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June 8h, 1953

. obart A, Nehes
Waiversity of Ciasimmatd
e Esttaring
Ssllage of Medicine
Clacimeti 15, Ohie

Dear Devter Iabee’ -

Frsmat %0 the waderstending reschel Wy owr Jottare
of Cotsher 80 and Novaaiiaw 5, N7, W ave enslesing the
Daotitute's chosk 1a e emeumt of $2,5000pagudle t0 the
Uaiversity of Ciastanati as owr ewniwidutien teowrds the
dovelepnent of iafeumaiien ea fiwerias ead fimcrine compownds
for the telve-math periel ending Jms 38, 290

Wy twuly yowre,

am

closwre

os: Dre 2. Ko Pramk
Mr. laswy Uadhaw

NBO 70 MR. WAIKER:

This expeniiture is t0 b chargsd against the
Medical Researeh Pand.
~ API 05617




June 2%, 1953
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UNIVERSITY OF CINCINNATI y
’ OEPARTMENT OF PREVENTIVE MEDICINE AND (NDUSTRIAL HEALTK
~ ~

KETTERIN
Lok op o CABORATORY June 26, 1953 )
o F MEDIC)yg—1DEN AVEN GABLE ADORESS KETLAS. CINCINMATS
CINNATL 19, o410 TELEPHONE: CAPITOL 1414 n

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

50 West 50th Street

New York City 20

Dear Mr. Stroop:

I herewith acknowledge with thanks receipt of the following checks,
covering expenditures for the year, beginning June 30, 1953:

-

Investigation of skin physiology $ 5,000. 00
Investigation of fluorine compounds 2,500,00

Very truly yours,

A Lonitage

E. R. Fortlage, ?cretary to
Dr. Kehoe

ef
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AMERICAN PETROLEUM INSTITUTE

30 WEST 50TH STREET

NEW YORK 20, N. V.

Juns 30, 1953

vt

UNIVERSITY OF CINCIERATI
Through its Board of Directors

API 05620




UNIVERSITY OF CINCINNATI
DEPARTMENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH

July-9, 1953

pinG LABORATORY
o (TG e tRN AVERUC CABLE AODRESS KETLAS, CINCINNATI
s Of M0 TELEPHONE. CAmiroL 1ate
ot 19+ %%

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

50 West 50th Street

New York City 20

—

Dear Mr, Strodp:

I herewlth acknowledge with thanks receipt of American
Petroleum Institute'!s check in the amount of $40,000.00,
‘ covering expenditures to be made on their behalf,

Very truly yours,

ef

API 05621




UNIVERSITY OF CINCINNATI
DEPARTMENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH

(TTERING LABORATORY August 26, 1953
e K o WEDICINE—EDEN AVENUS CABLE ADDRESS: KETLAB, CINCINNATI
-oLLEGE ). OHIO TELEPHONE: CAPITOL 1414

CNCINNATL Y

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

50 West 50th Street

New York City 20

Dear Mr. Stroop: .

I hasten to correct an error made in my letter of August 25. The
amount of American Petréleum Institute's check of July, 1953
should have read $40, 000. 00,

Very truly yours,

R Dortaye

E. R. Fortlage,/Secretary to
Dr. Kehoe

ef
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Wey twly youn,

M

ost Uith ewpies of Fartiage Jotber s
2. K. Fomk, NP,
6. i, fmmbws, LB,
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UNIVERSITY OF CINCINNATI

ODEPARTMENT OF PREVENTIVE MEDICINE AND INDUSTRIAL HEALTH

ORY
gRING LABORATORY August 25, 1953
S :av:or WEDICINE—EDEN AVENUL B '
4

ok
ucINNATL 19 onie

CABLE ADDRESS: KETLAB, CINCINNAT!
TELEPHONE: CArttoL 1414

Mr. D. V. Stroop, Director

Department of Technical Services

American Petroleum Institute

50 West 50th Street .

New Yark City 20 3’4__-\ a0

Dear Mr. Stroop:

I am sending you h‘erewith’i for your information, a statement of

expenditures made on behalf of the American Petroleum Institute

for the |[second quarter of 1953. (This statement does not ing¢lude

American Petroleum Institute's check in the amount of $i£996=ﬁ_

receiveld on July 9, 1953,) I believe that this statement will be

self-ex}folana.tory, but if you have any questions or comments, Doctor
o Kehoe would appreciate your bringing them to his attention.

Very truly yours,

EC e

E. R. Fortlage,/Secretary to
Dr. Kehoe

ef

Enc.
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UNIVERSITY OF CINCINNATI
KETTERING LABORATORY

ACCOUNT OF_THE AMERICAN PETROLEUM TNSTTITUTE

FOR_ 2nd Quarter 1953

GALARIES (Based on Proportion of Time Actually Spent on Project)

Direct Salaries 10,645,48
Indirect Salaries
Histopathological Preparation 258.00
Other Services 11,051.25. _ 21,954,73

e

MISCELLANEOUS EXPENSE

Purchase of Animals 278.40
Special Laboratory Supplies 346.20_
Travel 712.55
Overhead

(Proportion of Heat, Gas, Electricity, Steam, Telephone, General Laboratory
Supplies, Postage, Annuities, Pensions, Maintenance, otc...... 7,202 .84 8 539,39

TOTAL ........ 30,494.72

Balance Available for Further Work
at End of 27,044 .10

Balance Dues Kettering Laboratory
at End of

R“.i’“ ¢« o & o
Expenditures 2nd Quarter 1953 30,49%.72
Balance Available for Further Work

at End of

Balance Due Kettering Laboratory
at End of .2nd _Quarter 3,450.62

Nan t23y KT AN, 3N 582 API 05625




EXPLANATORY NOTES CN TABULAR SUMMARY
OF BIOLOGICAL EXPERIMENTS

September 1, 1953

In a critical review of the individusl data sheets on
the experiments, each test has been classified according to the
degree of confidence put by the investigators in the apparent

potency of the materlal as indicated by the rate of induction of

tumors. In the cases In which it was felt that the state of health
of the animals, as measured by growth curves and survival rates,
vas not sufficlently good, the tabulated potency, PMC' hes been
set down in parentheses,
Normally, ‘any gi;en sample of oll was applied to two or
pore groups of mice, each group containing 6 to 10 animals, If
there were significant differences in the apparent state of health
of the different groups, the "Average Latent Period for Tumor In-
duction" was calculated using the data on times of appearance of
tumors from those groups in which the growth and rete of survival
approached that of control animels. The figures associated with
this procedure have been indicated in the columns on "Original
Number of Mice™ and "Final Effective Number of Mice" in the Tables,
in that the total numbers of animals used initially and the corres-
ponding effective numbers are indicated in parentheses, while the
numbers used in the calculations are shown directly above,
The "Average Latent Periods"™ have been recalculated by
& slightly modified method and are shown in the Table with the
5 percent fiducial limits, which signify that the statistical
Probability 1s only 1 in 20 that the true mean time of tumor
induction 1tes beyond these limits., Wwhen there were indicetions,

API 05626
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from the growth or mortality data, that the experimental procedure
was affecting the health of the animals to some extent but not so
severely as to render the results ambiguous, the Average Latent
period was put in parentheses, but the value of the potency, Pyreo
was not so qualified.

Summarizing, the experiments have been classified into

three grades indicated in the Tables as follows:

AVERAGE LATENT RELATIVE
PERIOD FOR CARCINOGENIC

GRADE s - TUMOR INDUCTION _POTENCY,Pyc

A (normal growth and survival) '

B (some symptoms of abnormal ( )

conditions, but reliable
~— estimate of potency possible)
X (reliability of results uncertain) ( ) ( )

API 05627




For Information Only - Not for Publication

API Rescar:cn troject Nle.

T4BULAR SUMMARY

OF
CURRENT AND COMPLETED
BIOLOGICAL EXPERIMENTS

September 1, 1953

The Kettering Laboratoary
in the
Department of Preventive Medicine and Industrial Health
College of Medicine
University of Cinclnnmatl
Cincinnati, Ohio
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INDEX TO PROCESSES

Process

Jon-catalytlc cracking of virgin gas oil
yon-catalytic cracking of catalytic gas oil

steam cracking

viscosity breaking

pubbs coliing

3atch coking
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——
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Solvent extraction with concentrated HaSO,
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Appendix
Page
Number

6

O WO O o

10
10

11

11

11

11

13

16
16

17

17,19,22,23,25

18

19

20

20

20

20

20

20

20
2l

22,23
a3
el
2

API 05630

e el e et tns



-2-

INDEX TO TABLE I

API Apgzndix
Semple Process Wum%e
Number* —lumber
1 straight run distillation 13
> Nonacagalytic cracking of virgin gas oil lg

T. L] L]

3 F. C. C. 1
L Straight run distillation 13
5 yon-catalytic cracking of virgin gas oil 6
2 T. C. C. 12

Fo Cl Co . 11

3_3 #iltration dewaxing 23
3.5 pilution of No. 8 1
8-5 Chromatography 2L
8-6 Fractional distillation of No. 8 22
3.7 Fractional distillation of No. 8 22
3-8 Fractional distillation of No, 8 22
8-9 Fractional distillation of No., 8 22
3.10 Fractional distillation of No, 8 22
8.11 Fractional distillation of Wo, 8 22
8-12 Fractional distillation of No, 8 22
8.12a Diels-Alder reaction 22
8-13 Fractional distillation of No., 8 22
-13a -
dd-i31 Chromatography 2l
3-1i} Fractional distillation of No. 8 22
d-15 Fractional distillation of No. 8 22
8«16 pilution of No. 8 pink
3-17 Chromatography 2L
8-18 Fractional distillation of No. 8 22
8-19 Solvent extraction with concentrated HgSO 23
3-20 Solvent extraction with concentrated HgSO, 23
3-21 Dilution of No. 8 1
3.7312 « h Diels=Alder reaction 2
8-2L Chromatography 2L
g T. C. C. 12
10 T. C. C. 12
1 Houdry 16
12 F. C. C. 15
12.2 Chromatography =i
12-L Distillation (1 plate vacuum) 25
12.5 Distillation (1 plate vacuum) 29
1246 Distillation (1 plate vacuum) 25
12-7 Fractionation 23
}3 Polyforming 12
1o solvent extraction 17
17 Sclvent extraction 17
}g Viscosity breaking 9
;z Naphthe reforming 11
Eg , ggg-citalytic cracking of catalytic gas oil 6

el ution of No. 20 o}
21 Desulfurization by catalytic hydrogenation 20
22 Cycloversion lo

% Experiments which are com uding
X I plete, including micropathology
are indicated by an asterisk in the body of the tables, APT 05631
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INDEX TO TABLE I

Process

r. Co C,

Solvent extraction with concentrated HgaS80,
Solvent extraction with concentrated Hgo30,
Hon-catalytic cracking of catalytic gas oil
Distillation
Dilution of No, 25
F. C. C.

Solvent extraction
Delayed coking
Catalytic feed to non-catalytic cracking
Non-catalytic cracking of catalytic gas oil
T. C. Co

Wax pressing

Delayed coking

Houdry

Non-catalytic cracking of catalytic gas oil
Te Co Cu
Polyform{ng
Catalytic feed to non-catalytic cracking
Non-catalytic cracking of catalytic gas oil
T. C. C. :

Delayed coking

r, C. C.

F. C. C.

MEK - Benzol solvent dewaxing

F. C. C.

Non-catalytic cracking of catalytic gas oil
Fe Co Co

Non-catelytic cracking of catalytic gas oil
F. C. C.

Hydroforming

Houdry

Houdry

Dubbs coking

Dubbs coking

Catalytic feed to non-catalytic cracking
Non-catalytic cracking of catalytic gas oil
Straight run distillation

wax pressing

Naphtha reforming

Non-catalytic cracking of virgin gas oil

T. C. C.

Non-catalytic cracking of catalytic gas oil
Acia treating

Houdry

Nor.-catalytic cracking of catalytlc gas oil
Non-catalytic cracking of virgin gas oil
Viscosity breaking

Viscosity breaking

F. C. C,.

Polyforming

Solvent extraction

—

Appendix
Page
Number

15
11
17
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INDEX TO TABLE I

Process

T. C. C.

Coromatography

varomatography

non-catalytic cracking of virgin gas oil
F. Co Co

velayed coking

solvent extraction

~apntha reforming

rydroforming

rJ.I. (‘. CO

Straight run distillation

Houory

T. U‘ c.

Alr Oxidation

air oxldation

Delayed Coking -~

>team eracking

natch coklng

F. C. C.

b. IV. c.

Delayed coking

Catalytlc feed to non-catalytic cracking
Jon-catalytic cracking of catalytlc ges oil
Non-catalyrtic cracklng of catalytic gas oil
won-catalytic cracking of virgin gas oill
Delayed coking

Delayed coking

Delayed coking

Lubricating oil

Lubricating oil

Lubricating oil

wuzricating oll

fe Lo Cu

Delayed coking

I‘,. C. CO

Straight run distillation

Non-catalytile cracking of virgin gas oll
T. C. Cu

tractional distillation

Ypactional listillation

rracticnel distlllation

Fractional distillation

Dilution of No. 11l-L

Diluticn of 3. 1llel

Frac+<l:-nal diztillation

Fractional disziilation

Tuel oil olending

Appendix
Page

Number

12

2y
2l
6

15
10
17
11
11
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INDEX TO TABLE I

Appendix
Page
Process Numger

11k Straight run distillation 18,20
11 -i Viscoslty effects 20
115 Straight run distillation 18
116 Retorting of oil shale 20
118 Fuel oll Blending 21
119 Fuel oil Blending 21
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TABLE I

SKIN PAINTING EXPERIMz=NIS ON HIGH BOILING SAMPLES

ANALYTICAL DATA

DISTILLATION
[2mm . corr., to T760m)
API 750-
SAMPLE GRAV - €7501925° |y9259 £.2,
PROCESS [UMBER| PRODUCT ITY |viscosITY |(%) | (%) | (%) |°p.)
Non-catalytic| 2 Cracked 21,2 33/100°
cracking of sidestream SSU
virgin gas oil »
n 6 Cracked 5.2 33126 |2 -
residuum
n 59 |cracked 8.5 33/100° 32 -
residuum SSU
" 65 |Cracked 6.6 1163.5/100°|43.8}29.9 |26.3| -
residuum )
" 72 |Ccracked 9.6 | 37.1/122° | 35 |37.5[27.5] -
residuum SSF
n 9L |cracked 10.L | 31.7/122° | 35 | 48 |17 | -
residuum SSF
n 108 |Cracked 2.3 |1530/120° | 32 |25.5 |41.9] -
residuum SSU
Non-catalytic| 20 [cracked L.7 1 132/122° } 51 | 33 | 16 -
eracking of residuum SSF
catalytic
cas oil
Dilution of 20-1 |[50% o0il No.20,
No, 20 50% dodecyl-
benzene

API 05635
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— TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
T T BIOLOGIGCAL DATA
e STRAIN | = &
OF WICE | &-
Oper AXD e FINAL AVERAGE
== NUMBER | = = EFFEC-| MAXINUN LATENT
OF 2 2 |ORIGINAL|{ TIVE | INCIDENCE | ©ERIOD RELATIVE
- 4pI |APPLICA-| @ &l NUMBER | NUMBER OF FOR TUMOR [CARCINOGENIC
3.2, \upLE| TIONS OF OF TUMORS INDUCTION | POTZNCY,
(°p ) zR| PER WEEK| (mg. MICE MICE |(T.I./wks.)[S#EL in wks) Puc
‘g jc3® 1 |100 20 7* 0/75 - -
. : .01
- # [CFW 3 [100 20 18 72/30 (25.2%3,5) | o.08*:
° Gor | @ | (36730 02
- 59 Jo3m 3 j100 | 20 11 82/69 | (53.288.7) | (0.04%°37)
' |
- i 65 fc3m 3 {100 20 9 89/29 (23.6%3.3) | (0.12*" 8%)
o~ - 72¢ |C38 3 |100 20 15 73/18 (15.1%1.8) | (0.22%¢ 05)
+.08
- o4 JC3H 3 |100 6 5 80/39 (31.0%13.6)} (0.09%*7%)
(20) (9) | (67/39) 05
108 {c3@ 3 [100 20 7 71/28 (2l4,0%5.6) -
+,03
108 {C3H 3 5 7 6 100/52 (36.1%12.5)} 0.070°
(19) | (13) | (92/32) +Ob
- 20 #|lcPw 3 100 20 15 100/22 (15.0%1.8) | (0.152:39)
20 jc3m 3 100 20 | 10 90/21 (17.4%2.1) -
20-14f{cFW 3 |100 20 17 100/25 (16.122,7) | 0.151° 01
amam——" L;

Numb fter 63 weeks,
mber alive after 63 API 05636




SKIN PAINTING EXPZRINENTS ON EIGH BOILING SAMPLES

N
1

TABLE I

ANALYTICAL DATA
DISTILLATION
(2. corr, to 76
API 759
SANPLE GRAV- ¢ 756] 925955259
PROCESS NUMBER PRODUCT ITY {VISCuUSITY ()1 ()} (%)
Non-catalytic| 23 |PCC gas oil 26,7 | 55.5/100°[73.5{20.6 .9
cracking of feed 88U
catalytic R
gas oil
" 2l Cracked .9 51.9/210°§32.3}34.6 {33.1
residuum SS8U
from No. 23
n 29 |TCC gas oil 15.7 70/100° | 73 | 27 -
feed ssU
" 30 |[Cracked 8.5 10/210° | 36 | 38 | 26
residuum SSF
from Nc. 29 ;
{
. 34 [Houdry gas 28.0 7.5/100° 9
0il feed SSU
" 35 |Cracked 2.7 2320/100° 35 | 2§ 3”
residuum 88U i
from Mo, 3L !
" 38 Total cracking 16.1 £333/100°132.2123.2 {43.1
charge; com- LSU i
bination unit !
" 39 [Cracked 7.8 | 177/122° !'31.011G.85 jubB.§
residuum CSF
from No. 38
" Il CC decanted 15.2 2L31/100° |31.1}5L.2 |32.0
cil leed N
" LS |Cracked 1.7 179/122° |[2o.4]3%.4 | 39
residuunm SSF
Irom Nec. LL !

i

API 05637
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TABLZ I

SKIN PAINTING EXPERIMENTS ON HIGH 3CILING SAMPLES

T BIOLO G ICAL DATA
STRAIN | & 5
OF MICE | & £
avd | 4 5 FINAL AVERAGE
NUMBER | © = EFFEC-| MAXIMUM LATENT
OF ﬁ ’5_3. ORISINAIl TIVE | INCIDENGE PERIOD RELATI*!E
\pT | APPLICA-|  %| NUMSER | NUMBER OF FOR TUMOR |CARCINCGENIC
sAMPLE TIONE oF cF TUMQRS INDUCTION PC’I‘ENCV;
qMBEH PSR WEZK] (mg) MICE | MICE KT.I,/weeks)|(SZEL. in wks.) PyC
3% | CFW 3 | 100 20 20 100/19 12,5:1,3 | 0,22%i%
3% | C3H 2 [100 20 18 /28 | (18.5:2.9) | 0.251:32
Jdie | CFW 3 ] 100 19 | 18 100/15 (9.5%£1.5) > 0.5
o |c38 1 [100 20 19 84/30 | (23.83.7) | 0.40te %i
3¢ | C3H 1 |[100 10 8 1oo/33 (2h4.5t4.8) | 0.25%Y5
(20) | (13) (92/33) e
s | cFw 3 |100 20 19 8h/32 | (23.2£3.3) | 0.09%2%
35 cFT 3 |100 20 13 100/20 (16.7%1.5) 13%,02
¥ |cF® 3 |100 19 13 62/58 | (45.1t12.6) |(2.05%+93)
¥ |cFrw 3 |100 29 18 56/2 | (21.9%2.7) -
9/k0 | (31.1£3,8) [(0.252-S)
88/41 | (34.2%5.4) [0.211°97)
(89/1»,1) :

API 05638




SKIN PAINTING EXPERIMZ

-3 -

TABLE I

N—

Py ]

OIi =ICH BCILING SANMPLES

ANALYTICAL DAT

DISTILLATION
(2mm. corr. to 7
API 7502
SAMPLE GRAV- ¢ 750} 925° p92sy !
PROCESS  |NUMBER| PRODUCT ITY JvIScosITY | (B)] (%) | (%) |
Non-catalytic| L6é |FCC gas oil 23.6 | 56,7/100°}87.9}12.1| ©
cracking of feed sSsu
catalytic
gas oil
n 47 |cracked 9.6 | 140/100° | 76 {15.5| 8.3
residuum SSU
from No. 46
o s, {Total crack- | 33.0 7.8/122°493.9] L.1] 2.4
ing charge SSF
" 55 |cracked L.2 | 18.8/122°!55,9]26.1] 18
residuum SSF
from NOe 514.
" 61 |Cracked 6.3 | 73.6/100°}66.8{18.21{ 15
residuum SSU
" 63 |Houdry gas 25.6 | 25.7/100°148.5|37.6 ] 13.9
o0il feed SSU
" 64 |Cracked 19.9 | 31.8/100°}52.5{31.8 } 15.7
residuum SSU
from No. 63

AP
SAN

(Rl

API 05639
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TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
~ | —T ' BIOLOGICAL DATA }
~ "STRAIN - =3 |
OF MICE | 25
AND | = FINAL AVERAGE

, YUM3ER | & = EFFEC-| MAXIMUM LATENT
~ OF == {ORIGINAL TIVE | INCIDENCE | PERIOD RELATIVE

\pI | APPLICA-| S & | NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
> wpLH  TICNS OF OF TUMORS INDUCTION | POTENCY,
3| | iveed peR WEEK[mg.)| MICE | WICE fr.I./weeks)|(SZF.L. in we Pyc
— i IS

- 1+°n2

30 Lor | CFW 3 100 20 15 100/2 (17.9%1.5) o.l;_uél
- w7 jcFw 3 |00 20 | 1 93/17 | (13.0t1.6)| c.22%°30

100/36 (25.0t2,9) | 0.07%.01

89/19 | (13.3%2.2)| o.21%+%>
(87/21) =07

88/26 (15.2%3.8) | (0.22?
89/26 (20.3%1.9) | (0.14%.02)

100/19 | (25.7:2.0) | 0.197-%k4

(100/19) -93
100/33 | (23.L%2.6) 0.17:'8§

100/23 | (16.821.9) | (0.177°33)

API 05640
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TABLE I

SKIN PAINTING EXPERIMZNTS ON HIGH BOILING SANPLES

ANALYTICAL DAT

DISTILLATION
memecorr° to 76
API 750
SAMPLE GRAV- <756 925a >9259 &
PROCESS NUMBER| PRODUCT ITY |VISCOSITY | (%) (%) | (%) |
Non-catalytic] 91 |}Frcc gas oil 20,4 57.8/100780.1 17.9 | 2.0
cracking of feed s8U
catalytic
gas oil
" 92 {Cracked 6.1102.5/100° |70.5] 27 | 2.5
. residuum SSU
from No. 91
“ 93 J]cracked 7.9 | 49.4/100°| 87| L.5] 8.5
residuum SSU
Steam 86 |cCracked 3.5 ] 5000/100° [51.9128.4 | 18?%
cracking residuum S8U
Viscosity 18 |Cracked 3.1 1123/210° |23.7| 24 |s52.3
| breaking residuum SsU
from No, 17
" 66 |cracked 6.5| 18/2100 [22.1] 29 |u8.9
residuum SSF
" 67" |cracked side-| 15.6| 81/100° J8L.6]10.7 | 4.7
stream from SSU
fractionator
producing
No. 66
Dubbs coking | 52° |cracked 21.0 | 43.5/100° [95,2| 2.35| 2.3
sidestream SSU
n c3® |Blowdown o011 | 10.5| 203/200° [61.3]23.3 {15.4
SSU

Distillation stopped when cracking occurred,
% pPeed to unit included catalytically cracked components.

API 05641




TASLE I
SKIN PAINTIN: BAFIRIRENTS GN HIZH 3CILILG SahPLLS
p) N — 7 10 LCSICAL DarTa
ON [ STxnIN b 5 !
CF MICE | 3 =
AND o= FINAL AVERASE
Zfomm,) NUM3ER | 3 3 EFFEC- | LAXIMUM LATENT
T~ oF . % ZICRISINAL{ TIVE | INCIDENCE | PERIOD RELATIVE
. ApI | APPLICA-| 2 &| NUMSER | NUMBER OF FOR TUMCR {CARCINCSIENIC
59 E.p, | \wpLE| TIONS OF OF TUMORS INDUCTION | PCTZNCY,
3 o y © " i !T E a.ra 3 1
_Jk F.) _'LUEER PSR VERK{|(mg.X MICE MIC (T.I./weeksfSHEL. in wks] Pye
o} 83 o1x |c3g 2 [1c0 20 19 95/23 (16.4%2,1) (J,ae:=3§)

100 12 11 91/23 (1543, 1) | (c,aa00 i

(2G) (14) (79/23) Mt
100 20 18 94 /40 (29.0%2.8) | (0.,257°3%)
100 10 8 100/36 (35.0%1,.2) 0,171,901

(20) (17) | (100/L9)

100 10 9 56/30 (30,1%11,3) (¢.07%,03)
100 20 19 100/37 29.3%2,0 0,1z, 01
100 10 9 89/17 11.8%3.2 | ,L:fe26
(20) (13) (77/17) ° e

2'7

100 10 8 100/36 (18.9x7,9) | 0,107 %
(20) | (15) | (87/36) T

?

100 20 20 100/1¢ 10.2%1.2 2.530

API 05642
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTICAL DATA

DISTILLATION
(2mm. corr. to 74
API 750-
SAMPLE GRAV=- K750 925° H925q ¢
PROCESS NUMEER PRODUCT Iy VISCOSITY | (€) | (%) (Z) |(o
Batch coking 87 |Cracked 4.9 | 500/100°
sidestream SsU
Delayed 28 |cracked 15.3 | 361/100° h2.h -
coking sldestream S8U
" 74 |Total furnace | 12.5 | 198/122° |22.3|32.5 |45.2
charge(includ4 SSF
ing recycle)
. 33 Cracked 16,8 |131,4/100°] 60 {38.1] 1.9
sidestream 38U
from No. 74
" 8L |{Cracked 30.2 55/100° | 79 119.9{ 1.1
sidestream SSU
" 90 |Cracked 30,5 | 40.6/100° ]90.2| 9.2 ob
sidestream SSU
" 96 |Cracked 33.2 |43.7/100° |77.7}22.2) .1
sidestream SSU
" 97 |Total furnace | 16.6 | 386/100° |57.8]32.2] 10
charge(includ- SSU
ing recycle)
" 98 |Cracked 31.0 |38.1/100° |100
sidestream SSU
from No. 97
" 103 |[Cracked 25.2 | 135/100° {443.9135.1 [20.L4
sldestream SSU

API 05643

2w
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TABLE I

SKIN PAINTINY ZAPERIENTS ON HIGH BOILING SAMPLES
3 ICLOJIcCAL DATA
sTRAIN | = B
cF 17 f;ﬁ
AND - FINAL AVERAGE
YOIEER | 25 EFFEC-| MAXIMUM LATENT
CF 5 2| orinIvarl TIVE | INCIDENCE| PERIOD RELATIVE
\pI [APPLICA- | S %| NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
cwpLd TIONS OF CF TUMORS INDUCTION | POTENCY,
wwsER PER VEEK| (mg)] MICE MICE [T.I./weeks)|(S¥EL. in wks.) Pyc
e
g7 {o3m 2 | 20| 20 11 91/30 | (23.8%5.0) | (0.18%:3k)
58% | cFW 3 | 100 10 10 100/15 | (10.8%1.,6) 0,407 {
(20) (19) 8&/15 5
28 |3 1 |00} 13- 13 (26.2#1.2) | o0.31%:0k
(20) (19) <8u/51)
02
 [e3m 2 |00 1 12 100/b7 | (35.8%5.3) | o0.11fc
’ (26) | 1&) | (9LA7) ok
33 | CF% 3 | 100 20 18 95/15 10.3%1.3 0.51%, 2,
33| 0381|100 20 19 95/30 | (19.4#3.4) | 0.51%73
8, o3 3 |100 20 19 95/2L, 16.8%2.0 0.17:"?2*
9 |c3m 3 Jwo| 20 17 | 100/38 | (23.3%3.3) | (0.13%:30)
%*|c3z 3 100 ] 20 15 | 93/21 | (7.723.1) | (0.175:8D)
37 |c3 3 |100 20 15 87/22 | (17.9%2.2) | (0.17* 8&
986 | c3m 3 100 20 11 73/39 (29.5%7.0) (0.117° 82)
.02
103{c3m 3 [100]| 20 17 9L/23 | (15.9%1.8) | (0.200" ‘o)
1

The pattern of response to the irritational effects of this oil was
similar to that observed wi

th d»decylbenzene,

API 05644

e o Tt e e Ao



Talle I
SKIN PAINTINS STAPERRIMENTS ON HIGH BCILING SAMPLES
%E ANALYTICAL DATA
e
i DISTILLATICN
e (2mm, corr. to 760
| API 750
. SAMPLE GRAV- <7501 9259925 &,
PROCESS INUMBER PRODUCT ITY | VISCOSITY | (%) (%) | (%) Yo
|
I
?! ik Delayed Ll ™ax tailings, 1.2 | 131/240° | 9.6{49.8 L0.6
n i! coking 50% benzene SSF
il :
| ! Naphtha 19 |cracked 17,0 | 39.7/100°| 91 |8.95{ O |9
. reforming residuum 38U
i " * 58 .|cracked 6.3 | 117/122° | 85 |14.3} O |8
il 1Y residuum from SSF
d zF . kerosene feed
f ﬁ Bk " 76 |Cracked 30.6 31/130° w91 | 8 8
residuum SSU
’ , Polyforming 13 |[Cracked 10,1 | 154/100° | 63 | 15 22" | 8
P i residuum SSU
o]
" 37 |cracked 11.2 | 60.2/100°] 66 | 15 |19 |8
, residuum SsuU
i " 69 |cracked 15.9 | u43/130° {75.1| 8.3 ] 16.6
residuum SSU
| Hydroforming L9 [Cracked 10.1 | 37.3/100°|~95 | 3.5 P9
| residuum SsU
i
A . n 77 |cracked 22,8 |~ 28/100° |[100
residuum SSU
T C. C. Cracked 33,2 |32.7/100°
sldestream Ssu
" Cracked k.9 40/100° |100
sidestream SSU
| Distillation stopped when cracking occurred,.
o ‘ API 05645




910

860

860

830

362

915

SKIY PATMTING

TABLE

CXPERINENTS CN

I

HIGH SCILING SAMPLES

SIOLOGICAL DATA
ST2AIN | &3
cF WICE | 2 H
AND oS FINAL AVERAGE
NPETR | S g EFFECH MAXINGM LATENT |
OF <3 |ORIGINAL| TIVE | INCIDENCE PERIOD RELATIVE |
4PI |APPLICA- | Q& | NUMBER |NUMBER OF FOR TUMCR | CARCINOGENIG
WPLE|  TICUS CF OF TUMORS INDUCTION | POTENCY,
"VBER|PER "EIK |(mg.) MICE MICE [(T.I./weeks)(S%EL. in wks PyC ]
L1 | C3® 2 | 100 20 13 85/25 (23.1%2,0) | (0.177° %g) !
19% | CFY 3 | 100 10 7 86/37 (26.9%6.4) | (0,07%.02) |
(30) (13) (92/37) ;
58 CFW 3 | 100 20 18 89/30 (22.4%4.0) 0.,09%.02
(30) (ak) (88/31)
76 | CFw 3 | 100| 10 9 100/30 24.7¥3.5 | 0.07f.01 !
(29) | (28) | (96/52) |
02, |
13 | CFW 3 | 100| 20 13 92/29 (25.6%3.3) | (0.071°3%) |
(30) | (16) (9u/38) o3
13 | CFW 2 | 100 30 28 89/61 (31 7'5.4) | 0.101:45
37 cCF™ 3 | 100 20 13 100/46 (25.4%5.1) 0,07%.02 |
(30) (17) (9L/L6) ]
69 | CFW 3 | 100} 10 10 80/29 (24.1£5.1) | (0.097°52) |
(20) (18) (78/30) ,
4 e 1 11001 20 19 8l /41 (35.9%2.6) | 0,187 8; ‘
77 | crw 3 |100] 10 10 100/38 (29.3%L.8) | (0.07%:3%) |
(20) (19) (89/L1)
3 {c3m 1 |100]| 20 o' 0/62 - - ;
|
602 | cPW 3 | 100 10 8 63/L8 (43.4%11.1)| (o,0ut.01) |
i (20) (1) (57/u8) i

1

Number alive after 63 weeks.

API 05646




TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

"ANALYTICAL DATA
DISTILLATION
Kme, corr. to 760
API 7504
SAMPLE GRAV- KT50°] 925999259 E.p
PROCESS NUMBER| PRODUCT ITY | VISCOSITY | (%) | (%) (%)
T. Co Ce 109 }Cracked 2.1 § 46.1/100°
sidestream SSuU
" 7 Creacked 20,2 | 34.5/100° |~100
residuum SSU
" 9 Cracked 18.4 | 37.1/100° § 97 [2.33] -
residuum SSU
" 10 {cracked 11.6 | 117/100° [56,7136.6] 6.7
residuum £8U
" 31 [Cracked 16.0 [1y.8/122° | 63 }35.6
residuum SSF
" 36 Hcracked 21.9 90/100° L8
residuum S8U
" LO |cracked 19.8 | 72.6/100° | 77.2]22.2 | .65
residuum SSU
" 71 loracked 22,8 s9/100° | 77 {21.5( 1.5
residuum SSU
" 78 [cracked 16,1 |126.8/100°{45. 7 LL.3 | 10
residuum SSuU
" 82 |Cracked 13.6 | 126/130° |25,7|51.5 ] 22.8
residuum SSU

API 05647




780

870

892

860

845
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[
n

TASLE

I

SKIN PAINTING EXPERIMENTS CY¥ HIGH ICILING SAMPLES

T 510L0GICAL DATA
STRAIN | B8
OF MICE “:
AND B FINAL AVERAGE
NUMEER | S5 EFFEC-| MAXIMUN LATENT
OF @4 |ORIGINAL| TIVE | INCIDENCE | PERIOD RELATIVE
sPI | APPLICA-| A& | NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
WPLE| TIONS OF OF TUMORS INDUCTION | POTENCY,
NUMBER PER WEIK [mg.) MICE MICE |[(T.I./weeks)S%EL, in wks) Puc
le3m 3 f100 6 6 100/21 14.0%4.9 0.22%-20
07 (200 | %) | (93/25) o7
7 |c3H 1 |100 20 9 11/55 - -
9¢ |C3H 3 |100 10- 9 100/47 (36.2%4.5)| o0,06%,01
9 |CFW 3 [100 10 10 100/40 (28.4%L.1) 0»071"8;
(20) (16) (100/41) °
lo# |C3H 1 1100 10 9 1100/39 | (24.6%7.0) | (0.40%:0)
(20) (17) (94/39) 62&
10 |cFw 1 {100 10 8 88,20 (17.3%3.8) | (0.417°52)
(20) | (10) | (90/31) 15
31 |c3m 1 |100 20 17 100/32 | (22.0%2.8) o.uo:"’:‘fi
3 |C3H 1 [100 | 20 16 /bl | (34.9%4.3) | 0,223
40 |c3E 1 [100 10 5 100/42 (34.1%7.4) | (0,18%-99
(20) (3) | (100742) (0.187°5¢)
71 |e3m 1 100 20 20 90/22 | (16.6¥1.7) | 0,55%:%
71 Jc3g 1 | 20 20 19 90/37 (27.1%4.8) | 0.31%°9
(33) | (32) (172%) -1
1 jec38 1 5 19 15 0/9 - -
.25
78 jc3m 1 [100 9 89,/19 (14.3%2.9) | o0.657
g a9 | ad (88730 ? 15
8 |c3m 1 [0 | 10 10 90/33 | (2L.1%6.41 | 0,33+
(20) (20) (95/34) ’

1

The pattern of response to the irritational effects of this oll wa:s
similar to that observed with dodecylbenzene.

API 05648

e
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTICAL DATAR

DISTILLATIOR
(2mm, corr. to 76
API 750=
SAMPLE GRAV=- <7509 925° [»9259 E,
PROCESS NUMBER PRCDUCT ITY | VISCOSITY (%)] (%) (%) |(°p
F. C. C. 4 |Cracked 21.6

sidestream

" 23 |Cracked 26,7 | 55.5/100° | 78.5/20.6| .91|8
sidestream SSU

" 46 |Cracked 23.6 | 56.7/100° }87.9]12.1] ©O |7
sidestream SSU

" 88 Cracked 22.5 78/100° 69. 3| 30.2 519
sidestream SSU

" 89 Cracked 27.0 51/100° 100 7
sidestream SSU

" 91 Cracked 20,4 | 57.8/100° {80.1117.912.018
sldestream SSU

" 101 |[Cracked 2L4.8 {40.1/100° }89.7] 9.1 317
sidestream SSU

" 102 [Cracked 23.5 { 53.1/100° { 99 { 1 7
sidestream SSU

" 104 |[Cracked 25,8 | 60.4/100° 7.6
sldestream S8SU

API 05649
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TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
T *’ BIOLOGICAL DATA
S— /__7 -
STRAIN |2
OF MICE | B 5
60 AND s FINAL AVERAGE
oo} NUMBER | &= EFFEC-| MAXIMUM LATENT
OF % = PRIGINAL| TIVE | INCIDENCE | PERIOD RELATIVE
1 |APPLICA- | S% | NUMBER | NUMEER OF FOR TUMOR |CARCINOGENIC
E.p A;pm TIONS OF OF TUMORS INDUCTION | POTENCY,
(°F,) gﬁmEFPER WEEK [mg.)] MICE MICE KT.I./weeks)|{(S#EL. in wks,) Pue
—
L, | c3E 1 |100 20 5? 0/69 - -
20 20 100/1 12.5¢ 0.2y 1L
838 23* CFW 3 100 9 ° -193 ° _°05
z+ | C3H 2 (1001 20 | 18 9h/28 | (18.5t2.9) | o0.25%°02
780 yow | CFW 3 1100} 20 15 100/2h | (17.9%1.5) | 0.11}:92
900 88 |c3H 2 [100] 20 18 /26 | (17.0%2.1) (0.25j°8z)
745 8 |c3E 3 |100] 30 28 89/21 | (13.2t2.0) | o0.28%-Ok
- 830 9l# | C3H 2 |100 20 19 95/23 (16.4%2.1) (°°28t:8§)
790 101 c3g 3 f100]| 20 6 100/12 | (10.3%.8) -
© 750 102" c3g 2 | 20 6 6 100/27 22.6%3.3 o.17‘.‘:8§
: (18) (16) (69/43) . o1
102" c3g 2 100 | 18 15 93/32 | (23.8%3.4) 0.192° %
o' c3m 2 l100] 20 19 89,/26 22.4%1.6 0.17%:92
. eam 2 | 20| 13 12 75/53 | (39.0t10.1) | o0.11%-32
(20) (12) (75/53) |-
s

h
Number of animals alive after 63 weeks,

The pattern of response to the irritational effects of this oll was
similar to that observed with dodecylbenzene.

API 05650



)
- ——

TABLE 1

SKIN PAINTING EXPERIMEITS CN HIGH BCILING SAMPLES

\
H

NALYTICAL DATA

DISTILLATION

[(2mm, corr. to 76g

API 7504
SAMPLE GRAV- {750 525959259 &,
PROCESS NUMBER PRODUCT ITY | VISCOSITY | (%) (Z)] (%) |(op
F. C. C. 8 lcracked 11.1 }110,3/100° 75| 22 8
residuum &8U

Dilution ef

No.

8

"

"

obtained b

chromato

8-16 |[50% oil No. 8, 50% sec.,-amylbenzene

raphy on silica

el

API 05651

8- |50% oil No. 8, 50% (white oil + West Texas residu

8-21 [50% oil No, 8, 50% czolerless fraction from No. 3

KR
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TaldlE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

T 5IO0LOCICAL DATA
STRAIY | =
oF MICE | § 3
avp | &g FINAL AVERAGE
NUMSER | @O SFFEC-|  MAXIMUM LATENT
of | €3 [or1sINALl TIVE | INCIDENCE | PERIOD RELATIVE
4pI | APPLICA-| @& | JUMBER | NUMBZR OF FOR TUMOR |CARCINOGENIC
upiE|  TIONS | B OF OF TUMOES INDUCTION | POTENCY,
4oER| PE2 VEEK[m3.)| MICE MICE [T.I./weeks)[S#EL, in wks]  Pyg |
g8 |c3E 3 [100 10 9 89/7 (5.4%1.0) 1aoef°§8
g8 |c3E 2 |io00 20 17 oL/1L (8.5%2.1) <0»77f:§$)
8§ |lcPWw 2 |100 19 17 100/14 7.5%1.8 0.6
8 lcam 2 | 20 15 13 92/20 (16.6%1,8) °°23:°8ﬁ
8 |c3H 1 [100 10 10 100/ 32 (21.4%5.2) | (0.u7*-98)
(20) | (16) | (100/32) -21
8 lcam 1 (100 12 10 100/25 (18.9%3.8) | (o0.Lyt-16
(18) | (16) | (1007/31) 3.8) 1 (0:4hl730)
B |c3H 1 {00 [ 20 | 17 | ou/z2p | (15.9%2.7) | o.61*:13
§ . jc3E 1 |20 13 12 100/50 (36.L4%6,5) | 0.20%52
(20) | (19) | (100/50) -0
8 leam 1 | 20 1,0 32 97/42 (31.7%2.2) 0,23:‘:82
8 |c3m 1 |50 | Lo 3 91/40 | (27.5%2.2)| 0.29%:3%
8 |c3g 1 | so 1l 12 100/32 20,3%3,9 ooL;of%LL
_ (26) | (18) | (100/32) 209
8 |c3E 1 5 33 27 96/1,8 (35.0%3,1) | 0,20%:0L
(Lo) | (33) | (88/L8) -05
8-4 [c3m 3 |100 20 1l 100/23 (18.,3%1,9) (0,171“'8&)
(30) (20) (90/23) °
8-16 {c3@ 1 |100 20 19 100/52 (34.4%3.9) o¢,~22'_";8l7L
8-21 [g3m 1 |100 13 11 100/27 (20.9%3,0) | 0.43*°04
(20) | (a5) | (877/u3) -.12

API 05652
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTICAL DATA
DISTILLATION
(2mm, corr. to 7%
API 750- J
SAMPLE GRAV=- <7509 9259592
PRCCESS INUMBER PRODUCT ITY | VISCOSITY | (%) ?Zlﬁ>az;(o
F. C. C. 12 |Cracked 18.1 71/100°

residuum S3SuU

" 26 |Cracked 7.3 | 344.2/1200°)61.3) 3.1 | 4.6
residuum SSU

" 42 |Cracked 14.2 |139.8/100°|28,6{63.6 | 7.8
residuum SsU

" L3 |Cracked 24.2 |Pour Point|24.5{67.8 | 7.7
residuum 110°

" (LY4) |cracked 15,2 | 241/100° |31,1|5k4.2 |13.6
residuum S8U

" L8 Cracked 6.0 91.7/100°147.1137.3 |15.6
regsiduum S8u

“ 68 |Cracked 9.8 81/130° [L43.3{44.9 |21.8
residuum SSU

" 73  [cracked 17.5 | 16.9/122°| 21 | 62 17
residuum SSF

" 85 |Cracked 8.1 | 216/100° |[42.6]47.8 ] 9.6
Iresiduum 8sU

API 05653
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH B0ILING SAMPLES
—T_ BIOLOGIGCAL DATA
TSTRAIN |z B
oF MICE | &8
AND o & FINAL AVERAGE
“UNBER | &S M EFFEC- | MAXIMUM LATENT
OF =2 IORIGINAL| TIVE | INCIDENCE PERIOD RELATIVE
4pI | APPLICA-| Q& | NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
ypLE|  TIONS OF OF TUMORS INDUCTION POTENCY,
F%,BER p=R WEEK |(mg.)] MICE MICE |(T.I./weeks¥5%EL. in wks.) Pume
2 |cPw 1 | l00| 18 17 88/34 | (19.0%5.3) | o© )46""’22
121 cFY 3 100 15 14 100/1L (10.7%.9) 0.42*-2 11
26 |c3 1 | 100 20 19 100/20 | (14.3%1.3) ooegjagg
L2 |c3E 1 | 100 20 18 oh/3h | (23.3t2.7) | (0.38%°9%)
w3 |osE 1 | 100| 20 15 100/37 | (33.082.5) | 0.201°3%
W) {c3E 1 | 00| 20 16 9u/40 | (31.1%3.8) | (0.257° ou)
W lc3g 1 | 100| 20 13 100/36 | (31.5t2,2) | (0.22%" 8&)
66 lc3H 1 100 20 15 100/17 (14.8%,9) (0.,62%° 05)
73 lesw 1 | 100] 10 7 100/22 | (18.6%1.9) | 0.45%°9]
(20) (12) (83/22) °ou
73 |c3H 1 100 20 19 100/31 (24.4%2.5) o‘,311‘°05
85 [C3H 1 [ 100 20 18 100/25 (18,1%1.6) 0.47%.06
1
Bair clipved,
API 05654




TABLE 1

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTICAL DATA
DISTILLATION
(2mm. corr. to 74
API . ?50;
SAMPLE GRAV €750 525° |59259
PROCESS NUMBER PRODUCT ITY | VISCOSITY | (%) | (%) (%) (o
Houdry 11 |Cracked 4.3] 71/100° 841 16 0
residuum 3SU
" 34 |Cracked 28.0 | 47.5/100° 9 8
residuum SSU
" 50 |[Cracied 21.3] 6é4/100° 85| 15 0
residuum SSU
" 51 |Cracked 25.7 1 67/100° 831 17 0
residuum SSU
" 63 |Cracked 25.6 | 25.7/100° | 48.9 37.6]13.9
residuum 8SU
" 81 |cracked 22.7 1 L4o/210° |} 40.8]52.6] 6.6
residuum SSU
Cycloversion 22 |Cracked 25.6 8L/100° | L49.5] k.2 6.3
residuum SSU
API 05655

Y= 0
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TABLE I

SKIN PAINTING EAPERIMENTS ON HIGH BOILING SAMPLES

— " Bl1OLOGICAL DATA
— /"'SERAIN &
N OF MICE [AlE
AND s FINAL AVERAGE
~50my NUMZER | S = RFFEC-| MAXIMUM | LaTENT
] OF S5 |ORIGINAL| TIVE | INCIDENCE PERIOD RELATIVE
a 4pI |APPLICA-{Q& | NUMBER | NUM3ER OF FOR TUMOR |CARCINOGENIC
59 E.op \WPLE| _ TIONS 33 OF TUMORS INDUCTION POTENCY,
) {(op | | Piyeer| P22 “E=K|(mg.){ WICE MICE |{f.I./weeka)KS%EL. in wks) Py
L] e
+,03
889 11# | C3E 3 100 20 18 9k/19 (15.0%2.2) | (0,227 202!
81| | | aue [oFw 3 | 100] 20 19 8u/32 | (23.2%3.3)| 0,092°03
820 50 |CFW 3 | 109} 20 16 100/21 (15.0%1,7) (0,15'::8%)
811 51 |CFW 3 100 20 18 83/19 (13.8%2,0) (0022-::83)
91 - 63 |C3H 3 | 100} 20 18 89/26 (20.3%1.9) | (0.14t.02)
63 |c38 3 | 100| 12 12 100,19 (15.7¥2.0) [ 0.19%:9 0“
(19) (15) | (100/19
C3H 100 20 18 100/33 (23.4%2.6) | 0.17% 8§
10| 10 10 100/35 (25.9%4.9) | o0.31*° gg
X (20) (20) (100/36) ¥
-100] 36 32 91/42 (30.7t2,2) | ©0.230°g8
0
20| 31 28 (37.7%3.1) | (0.187, g>
1 2
100 “1‘8) (3 ) ig%ﬁ ) (10.8%3.,1)| © uO_ 22
(20) (lu) ( 100/17)

API 05656
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTTICAL D&
DISTILLATION
(2mm. corr. to 74
API 750~
SAMPLE GRAV- ¢750% G25° |»925
PROCESS NUMBER PRODUCT ITY VISCOSITY { (%) | (%) (%)
Solvent 16 |[Phenol extract 9.7 | 352/210° 62
extraction from Coastal SSU
Q00=-X
" 17 |Duosol extrect] 7.1} 2276/210° 3 }28.7 |68.3
from Califor- SSsU
nia waxy
residuum, 50%
in sec,-amyl-
benzene
" 27 Phenol extract{ 11.0 173/100° | 80 19 0
from San SSU
Joaquin
naphthenie
distillate
" 70 |Nitro-benzene| 15.7 | 99.4/210° .5 185.3|14.2
extract from SSU
Barbers Hill
60/80
" 75 |S0q extract 4.4 | 38,3/100° | 100
from TCC SSU
gas oll
Distillation | 25 |700°+ bottoms| 24.3 | 115/100° | 49 | 45 6
from F.C.C, 38U
heavy cycle
gas oll
Dilution of 25-1 |504 oil No.25] 21.1 | 320.6/122°
No. 25 50% (White oill SsSU
+ West Texas
residuum)
API 05657




TABLE I

SKIN PAINTING E«PERIMENTS ON HIGH BOILING SAMPL.S

— T _ICLCZICAL DATA
STRAIN | 55
OF MICE | A=
AND A% FINAL AVERAGE
NUMBER | 22 EFFEC-| MAXIMUM LATENT
CF @4 |CRICINAL| TIVE | INCIDENCE PERIOD RELATIVE
| APPLICA-| Aoy | WUMBER | NUM3E OF FOR TUMCR [CARCINCSENIC
,APLm TICN3 < CF cv TUMORS IYDUSTICN PCTTICY,
Aol PER WESK | (me.)| MICE | MICE |(T.I./veeksS#EL. in wksy  Pys
16% | CFW 3 100 10 6 67/73 | (68,3%16.0) | (c,032,01)
16% [ C3H 3 [109 10 7 43/70 | (78.6224.3) -
100 10 8 87/62 (35.4316.7) | (0.067°Y4)
' (20) (12) (67/62) -03
?
100 10 9 89/17 (11.4%3.0) 0,337 16
(20) (12) (83/17) ’
100 6 5 100/u2 (21.2%11.5) onogt'oﬁ
(20) (14) (93/L4) .05
100 20 13 77/51 (38.6%7.2) (0.05%.01)
T10c 30 10 95/19 | (13.4%1.L) UaesIoo2
100 30 26 92/40 (27.0%3.7) c,zo::'c{g

API 05658
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

ANALYTICAL DATR

DISTILLATION
(2mm, corr. to 7¢
SPECTRM R
API TYPE 750~
SAMPLE OR GRAV < 47509 925° [59259 &
PROCESS NUMBER PRODUCT ITY | VISCOSITY | (%) | (%) (%) (o
Straight run 1 |Distillate 31.9 37/100°
distillation # 11896 SSU
" 56 |waxy Midcon- | 29.9 87/100° [52.4 | 41.6}(2.0) 8
tinent dis- SsuU
tillate,
Type B (.5)
" 79 |San Joaquin 16,6 | 63.9/210° {v13 | 86.2 8
naphthenic $8U
distillate,
Type C (2.2)
" 105 |West Texas 28.9 | 54.3/100° | 72.9} 23 .41 3.3
paraffin )
distilleate,
Type B (.5)
" 114 Type B (.63) 2L.6 | 235/100°
SSU
" 115 Type C (.58) 23.2 | 234/100°
830
" 5 {Residuum from| 12,8 | 572/122° | 26 { 26 | u8
¥ilmington SSF
crude # 11885

1

See page 8 of Section A of report dated April 5, 1952, for discussi
of the classification of Straight Run Distillates by Spectrum Tyre

API 05659
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SEIN PAIUTI " _-IRINZTI0 0N TICH LCILING SYLPLTS
_— Il T . T DATA
3 (25!
crLTon | 33
4D - & FILAL AVERAGE
NUMEZR | & E EfFEC-| “AXIMUM LATENT
OF < |CRIGINAL TIVE | INCIDENCE ERIOD RELATIVE
4pI | APPLICA-| Oa | WUMBIR | NUMBS OF FOR TUMOR [CARCINOGENIC
.opLE TICNS [ =< CF OF TUMORS INDUCTION PCTEYNCY,
ﬁammm_?:= CEEK | {ag.)| MICE MICE |/ T.I./week9{SHEL. in wks) Pyc
; e 1 100 20 1 0/72 - B}
g6 |CFW 6 |[100 20 15 87/22 (15.3%2.9) -
. cetoll
g |crw 3 100 10 8 100/20 | {15.4%3.2) | o.1i5*"
g (20) (17) (88/22) .05
g |c38 3 ]100 20 20 5/11 - -
56 |C3H 3 20 20 20 0/15 - -
- N c1
2o | C3E 2 [100 10 7 86/57 (39.2%15.4) | (0.14%Y%)
’ (20) | ) | (71/37) -10
w5 c3| 3 100 1l 13 85/33  |(23.2¢l.k) | o.,11%°0k
(20) | (17) | (83/33) -03
14 |Cc3% 3 {100 20 1y 0/28 - -
14 {c3E 3 20 20 1l 7/L3 - -
115 {C3E 3 } 20 20 20 5/26 - -
5 {3 1 |100 20 0 0/56 - -

1

The pattern of response tc the

8imiler to that stserved witx

Number of animals alive after 63 weeks,

s Hair clipped,

irritational effects of this oil was
dodecylbenzene,

API 05660
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0 TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
i ANALYTICAL DATA

DISTILLATION
: (2mm, corr, to 7
| SPECTRUM
! API 1 750~
: SAMPLE TEE GRAV- {7509 925°1592514
| PROCESS NUMSER PRODUCT ITY VISCOSITY] (%) | (%) (%) (
Fractidnal 110-1 | Type B (.004)| 61.0}.95/70°F." 100
distillation
" 111-L | Type B (1.62)] 23.0| 17/1400F.
. " 111-4g 75% No. 1ll-l} 22.7
! 25%_ Benzene
" 111-58)Crude residum 15.4 112/100°Ff
1 (¢5% Benzene)
' Dilution of |111-6 |50% No. 110-1
' No. 1l1-4 504 No. 1ll-4
| " 111-7 | 50% KNo. 11ll-4
i 50% No, 112-1
!‘ Fractional 112-1 | Type B (.016)} 65.9 .896/70°Ef 100
3 distillation
4 " 112-3 | Type B (.O45)| 39.7| 3.4/140°Fq
" 475/100°
Lubricating 99 Type C (.5) 20,0 52/210° | 38
oil S8U
307/100°
n : 100 Type B (.3) 29.5 53/210° {~ 0
SsU
‘ " 100=-1 [ 0.2% Antiox-
f idant®in Mo 10$
" 100-2 | 0.5% Antiox-
i1dant, 2,6-d1d4
tert.-butyl-y-
| ey IpRgnot,
See page 8 of Section A of report dated April S, 1952 for discussi®
of the classification of Straight Run Dilstlilates by spectrum ty
1 ® Kinemstis viscosity (centistokes).
“_ 3 Sams type additive as that contained in API-Y9,

API 05661
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TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
—1 _ BIOLOGICAL DATA
STRAIN | = &
OF MICE | & o
AND > FINAL AVERAGE
NUMBER | & 8 EFFEC-| MAXIMUM LATENT
CF <2 |orIGINALl TIVE | INCIDENCE | PERIOD RELATIVE
API | APPLICA-| © 3] NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
oawpLE  TIONS CF OF TUMORS INDUCTION | POTENCY,
{wBER] PER_VEEK| (mgJ] MICE MICE [T.I./weeks)[5%EL. in wk PMC
110-4 C3H 3 20 20 19t 0/55 - -
111-4FC3H 3 | 20 | 19 17 88/22  |(17.6t1.6) | 0.172:32
11148 C3H 3 5 20 20 0/3 - -
Mm-e| C3H 3 5 20 20 0/5 - -
111-6¢C3H 3 | 20 13 13 75/31 (26.0%4.5) 0.10%.03
(19) (19) (58/31)
11-TC3H 3 | 20 7 7| 100/27 | 22.4t3.5 | o.matO
(20) (17) (76/L44) :
112-14 C3H 3 20 20 17} 0/58 - -
112-3%c3g 3 | 20 20 18* 0/58" - -
99 |c3a 3 |100 14 11 91/36 | (31.0%L.5) o,o7f°8§
(20) (16) (94/47) °
100 {c3g 3 [100 20 19% 0/80 - -
100-1} c3# 3 | 100 20 20 0/3 - -
100-2] 3K 3 |100 20 19 o/L2 - -
S ——

Number of animals alive after 36 weeks.

s Twe papillomas appeared at 20 weeks but regressed,
The pattern of respcnse to the irritational effects of this oil was
similar to that observed with dodecylbenzene.

API 05662
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TAZLE I

SKIN PAINTING EXPERIMEZNTS CN HIABE 2CILING SAMPLES

LA L]

AMVALYTICAL DATCRK
DISTILLATION
(2mm., corr. tc 7
API 750-
SAMPLE GRAV- <7509 925°(7925z,
PRCCZSS NUM3ER PRODUCT ITY VISCOSITY | (%) | (%) (%) (o
Wax pressing 32 Dewaxed parafl
fin distillats
fraction from
Lima crude
" 57 Dewaxed oll 28.71 91.3/10c° | 80 |15.5| .5 | 3
rom No, 56 SSU
MEK - 3enzol | 43-1 |Dewaxed oil 12,9| 195/100° |29.5] 57 |13.5
solvent frem F.C:Co, 33U ‘
dewaxing decanted oil
No. 43
Filtration 8-3 {Filtrate oil,]| 11.3 65 {21l.4 {13.4
dewaxing of B5% of orig-
No. 8 inal (.94% 8)
Tesulfuriza- 21 [|Hydrogenated | 13.,1| 50.1/10C° | 74 20 6
tion of 8=3 heavy gas oil SsU
by catalytic (.15% §)
hydrogenation ,
Acid treating| 62 |Hydrolyzed 14.2| 7277/100° 58 8
acid sludge S3U
Effect of 11y |Straight run | 24.0f 235/100°
viscosity on distillate, SSv
tumor see page 18
induction of Appendix
. 114-1|{95% API-11L4, | 25.4| 1756/100°
5% alkylpoly=- SSU
styrene
Retorting of 116 Crude shale 19.4 {294.59/100°
0il shale cil S50
API 05663
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TAZLE I

N5 BAPERIMENTE CN HIGH BCILING SANPLES

/r

32

7%
13-1%

43-1

week therecalter,
?ahting discortirued after 13 weeks,

= ICLCJICAL DATA
RN A o
oF MICE | < F
AND S = FINAL AVERAGE
NUMESR | &8 EFFEC-| MAXIMUM LATENT
OF @ = ORIGINAL] TIVE | INCIDENCE PERIOD RELATIVE
spPLICA-| 2 S| WUMBER | NUMBER OF FOR TUMOR |CARCINCGENIC
TIONS 4R OF CF TUMORS INDUCTION POTENCY,
PEE_EIK| & &] MICE | MICE (’I‘uI.,/WksoL‘LSZE'L. in_wks. Pye
o .| 100 10 8 100/40 (31.5%4.3) -
(3-6) (20) (15) (87/4L)
CF¥ 6 100 20 17 100/25 (16.9%2.0) -
C3H 1 100 10 10 100/24 (19.5%2.2) 0.43%,08
(20) (19) (95/25)
C3H 2 20 20 19 0/5 - -

I C3E 3 | 100} 20 20 90/17 | (11.2%1.7) | (0.362°87)
c3i 3 |100| 20 20 100/13 | ( 9.4%1.1) (oouf"??)
€3 3 100 10 9 33/79 (98.3%26.5) -

(20) (16) (25/179)
C3E 3 20 20 1L 7/43 - -
C3H 3 100 20 14 0/23 - -
C3H 3 20 20 15 33/L46 - -
C3E 3 130 20 13 0/28 - -
C3E 3 | 100 30 20 25/19% - §
‘hree applications ver week for 14 weeks, six applications per

API 05664
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TABLE I

SKIN PAINTIYl~ EXPERININTS ON HIGH BCILING SAMPLES

ANALVYTICAL DATA
DISTILLATION
(2mm. corr. to 74
API 750-
SAMPLE GRAV- <7509 G25°(>929¢
PROCESS NUBER|  PRODUCT ITY | VISCOSITY | (%) | (%) (%) 11
Fuel oil 113 | Industrial 8.3] 30/122° L3 | 20 | 37
blending fuel oil SSF
i
¥ 118 |jcatalytically 15,2|4E.5 }19.5
cracked resid-
uum component
of API-119
" 119 [10% API-118, 23.3 | 33.8/100°
G0% light cat- SSU
al-tic cycle
cil (b,450 -
600°)
API 05665 %
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SKIN PAINTING
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TABLE I

EXPERIMENTS ON HIGH BOILING SAMPLES

BIOLOCGICAL DATA
STRAIN | = & ;
CF MICE [EH
AND > FINAL AVERAGE
NUMBER | & 3 EFFEC-| MAXIMUM LATENT
OF a5 |ORIGINAY TIVE | INCIDENCE PERIOD RELATIVE
API | APPLICA-| 25 | NUMBER | NUMBER OF FOR TUMOR [CARCINOGENIC
lsayPLE TIONS < CF OF TUMORS INDUCTION POTENCY,
fuSER PER WETK|mg,)] MICE | MICE f7.I./weeks)|(SZEL, in wks.) Pyc
3 {c3 3 | 2 7 7 100/25 | (18.8%3,8) 0.16%.04
. (27) (22) | (77/27) | (22.122.5) .ok
X C3H 3 20 14 10 100/28 17.5¢3, 0.16_°
113 S | ah | 1835 [ .03
1137 c3 3 20 20 20 100/25 (18.1%1.6) 0,16%,02
(27) (25) | (100/25) | (18.1%1,5) 02
a3 jem o2 | 20 7 7 1oo/2u 22,5%.6 0,18%°0¢
(27) (22) | (91/k0) | (26.6%3.5) oo
n3°le3m 1} 20 27 20 95/45 | (35.C2.6) 0.192°5
.02
n3°fe3r 3 j00 | 27 27 | 100/23 |(16.3t1.3) | 0.185°0%
(40) (36) (100/25) (17.5%1.3)
3
13 | €38 3 5 26 26 100/26 (16,921, 5) 0,17t.02
(39) (38) (92/34) |(18.9%2.1)
13° {35 2 1 20 18 78/54 A l6,1 AJ0,0l
.01
13" | c3m 3 20 20 18 100/27 (29.,2%2,1) 0,172° on
3 fesm 3 | 20 20 20 100/26 | (18.3t2.1) | o0.15%:03
- -+ +o 02
18 | o33 .| 100 el 21 100/50 (31.9%L.3) 0.461°77
{ 2/month) (30) | (24) | (100/50)
219 | c3F 100 29 25 Lo/sh - -
{2/mornzlh)
. .02
19 | c3H 00| 22 19 95/27 21.6%1.5 2182209
;/week) (27) (23) (96/30)
—
. APproximate age of mice at start of experiment; 27 weeks.
v ADproximate age of mice at start of experiment; 23 weeks.
Approximate age of mice at start of experiment. 20 weeks.,
Approximate age of mice at start of experiment 14 weeks.

API 05666
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TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
ESTINAD
CCHRECTR
;:CILI'..‘%D
APl RauGy
ISAMPLE (Ip OF, &
PROCESS NUMBER PRCDUCT Tl
Fractional 3-6> | o - 9.3% fraction from API-8 435
distillation
1 ‘
" B=7 9.3 = 1G.4% fraction from API-S 560
" g-8’ 19. - 30.3% fraction from API-8 620
" 8-9* | 20,3 - 39.8¢ fraction from API-8 59¢,
" 8-10*1 39.8 - 49.6% fraction from API-3 71
" 3-11Y 4,9.6 - 59.2% fraction from API-8 76
v 8-12"59.2 - 69.1% fraction from API-8 800
Diels-Alder 8-12&1 non-adduct from reaction (95.4% of 8-12)
reaction
Cractional 3-13* €9.1 - 73.5% fraction from API-8 33
distillation
2 -
" 8-1l | 78.5 - 80.8% fraction from API-8 55C
1 .
" 8-15 | Residue; 30.8 - 100%
" 3-18 | Proportionate reblend of distillation
fractions, 38-6 through 8-15

50%- solution in benzene,

33,37 soiution in berzene.

API 05667
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH 30ILING SAMPLES

BIOLOGICAL DATA B
STRAIN | m=
OF MICE | 23
AND B FINAL AVERAGE
NUMBER | 3o EZFFEC-| MAXIMUM LATENT
CF & | CRIGINAL| TIVE | INCIDENCE { PERIOD RELATIVE
API JAPPLICA- | SE& | NUMBER | NUMBER OF FOR TUMOR |CARCINOGENIC
aMPLH TIOYS | 8< OF OF TUMORS INDUCTION | POTENCY,
yUMBER] PZR W=ZK| (mg)| MICE WMICE [T.I./weeks)(S%F.L.in wkd Puc
-6 |c3m 2 |00 20 .’ 0/66 - -
5.7 lcam 2 |100 20 16 0/74 - -
5.8 [c3g 2 |100 20 | 67 0/74 - -
8-9# | C3H 2 100 20 18 56/62 (58.8%13.4) -
8.10# C38 2 |100 20 16 oL/l 31,2%3,4 o,1of:°
3-11#f C3H 2 ]100 20 20 90/33 (24.6%2,5) 0015f°8g
8-12# C3H 2 |100 20 1l 93/28 (19.5%3,1) °°23:"82
B12a#{ C3H 2 |100 16 16 100/26 | (17.6%2.1) 0,25;‘:82
3.13% ¢33 2 [100 20 1 79/25  [(22.1%2,5) | (0.207°8%)
J.1i#|{c3H 2 [100 20 12 25/21 (26.1%,.7) -
hise|c3n 2 |00 | 20 13 92/35  [(28.0%2.6) | (0.147:03)
+ +.25
3-18 |c3H 1 100 10 10 90/18 13.3%2.5 0.72_°77
(15) (L) (87/39)
l\

Nunber of animals &live afrer L5 weeks.

API 05668
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TABLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

API
SAMPLE
PROCESS NUMBER PRODUCT

Diels-Alder 8-23g|Crystalline material from lst curomatographic Irae
reaction tion of Class A' adduct regenerate, .3U% in benze

" 0=23b |non-crystalline residues from lst and 2nd chromat
graphic fraction, 1.5% in benzene

" 8-23¢ |Crystalline material from 2nd chromatographic fra
tion of Class A' adduct regenerate, .34% in benze

1
" 8-23d {3rd chromatographic fraction of Class A adduct
regenerate, 0.8% in benzene

" 8«23e j4th chromatographic fraction of Class A1 adduct
regenerate, .57% in benzene

1
" 8-23f |S5th chromatographic fraction of (Class A adduct
regenerate, ,57% in benzene

\ .
" 8-23g|Class B adduct regenerate, 1.5% in benzene

1
n 8-23h |Total Class A adduct regenerate, 2.2% 1in benzene

Solvent extrao{ 8-19 |Extract from API 8-10 and 8-11, 50% benzene

tion with

conc. HpS0,
" 8-20 |Raffinate from API 8-10 and 8-11, 50% benzene

" 23-1 [Extract from API-23, 20% benzene
" 23=2 [Raffinate from API-23, 20% benzene

Fractionation | 12-7 |Non-adduct of Diels-Alder reaction on raffinate by
of API-12 sulfuric extraction of aromatic fraction b,130-18
at .2 mm, (2 680-800°F,/760 mm,), 70% benzene

1 (Cilass A aiduct wats that normally soluble in 5% aqueous KaOH; Cless

adduct was nct soluvle in either 5% agueous NaQH or benzens a7 er
hydrolysis.,

API 05669
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TAZLE I

SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

— BIOLOGICAL DATA
STRAIN =
oF XICE| 53
AYD 2l FINAL AVERAGE
YUMZER | @S EFFEC- | MAXIMUM LATENT
OF < J|CRIGINAL| TIVE | INCIDENCE PERIOD RELATIVE
sPI |APPLICA-| 23| NUMBER |NUMSER CF FOR TUMOR | CARCINCGENIQ
pLE| TIOUS | &< OF OF TUMORS INDUCTION | POT:NCY,
ySER|PER_WEEK [(mg.)| MICE | MICE [(T I./weeks)(S%EL.in wks] PNC
2
;.23a) C3H 3 15 20 17 0/54 - -
3.23b| C3H 3 15 20 11 100/51 ~ 38,1 n 0,05
3
3.23¢| C3H 3 12 10 6 0/54 - -
-+ -
B 15 1 13 100/36 29.4%2.7 0.08%,01
e (20) | (18) | (100/38)
g-23e| C3# 3 | 15 9 8 13/46* - -
4
3.23f | C3H 3 15 20 16 0/5k - -
$-23g | C3H 3 15 1l 13 92/50 43.5%3.2 0,04%.01
. .01
$-23n{C3H 3 | 15| 13 12 100/43 i35.2%3,4) | 0,07%°%3
s
3-19 {c3m 2 |100 9 9 22/32 - -
s g+ .06
.20  C3H 2 {100 6 b 837/2%1 (22.8%5.0) O“‘Le=,o=
(9) (9) (67/28) -
2
B3-1#|c3g 2 |100{ 20 19 90/26 (18.2#£3.1) | 0.28! 05
.01
3-2z)c3m 2 |i100| 20 19 100/ (25.73.1) | 0.16°0)
\ ' 5
«2~7 |C3H 2 20 20 18 33/L46 - -

Painting discontinued after 2o weeks;

32 weeks; ° 43 weeks,

e———

e 30 weeks; ° 37 weeks;

API 05670




-2 -

i TABLE I
i SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

LPI
SAMPLE
PFCCESS NUMBER PRODUCT
‘ Alr oxldation| 83 Two hour oxidation product
RE (cobalt
il naphthenate
catalyst)
" 82-1 [Four hour oxidation product
A Chromatography] 3-5 |Aromatics of No. 8 from Silica Gsl
i i " . 2 gt
‘ 8-13a|First aromatic fraction, 2% , of API 3-13
: 1
| " 8-13b|Second aromatic freaction, 2.4%Z , of API 8-13
~~ :
) 1
" 8-13¢ |Third aromatic fraction, 8.7% , of API 8-13
; 1
" 8-13d |Fourth aromatic fraction, 5.6% , of API 8-13
1
il " 8-13e |Fifth aromatic fraction, 5.6% , of API 8-13
il 1
'i " 8-13f |Sixth aromatic fraction, 2% , of API 8-13
i 1
it " 8-13g |Seventh aromatic fraction, 16.9% , of API 8-13
|
iy 1
i " 8-13h |[Eighth aromatie fraction, 2.4% , of API 8-13
.‘ . 1
. " 8-13i [Ninth aromatic fraction, 6.9% , of API B8-13
" 8-17 [Reblend of chromatography fractions of API-8
" 12-2 |Non-aromatics (cut with 20% heptane)
" 71-1 |See page 3L of Section A-4 of report dated April
1952 for description
| " 71-2 |Proportionate reolend of all frections fron
! cnromatograpny of aPI-71
: " 3=2,, | Non-sromatics c? Lic. 8 from alumine
! : Tested at this percentage by weight in benzene.
— ® bproceeding colorless non-aromatic fraction, 4d% of API-U-13, provel
tc te a non-accelerating sclvent when diluted 50% with bpencsre.

.i “ See API-266 on page 37.

API 05671
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TABLE I
SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES
1 — BIOLOGICAL DATA ]
STRAIN =
oF MiCE | &3
AND > FINAL AVERAGE
NUMBER | @8 EFFEC- | MAXIMUM LATENT
OF <3 [ORIGINAL| TIVE | INCIDENCE | PERIOD RELATIVE
\pI |APPLICA- | @ 2| NUMBER |NUMBER OF FOR TUMOR |CARCINOGENIQ
WpLE| TIONS | A< OF OF TUMORS INDUCTION | POTENCY,
E{}'M'BER PSR WEEK [(mg.)| MICE | MIGE [(T.I./weeks){S£FL.in wks] Py
\ pe——
g3 | C3# 2 ji00} 20 1l 100/17 | (12.7¢1.7) | (0.422:83)
-1 | €38 2 |100] 20 16 /17 | (12.4%1.6) | (0.40%:39)
5.5 | c3m 1 {10 20 | 12 92/22 | (18.7%1.8) | o.uL*-97
f.c | cPw 1 {100 ) 20 19 79/28 (21.2%5.6) | o,26%- %g
3.13a| €32 3 | 20] 15 12 0/30 - _e
s.13p] c38 3 | 20] 15 12 0/30 - -
e B
j.13¢| €32 3 20 15 13 69/30 ~v27.4 ~ 0,09
g-13d| €38 3 20 15 8 87/29 v 2401 ~ 0,10
8-13¢| C3H 3 20 15 7 43/29 - -
g-13r| C35 3 20 15 12 25/25 - -
: 13} ¢ 3 | 20} 13 9 100/27 | (21.0%2.8) | (o0.14te gi)
3.13h| C3H 3 20 15 12 92/29 ~ 2l T r 0,10
§-131| c3H 3 20 15 10 70/29 vV 25.3 ~ 0,10
8-17 | c3z 1 floo 10 8 100/1 (12.4%2.3) | o.80"" .27
& | adh | 840 eY:
-2 | crw 3 |100| 20 15* 0/83" - -
.11 3, M-1fc3r 1 | 20 30 30 83/5l; 19.0%5.6) | C.18%° gt
M-1lc3m 1 |100| 15 1l 100/16 | (11,1%1.5) | ©.931-23
ne2lcim 1 | 20 0 5 .0
. 3 28 93/ (34.6%5,0) | 0.22%-08
J=eil 235 3 50 30 22 Lo - -
Number of animals alive after 33 weeks,
Pairtirme 3 “ad of - | ,
/_\oved Painting discontinued ufter L1 weeks. API 05672




SKIN PAINTING EXPERIMENTS ON HIGH BOILING SAMPLES

TABLE I

API
, SAKPLZE
! PROCESS3 NUMBER PRODUCT
I
i Distillation | 12-4 | Aromutics b. 510-740°F. (corrected)
Al [1 plate
vacuum)
" 12-5 | Aromatics v.a/900-1000°F, (5 g./100 ml. cenzene)
g ! 12-6

Aromatics residue; b, 1000°F.(5 g./100 ml. benze

API 05673
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Jenzené

Ta3LE I
SKIN PAINTIWNG EaP=il.ZUTS ON EISE 30ILING SAMPLES
— T _ 22 CLCIICAL DATOGS .
STRAL j o 32 B ;
CF RLJE I E H i
AND T & FINAL AVEZRAGE 5
Wh-akt 32 EFFEC- JASINUN LATENT i
CF & & PRIGIGAL| TIVE INCIDELCE | PERIOD RELATIVE !
27 | LPPLIN- Q| FULZER[NUMSER CF FOR TUMOR |CARCINCGENIC.
-sd TLis A=l cF Cr |  TUMCRS INDUCTION | PCTENCY,
vnisZR PERE oK (mg. )] MICE WIS oI./weeks)|(S%F.L.in wikd Ppc
Soud oF 2 100 10 10 ~0/3u (27.2713.2) | (0. 0G*e
b (z0) | (18) | (se/3h) 09
12-5 | CFW 3 100} 10 6 100/34 (23.6%5.8) | 0.072°5%
) (20) (12) (G2/34)
12-6 | CF™ 3 100 § 10 - 8 75/39 (32.2%12,1) | 0,057°0%
(207 (12} (£7/33) °
API 05674
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TALLE IX

CONCuNTRATION STANDARDS W1TH METHYLCHOLANTHRENE IN BENZENE

STRAIN
OF MICE DOSAGE
DOSAGE| AND aR FINAL MAXIMUM AVERAGE
PER  INUMBER OFMETHYLCHOL- |ORIGINAL|EFFECTIVE| INCIDENCE [LATENT PERIOD
API | CONCEN- | AP LI-JAPPLICA- | ANTHRENE NUMSER NUMit kR OF FOR TUMOR
SANPIE |~ TRATION | CATION| TIONS |mg./tandard| OF OF TUMORS INDUCTION }STARTING
NUMBER |(g./100g.)] (mg.) | PER WEEK | areal/weel)| MICE NICK T.I./weeks{gg% FL, in wks,)] DATE
223 0 100 | c3H 3 0 20 142 0/101 - 12 //50
201 0.011 100 C3H 3 0.033 10 9 Wh/71 72.6%9,.2 7/20/49
203 0.086 100 c3H 3 0.258 10 9 100/3l 26,2%3.) 5/20/49 |,
203 0.086 100 C3H 3 0.250 20 20 85/35 29.9%2,2 10/9/50
219s | 0.114 100 C3H 3 0.342 30 28 96/35 2l .022.) L/14/50
2l 3 0.148 100 C3H 3 0.4hY 20 20 10072l 17.9%2.0 7/28/51
243 0.148 20 C3H 3 0.Jihidy 20 1Yy 100/26 18.2%2.1 10/1/51
20l 0.171 100 C3H 3 0.513 10 10 100/21 15.721.6 5/20/L49
| L

1
2.

Area covered by 0.1 gram Benzene,
Number of animals alive after 36 weoclks.

bbbl Mhis. iy ol Y D
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CONCENTRATION STANDARDS WITH METHYLCHOLANTHRENE IN BENZENE

TABLE 11

STRAIN
.OF MICE DOSAGE
DOSAGE| AND OF FINAL
PER NUMBER OF [METHYLCHOL~ | ORIGINALJEFFECTIVE
API CONCEN- | APPLI-| APPLICA-] ANTHRENE NUMBER | NUMBER
SAMPLE | TRATION | CATION| TIONS [mg. /gtandard OF OF
NUMBER Kg./100g.)] (mz.) | PER WEEK[areal/week)| MICE MICE
20l 0.171 20 | c3m 3 0.513 20 20
20l 0.171 20 C3H 3 0,513 20 20
20l 0.171 20 C3H 3 0.513 20 20
205 0.342 100 C3H 3 1,026 10 10
206 0.685 100 C3H 3 2.055 10 10
238 0.228 20 C3H 2 0.1L56 20 20
268 0.286 20 c3u 2 0.572 20 19
205 0.342 100 C3H =2 0,68l 20 20

MAXIMUM
INCIDENCE
oF
TUMORS
e

100/21
100/21
100/21
100/1l

100/16

100/27
100/21

100/20

AVERAGE

LATENT PERIOD

FOR TUMOR
INDUCTION

16.6%1.2
164 141
i.1¥1.8
11.0%1.9

6.7% .2

18.7%2.3
(17.6%1.1)

15,1%1.5

STARTING
DATE

9/26/52
9/26/52
10/28/52
5/20/49
7/20/149

10/2/51
2/13/53

6/9/50

1, Area covered by 0.1 gram (enzene,

-Le-
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TABLE 11
CONCENTRATION STANDARDS WITH METHYLCHOLANTHRENE IN BENZENE
STRAIN
OF MICE DOSAGE AVERAGE
DOSAGE| AND OF FINAL MAXIMUNM LATENT
PER NUMBER OF|METHYLCHOL-JORIGINAL [EFFECTIVE | INCIDENCE PERIOD
API CONCEN- | APPLI-| APPLICA-| ANTHRENE | NUMBER NUMBER UF FOR TUMOR
SAMPLE | TRATION | CAT1ON| TIONS [mg./stendard| OF OoF TUMORS INDUCTION [STARTING
NUMBER kg./lOOg.» (m{".) | PER WEEK |areal/week)| MICE MICE [|(?.I./weeks)|(S¥FL. in wks.)] DATE
227% | 0.11h 100 | c3m 1 0,11} 20 1 87/49 LWh.6Y2.5  |us/22/50
2053 0.342 100 C3H 1 0.342 16 10 100/28 21.0t3.  |6/12 /50
(20) (19) (100/35) (22.1*2.7)
209 0,51l 20 c3H 1 0.51ly. 20" 20 100/2l} 18.3%t1.9 {10/l /51
220 1.027 100 C3H 1 1,027 20 26 100/13 9.7%1.6  |5/3/50

1.

Area covered by

.l

‘1I’am .lenzene,

-GZ-
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TABLE II

STAALDS WLTH MUETHY LOH AL T

il

PUYRS]

IRERIN

IN Bllla

AR
FI YRR

STRA:™ OF| D 3AdE AVERAGE
CLaBIMICE  AD ap LAL AXILUL LATE.T
Ce I NRRER O bieed Yo Db CRD L ALESERSCTIVE | LHCIDELCE PLIOD
Al'l concati- oA ard CA-] AUPIL 2UE | UL uK | nUkoEds oF Fut TULUR
SALPTE | TUATE o 'Y OIS (mn.i’s L, CR OF TULCRS _ Lubusrion STANTING
RIS [ESNA REITINY | INETRN | re . Hoskhreat/wk.) 1.1CE CI1CE- [(T.I./weeika) (S5 Le in wi, DATE
220 0 100 |cFW 3 0 20 162 0/62 - L2/0/50
210 0,023 o0 Jerw 2 1,079 10 7 SL/T (’5.9%11.3) | 2/3/50
(20) (Ui (79/53)
203 0.03A o |oFy 3 0e25¢ 10 3 100/23 (17.183.5) | /20709
203 0,036 100 |erw 3 0.258 10 7 100/31 (22.5%:.3) |i0/9/50
(24) (16) (715/31)
2124 Je11ly 1 |owd 3 0.342 10 10 109720 (16.1%2,3) |1 /1/50
(20) (16) (100/32)
20k 2.171 o SeT3 De0LT io G 116 (11.9%z.7) s/20/L9
Dar D32 taoy o 3 1,025 10 10 100/2l (14301 5720/l
208 0.30h2 oo Jory 1 0.he 19 17 100/30 (21.9%2.0) 13/50
e U euihh iyt CN TPRENEN 20 i7 100/27 (1:.5%2.5 /13 /1.0

e Arnn oovered broo,l

[
[

o choer

~r

T . NelTsne,
-

animals

witter R

5 ovcells .,

-62-
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TABLE IX

EXPERIMENTS INVOLVING THE ArPLICATION OF SOLUTIONS OI" METHYLCHCLANTHRENE IN SEC.-AMYLBENZENE

TO THL SKIN OF MICE
NUMBER FINAL MAXIMUM AVERAGE
OF ORIGINAL |EFFECTIVE| INCIDENCE LATENT PERIOD RELATIVE
API | CONCEN- | STRAIN [APPLICA;| NUMBER NUMBER OF FOR TUMOR CARCINOGENIC
SAMPLE | TRATION OF TIONS OF OF TUMORS INDUCTION POTENCY,
NUMBER [(g./100g)] MICE |PER WEEK| MICE MICE (T.1./weeks) (5% F.L. in wks.)} Pyc
22l 0 CFW 3 30 23 17/59 - -
.03
223 0.087 CFW 3 10 89/146 32.3%10.2 0,05
(20) (18) (83/146) .02
223 0.087 C3H 3 20 16 81/)16 40.8%3.8 0,05%,01
+ g+<01
222 0,174 CFW 3 19 19 100/33 23,6%2,2 0,08%+53
. + +,02
222 0,174 C3H 3 10 10 100/28 23.9%2.5 0.10° 1
(20) (20) (100/L4L;) .0
1. Dosage per application was 100 mg,

-OE-
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TABLE IX

EXPERIMENTS INVOLVIN:: 'I'lits APPLICATION Ol SOLUTIONS OF METHYLCHOLANYTHHENE IN VARIOUS SOLVENTS
TO THI: SKIN OF MICE

=T
S | sTRATH AVERAGE
& &7 | OF MICE FINAL LATENT
g gL AND |DOSAGE EFFEC-| MAXIMUM | PERIOD | RELATIVE
=3 ¢ INUMBER OFf PER PRIGINAL| TIVE |INCIDENCE|FOR TUMOR| CARCINO-
API 85 o [APPLICA-|APPLI- | NUMBER | NUMBLR OF INDUCTION| GENIC
SAMPLE [STARTIN{CARC = o w| TIONS JCATION OF OF TUMORS |(54 F.L. | POTENCY,
UMBER| DATE | OGEN*| SOLVENT |S% |[PER WisK| (mg.) | MICE MICE (T.I./wks.}in weeks)| Py
218 |2/3/50 MC API-52 0.306f C3H 3 100 20 17 100/30 | (24.9%1,4] o.10tf.01
218 |2/3/50 MC API-5 0306} crw 3 100 10 Z 89/25 |21.6%3.8) 0.08:"8{
(20) (16) | (81/29) :
]
246 |3/22/52| MC |arI 112-13 0.209| C3H 3 20 20 20 100/22 [15.1*1.2 o.2oj°8g w
. * '_‘
]
2h6 |y/11/52| wmc  |apr 112-1 | 0,209 c31 3 20 20 18 100/21 |15.0%1.L 0.201'83
248 /11752 me  fapT 110-13] 0.204 c3n 3 20 20 20 | 100/22 |an.7%1.2) o.18j-8;
281 |11/12/5] Mc |fottonseea |0.041)c3y 3 | 100 38 . 37 62/69 |49.0%y., | 0.03t.01
oil

1. 20-Methylcholanthrene (MC).
2. Wilmington Residuum; see pare 18 of Table I for description.
3. See page 19 of Table : for description,

t R e Aot it . A ... PR it . os .« b e ——————————
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TADLE IX

CONTROL EXPLRIMENTS WITH VARIOUS SOLVENTS

NUMBER FINAL MAXIMUM INCIDENCE ‘\
OF ORIGINAL |EFFECTIVE INCIDENCE OF
API APPLICA-{ STiAIN | NUNMBER NUMBER OF GROSS
SAMPLE TIONS OF OF' OF TUMORS CARCINOMA | STARTING
NUMBER SOLVENT PLR WEEK MICE MICE 1ICE (T.I./weeks) Kpercent/weeks)| DATE
1
80 White oil 3 C3H 30 26 0/78 0/78 8/1/51
2
95 White oil 3 CFW 33 26 0/78 o/78 7/28/51
221x |Dodecyl- 3 C3H 20 18 33/37 0/52 5/5/50
benzene :
2213 Dodecyl- 3 C3H 30 0 0/1l 0/1} 2/27/53
benzene
22l » |Sec.-amyl- 3 CFW 30 23 17/59 0/71 7/14/50
benzene
228 Benzene 3 C3H 20 18t 0/101 0/101 12/1,/50
228 | Benzene CPW 20 16° 0/62 0/62 12/l /50
2h1 Distilled 3 C3H Lo 301 0/78 0/78 7/28/51
water
241 |pistilied 3 CFW 17 122 0/70 0/70 7/28/51
water

1. Number of animals alive alfter 36 weeks.
2. Number of animals alive after 33 weeks,

3. Age of animals at start of experiment, Sl weeks.

li. Dosage per application was 100 mg.

-2{-
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EXPERIMENTS THVCTVING T APPLICATICON OF SCLUTIONS CF SYNTHETIC CATRTCIMNCGENS I!'! DODEC{LULENZENE
TO THE SKIN OF MICE

TABLE IXIX

FINAL :
NUMBER | DOSAGE EFFEC- | MAXIMUM AVERANGE
UF PER ORIGINAL| TIVE |INCIDENCE| LATENT PLRIOD | RELATIVE
API CONCEN- | STRAIN APPLICA- |APYLICA-| NUMBER | NUMBER OF FOR TUMCR |CARCINOGENIC
SAMPLE | TRATION OF TICNS TTON OF OF TUMORS INDUCTION PUTENCY,
NUMBER [g./100g.)|] MICE |PE~ WHEK| (mg.) MICE MICE [T.I./wksJGCZF.L. 1n wks) Pue
221 0 C3H 3 100 20 18 33/37 - -
2213 o C3H 3 100 30 o ' 0/ 1 - -
226 0.006 CFW 3 100 20 17 L1/5h -
226 0.006 C3H 3 100 10 8 63/38 35.2%11.1 - - !
(20) (12) (50/1,0) o
De 1
225 0.011 CFW 3 100 10 | 8 103/%% 43.3%16.1 0.0,7""
(20) (1ly) (79/5L ' LIl
225% | .0.011 C3H 3" . 100 .20 15 87/4b3° |~ 34.0%4.0 3.064.01
213+ | o.046 CFW 3 100 20 15 100/18 10.5%1,7 TREAREN
. T Vi
211 0. L1l CFW 3 100 8 7 100/17 | - 11.5%2.9 o1t I,
. ° ‘+
211 0.114 C3H 3 100 20 20 100/22 10.9%2.0 0_321-%1
208 | 0.149 C3H 3 100 30 30 100/15 10.3%.7 0_35:.32
1. The carcinogen was methylcholanthrene in every case except API-25, in which case

3, -benzpyrene was used,

2. Product obtained by alkylation of benzene with the propylene .tetramer (aluminum chloride
catalyst).

3., Age of mice at start of ex-eriment, 5l weeks.

lie N orross or alcrosce 0 cvidunce of 1nvasive malagnsncy.



EXPLIIMANTS INVOLVING

e

LAl KX L

THE APPLICATION OF SOLUWICAS OF CAHCINOGEH31

TO THIE SKIN OF MICE

IH

DODLCYLBEUZENES

£8959 1%

FINAL
NUMBER | DOSAGE EFFEC- | MAXIMUM AVERAGE
OF PER  |ORIGINAL| TIVE [INCIDENCE| LATENT PERTOD | RELATIVE
API | CONCEN- | STRAIN |APFLICA- [APPLICA-| NUMBER |NUMBER OF FOR TUMOR |CARCINOGENIC
SAMPLE | TRATION OF TIONS | TION OF OF TUMORS INDUCTION POTE:NCY,
NUMBER [g./100g.)] MICE [PER WEEK| {mg.) MiCE MICE [(T.1l./wks,)|(5%F.L.in wks.) Pye
2li9 0,172 C3H 3 20 20 18 89/1l; 100510 0,347 °9
249 0.172 C3H 3 100 13 1 100/12 9,1%1,2 0.42%- 11
(20) (18) (100/12) -.07
212 0.341 C3H 3 100 10 10 100/ 1% 10.2%2.1 0.35%-15
(20) (19) (100/181 .08
2hst | o0.172 C3H 3 100 20 18 100/19 11.3%2.0 o.3oj'3g
2yst | o.172 C3H 3 20 15 13 100/31 17.0%3.7 0.17+:0 o
a5l | 0,172 C3H 3 5 10 9 100/2% 16.4%2,7 0.17%:2%
(1%) (11) (100/23)

1. The csarcinogen was methylcholanthrene in every case except API-2),5, in which case

3,li-benzpyrene was used.

2, Product obtained by alkylation of benzene with propylene tetramer (aluminum

chloride catalyst),

-T‘{{-
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TABLE 111

EXPERIMENTS OM ACCELERATION OF CARCINOGENESIS BY SPECIFIC SOL\IENTSl

DESCRIPTION OF EXPERIMENT [ FINAL AVERAGE ]
MATERIALS APPLIED TO MICE DURING NUMBER EFFEC- MAX IMUM LATENT
API 5 OF ORIGINAL| TIVE INCIDENCE PERIOD
EXPERI-|FIRST SIX WEEKS| SEVENTH WEEK |STRAIN WPPLICA- | NUMBER | NUMBER OF FOR TUMOR
MENT OF TO END OF OF TIONS® OF OF TUMORS INDUCTION
NUMBER EXPER IMENT EXPERIMENT MICE |PER WEEK| MICE MICE (T.I./weeks? (5%FL in wksa
221 DDB DDB C3H 3 20 18 33/37 -
9 API-92 API-9 CPW 3 19 10 100/),0 280t .1
(20) (16) (100/41)

9 API-9 API-9 C3H 3 10 9 100/47 36.2%,.5
221-9% DDB API-9 C3H 3 20 20 100/21 1y .0%2.1
221-9 DDB API-9 C3H 3 1y 11 100/22 1 .2%¥2.6

(20) (1) (100/22)
253-9 PDD API-Q C3H 3 7 6 100/20 12.8%,.8
(20) (17) (94/26)
LY API-S?e’h API-57 CFW 6 20 17 100/25 16.912.0
221-57% DDB API-57 CFW 6 20 18 100/16 8.0f1.9
. .
208 API-208" API-208 C3H 3 30 30 100/15 10.3%.7
221-208 DDB API-208 C3H 3 20 20 100/1} 7.251.)

1. Dodecylbenzenes obtained by alkylatlon of benzene with l2-carbon olefins; DDB obtained with
propylene tetraner; 2-phenyldodecane (PDD) obtained with l-dodecene,
2. See Table I for description,

Hair

~ A

clipped.

+ See Table 1I for description,
. Dosage per spplicatlion was 100 mg,

. Time measured from date of initial painting with carcinogenic material,

-Sf-
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TABLE 11X

EXPERIMENTS ON ACCLIERATION OF CARCINOGENESIS BY SPECIFIC SOLVENTSl

68960 Id¥

DESCRIPTION OF EXPERIMENT FINAL AVERAGE
MATERTALS APPLIED TO MICE DURING NUMBER EFFEC- MAXIMUM | LATENT
API FIRST IA SINGLE NINTH WEEK] OF |ORIGINAL| TIVE INCIDENCE PERIOD
EXPERI- | SIX WEEKS JAPPLICATION] TO END | STRAIN|APPLICA-| NUMBER | NUMBER OF FOR TUMOR
MENT OF IN SEVENTH OF OF TIONS OF OF J TUMORS INDUCTION
NUMBER [EXPERIMENT| WEEK EXPERIMENT | MICE | PER WEEK] MICE MICE [T.I./weeks) |SZFL in wls.
229 Nil ap1-2293:4  n11 C3H - io Lo 12/13 -
230 » N1l API-229h DDB C3H 3 Lo 36 9L /3L 12.8%2.8
231 Nil ap1-8le5 N1l C3H - 45 Bhé 0/6l -
232 Nil API-Bh DDB C3H 3 4s 3L 56/26 - .
236 DDB API-8 DDB C3H 3 30 26 31/30 - %
237 DDB API-229 DDB C3H 3 Lo 38 87/22 11.2%2.5 !
6
239 Nil API-Bh water C3H 3 30 21 0/79 -
2,0 Nil API-Bh white oil,] C3H 3 30 186 0/79 -
API-80

1. Dodecylbenzenes obtalned by alkylation of benzene with 12-carbon olefins; DDB obtained with
propylene tetramer; 2-phenyldodecane (PDD) obtained with l-dodecene.
2« Single application followed by two week interval before further treatment of mice,
e Solution of 0.5 g. 9,10-dimethyl-1l,2-benzanthracene in 100 ml., sec.-amylbenzene,
ﬁ. Hair clipped,
5. See Table I for description.
. Number of animals alive after 63 weeks.
7. Time measured fram date of initial painting with carcinogenic materisal,
8. Dosapge per application was 100 mg.
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CEIERITMENTS 1ivel il Thlk AVTLICATTION OF DUuIUTLIOND ol BENZPYENLE TN VALLIIOUS SoIiVeEuTsS
T THIs SKIW OF CH LIICE
DOSAGE AVERAGE
_ O FINAL LATENT
USSR SULUTION BrrEc-l MAXIMUN | PrRloD | RELATIVE
OF PLR ORIGINAL|] TIVE | INCIDENCE| FOR TUMOR| CARCINO--
APl COMUEM- | AMPLICA- |APPLICA-] NIWM2ER | NUMBER oF INDUCTTIONf GENIC
SALULE|STARTING TRATTOH TLOHS TION DR OF TUMORS (5% F.L. | POTENCY,
NURwlsii]  DATE | SOLVENRT  [go/tdomd Y Pale WEEK | (mg.) MICE MICE {T.I./wksd|in weeks) Puc
) , X , . /7" R 4+ - 9+.06
2hh 1 /51 | Benzene Uegln 3 103 7 7 100/33 22.1%5.8 O.L__ooh
(20) (20) (100/33) [(25.1%2.5)| 5. 10+.01
-.02
21y, 3,/19c3] Renzenr Colb 3 20 20
) 1
26), 112/19/52| APL-8u 0,15 3 100 20 19 100/31 }25.5%1.3) 0.10%,01
26 |ie/19/52) ari-so 0.15 2 20 20 18 100/31 f[25.4#1.5) 0.10%-93
<yt 1" 6/52 | API-80 UelU 1 50 30 20 85/L4L A 3A,0 N 0,17
257 |11/6/52 | AP1-3-24 | 0,20 1 50 20 16 88/Lk1 |~ 10,7 ~AJ 0,17
fraction®
of AVT-u)
200 11/106/53 | fraction: 0,18 3 100 15 13 62/30 28,7 A~ 0.08
bf APT-£-17
diluted
H’;’O% with
benzene

n
.

Technical white oil, viscosity 100 SSU/100°,

Colorless fractlion frcm chromatorraphy; see pages 2| and 22

for description,

-LE-



L8960 Id¥

TABLE

111

EXPERIMENTS INVOLVING THIE APrLICATIOL OF ;;S()LU'i‘IONS OF S3k4Z,YRENE IN VARIOUS 3OLVENTS
TO THE SKIN OF C3H MICE

STRATN | DOSAGE AVERAGE
OF MICE OF | FINAL LATENT
AND SOLUTION EFFEC-|{ MAXIMUM | PERIOD |RELATIVE
NUMBER OF | PER ORIGINAL| TIVE | INCIDENCE|FOR TUMOR |CARCINO-
AL 4 AYPLICA- [APPLICA-| NUMBER | NUMBER|  OF INDUCTION| GENIC
BAMPLE ISTARTING ) PIONHS TION OF oF TUMORS |s# F.L. [POTENCY,
NUMBER | DATE SOLVENT rER WK | (mr.) HMICE MICE [T.I./wks.]in weeks)| Pyq
2 .

270-1 1 2/13/53 Fr;ction b.520-600° | c31 3 [(20-50)°) (12-6) 6 100/22 (16.613.mﬁ o.mﬁ-gg
F./700 mm. from dis- *
tillation of APT+80

276-2 | 2/13/53 Fraction b.600-630° | cam 1 (20-50)%} (12-6)2 | 6 100/22 {(17.j#4.5)| 0.20%-0%
F./700 mm. from dis4 °
tillation of APIL-00

276-3 | 2/13/53 [Fruction b.630-645°] ¢35 3 (30-50)2 (12-6)2 5 100/22 §(18.1%3.3) o.171~81
IF./760 mm. from dis- -0y
tillation of APL-80

276-h | 2/13/53 Er;eééon b.(al;5—655°4 c3n 3 |(30-50)2} (12-0)2 | 6 67/26 |~ 25.5 |~ 0.09
/T mn. from dis
tillation of AP1-00

276-5 } 2/13/53 JFraction b,655-700°| ciH 3 100 15 15 87/27 22,9 A 0,11

./760 mn, from dis-
tillation of APIL-80

276-b } 6/12/53 [silica gel chroma- | C3H 3 50 15 15 0/10 - -
tograpny of distll- :
lation Sesidue
[b. > 720°F./760 mm.
of APL-06 ‘

1. Concentration of benzpyrene in solution was 0,15 g./lOO ml. solvent.,

2.

After h weeks the dosage was increansed to 50 mg. and the number of mice was reduced to 6.

-9{-
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AL IOCATTON OF

SOLUTLONG o

LENZyallis 1T VaR10us

SOLV SIS

TO O PTHEE SKIN OF C3H MICis
DOSAGE AVERAGE }
OF FINAL LATENT
NUL'B&r  [SOLUTIONT EFFEC-| MAXIMUM | PERIOD |RELATIVIY
OF PER ORI“INALl TIVE |INCIDSNCE |FOR TUMOR |CARCINO-
AlT AVTLICA- JAPPLICA-| WUMBER | MUMBER or INDUCTION| GLKIC
SALIPLE [STARTING TIVNS TION or OF TUMORS (55 F.L. |PCTLHCY,
HUMBER | DATE SOLVEHT vl WEEK | (me,) NICE MICE (T.I./wks.] in wks,)| Tuc
SATURATED FRACTIONS
FROM CATALYTICALLY
lcnAdKED RESIDUUL
277-1 | 3/9/53 [Fraction b.,30-500°H. 3 30 g 7 100/17 [13.5%2.2) o.23f°87
|/ 760mn. from dintil- - Oly
lation of colorlesg
fraction of AVI-T71
277-3 1 3/9/53 [Fraction b.557-565%, 3 20 6 6 83/18 [12.7%d.7 | 0.26% ;
/760mm. from distil- -1
lation of colorless
fraction of AI'l-71
277-li | 3/9/53 Fraction b.530-600% 3 Io 8 8 88/19 | ~16.1 |~ 0.18
/760mn. from distil-
lation of colorlesg
fracticn of AI'I-71
277-5 1 3/9/53 [Fraction b.600-620% 3 50 8 8 75/24 ~20.5 20,13
760mm. from distilA
lation of colorles
fraction of AlP1-71
1. Concentration of benzoyrene in soluvtion was 0.15 g./100 ml. solvent.
2. Colorless fraction of AIl'I-71 obtained by chronatorraphy on silica rel,

-6{-



AR

TADLE T11

EXPSKIMENTS

68960 IdV

INVOLVING Tl APPLICATION OF SOLUTIONS OF

'ENZPYRENE IN VARIOUS SOLVENTS

1.

TO THE SKIN OF C3H MICE
DOSAGE AVERAGE
OF FINAL LATENT
NUMBER [SOLUTION! EPFEC- | MAXIMUM | PERIOD |RELATIVE
OF PER JORIGIWNAL} TIVE |INCIDENCE |FOR TUMOR |CARCINO-~
API APPLICA- |[APPLICA-| NUMBER | NUMBER OF INDUCTION | GENIC
SAMPLE [BTARTING : TIONS TION OF OF TUMORS [(5% F.L. |POTENCY,
NUMBEK | DATE SOLVENT PER WEEK [ (mg.) MICE MICE [T.I./wks.) 1n wks. Pyc
PARAFFINS
269 |3/9/53 lcetans (chromato- 3 50 15 . 11 36/10 - -
graphed on silica !
gel)
278 7/2&/53ln-decane 3 50 20 20 o/l - -
CYCLOPARAFFINE .
263 |12/19/54Cyclohexyldecans, 3 20 20 19 95/20 | v13.1 |~ o0.25 |G
API-256 '
279 9/1953|7-cyclohexyltri- 3 Lo 8
decanc, PSC--50l
ALKYLNAPHTHALENES
265 |2/5/53 [Dibutylmethyl- 3 20 15 11 100/22 (16.3f2.1ﬁ 0.18::83
naphthalene (20) (16) (100/25)
272 | 6/12/53 plonoanylnaphthalenesy 3 lio 6 6 0/10 - -
b, Y70°F./760 m.
273 }6/12/53 Ppiamylnaphthalones, 3 50 9 7 1l4/10 - -
b.630-690°F, /760 mmJ :
Concentration of benzpyreue in solution was 0,15 £./100 ml, solvent,
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Iex CLRTITMENTS 1LVOILVING 'HHls AUrPLLCATLON OF DBOLUTLOND OF BLURAPYRENLE IN VAGLOUS JO0LVEUTS
TO THE SKIN O C3H MICE
DOSAGE AVERA'IE
OF FINAL LATENT

NUMBER  |SOLUTTON EFFEC-| MAXIMUM | PERIOD |RELATIVE
3 oF PER |ORIGINAY TIVE |INCIDENCE|FOR TUMOR |CARCINO-

ArI APPLICA- |aPPLICA-| NUMBER | NUMBER OF IHDUCTION| GENIC
SAMPLE [STARTING TIONS TION OF OF TUMORS | (54 F.L. |POTEICY,

UMBER | DATZ SOLVENT PER WEEK | (mg,) MICE MICE {T.I./wks.] in weeks) Puc

AL;. (L3ENZENES

275 | 6/12/53 |[Triisopronylbenzene 3 50 11 8 0/9 - -
262 | /19/52 |1-pheny ldecane, 3 20 19 19 95/16 (9.8%1.500.37%+12
API-25% <07
s ha/3/51 Dodecylhenzene2 3 100 20 18 100/19 (11.3t2.0]O.30f'éé
2hs |11/21/52 |Dodecy1benzene 3 20 15 13 100/31 (17.ot3.7)o.17t-8g
25 |11/:'1/52 |Dodecylbenzene 3 5 10 9 100/23 (16.&12.7Jo.17f°8§

(15) (11) }(100/23) :
259 |1:/21/52|20% Dodecylbenzene 3 100 15 13 100/32 (26'7i1‘9H)‘10i'8%

in API-0 .
260 |11/21/52 |54 Dod~:c; ibenzene 3 100 15 15 100/33 28.1%1,6}0.08%,01

lin API-A0

1.
2.

toncentration of benzpyrene in solution was 0,15 g./100 ml. solvent.
I'roduct from alkylaiion of benzene with propylene tetramer (aluminum

chloride catalyst).

-'[17-
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PO THE SKIN OF C3H MICE

EXPERIMENTS L[HVOLVING THE APPLICATIOH OIF SOLUT1IO0OHNS OF BRUZPYREHLE TH VARLOUS SOLVEUTS

T DOSAGE AVERAGE
OF FINAL LATENT
NUMBER BOLUTIOK- EFFEC-|{ MAXIMUM | PERIOD |RELATIVE
OF iR JORIGINAL TIVE {INCIDENCE|FOR TUMOR|CARCINO-
API APPLICA- JAPPLICA-] NUMBER | NUMBER OF INDUCTION] GENIC
AMPLE BTARTING TIONS T10H OF OF TUMORS (5% F.L. |POTENCY,
JUMBLER | DATE SOLVENT PER WEEK | (mng.) MICE MICE ﬂ.I.kas Jl in wks )| Pun
ALKYLBENZENES - '
274-8 | A/12/53 FFraction b, 150-500 3 Lo 8 7 0/9 - -
760:m0, from -“1:t114 -
lation gf alkyl- '
enzone
07 -13 1 6/12/53 Fraction b+ 555-,60F 3 50 9 9 78/9 8.6 w 046
/760mm. from distil ~
lation of alkyl-
benzene
267-1 | 1/31/53 fFraction b,603-64FF, 3 .20 15 11 91/27 |~ 22,5 | 0.11
/760mn, from distild
lation of alkyl-
enzoene (PDDDB)
267-3 1 1/31/53 Fraclion b 655-683F] 3 20 15 12 L,2/28 - -
760mm, from distild
ation of PDDB
267-5 1 1/31/53 Fraction b,66l-730F, 3 20 15 12 33/29 - -
760.1m, from distil- }
lation of PDDB
267-8 | 1/31/53 fFraction b.659~-760%F 3 20 15 13 _L6/28 - -

760rum. from distil
ation of PDDB

1

« Concentration of benzpyrcne in éolution was 0,15 g./100 ml, solvent.
« Product of alkylation of benzene with propylene polymer,

« Residual by-product of commercial alkylation of benzene with propylene tetramer.
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TABLE YXIX
EXPERIMENTS TO DETERMINE WIHETHER -CERTAIN MATERIALS HAVE IRRITATIONAL PROPERTIES
OF THE TYPE EVIDENCED BY DODECYIBENZENE
STRAIN | oz 5
OF MICE | R &
SEVERITY AND e g
OF NUMBER | &5 &
IRRITATICON EARLY OF 34
API LIKE . ACANTHOSIS APPLICA- 8 : NUMBER
SALPLE DODECY L= AND TIONS CF
NUMBER DESCRIPTION OF EXPERIMENT BENZENE PERKERATOS1S | PER WEEK (mg.) | MICE
221 |Dodecylbn,:zenel yes heavy C3H 3 100] 20
221 |(Dodecyllenzene yes heavy C3H 3 100 301
acl-1 '11-!42% fraction obtained from chronxatograplq yos heavy C3H 3 20 3
) of Noe 221 on alumina .
221-2 {},2-84% fraction obtained from chroinatographj yes heavy C3H 3 20 3
of' No, 22: on alumina
2 .
221-3 {204 Dodecylbenzene in API-U0 no nil C3H 3 100 6
221-l |40% Dodor; lbenzene in API-80 no 'nil csH 3 |0} 7°
221-5 |60% Podecilbenzene in AP1-80 yes medium C3H 3 100 7
221-6 |80% Dodecylbenzene in API-80 } yes heavy C3H 3 100 6
253 2-phenyldocecane 1 yes medium C3H 3 100 20
25l |1-phenyldodecane yes slight C3H 3 20 7
l
1. Age of mice at start of experiment, Sl weeks,
2, See page 132 of Table II for description.

e

~

Pro-dunt frowm alkylatlon of benzene with propylene

tetramer (alumlioaum ci:loride catalyst).
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TAWLE 111X

EXPERIMENTS TO DETERMINE WHETHER CERTAIN MATLRIALS HAVE IRRITATIONAL PROPERTILES

OF TIIE TYPE EVIDENCED BY DODECYLBENZENE

STRAIN =
oF MIcE | B 2
SEVERITY AND k>
OF NUMBER | 8 5
IRRITATION EARLY OF < 3
API LIKE - ACANTHOSIS | APPLICA-| & & |NUMBER
SAMPLE DODECYL- AND TIONS | R <] OF
NUMBER DESCRIPTION OF EXPERIMENT BENZENE |HYPERKERATOSIS | PER WEEK]| (mg.)| MICE
l" -
255 l-phenyldecane yes medium C3H 3 20 7
256 l-cyclohexyldecane yes slight C3H 3 20 7
280 oKk -methylnaphthalene yes medium C3H 3 100 5
71-3a Material from cold trap of dlastillation yes medium c34 3 100 3
of API-71-3(0-2.5%)
71-3b | Fraction b.j65-530°F./760 mm. from distil- | yes heavy C3H 3 |100 3
lation of API-71-3}2.5-6%)
71-3c | Fractlion b.,530-610°F./760 mm. from distil- yes medium Cc3H 3 |100 3
lation of API-T1-3(6-11%)
71-3d | Fraction b.blO-670°F./760 mm. from distil- no nil C3H 3 100 3
lation of API-71-3(11-18.7%)
71-3e | Fraction b.670-690°F./760 mm. [rom distil- no nil c3H 3 |00 3
lation of API-71-3(18.7-26%)
221 Dodecylbenzena yes heavy® rabbit 3] 300 z

Colorless fraction obtaiucd Ly ~br-nmatoeraphy of AFI-71, TCC reslduum,

Severe crusting comparable to that in mice but occurring vetween the 9th and 15th week (upprox-
imately double the time required for the mics).
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TABLE 1ITIX

LEXFERIMILITS 10 DETERIALNI

¥
U

WHITILSTC CERTATN GATHRLIALS HAYE 1HRITATLIOrNAL

s Tyl BVIDERCED BY DODMCYLBELZERE

THOPET LN

SWUATE | L E
o LL1CsE ._vi_i
SUVERLTY AsD o
» OF BULBER | =
IgRITATION EARLY UF <&
ALY LIKE ACANTIOS LS Arrpica-l 3 - INUMBER
SAMPLE DODLECY L~ AND T10NS n-<tp OrF
HUMBER DESCRIPTION OF LXVPERTHLNT BEUZENE  JHYPERKERATOSIS | PER WELK|(:r )] MICE
?76-1, Solutiony of benzpyrens in fractions yes -, slipht c3g 2 <u 12
b, 520--30° of technical whits oil

270-3 Solul.ion of benzpyrene in fraction b.630- yes very slight cin 3 30 12
6 5° of technical white nil

276l Solution of Lenzpyrene in fraction b.6l45-~ no (scaling only)}] C3H 3 K 1z
£55% 1 technical white oil

276=4 Solution of lenzpyrene !n fraction b.655G. no nil C3F 3 iU 15
700° o tochnical white 11

2766 Solution of benzpyrene in fraction b. $720° no ntl C3H 3 e 15
2f techuiical whilte oll

2069 ] Solution o benzpyrene in Cetana yes heavy Cit 3 £0 15




TARLl IV

EXPERIMENTS INVOLVING A LIMITED NUMBER OF APPLICATIONS OF CARCINOGENLC MATEHIALS

66960 IdV¥

Palntinge

e et rasnniiliniiR 2 T AN T

discontinued after 11 treatments.

STRAIN
OF. MICE
AND FINAL +#VERAGE
NUMBER DOSAGE EFFEC- MAXIMUM LATENT
OF PER CRIGINAL] TIVE INCIDENCE PERIOD
API . APPLICA - APPLICA-| NUMBER | NUMBER CF FOR TUMOR
SAMPLE TIORS TION OF OF TUMORS INDUCTION
NUMBER DESCRIPTION PER WEEK| (mg.) MICE MICE [T.I./wks.)(SFF.L.in wks.
1
43-1 | Dewaxed oil from MREK-Decnzol C3H 2 20 20 19 0/6 -
dewaxing of I".C.C. decantled
oil NYo. I3
L3-17 " cin 2 20 20 18 0/6 -
3-1" " c3n 2 20 20 20 0/6 -
717 | T.c.C. cracked restduum C3H 2 20 20 20 0/6 -
2
71 " c3H 2 20 19 19 0/6 -
71 " C3H 2 20 20 20 0/6 -
83-2 | Aromatics by chromatoyraphy c3nm 1 100 13 12 83/h55 3&.618.h
from API-83" plus 30.t¢% by (20) (18) (83/45) ;
welght of sec.-amylbenzene
76-1, | 0.15 ¢. benzpyrens /100 ml. of| C3H 3 20 2l 13 0/268° -
3.4 | fractions of AI'T-U0 b. 520 to (6 each)
655
,1 Painting continued until 1ast animal dles.
2 Ppainting of all animais dizcontinued st time first animal in group developed a papllloma.
® Tainting of each animal diccentinued st time of appearance of papilloms in the Individual animal.
! SBue page Zlp for descriptlon,
2 Painting discontinued after 19 treatments.

— 4 - —
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TABLE V

EXPERIMENTS ON THE RETARDATION OF TUMOR FORMATION BY WASHING - CFW MICE

R

AVERAGE
NUMBER PERIOD FINAL MAXIMUM TATENT
ApT  [cARcIN-|  OF OF EXPOSURE ORIGINAL |EFFECTIVE| INCIDENCE | PERIOD
EXPERI-| 0GENIC| APPLIGA- T0 OIL NUMBER | NUMBER OF FOR TUMOR
MENT 0IL | TION® |. HAIR |BEFORE REMOVAL|WASHING OF OF TUMORS INDUCTION
NUMBER |APPLIED| PER WEEK|CL1PPED| BY WASHING | AGENT MICE MICE fT.I./weeks)(S%F.L.in wid
8 gl 1 "no Control none 10 9 100/26 13.3t.6
. (no washing) (20) (13) (92/26)
300 8 1 no 10 min. soap 9 .0 0/81 -
solution )
301 8 1 no 1 hour soap 10 7 1l /36 -
solution )
302% | 8 1 no }i hours soap 9 8 63/70 (61.6126.2)
solution
12 121 3 yes Control none 15 1 10041l 10.72.9
(no washing)
303 12 3 yes 1 hour soap 15 i 100/}40 27.3%3.6
solution
ohe | 12 3 yes 9 hours soap 15 11 100/21 17.1%1.3
solution

1.

See Tabhle I for description,
2. Dosage per application was 100 mg,

L -
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TABLE V

EXPERIMENTS ON THE RETARDATION OF TUMOR FORMATION BY WASHING - CFW MICE

NUMBER PERIOD FINAL MAXIMUM AVERAGE
API CARCIN- OF OF EXPOSURE ORIGINAL |EFFECTIVE] INCIDENCE TENT PERIO
EXPERI-] OGENIQAPPLICA-~ TO OIL NUMBER NUMBER OF FOR TUMOR
MENT OlL TION HAIR BEFORE REMOVAIL] WASHING OF oF TUMORS INDUCTION
NUMBER JAPPLIEQJPER WEEK |CLIPPED{ BY WASHING AGENT MICE MICE (T.I./weeks)|(5%FL. in wks)
1
305 8 3 yos 20 min, |detergent 20° 1 93/51 hl.9t3.8
solution
306 8 3 yes 1 hour detergent 20, 17 9ly /Ly 3h.0t2.9
solution
307 8 3 yeos 1 hour white oll-~ 20 20 85/33 26.6%2.3
dstergentz . .
308 8 3 yes 20 min. [|white oil| 20 15 100/52 31.9%, .9
113 | 113! 3 yes Control none 20 18 9L/ 36 (16.3%5.0)
(no washing)
309 113 3 yes 1 hour detergent 19 1 43/67 -
solution
310 113 3 yes i hours detergent 20 13 sl /57 -
solution
311 113 3 yes li hours hite ofl-] 20 12 83/52 Ls.3%, .6
H FetergentZ
1. See Table I for description.
2. White o0il rinse followed by washing with detergent solution,
3. Dosage per application was 100 mg,.

- gt -



86960 I4vY

‘A ALV

EXPERIMELTS ON TILY LETARDATION OF TUMCR YORUATION BY WASLHING - C34 WICE
AVERAGE
NULBER PLaTeD) FIMAL LAXTILUM LATENT
AT CARCIL - OF' or pXP SULE ORIGIRAL | BFFECTIVE] 1dCIDIsnCE FERIOD
EXPERT-] OGiii1C APPLlCi- L TO OTL NIABER 1TUTIBER CF I'OR TULIOR
MENT O1L TIONS HAIR LEFORE [eliovAl JASHING oF opr ’ TLLIORS INDUCTION
NUMBER APTLIEﬁPEﬂ.WEEK CLTPPIR RY WASHING AGENT MICE WICE (T.I./weeks)(SﬁF.Iuirlwmﬂ
’ 3 ’
56 56 3 yes Control none 20 20 0/16 -
(no washing)
n6 56 3 yes GControl none 20" 20 15/16 -
(nc washlng)
31l 56 3 yes 7 hours ldetorgent 20 19 0/16 -
solution
113 11 33 3 no Control none 27 27 100/23 1644%1.3
(no washing) (110) (36) (100/25) (17.511.3)
315 113 2 yes 7 hours detercont 20 20 /16 -
solutlion
316 none 3 yes none deterpgent 20 20. 0/16 -
sclution
317 none 3 yes none fWhite oll- 20 20 0/16 -

detorgent'H

. Dosace per application waz 100 mg. except where otherwise 1Indicated,
. Dcsare per application was 20 mg.
. Seo Table I for description,
. Wnite o1l rinse followed by washing with detergent solution,

-61-{-
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TABLE V

EXPERTIMENTS ON THi RETARDATION OF TUMOR FORMATION Y WASHING -~ CFW MICE

AVERAGE W
NUMBER FINAL MAXIMUM LATENT
API OF ORIGINAL |EFFECT1VE| INCIDLMCE PERIOD
EXTERT - APPLICA- NUMBER NUMBER OF FOR TUMOR
MENT TIONS HAIR OF OF TUMORS INDUCTICL
NUMBEL DESCRIPTION OF EXPERTIMENT PER WEEK|CLIPPED| MICE MICE {(T.I./weeks) {HFL. in wks)
312 arrier cream applied 9:00 AM 3 yos 10 7 71/it5 (h2.jtb.0)
l?PI-B applied 11:00 AM (20) (10) (70/45)
temoval of oll by
by washing with detergent
solution 12:00 AM '
'
J + J1
313 [Barrier cream applied 9:00 AM 3 yeos 20 13 100/31 2h.6=2.71 °
API-8 applied 11:00 AM '
API-8 applied 2:00 PM

[Removal of oil by
washing with
detergent solution li:30 PM

1. Dosage per application was 100 mge.
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September 1, 1653

$ 28,900.00
27,800.00
©8,300.00
éL,340,00
oL, 840.00
97,460.00

104,285.00

79,056.00

7 U2,753.73

463,006.91

7 15,300.00

512.17

$594,981.00

521,572.321
$ 73,4n8,19

MEMORANDUM
Paumas
' SUTJECT: RECEIPTS, EXPENDITURES, AND ALLCC:TIONS ~- APT METICAZ 283 12CE FUND
l montricutions Received
-
1945
1547
1948
1549
1950
1951
1952
1953
TOTAL
gxpenditures Mede Prior to September 1, 1933
Farvard University
Toxicological Reviews $ L40,253.73
Cutting 01l Study 2,500.00
University of Cincinnati
Carcinogenicity 436,506.91
— Fluorine Study 14,000.00
Physielogy of Skin 12,500.00
Philip Drinker
Miscellaneous
TOTAL EXPENDITURES
BATANCE OR TEPOSIT SEPTEMBER 1, 1953
P

API 05700
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= ESSO LABORATORIES
fa o STANDARD OIL DEVELOPMENT COMPANY
- - P.O. BOX 51, LINDEN, i.]J.

SICAL RESEARCH DIVISION INDUSTRIAL HYGIENE SECTION
. . NATHAN V. HENDRICKS, CH.E.
E ¢ £. ECKARDT. PH o Mn?n:cfoa HEAD OF SECTION

R
noBE FRANKLIN W. CHURCH
ARDE, PH D.. M D, o o P . RA 5 . . MS.
D”GE w GER HEAD TOXICOLOGIST [lsJ gt box 22 /e 3 GEORGE M. WILKENING. M.S.

INDUSTRIAL HYGIENISTS !

;
é,

viglrar Juvis
7411235 PehTalaun Company
-:1esville. MRizhema
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\s new Shalrmn of the RPA Comalttee, I hsve prepared “ie attached report summenize
yag Lhe activities cf the Kettoring Leboratory as I see ther to the present tizs.
7t wowrd be 1 intenticn to present this to the Cubcommittec on Carcinogenicity
peeting in Housten es a formol redort of cur RPA Cormitnee to the Subecorrittee.
pecause of the uravailability of tirme to cbtain appgroval from each of the RPA
Corittee menbers, I am wmeble to claim this as a full RPA Committee report.
fowever, I plan to srrive in Houstcn at abcut two olclock l'ondey afternoon,
cepterber 20tk; and have a reservation at the Shsarock Iiotel beginning in the
evening. I weuald be happy to go over this repert with any and/or all members of
the R°A Comriitee that evaning in order to intrcduce aryy corrections or suggese
tions trgt mizht seem warranted, or, if the Committee 30 decides, to sbandon this
revort sltogether. For any members of the RPA Commiites who will not be in Houston
vonday evening. I wewld cuggest that they write me their eriticisms end suzgestions
at :ne Shamrozk Hotel end they will be taken into considerstion at the diseussions
anich tie rest of the Committee will hold thst evening.

la

I 1 sernding “rree coples of tals report tc Dr. lHorten -rAth the sucgestion that
i* k3 hes gy cormente whish ke feels I should have inciuded in this report, or
i he dsagrees with ouwr inmterpretation of the work of 4he Ketitering Laboratory,
@ w1l be in o position to advise =e of the opinion cf the Laboratory londay
gvering in llewstens The two extra copies of the repert baing sent o 2r. Herton
gre ior ra. Kehoe and Or. Phailr,

I me2llze that this report canot be a camplete sumary of 211 of the work done

by the Telterirng Laboratory, otherwise it would have to be too long, but I do

feel thct 1t represents, at least 1n my mind, the important observetions which
wve teen nade thus far by the Kettering Latoratory, and in the summsry erphasizes
th2 impertant poimts that should te pursued in the werl of the Laboratory. It is

seble tc prepare & report scmevhet eirdilar to thle one which can be sube
ts tre Sukcomnittee cn Careinogenesis at the Houston meeting, If it is
eble with tris Cerrditee and with you, it weuld be my plan to reed this repert

Tr o oo oA BRI LAY 14y g
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gtle =0 cach cl the_ werkcrs of tlf.e Sebcarmitize oa Carie.rnogearesis following the
gous Lon szetling.  rFurtharmere, it wouwld te niy sugzesiicn toat the Subcomrittae
Do wish 0 cor3ider sending a revort similar to this %o the lledizal Advisory
cemitiee it the cuggesticu thet it be forwarded tc he Safety Committee of
the Soard of Jirectcrs of the API.

ps I have indicated above., the report which I am sending to you now should be
midered only as 7y own rough drait of such a report, representing only my
jdeas. and subject to the approval of the other members of the RPA Committee.
1 trust that our APA Committee will be able to come to some agreezent on this

report lionday evening in Houston prior to the meeting of the Subcommittee on
carcinogenasis.

SincdreJ:,

R. EQ. mm, I:. Do
REE:41k

& e with attachments Dr. C. Ko Hime

Dry E. K. Linder

Dy Ne Be Nowgxist

e Be de M“
-Bre'Le O -Dotd; Jri’

Mr.8. N, Henderecn

A m O Hilnty

- y ".; g‘-’ .
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IET-087 OF RA COMMIUITE SURNITITD O STPIZMBIR 29, 1657,

2C SUBCTMMITTRE ON CARCINCGEINESIS, 4Pl YTDICAL ADVISORY COMMILTIE
£7-M:°Y OF TRY API FROJECT X CANCIFTGENTSIS T KRTTERING LABORAGCKY

The original progrem of carcinogenic work at Kettering Luborztory grew out
.5 tre Te3ults obtaired from testing a series of 8 oils. The conclusion of
shis work, reported on November 5, 1048, was that all 8 oils affected the skin,
swo of them vroduced mild 1rritatiox;, two produced a few verrucous pepilloemcta,
one produced papillomns aad two cuestionable cancers, two produced a definite
cancer each, and one was highly carcinogenic.

A 8 rasult of these preliminery studies, the Kettering Leboratory under-
tock 2 more extensive research program under the auspices of the API Msdical
idvisory Coumittee designed to 1) survey refining processes and materials which
gight represent potentisl hasards from the cancer standpoint, 2) diological
tasting of indicated oils and tars, 3) chemical research tc determine the
-aturs of the carcinogenic componsnts end to develop snalytical technicues for
their determinztion, and, &) an epidermiclogical progrzm to develop sound
imformeticn regarding the actual incidence of cancer amonz employees of the
retroleum industry and to determine the efficacy over a period of years of
the verious szfety orograms which have been or are being set up by individual
0il companies.

To implement this drogram, it was surrested that muterials from & number
of processes be studied, in accordance vith the outline on pages 2 and 3 of the

Tettering revort dated October 27, 1950.

API 05703
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n order to heTe e ra:ferenc? 3teidccd 4¢ which the results of testas of

theza ~1ils could ba r2Ttrreé, ir: lsboratory undertsok & study of the carcince
ger.icity °7 sclitions of methyl sholanthrens in benzene. For reascns related to
vell .owt dose-rssoase paencmena it wel decided to use the aver:ge lztent
period for tumor production as a msasure of carcinozenicity, the sver:ge

1at2nt ser.od being jefined as the lengta of time required o reach 50% tumor
{ndicas. ’

Ir. the course nf this work with refarence staniarcs, it soorn became

anrparsnt that C3% mice geve fairly revroducidle resulte, whersus CFVW mice gave

.es8 repreducidble rasults. It wes, therafere, decided to stenderdize the mcuse

strein and to use only fﬁﬁ mice in subseguent te2sts, even though a conesidsrable
number of tests cn oils with CFW mice hed elready been sterted or completed.

In nddition, it became apparent that if too strong a solution of methyl
chelanthrene is painted on the C3H mice too frecusntly, the health of ths mice,
as cztemined by non-tumor mortality snd weight curves, is imp:ired, =nd,
avparently, their ebility to oroduce tumors is imp.ired at the same time. In
sdritlion, other factors which influence the haslth of the mice, such es infections,
infestations with lice, etc., are also reflected in non-tumor mortality snd
growth rotes, and will seriously affect tumor production. Thus unﬁealthy
animals from any caunse do not produce tumors as readily as healthy animuls,
and tha enrr; latent period is prolonged in the unhealthy animels. Sincs

the aver:pe latent period is tsken as & measure of carcinogenicity, it is

0d7ioua that the appsrent carcinogenicity of a material could be profoundly

influeaced by the heelth of the eanimrls, and misleadingz results thereby obteined.
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Theg &L T3 J2EsrT.ticn: Lald .

i necessinT of calnting nice cree, w.ce,

or LATER LimMee cer Wik C1nenIlRI 91 Sle 33Tergth of sclution being iser, e

~m =an, Y

“tre 3a7ut:ve stindard curves dacernding o

3

.o A2 cetabliskient T Thre
the -re:uercy of nalniing., Iike twost recexi re zrt from ihe Ketterirng Ledoretoryr,
newever. hi: ghown that “Rase Thois curves cen Ce unitec irt: 8 3irgT: curve
wher shay wre exgressed in terms of the drse ci carcimcgen spplied rer uai;

sree 0f sxin per week. This has necaceitated neasuring the arsa ci ckin

covered b7 2 solutlon of methyl cholanthrene in a solver$., Withir limits a.s
hes voen found tu be constant for each solvent testel, The solvenis thus ‘ar
tested nave becen benzene, hydrow-ceroxide, free amyl enzene, cottcr seed 5:l,
technicsl white oil and fractions of refinery stresms. The effect of thesa
golvente is their effect on the apreéading of the solution. Thus if the same
smount of ths eame concentration of methyl cholanthrzne in two different

solvents were to be veinted on the akin 2 times a week, the dose cer unmit

ares need not be the same. If one solvent ceused the solution to spread over
tvice the area of the other solvent, the dose ver unit area in the first case
would be hall that in the second case, and thes averaze lztent perind for the

tvo solutions would be 'Qif,t.ogqnt. leading to differeat PHC values for the two

solutions. The Py ’Wp pnly tp. concentration of methyl cholanthrene

in benzens, and urv’iﬁiir a Wco standard. What this work implies is
o’ .

thet ¢ pECOAINTY An, carcinogapic work to determine not only the fre-

quency o ) . _nog:,gnd the ampunt applied per application, dut also the ares

covered ') Mis amount.
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cluiticne of pure carcinogens in

\n‘_.:c:\lez‘?ting sclvents. In the couree of tie work at :he Kettering Leboratory

. ,c3 --ieTved that certain sclvants, i2 z¢iltion to having an effect on the

yeon °F s3r2ed 3f the solution also hsve & specific effsct on the carcinogenicity

.+ sze solntion,  Thus 4t was found that diffsran: concentratione of methyl

plonthrens in some solvents, even though they spreed over ths sams ares, have

.penticlly the same average latent period. 4ccording to the sbove, this should

st te the cese since the dose per unit area should de different. In this case

the 2rE8 remains constant, the amount apolied per application remaine constant,

wa¢ the concentration varies, and hence dote per unit ares varies. Theoretically,

nerefore, the average latent period shouid vary, but actually this was not found
ts be the case. The explunztion for this effect is that the solvent exerts

jore svecific accelorrting action on carcinogenesis. To summarize these two

concepts, it may de well to give scme equations. Thus dose per unit ares per week
uy be defined as follows:

d agm xcx f
- a

where MgR = mgn o! solution apolied per apolication

o= mmtnﬁoa

o w
*‘m of _.pgnentiona per week
,.;;fu eonrod

g:ri g'z nu-accclorr.tin‘ solvents with different spreading,
pre constant bus a varied, theredy influencing d. In the second

tse, ngn, £, and a were constant dut ¢ varied and hence d also vas variable,
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put this 4id not influence average latent period. Hence two siturtions exist,

one iR which the rate of tumor formation ie related directlyts 4, the other in

,hicn it is not, To date dodecyl benzene and normal hexadecane have been found
to be sccelerating solvents, although greoline is not.

An intercseting observation resently mads is that if dodecyl bengens is
spolied once to the skin, and then serial diopsies taken, holes in the epithelium
can be cbeerved microscopically but not grossly, It has been postulated dy
the Kettering Leboratory thet these holes provide focli of rapidly rego:'nrating
spithelium which may be responsible for the accelerating ection cobserved,
Refinery Streams

Ae 3 result of the above information of a fundamental n: ture developed over
the past several years, ths Kettering Laborctory now believes thot carcinogenio
pefinery streams may bde divided into two main classes:

1). Those streams or materials in which Py, is related to 4.
2). Those streams or materials in which Fy. is not related to d.

In the first group fall- those materials such as catalytically cracked
residus in vhich carcinogen. concentration 18" ¥#3 high or sccelerators relatively
so low that the carcimogan concemtyetion bescomes of first importance as & measurs
of tumor activity in:miesev 3% hamsemnd grouwp, cherocterized by mediua distillates,
the carcinogen %w the accslerztor comcentration
g relatively u,‘.# ’ : are more immrtant. in produciag tumors

L W3

of the mor
Tha ) o ? 2ot developed information which indicates that the accelerators
 are present in those refimmry stresms dolling from 450.650°7., whils carcinogsns

L Are present in those streams boiling above 650-700°F. Thus in mixtures which
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psve 8 vide doiling rangs, sy from 450-1000°F., the carcinogenicity of the
gizturs zay not be dependent 2lone on the amount of 700°F. + material present,
pat 2lsc on the amount and nature of the 450-650°F. fraction.

In partial suport of this concept, the laborztory has enalyzed o series of
cafinery streams for thelr benzpyrene content, in accordsnce with a method
geveloped 1n Pittsburgh, and hove rel: ted the determined benzpyrene content to
the Pygp (avpendix 11 of Jenuary - September, 1953, Progress Report). These
geterminztions indicate that the $ BP/Py. ratio essentially divides into two
groups, thoss that run from 0.30 and higher, and those that run from 0.10 and
jover. The first group of materials falls in the first class of refinery
saterisrls, and the second group into the second class. In three instances
(016. 71 and 91) this ratio lay between 0.1 and 0.3, and these three oils may

-

yarrent further study.
 fables of By
In the newly distributed tadles of Pyc valuss distributed on September 1, 1953,
wsentially three types of results sfe given:
1). Those in vhick Bath the average l:tent period and the Py valuse
are given in parentheses. It 1s the feeling of the laboratory
thas ﬁ:%"@b&hm{m errore in their accuracy
dus to W muu in the bdislogical uporu-nu such
H poor )m t‘idw of applied mterials, otcl
&ﬂi’”'*ﬁv&; hhnt period is enclosed in parentheses

tbo Pu uluo 1. not. These are pretty good experiments from

=

'Y bioloned. otn@oht. but the hbont.ory still hes some

Perey

reservations about the accuracy.
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3). Those in which neither the averi.ge latent pericd nor the Pyg
value are encloeed in purentheses, These e:periments zre
believed to bs 28 gocd & biological experiment as it is possible
to o‘btai:n.

0f <he samvles in these tables for which a PHC valus is given, 57 fall

into the first group, 93 fall into the second group, and 27 fall into the

third group. It is the feeling of this writer (and I hope the remaining members
of the FPA Committee) that the 150 samples which fall into type 1 and 2 results
can be repeated and brought into & type 3 experiment. Since much of the wal-
idation of the theories of the labor:tory is dependent upon accurzte PHc

values, it is highly desirsble that these P M velues de mads as uccurate as
biological experin,ntatiox} will permit.

Another serious dofe.ct of these tsbles is that in come experiments, anigsls
dave been eliminated from the experiment becsuse the lahoratory believed thas
biologically it was unsound to includé them. In several cases the results are
besed on as fev a8 § snimals. I¥ {s to De desired thut no results will de
reported unless & minimoh numbe¥ 0f 20 animels are included in the experiment.
The Sommittee recopiio‘ﬁ" the' val'!ait'w ;f throving out some animsls, but feels
thrt where this has Ve ?f&o;‘ho cxpu'tﬁlt should de repeated to include &t

bi&rﬁuﬁfﬁ&uw -
i ‘ﬁu L

lesst 20 animsls,
g‘\?* si%h = .

the o1l iv CHMDE otf'%ih better. Limited experiments with white oil vash and
darrier creams are difficult to interpret, but the laboratory feels that e white
#4l1 rinse prior to washing, or the use of barrier creams in as:ocistion with

vashing, mey offer advantzges greater than with washing alonme.
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The epidemiological dats ie accumul.ting in the lsboratory, with some 1200
gos NOW having been reverted. No definite trends ere as yet discernible but
v yas not anticipated th;t any such trends would be discernidle prior to at
16“' 5 gears exverience. It is hoped that the supnort which the General
oittee, Division of Refining has given to the epldemiological study will
.u.ulate renewed reporting of cases with sufficlent medical and occupetional
hutories to permit some early correl:tions to be made abdout 1956.

Susmary
L 1. The RPA Committee believes thut the Kettering Leboratory is performing
jygportont work in the field of carcinogenesis of refinery stresms and materisls.
ey belleve thatla.lthougl 8 great many practical answers have already been
" obtsined, the work lhonid be pursued because the work of the labdoratory prodises
provide many fundamental answers to questions which now exist concerning
matrial snd occupaticnal carcinogenesis.
_ | 2. It is belleved that the work with noneaccelerating solvents which relates
1 the carcinogenic rcnpoalli‘:of & solution of pure carcinogen to the dose applied
' _per unit avea per week U5 tBe ekin {s of extreme fundamentsl importsnce, The
-— Comuittee urges Wﬁw"m& Be conducted to establish firmly the curve

' o ' _?1¢kﬁ&¢
"hé Work with scceleruting sclvents is also of

§ md ke this should de pursued vigorously in

""&:’-ﬁﬁﬁ "mdo.::"ttanung of the relative role of carcinogens

-. ._q

BRw A nd

§Fs in refinery streass and materisls.

- Curt e e
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L, Since zmuch of the correlation of chemical anelyses with biolegical

tency is dependent upcn the accuracy of P uC values, the Committee l:mentc the
ract th-ot many of tre ‘hc -veluee thus far reported are based on data which

the leteratory recognizes as not heving deen obttained from the best bilological
expermcnt vcesible. The Committes suggests, therefore, that the laboretory
gevote congidarable effort to reveating those experiments in an effort to
develop Pyc values that are based on the soundest possidle biological experiment.
5., The Committee believes that the work with wushing techni ues and protectivs
creans may vprovide intensely practicel guides to refinery hygiene practice and
guggests that this work be pursued as new approaches sppear to the laboratory.
6. The Committee recognizes thzt the epldemiological studies cannot be
expectad to produce significant results until at least 1956, and, theroforo-,:_
arges that renewed efforts at adequate case and occupational history reporting
bve made during the next seversl years. It bDelieves thet adequate medical staffs
can do moet to insure the success of t{sil program, and in this commection it
acknowledzes the stimnlus thnt the Geuenl Comnittee, Division of Refining

has given to the sttumt of this obJocttw.

7. The laboratory hn alrud: dotemiud that & number of refinery streams
and materials ha.vo l :olatiul; M‘;d:‘a:u o? ca.reino;snicity. Although

data obtaimd, wvith g:&mt de diﬂctl; transposed to humans, there is

s in -?tuul cancer experience to indicate that the

try csnnof take lightly the observstions of the lsboratory onm

sutficisnt g

sity of thess refinery streams and materials.
8. The Committee recognizes that the laboratory at best can determine
from 1%s biological and chemical work only the relative carcinogsnicity of

Tarious refinery etreams and materials. The determination of the hzsard is

API 05711
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d,pendsn“ upcn fectors of exient, frequency, duraticun, snd length of exposure.
A8 recocnized by the l=boratory in Dr, Kelice's talk to the members of the
generBl Committee, Tivision of Refining the determination of the hazard ie at
preeent a function of the individual petroleum companies., Adsquate medical
ipdustrial hyglene staffs are essentinl in these individusl companies if

and
they are adequately to anpraise the hazard. The Committee supports Dr. Kehoe's
ples thet petroleum company mausgements reco¢gnize this trulsm and make plans

for the development of anch adsquate medical and industriasl hyglens staffs.

9, It is apparent that the laboratory has accumulsted sufficient data that
pgblicatlon of results will be deemed desirsble in the near future. The Committiee
recognizes the right of the Laboratory to pudlish, and urges that the mechanism
be asteblished lo‘ that f.inu 'pnbuc.tiém can be reviewed ins finite perio&
of time. As & sugrestionm, {t'1s propbsed that this mechanism be so estsblished
that Teview by APT miﬁi’.nt*-‘ﬂ i&bﬂfm and criticim for the laboratory
fron APT Banagsmentbe wedh ArTRUER vifais® sixty (60) days. If mo criticiems
or suggestions are oM db%‘o?atbry atibe sxpiration of this tims,
the laboratory csd n’iwm':t&%em and procesd with publication.
It should e r.cogﬂﬂﬂ%ﬂ Yi¥ «He parpose of helpful criticisss

ol -3-‘“ RRAL 5 éfmiie? o ot there vill be

o .-ngtsnt lan .

T pRpOdLte, il
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sUMMARY OF RECENT PROGRESS IN THE INVESTIGATION OF THE CARCINOGENICITY
OF PETROLEUM INTERMEDIATES AND PRODUCTS

September 29, 1953

In the course of the blological ﬁrogram to assay the
relative carcinogenic potencies of refinery streams, it has become
gpparent that some of the materials have a practically constant
potency, Pypos over a wide range of conditions of exposure. With
these oils, the time required for the induction of tumors is
pssentlally the same whether a small dosage, e.g., 5 mg. per ap-

plication, or a very large dosage, 100 mg., i1s employed, so long
*b as the same number of exposures per week 1s involved. When the
frequency of application of such samples is varied, the mean time
of appearance of tumors changes in just the manner expected for

a solution of the synthetic carcinogen, methylcholanthrene, in a
’ "non-accelerating™ solvent such as benzene; hence the constancy
of the values of PMC’ since these are based upon experiments
with such solutions as external standards of reference,

Other materials from refining operations have exhibited
potencles, Pyo» which increase as much as five-fold with increasing
severity of exposure, While a number of the catalytically cracked
oils have fallen into this category, others do not, Hence it
has become apparent that a given refinery stream cannot be class-
ified as variable or constant in its potency, Pyco with variations
in conditions of exposure, simply on the basis of the unit from

waich it was collected, Rather it is necessary to gain an under-

standing of the relationships between the chemical compssition

of the o0il and its effect on animals under various conditions of

¢Xposure,

API 05713
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Although some concern was expressed, when this problem
yas first discussed about a year ago, that its complexity was
such 88 to render 1t insoluble, the experlence of the succeeding
nonths has already shown that such is not the case, There is a
pounting record of evidence that the variability of the potency,
Py where 1% occurs, 1s related to the extent of the contribution
of non-carcinogenic but accelerating constituents of the oils,
plological tests on fractions of oils such as the T.C.C. cracked
residuum, API-71, and the Technical White 0il, API-80, have
demonstrated further that the major part of the accelerators are
found in the range, L50-650°F,, and are mainly saturated hydro-
cerbons, some contribution also being made by alkyl (or ﬁlicyclic)
derivatives of benzene and naphthalene of a restricted range of
molecular lengths, Experiments with pure hydrocarbons furnished
by other API Research Projects are being carried out to.define the
limits of this range more sharply.

Chemical research on the carcinogenic constituents of
the oils has led to the development of a method of analysis for
benzo(a)pyrene, outlined briefly in Appendix I, The analyses for
¢ number of typical refinery streams (Appendix II) show that this
compound contributes importantly to the potencies of cracked
residua, but to & much lesser extent to those of distillate gas
oils. Current efforts are, therefore, being directed towards
the characterizations of the carcinogens which are more volatile
than benzo(a)pyrene, particularly those which are derivatives of

the L.ringed polycyclic aromatic hydrocarbons.
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The compounds which were extracted from the catalytically
cracked residuum, API-8, by repeated reaction with maleic anhydride
pave been tested on mice (as solutions in benzene), The potencies
80 determined indicate that approximetely one-third of the carcino-
gens of the oil were removed by thls method. By chromatographic
fractionation, a concentrate (API-8-23d4) of these “Diels-plder"
carcinogens was prepared, the potency of which indicates that it
contains an equivalent of 18 percent benzpyrene., Further experi-
ments are in progress to identify the potent constituents of this
fraction and to develop a method of analysis for them,

The picturé’which has been developed of the interrela-
tionships between the five variasbles, 1. the sum of the effective
concentrations of the carcinogens (three important classes),

2. the effective concentration of the accelerators, 3, the
severity of exposure (dosage per application and frequency of
application), 4. the relative potency, Pyc» and S. the relative
area of the skin covered by a standard weight of the oil in question
(as compared to the coverage by the same weight of the standard of
reference, methylcholanthrene in benzene), may be expressed

tlgebraically by an equation of the following type:

Pyc ® f(cqd) [Area°] [KBPCBP + KppCpa + K.C.] .

The funection, f(cnd), has been found to be of sigmoid form,
8pproaching the value, 1, as ¢,, the concentration of accelerators,
becomes asmall. Thus, when accelerators do not meke a significant

tontribution, the potency, Pyg» 18 independent of the severity

API 05715
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of exposure and depends only upon the dosage of carcinogens
(the sumation In trackets of the effective concentrations of
penzoyrene, "Diels-Alder" carcinogens, and the third class, as
yot undefined) per unit area of the skin.

The relationships between concentration of carcinogen
(in g./100 ml,) and average latent period for induction of tumors
py the standards of reference (methylcholanthrene in benzene),
nave previously been plotted as three parallel curves, one for
sach frequency of application, It has been found that, if the
dosage, . of methylcholanthrene 1ls expressed in the units, weight
per unit area per weBk, the data from all of the experiments are

related by the following hyperboliec functions (see Figure I):

For the average rate of induction of papillomas,

(ipap - 2.8)(d + 0,09) = 8,5 (1)
For the average rate of induction of grossly malignant tumors,
(X,, = 15.5)(a + 0.07) = 6.3 (2)
Pyc = -%- ’ (3)

where f = number of applications per week,

The relative areas of the skin covered by solutions of
methylcholanthrene in other solvents have been measured. The
average latent period for induction of tumors by such solutions
may be calculated from the above eguations, making the proper
correction of the dosage factor, 4, for the solution in question,

30 long as the solvent 1s a non-accelerator, i.e., sec.-amylbenzene
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or cottonseed oil, For example, a given weight of a solution of
methy].c:holant:hrene in sec,-amylbenzene covers 1,7 times the area
covered DY the same weight of & solution of methylcholanthrene in
penzéne; hence the dosage of methylcholanthrene per unit area

for the former would be only 0.6 that obtained with the latter,
ggsuming that the concentration of methylcholanthrene in weight
percent 18 the same in both cases. Note in Table II (page 30 of
rabular Summary) that, for experiments involving sec.-amylbenzene
gs the solvent, PMC is approximately equal to 0,6 of the concen-
tration of methylcholanthrene employed.

When solutions of methylcholanthrene or benzpyrene in
asccelerating solvents, such as cetane or dodecylbenzene, are
applied, an appreciably larger areas is covered than 1s the case
vith the non-accelerating materials, Hence the relationships
between the surface activity of these solutions and their specific
irritating properties are being carefully examined to discover,
if possible, something about the mechanism by which they accelerate

the rate of induction of tumors by polycyclic carcinogens,
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EXPERIMENTS INVOLVING THE APPLICATION OF SOLUTIONS OF METHYLCHOLANTHHLENE TN BILWZINWNG

UPON THE SKIN OF C3H MICE
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— APPENDIX I

ANALYSIS FOR BENZO(a)°YRENE IN REFINERY STREAMS

(1) Prepare a chromatography tube by joining s 300 ml. reservoir
| to one end of a Corning 39570 HEYXY sealing tube containing a 20 mm.,
coarse, fritted disc, This should provide & smooth-bored tube,

22 mm. in internal diameter and more than 90 mm, long.

(2) On a 7.5 cm, column of alumina (Alcoa, activated alumina,
grade F 20) in the above tube, chromatograph a 100 mg, sample of
oil to be analyzed (added to column as a solution in 10 ml, of
50:50 benzene-isococtane), Wash first with 100 ml. additional
50:50 benzene-isoocﬁ;ne, yielding fraction No. 1; then wash with

260 ml. of a 70 percent benzene, 30 percent isooctane mixture,
ylelding fraction No., 2. Fraction No. 1 is discarded. Evaporate
- the solvent from fraction No. 2 under nitrogen and redlssolve in
10 ml, of C.P. benzene, With a pipette, divide this solution into
two equal parts (5.00 ml, each), termed A and B throughout the

following procedures,

(3) Iodinate A by this method:

(a) To a 2.5 cm. column of alumina in the chromatography tube,
edd a solution of 0.5 g. of ilodine in 5 ml. of benzene.

(b) To A, add a solution of 0.5 g. of iodine in S ml. of
benzene and pour the mixture on the column.

(¢) Elute the column with 90 ml, of benzene, collecting the

total eluate,

(d) Remove the free iodine from the eluate by washing with

Wueous sodium thiosulfate.
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APPENDIX I (Continued)
(LL) Chromatograph B similarly, without the use of iodine,

(9) Equalize the weights of A and B (to W grams) and determins

;pe spectrum (365-415 m},t) of the iodinated A, using B as the blank.
it wavelengths where B has the higher absorbance, balance the
spectr-ophot:omete,r on A and plot the absorbance readings as negative

'alue 8.

(p) Draw & straight line intersecting the absorbance curve at
405 mp and 380 mu . Let the difference in absorbance between the
graight line and the curve at 389 mu be ADBP' Then,

%BP:--B-LAD x-!-=ADBP'W
35 .87 30.5

gpile it is obviously not necessary to determine the entire

gectrum (difference in absorption between the lodinated A and the
in-iodinated B) over the range, 365-415 mu , to calculate \Dgps
it i1 desirable in order to confirm qualitatively the presence of
wnzpyrene by the negative pealrs at about 370 and 390 mu and the
nsitive peak of 6-iodobenzo(a)pyrene at 405 mAu .
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APPENDIX II

API

7YPE OF SAMPLE PERCENT Pyc £ BP

REF INERY STREAM NUMBER BENZPYRENE (BP) _ {100 mg.) MC
g;::iﬁig:ﬁgum 8 0.34 0.5 - 0.8 0.5

9 0,07 - 0.09 0,06 1.33

12 0.42 0.42-0.46 0.95

20 0.12 0.16 0.75

26 0.63 0.65 0,96

| 43-1 0.47 0.43 1.09
* 48 0.32 - 0436 0,22 1.55
50 0,07 - 0,08 0,15 0.50

63 0.05 0.14-0.19 0.30

71 0,10 0.55 0.18

82 0.53 0.33 1.61

g:::ﬁ:élgesiduum 6 0.02 0,08 0.25
65 0,06 0,12 0.50

* 113 0,09 - 0.10 0.18 0.53
Wedlum Distillate 23 0.02 - 0,03 0.25 0.10

28 0.02 0.31 0,06

33 0.01 0.51 0.02

79 < 0,01 0.1 < 0,07

91 0,03 - 0,04 0,28 0.13

102 0.01 0.19 0.05

105 <0,01 0.11 <0.09

Bavy cracked 51 1.03 043l 3403

Matillate
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copy from D. V. Stroop for Informetion of All Members and Associates

of the Medical Advisory Committee Qctcber 13, 1953

ESSO LABORATORIES
Standard 011 Development Company
P. O, Box 51, Linden, N.J.

Medicel Research Division Industrial H&giene Section

October B8, 1953

Mr. D. V. Stroop

American Petroieum Institute
50 West 50tn Street

New York 20, New York

Dear Mr. Stroop:

I am enclosing & revised copy of the report of the RP

(MC-1) Advisory Comittee submitted on September 29, 1953 to the
Sul ee on Carcinogentcity of the API Medical Advisory Commite-

tee., By verbal arrangement with Dr. Davis it is my suggestion
that you have this report duplicated and distributed to all members
and associates of the Medical Advisory Committee. .

Sincerely yours,
/s/ R. E. Eckardt

R. B. ECKARDT, M. D.

REE: 11k
Enclosure
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REPORT OF RP (MC-1) ADVISORY COMMITTEE SUBMITTED ON SEPTEMBER 29, 1953,

TO SUBCOMMITTEE ON CARCINOGENICITY, API MEDICAL ADVISORY COMMITTEE

SUMMARY OF THE API PROJECT ON CARCINCGERECITY AT KPTTERING LABCRATORY

The originel program of carcinogenic work at Kettering Laboratory
ew out of the results obtained from testing a series of 8 oils. The con-
clusion of this work, reported on November 5, 1948, was that all 8 oils
gffected the skin, Two of them produced mild irritation, two produced a few
verrucous peapillomate, one produced papillomas end two questionable cancers s
two produced A definite cancer each, and one was highly carcinogenic.

As & result of these preliminary studies, the Kettering laboratory
undertook & more extensive research program under the auspices of the API
Medical Asvisory Committee designed to 1) survey refining processes and
paterials which might represent potential hazards from the cancer standpoint,
2)biological testing of indicated oils and tars, 3) chemical research to
determine the nature of the carcinogenic components and to develop analytical
techniques for their determination, and 4) an epidemiological program to
develop sound information regarding the actual incidence of cancer among
employees of the petrolews industry and to determine the efficacy over a
period of years of the various safety programs which have been or are being
set up by individual oil compenies.

To implement this program, it was suggested that materials from

s number of process be studied, in accordance with the outline on pages 2
and 3 of the Kettering report dated October 27, 1950.

Non-Accelerating Solvents

In order to have a reference standard to which the results of tests
of these oils could be referred, the laboratory undertock a study of the
carcinogenicity of solutions of methylcholanthrene in benzene. For reasons
related to well known dose-response phenamena it was decided to use the
everage latent period for tumor production as a measure of carcinogenicity,
the average latent period being defined as the length of time reguired to
reach 50% tumor indices.

In the course of this work with reference standards, it soon became
sprarent that C3E mice gave fairly reproducible results, whereas CFW mice gave
less reproducible results. It was therefore decided to standardize the mouse
strein and to use only C3E mice in subsequent tests, even though a considerable
nutber of tests on oils with CFW mice had elready been started or completed.

In additon, it became apparent that if too strong a solution of

rethylcholanthrene is painted on the C3H mice too frequently, the health of

the mice, as determined by non-tumor mortality and weight curves, is impaired,
end, apparently, their ability to produce tumors is impaired at the same time.,
In addition, other factors which influence the health of the mice, such as
infections, infestations with lice, etc., also reflected in non-tumor mortality
and growth rates, and will seriously affect tumor production. Thus, unhealthy
animals frequently do not produce tumors as readily as healthy animals, and the
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average latent period is prolonged in the unhealthy animals. Since the
gverage latent period is taken as & measure of carcinogenicity, it is obvious
ghat the apparent carcinogenicity of a meterial could be profoundly influenced
py the health of the animals, and misleading results thereby obtained.

The above observations led to the necessity of painting mice once,
twice or three times per week, depending on the strength of solution being
used, and to the establishment of three or more separate standard curves,
depending on the frequency of painting. The most recent report from the
Kettering Laboratory, however, has shown that these three curves can be
| united into 2 single curve when they are expressed in terms of the dose of
carcinogen applied per unit area of skin per week. This has necessitated
peasuring the area of skin covered by a solution of methylcholanthrene in a
solvent., Within limits this has been found to be constant for each solvent
tested. The solvents thus far tested have been benzene, hydro-peroxide-free
amyl benzene, cotton seed oil, technical white 0il and fractions of refinery
streams. The effect of these solvents 1s their effect on the spreading of
the solution. Thus, if the same amount of the seme concentration of methyl-
cholanthrene in two different solvents were to be painted on the skin 3 times
a week, the dose per unit area need not be the same. If ome solvent caused
the solution to spread over twice the area of the other solvent, the dose per
wmit area in the first case would be half that in the second case, and the
sverage latent period for the two solutions would be different, leading to
different P\ values for the two solutions. The Py, value refers only to
concentration of methylcholanthrene in benzene, and serves only as a reference
standard. What this work implies is that it will be necessary in carcinogenic
vork to determine not only the frequency of application and the amount applied
per application, but also the aree covered by this amount.

Accelerating Solvents

What has been said above applies only to solutions of pure carchw@gems
in non-accelerating solvents. In the course of the work at the Kettering
laboratory it wes observed that certain solvents, in addition to having an
effect on the area of spread of the solution, also have a specific effect on
the carcinogenicity of the solution. Thus it was found thet different concen=
trations of methylcholanthrene in scme solvents, even though they spread over
the same area, have essentially the same average latent period. According to
the above, this should not be the case since the doee per unit aree should be
different. In this case the area remains comstant, the amount applied per
epplication remains constant; but the concentration varies, and hence dose
per unit area varies. Theoretically, therefore, the average latent period
should vary, but actually this was not found to be the case. The explanation
for this effect is that the solvent exerts some specific accelerating action
on carcinogenesis. To summarize these two concepts, it may be well to give
some equations. Thus, dose per unit area per week may be defined as follows:

ad= mgmxcecxf?f
a
where mgm = mgm of solution applied per application
¢ S concentration
£ 8 number of applications per week
a ® area covered
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In the first case of 2 non-accelerating solvents with different
Spreading, rgm, c, and f were constant, but a varied, thereby influencing d.
-n the second case, mgm, £, and a2 were constant, but ¢ varied, and hence 4
;150 wes varlable; but this did not influance average latent periocd. Rence
¢wo situations exist, ane in which the rate of tumor formation is relsted
girectly to 4, the other in which it is not. To date, dodecyl benzene,
normal hexadecane, methyl naphthalene, cyclohexyl decane, phenyl dodecane,
cetane and rhenyl decane have been found to be accelerating solvents, although
gasoline is not.

An interesting observation recently made is that 1f dodecyl benzene
45 applied once to the skin, and then serial bicpsies taken, holes in the
epithelium can be observed microscopically but not grossly. It has been
postulated by the Kettering laboratory that these holes provide foci of
rapidly regenerating epithelium which may be responsible for the accelerating
action observed.

Refinery Streams

As & result of the above information of a fundamental nature
developed over the past several years, the Kettering Laboratory now believes
that carcinogenic refinery streams may be divided into two main classes:

1). Those streams or materials in which Py is related to d.
2). Those streams or materials in which Py 18 not related to d.

In the first group fall those materials such as catalytically
eracked residuas in which carcinogen concentration is so high or accelerators
relatively so low that the carcinogen concentratian becomes of first importance
as a measure of tumor activity in mice. In the second group, characterized by
pmedium distillates, the carcinogen concentration is so low and the accelerator
concentration relatively so high that the accelerators are more important in
the rate of tumor production of the mouse skin than the carcinogens.

The laboratory has developed information which indicates that the
accelerators are present in those refinery streams boiling from 450-650°F.,
vhile carcinogens are present in those streams bolling above 650-T00°F. Thus
in mixtures which heve a wide boiling range, say from 450-1000F., the carcinoe-
genicity of the mixture may not be dependent alone on the amount of TOOCF.+
material present, but also on the amount and nature of the L50-650°F. fraction.

In partial support of this concept, the laboratory has analyzed a
series of refinery streams for their benzpyrene content, in accordance with
& method developed by the laboratory, and have related the determined benz-
pyrene content to the Pym {eppendix II of January-September, 1953 Progress.
Report). These determinations indicate that the % BP/Pyp ratio essentially
divides into two groups, those that rur from 0.30 and higher, and those that
run from 0.10 and lower. The first group of materials falls in the first class
of refinery materials, and the second group inte the second class.
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Tab les of P.VC
—

In the newly distributed tables of P We values distributed on
Dectember 1, 1953, essentially three types of results are given:

1). Those in which both the average latent period and the
Py values are given in parentheses. It is the feeling
of the lsboratory that these results are open to serious
errors in their aceuracy dued €0 umcdnirolleble variables
in the biologleal experiments sueh 'as poor henlth,
toxieity of applied materials, etc.

2). Those in which the average latent period is enclosed in
parentheses but the Py, value 18 not. These are pretty
good experiments from & biological standpoint, but the
laboratory still has some reservations sbout the accuracy.

3). Those in which neither the average latent period nor the
P,,~ values are enclosed in parentheses. These experiments
aré believed to be as good & biological experiment as it
is possi‘o_le to obtain.

Of the samples In these tables for which & Py value is given, 57
fall into the first group, 93 fall into the second group , end 27 fall into
the third group. It 1s the feeling that the 57 samples which fall into type
1 results should be examined critieally and scme of them repeated and dbrought
into & type 2 or 3 experiment. Since much of the validation of the theories
of the laboratory is dependent upon accurate P, values, 3t is highly desirable
that these Py veluee bemade as srvurgte as bloldglcal experimentation Wil permit.

Another serious defect of these tebles is that in some experiments,
animals have been eliminated from the experiment because the laboratory
believed that biologically it was unsound to include them. In several cases
the results are based on as few as 6 animals. It 18 to be desired that no
results will be finally reported unless a minumum number of 20 enimals are
included in the experiment. The Committee recognizes the validity of throwing
out some animals, but feels that where this has been done, the experiment
should be repeated to include at least 20 animals.

Other Observations

The laboratory has determined that washing is an effective way of
reducing the carcinogenicity of an oil to the skin of the mouse. In general,
the sooner the oil is washed off, the better. Limited experiments with barrier
creams are difficult to interpret but the laboratory feels the use of barrier
creams in asccordance with recognized practice followed by washing may offer
tdventages greater than washing alone.

Epidemiologz

The epidemiological data is accumulsting in the laboratory, with
8ame 1200 eases now having been reported. No definite trends are as yet
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