &f“:’r used
:'i:l:id;?tio:r “;“l 8':!0913 co?seitur.ion. They were fed on Thomao'r'l'slzub:odi'::

ol OAts an itt -

available. » little green food.  Water from bottles was always

The oils were applied twice weekly for 32 w: .
using approximately 02 ml. on each occas:or)n. “mpt;ﬁz::i;::e::scupumr region
Mm‘elll person throughout for each centre. Records of deaths e,: made by the
papitlomata, ete.. were kept. and the skin from the treated urea 6{ “ﬁmr;o;i:}f

survived 12 weeks' treatment were ; . ,
surviving were killed after 32 “ell::'l’““‘d for histological exaniination. Animals

Rabbit tests.

It w . . . .

i~ ‘::“ in':)(“p:;mhle. w'ohmm the roquisite number (103) of animals of one

nbr nnl( prain, nd at Birmingham medinm-sized wales of Dutch breed witl

cans and. pm'mmn.-mt-ly brown or grey in colour were randomised. In L:)erdect

e k“ ;n :tsnrbei:; mnllt;u of mixed commercial stock. with agouti, Flemish gri'ar(\)tn

o] o el f“lo represented. They were housed in fairly small cages of

Applictsoans uﬂhﬂ on greens &Itemnt.e(l with crushed oats and & little bran

Pplicat remm'e:l' «;:Is “l,ec p:tclwr of wkin about 3 em, square from which the hai;
! v electric clippers. were made twi 3i

each of 31 aninials were used f i 75 e were eant

! s v or texting the 3 crudes, and 75 ani used

gv,rmthgw:; ':le:n'e«l fractions emploving 7 areax on each aln’m;llm'l;hze’: al

Thcp:::ven tt-h e 2eap. left. nn.d right thoracic, and the left and right lateral uhlomir::r
aress was the inter-sespulnr region.  These sites are shown in Fig 1.
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r to :xu—r:‘n::: sitet on rabbits. oo J
Uwing (0 au error in t i is figure, Area 7 has becn plucud two low und
d!ouldhnw hmnthoa';unan. F

The scheme for allocating the fractions and crudes to the various areas was in
acoordance with the arrangement shown in Tables I and II, which were devised

TanLz 1.—Distribution of Crude Oils on Rabbit Sitea (Fig. 1).

dites.
Rebbits. p A
1, s 3 4. 8 8.
1-8 L L K K 0 0
6-10 K K (4] [0} L L
11-18 . 1) 0 L L K K
16-%0 L L 4] 1] K K
31-28 K K L L 0 0
26-30 . 0 (] K K L L

L = Laguniliss crude, U — Okishoma crude, K = Kuwait crude.
TABLE 11.—Distribution of Derived Fractions and Residues on Rabbit Skins (Fig. 1).

) Bites.
Rabbits. - - .
1 2 5. 4 5. [ 1,
N3 . 13 K3 04 LR OR L4 K4é
40 . o1 03 n Ke i) 04 OR
04 . OR K1 L2 KR 04 Ll 4
o . 02 Ke K¢ Ki L LR 04
51-88 . 04 LR KR ol L2 K¢ 03
5680 . K2 04 L3 L2 XR K3 02
ol-85 . Ll o1 X3 04 0s 13 X1
-0 K¢ L2 0t 11 14 03 13
N-18 . K1 L3 X2 14 K+ ol XR
0 . KR 14 03 02 K3 Kl LR
-8 . 4 L1 0l Xi LR K2 L2
"0 . LS 02 Kl K o1 OR K3
N85 . K3 K¢ OR 03 K$ KR Ll
9100 . LR KR Ll OR L3 os 01
101-108 . 03 OR LR Ls Ki L2 K2
R = Resilue.
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by br. J. 0. Irwin (Medical Research Council's Stasistical Research Unit, Uni-
versity of London), so that a statistical evaluation of the effects of site varistion
und differences in response by the individual animals might be posaible. It will
be apparent that each crude was applied to 60 sites and each of the other fractions
35 sites.

° Applications were made twice weekly using approximately 0+3 ml. for each.
|t was necessary to reniove hair approximately every 10 days to ensure clear aress.
This was done with special care to avoid scratching the akin. Much less trouble
than had been anticipated was encountered from the animals spreading the oil to
other areas of the body, though some difficulty resulted because some patches
pecame caked with thick layers of dandruff. Records were made of the condition
of the sites throughout the 52 weeks, and finally the appropriate skin areas were
pwsen'ed for histology.

RESULTS.

The general results for all the mice and rabbit series are set out in Table III.
In addition to the mouse tumours recorded in this Table, with several fractions a
pumber were observed which regressed after a short period and had not recurred
up to the time of death or at the fifty-second week, in spite of continued applications

TasLt I11.—Results Obtained from the Birmingham Laboratories (= B) compared
with those from London (= L).

T - A 4
(Fractiona in order, o
light—sheavy). tumours. sumours.

B/L. B/L.

Kuwait . Crude oil K . o/o . 2/0
Light fraction K1 . 1/0 . 2/0

K2 . 1 . 4/1

K3 . 5/4 . 3/0

Heavy fraction K4 . 12/8 . 2/l

Rawidue K3 . 0/0 . 1/0

Lagunillax . Crude oil L /0 . 0/0
Light fraction Ll 1 . 350

| L2 42 . 3/0

v L3 13/3 . 5/3

Heavy fraction L4 ld/8 3/1

Rewiclue LS /1 00

Oklshgiua . Crude vil 0 . 0/2 . 0/0
Light frection Q1 . /1 . 0/0

u2 12 o/

. 03 14 21

Heavy frection 04 +/4 /i

Rewidue 03 o/l 0/0

Although such spuntaicous regressions are not uncommon, the frequency has
hoen & particular feature of these tests at both centres.

[t will be ubserved that the total number of mouse tumours in the Birmingham
series was 33 900 and only 8 900 in the London series, although the survival rate
wis hetter in the latter. The greatest number observed with any fraction was 5.
Thus the activity of all these materials was very slight in the mouse tests ; the
Birmingham reaults suggest that the Lagunillns derived fractions were somewhat
more active than the Kuwait and that the Oklalioma set were essentially inert.
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In contrast, there was a total of 61 tumour-bearing rabbit sites in the Birming-
ham eeries and 39 in the London series out of & possible 705 sites in each case, or,
excluding the crudes and residues, which altogether yielded only 4 tumoury
{London series), the remaining 12 fractions produced 61 and 35 tumours in the
Birmingham and London series respectively on a possible 420 sites. Thus the
skin of the rabbit was distinotly more sensitive to thess fractions than thst of the
mouse. This obssrvation was confirmed by the type, rate of growth and other
characteristice of the papillomata ; for example several tumours appeared on one
rabbit site, and this is also corroborated by full statistical analyses of the results
with reference to survival rate of the mice, the effect of site distribution in the
rabbite, otc., which have been undertaken by Dr. Irwin.

DISCUSSION.

Both in the rabbit and in the mouse tests s somewhat higher incidence of
tumours was obtained at Birmingham than at London. This may posaibly be due
w6 & difference in the strain of animals, for Smith and Sunderland (1951) have
observed differences in the response of different strains of mice. It is impoesible
0 exclude the possibility of slight differences in technique. Considering that the
strains of mice were different in the two laboratories, the agreement between the
Birmingham and the London results is better than might have been expected.
Although the absolute yield of tumours is different in the two cases, the relative
activity of the different fractions shows an apprecisble consistency (Table III).

To sccount for the greater activity on rabbit skin the poesibility that these
mineral oil fractions may contain types of carcinogen differing chemically from
the polycyclic hydrocarbons hitherto encountered must be entertained. In this
connection it is important to emphasize that the cracked oils used by Smith,
Sunderiand and Sugiura (1951) wouid probably constitute a series containing
considersble quantities of different types of hydrocarbons from those present in the
fractions utilised in the present investigation. From the oils employed by the
American investigators, compounds such as isopropyl-1: 2-benzanthracene and
methyl chrysene were isolated, while the presence of pyrene and benzphenanthrene
derivatives was also demonstrated by Fischer, Priestley, Eby, Wanlees and
Rehner (1951).

The extraordinary complexity of mineral oils and the minute proportion of
carcinogenic components in the uncracked oils must preeent very considersble
difficulties in any effort to isolate or characterise them. Twort (1851) reported
preliminary attempts to do this but they were not continued. Further experiments
using both species of animals to test fractions selected from theee crude vils are
being carried out which it is believed will provide further information and facilitate
future attemptes to identify the carcinogenic agents.

SUMMARY.

Tests have been carried out in two laboratories to determine the carcinogenic
action to the skin of mice and rabbits of three typical mineral oil crudes and 15
fractions derived from them by processes avoiding cracking. The activity on mice
of all the fractions was very sliglit : some; particularly-those with & boiling range
of 325 to 375° C., showed high activity on the rabbit ear and body skin.

Both series of experiments demonstrated, therefore, that the rabbit was more
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censitive to these types of il than the mouse, and it is concluded that this species
;hOtnld be included in carcinogenic tests on this tvpe of material.

The (hester Bertty Research Institute receives grants from the British
Fmpire (ancer (‘ampaign. the Jane C'offin Childs Memorial Fund for Medical
Research, the Anna Fuller Fund and the National ('ancer Institute of the National
Institutes of Health. U.S. Public Health Service.

REFERENCES.
srp S.J. M.—(1850) J. Inat. Petrol.. 36. 235,
‘Bmti _.\,__(1]9'.’9) ]ﬁ”. A(J:s. j‘rrmg-l.z (‘nn;tr‘ 18, 276.
gENBLUM. 1. —(18438) Cancer Rea.. 5. 265.—(1943b) Ann. Rep. Brit. Emp. Cancer
Rer Campgn.. 22, 62.—(1947) Brit. J. Cancer, 1, 157, P P e
RosxE. (. —(1927) Z. Krebsforach.. 28. 1.
CretksHaNK, . N, D aND SQUIRE. J. R.—(1950) Brit. .J. indust. Med.. 1, 1.
Frscuer. H. G. M. PRIESTLEY. W, Esv. L. T.. WaNLEss, G., AND Reungr, J.—(1951)
Arch, indust. Hyg.. 4. 315.
LerorX, R.—(1927) Bull. Ass. fran¢. Cancer. 18, 16.
1yta. R—(1933) J. indust. Hyg. 15, 226,
0BERLING, (.. SANNIE. C.. GUERIN. M., AXD GUERIN. P.—(1937) Leswrenhork-vererniging,
4. 37
ScuvRcd. 0.—(1939) Z. Krebsforsch., 49. 353,
SuitH. W. E.. AND SUNDERLAND. D. A.—{783]) Cancer Res,, 11, 28].
Jidem axXD SUGIVRA, K.—(1931) Arch. indust. Hyg., 4, 299.
Twort., J. M.—(1941) Ann. Rep. Brit. Emp. Cancer Campgn.. 18. 182,
Twort (. C.. axp Frrrox. J. D.—(1929) .J. Path. Bact., 82. 149.
Jdsm axp Twort. J. M.—(1930) .J. Hyg.. Camb.. 29, 373.—(1931) .J. indun. Hyg., 13,
N4 —(1933) Amer. J. Cancer. 17. 203.
Twort. J. M.. AXD LyTH. R.—(1939) .J. Hyg.. Camb.. 39. 16}.
Warsox, A, F.—(1932) Cancer Rer.. 7. 443,
Waoobeotrse. Do L. axp IRwis. J. 0.—(1930) .J. Hyg.. Cambh., §8. 121.
Yausciwa. Koo axp ItcHiIRawa, K.—(198) J. Canrer Rea,, 3, 1.

Mude and prrinted iv Great Britain for
H. K. Lenica Co, L., by
Adlant 4 Non, Lid., Bartholowew {‘rexa, Dorling.

API 05603




ES50 LABORATORIES

STANDARD OIL DEVELOPMENT COMPANY

pICAL RESEARCH DIVISION

ME OT. PH D.. M.D
KAR
poBERT E EC DIRECTOR

CKS. B.E.. CH. E.
NV :gf,gﬂmoustmu HYGIENE SECTION
B N W CHURCH. B 5. (CH, E.)
FRANKL INDUSTRIAL HYGIENIST

Mr. D. V. Stroop

American Petroleum Institute

50 ¥. 50th St.
¥ew York, 20, N.Y.

Dear Mr. Stroop:

P. O. BOX 51, LINDEN, N. J.

March 18, 1953

The enclosed apparently represents a publication of the
data which members of the Subcommittee on Carcinogenicitiy of the
A.F.1. bave had an opportunity to review in coanection with the
exchange of information between the British and our own Subcommittees

on Carcinogenicity.

I thought you might wish to have this article reproduced
and dietributed to the members of ths Medical Advisory Committee of

the American Petroleum Institute.

EEE /hml
Encl,

(The Value of the Rabbit
For Carcinogenicity Tests
on Petroleum Fractions.
by Hiefer & D.L.Yoodhouse

Repr.from THE BRITISE JML.
OF CANCER,1952,Vol.VI,Pg.293.)

Very truly yours,

K& EchavelH-

R. E. ECKARDT, M.D,

API 05604




Reprinted from
The Bn'u'ai Journal of Cancer,
19532, Vol. VI, p. 263.

THE VALUE OF THE RABBIT FOR CARCINOGENICITY TESTS
ON PETROLEUM FRACTIONS.

1. HIEGER avxp D. L. WOODHOUSE.

From the Chester Beatty Research Institute, The Royal Cancer Hoapital, London, S.W . 3,
und th» Cancer Research Laboratories, Departinent cf Pathology,
The Medical School, Birmingham, 15.

Rercived for publication May 28, 1852,

THE experiments recorded in this article were carried out in the course of
investigations on behalf of the Medical Research Council, a sub-committee having
heen set up in 1949 tu inquire into the carcinogenic propertiee of mineral oils and
ullied products. The arrangements for co-ordinating the research have been
hriefly described by Auld (1950).

The entire series of tests have been made in duplicate at the (‘ancer Research
Laboratories, Department of Pathology, University of Birmingham, and at the
Chester Beatty Reeearch Institute, The Royal Cancer Hoepital, London. At
ench centre the activity of 3 selected crude oils, 4 fractions derived from each
crude by methods of distillation specially designed to avoid high temperature
eracking, and the final residues, have been tested on groups of 5 mice fur esch
«mple and also on a total of 105 rabbits. The resuits appear to be of particular
interest, since it must be concluded from them that it is unsatisfactory to exclude
earcinogenicity on the basis of tests on mice only.

- The desirability of utilising in industry those types of oils which are least
likely to cause dermatitis or cancer of the skin of workers has been recognised for
over 20 vears, and in 1934 the Committee on Cancer of Manchester Corporation
proposed a standard for assessing the potency of mineral oils depending on physical
properties (specific gravity and refractive index) which it was believed would
ensure that the lubricants used in the textile industry would be substan*ially free
from carcinogenic properties. This Manchester formula, which is not now regarded
As a satisfactory criterion, was put forward following the investigations of Twort
and his co-workers (Twort and Fulton, 1929 ; Twort and Twort, 1830, 1931, 1833 ;
Twort and Lyth, 1939 : Twort, 1941), who tested a wide range of crude mineral
oilx, distillates, solvent extracts, spindle and shale oils, using mice almost exclu-
sively, however, for the biological assessment of their carcinogenicity. In the
past, alsa, mice have for the most part been employed in skin tests with * oil "
fractions derived from coal tars and with the pure chemical eéarcinogens either
inolated or synthesised.

It is true that the classical experiments of Yamagiwa and Itchikawa (1918},
in which the carcinogenicity of coal tar was first proved, utilised rabbits, and thin
apecies has also been employed in a number of early experiments on tar canoer,
a.g., Bonne (1927), Leroux (1927), Babés (1929) and Twort and Twort (1930).
Also a few early workers have used other species to a limited extunt, ¢.g., rats and
guinea-pigs (Watson, 1932), The majority, however, have favoured the mouse
for large acale experiments, no doubt partly because of low maintenance costs and
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availability, but probably influenced also by the experience of early workers t
the skin of rats did not readily respond to cos! tars, and that p);pillomnuh:
rebbits s0 produced remained smali and often regressed when applications ceaseq.

Thus the mouse has become accepted as the most sensitive test animal fo
such work ; the possibility that other species might prove more suitable unde,
oertain circumstances does not appear to have been sufficiently appreciated
Schurch (1939), however, found that his experiments with rabbite indicated zh‘{
carcinogenic ingredients in addition to the recognised carcinogen 3 : 4-benzpyrene
were probably preeent in certain coal tars. This was pointed out by Berenblypy
(1947), who demonstrated that the relative carcinogenic activity of a numbe
of fractions, obtained by chromatographic procedures, varied greatly according i,
whether standardised against the skin of the mouse or of the rabbit. He hag
already shown (Berenblum, 1945a) that tumours were readily elicited on thy
rabbit by 9: 10-dimethyl-1 : 2-benzanthracene, which was found to be mon
potent to rabbits than to rats or guines-pigs, in which positive results wers
however, obtained (Berenblum, 19486), He also subsequently observed (1847)
that this hydrocarbon when injected subcutaneously did not induce rabbis
tumours, though rats and guinea-pigs responded by this method. Much earlier,
Oberling, Sannié, Guerin and Guerin (1937) had shown that a | per cent solution
of 3:4-hanzpyrene in benreme was active on rabbits’ skins, and Berenblun
(1945a) observed that 9 : 10-dimethyl-1 : 2-benzanthracene was much more activy
than benzpyrene at » similar (05 per cent) concentration.

Experiments using & high boiling fraction of mineral oil from an experimental
catalytic cracking operation have recently been carried out by Smith, Sunde;
and Sugiura (1951), testing the residue after removing the lower boiling napht
and light gas oil cuts, upon mice, rats, guines-pigs, rabbits and rhesus monk
The rats and guines-pigs were found to be refractory to skin applications
papillomata were elicited in all of the 8 monkeys, 2 being proved cancerous
biopsy 4 years after the start of the experiment. Papillomata were produced
the inner sucface of the ears of the 21 rabbits within 100 days. The number
sizse of such growths tended to increase during the 2 years in which painting
continued, and in 3 of the 6 surviving animals cancerous changes in the gro:
were observed. For tests on the type of material which they intended to st
namely, samples contsining oils which had been subjected to a process of flui
aatalysis up to 950° F. in the presence of alumina or silica, these workers concl
that white mice were the best animals. _

Recently Cruikshank and Squire (1950) obtained numerous papillomsata
the ear and body skin of albino rabbits after applications of a * cutting oil
obtained from s machine.sump. Only ] benign papilloma was produced by t
oil in & group of 48 mioce, of which 50 per cent survived 4t weeks' and 28 per
52 weeks’ treatment, and they suggested that such materials should be
against both species before being regarded as non-carcinogenic to man.

In the present investigation it was decided that it was of importance that
properties of the mineral oils in question should be tested on both rabhits and mi

The 3 crudes wers obtained from Kuwait, Lagunillas and Okishoma repecti
and had the following characteristics :
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puwwit (Kuwait Oil Co.) @ an extensively produced Middle East crude likely
. be much u§ed in t~!1e United Kingdom, of paraftinic-asphaltic base and containing
lubricating ol fr.a.cbwns. .
ayunillas Venezuels (Shell Petruleum Co.): & typical naphthenic crude
violding well-known lubricating distillates.

Oktnhoma ity Mid-Continental (Socony Vacuum Oil Co.): yields Mid-
(ontinental distillates, bright stock and residual lubricating oils.

The derived fractions were produced by a research group appuinted by the
|nssitute of Petroleum. which has been responsible for the choice of the crudee
paving regard to their type, distribution and industrial irmportance. The initial
fractionation of the 3 crudes was carried out at delimited temperstures using
vacuuni and steanm in an apparatus selected to preclude cracking: These operations
were carried out at the Thornton Research centre, Shell Refining and Marketing

Lo. Ltd., for the Institute of Petroleum.

Full details regarding the physical characteristics of these samples are not
pertinent t0 the purpuse of this communication. but will be presented in due
course in connection with the wider axpects of the investigations.

Erperimental arrangement and procedure.
Monse lesls.

For each fractivn 3 aninials 10 to 12 weeks of age were housed in metal boxes
11 % 8} x 4} inches. 5 in each box. At Birmingham they were selected, 25 of
cach sex, from an outbred laboratory albino strain previously employed in grading
a series of oil fractions (Woodhouse and Irwin, 1930). In London the mice used
were frum laboratory stocks randomised so that each group of 5 contained some
of each colour and genetic constitution. They were fed on Thomson's cube diet
with addition of oats and & little green food. Water from bottles was always
available,

The oils were applied twice weekly for 52 weeks to the inter-scapular region
using approximately 02 ml. on each occasion.  All applications were miade by the
same person throughout for each centre. Records of deaths, appearance of
papillomata, etc.. were kept, and the skin from the treated area of all mice which
survived 12 weeky’ treatment were prepared for histological exanination.  Animals
surviving were kitled after 52 weeks.

Rabbil tesls.

[t was not pussible to obtain the rvquisite number (103) of animals of one
inhred strain. and at Birmingham mediume-sized males of Dutch breed with erect
eurs nned predominantly brown or grev in colour were randomised. In London
the rabbits were males of mixed commercial stock. with agouti, Flemish giant,
hlack and alhine woll represented. They were housed in fairly small cages of
usual type and fed on greens altemnated with crushed oats and a little bran.
Applications of the vils to patchew of xkin about 3 em. square from which the hair
el been removed hy electric clippers. were made twice weekly. Six areas on
each of 30 animals were used for testing the 3 crudes, and 75 animals were used
for the 15 derived fractions emploving 7 areas on each animal. The 6 areas
comprised the 2 ears, left and right thoracic. and the left and right lateral abklominal.
The seventh arca was the inter-seapular region.  These sites are shown in Fig. 1.
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Owing o o ranring of b8 Agure Ares 3 his beoa placcl 100 low aad
a1 error in | i , Ares 7 been wo
thmm&.

Thenchem_éforslloutingthofrmiomq:dmdawthevuiousmwuin
accordance with the arrangement shown in Tables I and 11, which were devised

Tasuz 1.—Distribution of Crude Osls on Rabbit Sites (Fig. 1).

dites,
Rabbits. - e .
1. s 3. 4, [ [}
1-8 L L K X 4] 0
8-10 K K 0 0 L L
11-18 0 0 L L K X
16-20 L L 0 0 X X
21-28 K K L L [V 0
26-30 (4] (4] K K L L

L = Lagunilias crude, O — Oklabome crude, K = Kuwsit crude.
TaBLE 11.—Distribution of Derived Fractions and Residucs on Rabbit Skins (Fig. 1).

. Bites.
Rabbits. - A -
1. 2 8 4. 8. 6. 1
31-3% L3 K3 04 LR OR 14 K4
3640 . o1 03 1A K2 03 04 OR
4145 . OR Kl L2 KR O4 L1 14
48-30 . (47 K¢ K4 K1 L1 LR o4
51-53 . O4 LR KR [¢]1 Le K4 o3
86-80 . K2 04 13 L KR K3 (4]
6185 . L1 01 K3 (V3 o3 L3 Kl
6870 . K¢ L2 02 Ll 14 o3 L3
71-78 . K1 L3 K2 14 K¢ 0l KR
16-80 . KR 4 03 (1] K3 K1 LR
81-83 . 4 L1 o1 K3 LR K2 L2
8690 . L3 03 K1 K¢ ()] OR Ks
91-88 . K3 K¢ o3 K2 KR L}
96-100 . LR KR L OR 13 02 [¢]]
101-108 . 03 OR LR 13 xi -2 K2
R = Reskius,
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pr. d. 0. Irwin (Medical Research Council's Statistical Research Unit, Uni-
l.’yﬁity of London), su that a stasistical evaluation of the effects of site varistion
vel | djfferences in response by the individual animals might be possible. It will
g spperent that each crude was applied to 60 sites and each of the other fractions
5 sites.
to 3Xm,[je,g,t,ionx; were made t}vice weekly using approximately -3 ml. for each.
1 was NeCOSSATY to remove hair approximately every 10 days to ensure clear areas.
This W done mgh special care to avoid scratching the skin. Much less trouble
,han hed been anticipated was encountered from the animals spreading she oil to
other 87683 of the body, though some difficulty resulted because some patches

e caked with thick layers of dandruff. Records were made of the condition

gﬁ.}:sim throughout the 52 weeks, and finally the appropriate skin areas were

pmervOd for histology.
RESULTS.
The general results for all the mice and rabbit series are set out in Table III.
In addition to the mouse tumours recorded in this Table, with several fractions a
number were observed which regressed after a short period and bad not recurred
np to the time of death or at the fifty-sepond week, in spite of continued applicstions

¢ 111.—Results Obtained from the Birmingham Laboratories (= B) compared
Tast wcith those from London (= L).
p . Rabbit test : Mouse tost :

oil : ch
e . Yield of Yisld of
(Fractions arranged in order,
: sumours. fumours.
light—sheavy). B/L. B/L.
Kuwait . Crude oil K 0/o . 2/0
Light fraction K1 10 . 200
K2 3/1 4/1
X3 5/4 . 3/0
Heavy fraction K4 12/8 . 2N
Renidue RS o/v . 10
Lagunillex . Crude il L 0/ ojo
Light fraction LI 1/0 3
| L2 4/2 5
: L3 13/3 5/1
Heary fraction L4 16/6 31
Remicluw LS o/l ofv
Uklaligta . Crude oil (1] s 0/2 ofo
Light fraction  O1 o/ ofo
| o2 12 ojo
v 03 1/4 31
Heavy fraction U4 . 4[4 . 2/1
Rewidue 035 . ofl . 0/

AMlthough such spontabeous regressions are not uncommon, the frequency hus
Iwen a particular feature of these tests at both centres.

It will be ubwerved that the total number of mouse tumours in the Birmingham
series was 33 900 and only 6 900 in the London series, although the survival rate
was hetter in the latter. The greatest number observed with any fraction was 5.
Thus the activity of all these materials was very slight in the mouse tests ; the
Birmingham remults suggest that the Lagunillas derived fractions were somewhat
more activc than the Kuwait and that the Oklahoma set were essentially inert.
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In codtrast, there was a total of 81 tumour-bearing rabbit sites in the Birming.
bam series and 39 in the London series out of & possible 705 sites in each case, or,
excluding the crudes and residues, which aitogether yielded only 4 tumoun
{London series), the remaining 12 fractions produced 8! and 35 tumours in the
Birmingham and London series respectively on a possible 420 sites. Thus the
skin of the rabbit was distinot!ly more sensitive to these fractions than that of the
mouse. This observation was confirmed by the type, rate of growth and other
characteristics of the papillomats ; for example several tumours appeared on one
rabbit site, and this is also corroborated by full statistical analyses of the resulty
with reference to survival rate of the mice, the effect of site distribution in ¢he
rabbits, etc., which have been undertaken by Dr. Irwin.

DISCUSSION,

Both in the rabbit and in the mouse tests s somewhat higher incidence of
tumours was obtained at Birmingham than at London. This may possibly be dus
t0 a difference in fhe strain of animals, for Smith and Sunderland (1951) have
obeerved differences in the responwe of different strains of mice. It is impossible
to excluds the possibility of slight differences in technique. Considering that the
strains of mice were different in the two laboratories, the agreement between the

irminghaii and the London results is better than might have been expected.
Although the sbeolute yield of tumours is different in the two cases, the relative
activity of the different fractions shows an appreciable consistency (Table III).

To sccount for the greater activity on rabbit skin the possibility that these
mineral oil fractions may oontain types of carcinogen differing chemically from
the polycyclic hydrocarbons hitherto encountered must be entertained. In this
connection it is important to emphasize that the cracked oils used by Smith,
Sunderland and Sugiurs (1851) would probably constitute a series containing
oconsiderable quantities of different types of hydrocarbons from those present in the
fractions utilised in the preeent investigation. From the oils employed by the
American investigators, compounds such as isopropyi-1 : 2-benzanthracege and
methyl chrysene were isolated, while the presence of pyrene and benzphenanthrene
derivatives was also demonstrated by Fischer, Priestley, Eby, Wanless and
Rehner (1951).

The extraordinary complexity of mineral oils and the minute proportion of
carcinogenic components in the uncracked oils must present very considerable
dificulties in any effort to isolate or characterise them. Twort (1951) reported
preliminary attempta to do this but they were not continued. Further experiments
using both species of animals to test fractions selected from these crude vils are
being carried out which it is believed will provide further information and facilitate
future atterpte to identify the carcinogenic agenta.

SUMMARY'.

Testa have been carried out in two Iaboratories to determine the carcinogenic
action to the skin of mice and rabbita of three typical mineral 0il crudex and 13
fractions derived from them by proceases avoiding cracking. The activity on mice
of all the fractions was very slight : some, particulariv those with & boiling range
of 325 to 375° C., showed high activity on the rabbit ear and body skin.

Both series of experiments demonstrated, therefore, that the rabbit was mare
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ensitive to these types of oil than the mouse, and it is concluded that this species
<honld be included in carcinogenic tests on this type of material.

CARCINOGENICITY OF PETROLEUM FRACTIONS IN RABRITS 209

The (‘hester Beatty Research Tnstitute receives grants from the British
Empire (‘ancer (‘ampaign, the .Jane (‘ofﬁn'(‘hilds Memorial Fund for Medical
Research. the Anna Fuch-r Fund and the National (ancer Institute of the National
[nstitutes of Health, U.S. Public Health Service.
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UNIVERSITY OF CINCINNATI ' T
DEPARTHENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH :

1N LABORATORY May 19, 1953

L :
s ot OF “mc,“_mu AVERUT CABLE ADDRESS: KETLAB, CINCINNATI

TELEPHONE: CAPtTOL 1414
cncinnat! 19 oMo

Mr. D. V. Stroop, Director

_ American Petroleum Institute
Department of Technical Services

50 West 50th Street

Nev York City 20

Dear Mr. Stroop:

I am sending you herevwith, for your information, a statement
of expenditures made on behalf of American Petroleum Institute
during the first quarter of 1953. I believe that the state-
ment will be self-explanatory, but if you have any questions
or comments, Dr. Kehoe would appreciate your bringing them to
his attention.

Very truly yours,

- — S
¥ K. For%;age, Eecrefary to

Dr. Kehoe

API 05614




UNIVERSITY OF CINCINNATI
KETTERING LABORATORY

ACCOUNT OF __THE AMFPICAN PETRCIFUM TNSTITUTE

for 1St Quarter 1953

sALAR'Es {Based on Proportion of Time Actually Spent on Project)

Direct Salaries ... .o 10,063.86......

Indirect Salaries

Histopathological Preparation 163,590
Other Services 7,280.75 17,508.11
MISCELLANEOUS EXPENSE
Purchase of Animals 343,40
Special Laboratory Supplies 1,072.4.
Travel 294,64
Overhead
{Proportion of Heat, Gas, Electricity, Steam, Telephone, eral ratory
Supplies, Postage, Annuities, Pensions, Maintenance, stc ?£9£ .ltgo 8,204,01
TOTAL . - - . . .. 25,713.02

Balance Available for Further Work
at End of . Ath.Quarter. 1852 52,757.12

Balance Due Kettering Laboratory
at End of

Receipts

Expenditures 18t QUADtOD--1G53 - coerreremmneren 25,712.02

Balance Available for Further Work
at End of..1st. Quarter 1953......... 27, o4%,10

Balance Due Kettering Laboratory
at End of

sof
"M 120% ket Lar s00 7.2:
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discernible but it was not anticipated that any such trends would be
discernible prior to at least 5 years experience. It is hoped that the
support which the General Committee, Division of Refining hes given to
the epidemiclogical study will stimulate renewed reperting of the cases
with sufficient medicel and occupational histories to permit some early
correlations to be made about 1956,

Summary
e

1. The RP (MC-1) Advisory Committee believes that the Kettering
laboratory is performing important work in the field of carcinogenesis of
refinery streams and materials. They believe that although & great many
préctical answers have slready been obtained, the work should be pursued
because the work of the laboratory promises to provide many fundamental
answers to questions which now exist concerning industrisl and occupational
carcinogenesis.

2. It is believed thet the work with non-accelerating solvents
which relates the carcinogenic responses of a solution of pure carcinogen
to the dose applied per unit area per week to the skin is of extreme
fundamental importance. The Committee urges that additional work be
conducted to establish firmly the curve which expresses this relationship.

3. It is also believed that the work with asccelerating solvents
is also of extreme fundamentel importance and that this should be pursued
vigorously in an attempt to develop a complete understanding of the relative
role of carcinogens and accelerators in refinery streams and materiasls.

L. Since much of the correlation of chemical analyses with
biclogical potency is dependent upon the accuracy of Py~ values, the Com-
nittee laments the fact that many of the Py values thus far reported are
btased on data which the laboratory recognizes as not having been obtained
from the best bilologicael experiment possible. The Commlittee suggests, there-
fore, that the laboratory devote considerable effort to repeating those
experiments in an effort to develop Py values that are based on the soundest
possible biological experiment.

5. The Committee believes that the work with washing techniques
 end protective creams may provide intensely practical guides to refipery

hygiene practice and suggests that this work be pursued gs new approaches
! gppear to the laboratory.

6. The Committee recognizes that the epidemiological studies cannot
be expected to produce significant results until at least 1956, and, therefore,
. urges that renewed efforts at adequate case and occupational history reporting
! be made during the next several years. It believes that adequete medieal
staffs can do most to insure the success of this program, and in this connection
¢ it acknowledges the stimulus that the General Committee, Division of Refining
| has given to the etteinment of this objective.

{ 7. The laboratory has already determined that & number of refinery
streams and materials have a relatively high degree of carcinogenicity.
Although data obtained with mice cannoct be directly transposed to humans, there
{s sufficient data in occupational cancer experience to indicate that the

API 05728
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getroleum industry cannot take lightly the observations of the laboratory
on the carcinogenicity of these refinery streams and materials.

8. The Committee recognizes that the latoratory at best can
jetermine from its biological and chemical work only the relative carcino-
genicity of various refinery streams and materials. The determination of
the hazard is dependent upon factors of extent, frequency, duration, and
length of exposure. As recognized by the laboratory in Dr. Kehoe's talk
-t0 the members of the General Committee, Division of Refining the determins.
tion of the hazard is at present a function of the individual petroleum com-
panies. Adequate mediocal and industrial hygiene staffs are essential in these
individual companies if they are adequately to appraise the hazard. The

.fommittee gupports Dr. Kehoe's plea that petroleum company managements
-recognize this truism and make plans for the development of such adequate
redical and industrial hygiene staffs.

9. It is apparent that the laboratory has accumulated sufficient

data that publication of results will be deemed desirable in the near future.

The Committee recognizes the right of the leboratory to publish, and urges

"that the mechanism be established so that these publications ecan be reviewed

in & finite period of time. As a suggestion, it is proposed that this mechanism

be so established that review by API management and suggestions and criticisms
‘for the laboratory from API management be made available within sixty (60) days.
;If no criticisms or suggestions are obtained by the laboratory at the expiration
“of this time, the laboratory can assume that none are forthcoming and proceed

vith publication. It should be recognized that this review is for the purpose

.of helpful criticisms and suggestions, and not for the determination of whether
. 0r not there will be publication, since the contract with the laboratory
AJclearly states that the laboratory determines if and when publication occurs.

4
i
:

1
“a

¥ =2=00000===

'i0ctober T, 1953
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copy from D. V. Stroop for informmticn of Dr. George M. Saumdsrs
od Dr. R. E. Eckardt December 22, 1953
/"—_ -

| UNIVERSITY (F CINCINRATI
‘ Departmeat of Preventive Madieine and Industrial Health

yf"m ta?d- A
o Wedicine - n Avenus
19, Gado

December 19, 1953

VYery truly yours,

* /s/ B. 2. Partiags
S " B. R. Fortlags, Secretary to
. Dr. Kehos
o "'-TJ
Enc. .
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o~ UNIVERSTTY OF CINCTNNATI
KETTERING LABORATCRY

ACCOUN? OF AJERICAN PETROLEUM IXSTITUTE

AIARTES (Based on Proportion of Time Actually 8Bpent om Project)

Direct Salaries 7,961.26
Inkirest Salarise
Bstopatholaogiesl Preparstion 602.%8
Other Ssrvices 8,539.9% 17,123.78
s CCELIANEOUS BXPERER
Purchase of Antmals »38.60
Spesial Xaharstory Supplies ' 793.29
Travel 1,111.57
Overinad
(mdmu,wv.m,am
Cemsral ladoretory Bupplies, Postage, Ammuities, Pensions,
Maintenanes, oto. b%B.ﬂ 7,212.03
POPAL . « o « o o o o. 20,335.80
Balanes Aveilabla fer Purther Work
at Bod of
Balanes Dus Entberisg laboretery
ot End of Seesnd Guarter 1993 3,8%0.62
Beocetipts b0 ,000.00
m e 8 & 6 & ¥ o o o 8 m
Bwpeaditares 3rf Gustex 2993 - - - - ¢ - A505.81
Jalanes Availabis fer Puwrther Vork
st Bud of ¢ quartor 1993 . . . . . 12,203.57
Balanes Dus Kettering ladorutory
at Bud of

— API 05731
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AMERICAN PETROLEUM INSTITUTE
50 WEST 5014 STREET

NEW YORK 20. N. V.

or OF TECHNICAL SERVICES Deceaber 23, 1953

.rME sfgcop DIRECTOR
= ¥

P
ST Ay

Dr. Robers A. Kahee
University of Cimsisaati

Ths Kattertug Laborstery
Collage of Madicine - Zdea Avemus
Cinsinnati 19, Chte

n—rm.m
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. Ned . Adrv. Comm. Expenditures

Decesber 23, 1953
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UNIVERSITY OF CINCINNATI
DEPARTMENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH

CAING LABORATORY July 3, 1953

me ¢ oF MEDICINE—EOEN AVENUE CABLE ADDRESS KETLAS. CINCINNAT

19, OHIQ TELEPHONE. CAmTIL t4t14
.‘mnlﬂ .
¢

Mr. D. V. Stroop, Director
Department of Technical Services
American Petroleum Institute

50 West 50th Street

New York City 20

Dear Mr. Stroop:
Iam returniﬁg to you herewith two copies of the executed extension
of agreement between American Petroleum Institute and the University

of Cincinnati, for the period June 30, 1953 to June 30, 1954.

Very truly yours,

E. R. Fortlage, S
Dr. Kehoe

ef

Enc.

API 05735
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AMERICAN PETrRoLEuUM INsTITUTE
50 WEST 350tH STREET

NEW YORK 20, N. Y.

June 30, 1953

Board of Directors
University of Cincinnati
Cincinnati 19, Ohio

Gentlemen:

This communication is authority to continue work on
investigation of the toxicity and mode of action of certain
petroleum products for the year ending June 30, 1954, according
to the terms of the agresment dated January 8, 1546, and on the
basis of a maximm budget for operating expenses of $78,283.

" Upon receipt of your approval of the continuation of
the preject with this maximm budget we shall pay you the sum
of $40,000. The balance of $38,283, less the unexpended balance
in the fund on June 30, 1953, will be paid on January.l, 195k4.

’ -
It is undermteod Wt any balacee in the fund on
Jume 30, 1954 will be refarned %o the Amsrican Petrolewm

Isstitube, syl that no excess over the smount of the budget
is to be obligated or spent vithout writtem authorization.

Very truly yours,
AERIGAN FPETROMEM INSTIIUTE

President

/\,-M%\/
7\_/ Secretary

By

Accepted and Approved:

UNIVERSITY OF CINCINRATI
Through its Joard of Directors

By M tocloe .

Renton K, Brodle, Crairman

Bo?‘ of Director
By -, ’:'ﬁCL E Rets API 05737

- ~ M
2alph C., 3urslek, Clerk
2osxrd of Tirectors
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June 30, 1953

Jcard of Directors
University of Cincionati
Cineinnati 19, Ohio

Géutlemen s

This commmicstion is suthority to continue work on
iovestigation of the toxicity mds of action of certain
petroleum products for the year ending June 30, 1554, according
to the terms of the agreement dated Jamuary 8, 1946, and on the
besis of a maximm bMudget for opersting expenses of $78,283.

Upon recedpt of your approval of the comtimation of
the wvith this maximmm wve shall pay you the ma
of »000. The balance of $36,203, less the unexpenisd sulance
in the fund on Jwne 30, 1953, will be paid ca Jamuary 1, 1554.

ok

Very truly yours,
AMERICAN PETROLEUM INSTTIUTE
. President
Ay
-ecretary

sccapted and Approved:

URIVERSITY OF CINCIKRATI
Through its Board of Direstors

By API 05739




sune 1C, iy

Dr. Robert A. Kahoe

Univorsity of cincionetd

The wetiering ualorswdy

College of Meclicine - Zden Aveme
Cincinnarwl iy, «0i3

Denar Doctor Esohoe:

Irolosed you will finmd four copies of the
comtimation agreemsnt covering API Medical nesearch
Project N-2 for the fiscal year ending June 30, 1953.

Innamuch as Presideat Purter 1s ocut of the
city and willi mot retmm for two weelks we sugpest that
Jou have the contracts signed on belmlf of the Mniversity
of Cincionati and retarn tham to 28 90 W may asend you a
check, Ve will send you two cordee of the agreemsnt for
your fllsa as soon as thay have deen sigoed by Mr. Pozter.

-t

ery truly yours,

DV8:c
Enclosures

API 05740
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UNIVERSITY OF CINCINNATI
DEPARTKENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH

\NG ABORATORY December 28, 1953
45"0' WEDICINE—IDEN AVERUE CABLE ADDRESS: KETLAR. SNCINNKT)
141

oy, oHo TELEP:IONE: CAPiot

’ll‘" 1. 6"‘ 7Y

Mr. D. V. Stroop, Director
pepartment of Technical Services
American Petroleum Institute

50 West 50th Street

New York City 20

Dear Mr. Stroop:
] herewith acknowledge with thanks receipt of American Petroleum
Institute's check in the amount of $38,283. 00, covering expenditures
to be made on their behalf,
Very truly yours,
Z :45 R
A Tl o R
E. R. Fortlage, %éretary to
Dr. Kehoe
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