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PREPA RA TIO N  O F THE INTERIM  REPO R T

FOR THE A PI RESEARCH P R O JE C T  MC-1 

A P R IL  10,1957

P re l im in a ry  C om m ent

T h is  s ta tu s  re p o r t  is  being p re p a re d  so a s  to  inc lude  d e ta ils  

r e s e rv e d  h ith e r to  fo r  the  annual r e p o r t  p re s e n te d  in  S ep te m b er a f te r  

the d o s e  of the  f is c a l y e a r .  In o rd e r  to  a s s e m b le  th e  la rg e  m a ss  of 

e x p e rim e n ta l data in  a  u se fu l docum ent, th e  fo rm  n o rm a lly  fo llow ed 

in  sc ien tif ic  jo u rn a ls  is  being u sed .

An in tro d u c to ry  s ta te m e n t of the  b ackg round  and  b ro ad  

o b jec tiv e s  of the  in v e s tig a tio n  is  fo llow ed  by a  d e sc r ip tio n  of the 

p u rs u it  of an  e x p e rim e n ta l p ro g ra m  to w ard  the  sp ec if ic  g oal of 

the  a n a ly tic a l too l re q u ire d  fo r  a  ra p id  e s tim a tio n  of th e  h a z a rd  of 

sk in  c a n c e r  a s s o c ia te d  w ith the  handling  of any type of h y d ro ca rb o n  

o il. The in tro d u c tio n  is  concluded  w ith a  v e ry  b r ie f  su m m a ry  of the 

m a in  c o n trib u tio n s  m ade thus f a r  to  the  a ch iev em en t of the o b je c tiv e s  

a s  s e t fo r th , and  to  the p o r tra y a l  of th e  g e n e ra l p ic tu re  of th e  re la t io n ­

sh ip  be tw een  com p o sitio n  and  ca rc in o g en ic  po tency  a s  it  i s  u n d e rs to o d  

a t  th is  tim e . The e x p e rim e n ta l m e th o d s em ployed  in  the  c u r r e n t  

in v e s tig a tio n  and  the  r e s u l ts  of th e i r  a p p lica tio n  to a  v a r ie ty  of 

p e tro le u m  o ils  a r e  d is c u s se d  in  d e ta il in  a  s e r ie s  of ap p en d ice s .

T he p re s e n ta tio n  of the  p ro p o se d  p ro g ra m  fo r  1957-58 is  

d iv ided  in to  a  s ta te m e n t of the g e n e ra l p ro g ra m  fo r  th e  fu r th e r  

developm ent of c o r re la t io n s  be tw een  the  co m p o sitio n  an d  po tency



of th e se  o ils  and  an ou tline of the sp ec if ic  a r e a s  to be a tta c k e d  and  

the e x p e rim e n ta l te ch n iq u es  to  be u sed .

It i s  hoped  th a t th is  m e th o d  of fo rm u la tin g  th e  r e p o r t  w ill 

s e rv e  the dual need s of the  A m e ric a n  P e tro le u m  In s titu te  fo r  a 

rea so n ab ly  co n c ise  s ta te m e n t of th e  p ro g re s s  to w ard s  th e  o b jec tiv e s  

of the in v e s tig a tio n , on th e  one h and , and  a  d e ta ile d  te ch n ic a l 

d isc u ss io n  of the ex p e rim e n ta l m e th o d s and  r e s u l t s ,  on the  o th e r.
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A PI RESEARCH P R O JE C T  MC-1

In tro d u c tio n

R epen ted  c o n tac t w ith  c e r ta in  p e tro le u m  o ila  is  known to have 

p ro d u ced  c a n c e r  of the  ak in  of m an  u n d e r c e r ta in  occupa tiona l co n d itio n !. 

In v e s tig a to r!  in  v a r io u s  c o u n tr ie s  have g a th e re d  ev idence of the ex is ten ce  

in  th e se  o ils  of c e r ta in  types of a ro m a tic  h y d ro ca rb o n s  of com plex  s t r u c ­

tu re , w hich  a r e  cap ab le  of inducing  c a n c e r  of the  sk in  of m ice  w hen 

ap p lied  th e re o n  u n d er su ita b le  e x p e r im e n ta l co n d itio n s . Some y e a rs  ago, 

fu r th e r  e x p e rim e n ta l ev idence  f ro m  a  n u m b er of so u rc e s  in d ica ted , o r  a t 

le a s t  su g g es ted , th a t c e r ta in  p ro d u c ts  of m o d e rn  re fin in g  p ro c e s s e s  ( e .g .  

c a ta ly tic  c rac k in g ) in  the p e tro le u m  in d u s try  w e re  cap ab le  of inducing 

ex p e rim e n ta l c a n c e r  of the  sk in  of m ic e  w ith  c o n s id e ra b le  speed  an d  u n i­

fo rm ity . T h is  e x p e rim e n ta l fa c t, w h ile  not a la rm in g  in  i ts e lf ,  and  w hile 

lack ing  any  c o n firm a tio n  of i t s  p ra c t ic a l  s ig n ifican ce  in  the te rm s  of 

e x p e rie n c e  in  the p e tro le u m  in d u s try , cam e to  be re g a rd e d , am ong re sp o n r  

s ib le  peop le  in  the in d u s try , a s  the ju s ti f ic a t io n  fo r a f a i r ly  co m p re h en siv e  

in v e s tig a tio n  of a  w ide ran g e  of p ro d u c ts  and  p ro c e s s e s ,  f ro m  the  a sp e c t 

of the p o te n tia l h a z a rd  of such  c a n c e r  inducing  su b stan ces  a s  m igh t be 

found th e re in .  Such an  in v e s tig a tio n  w as in itia te d  in  1946 in  The K e tte r ­

ing L a b o ra to ry , in  the  D ep a rtm en t of P re v e n tiv e  M edicine and In d u s tr ia l 

H ea lth  of the  U n iv e rs ity  of C inc innati, u n d e r the f in an c ia l sp o n so rsh ip  of 

the A m e ric a n  P e tro le u m  In s titu te .

The o b je c tiv e s  of th is  in v e s tig a tio n , a s  they  w e re  e s ta b lish e d  

in itia lly , w e re  th re e  in  num ber:

1. The f i r s t  of th e se  w as th a t of d e te rm in in g , on the b a s is  of 

the  e x p e rim e n ta l re sp o n se  of the  sk in  of m ice  to  a p p lica tio n s  of spec ific  

and  w ell id e n tif ie d  p e tro le u m  p ro d u c ts , th o se  w hich p o s s e s s e d  c a rc in o ­

gen ic  ca p a c ity . I t w as hoped, of c o u rs e ,  th a t such  c a p a c ity  could  be 

e s tim a te d  in  q u an tita tiv e  o r , a t  le a s t ,  c o m p a ra tiv e  te rm s .
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2. The second  ob jec tiv e  w as th a t of developing an  a n a ly tic a l 

m ethod  o r  to o l, o r  p o ss ib ly  a  s e r ie s  of such  to o ls , w hereby  the c a rc in o ­

gen ic  cap ac ity  of v a r io u s  o ils  could  be  d e tec te d , and  w hereb y  u ltim a te ly , 

if  p o s s ib le , c a rc in o g en ic  su b s ta n c e s  could  be  c la s s if ie d , iden tified , and  

a s s e s s e d  q u an tita tiv e ly .

3 . A th i rd  and  c ru c ia l  o b je c tiv e  w as th a t of a sc e r ta in in g  the  

ex ten t of the  c o r re la t io n  w hich m ig h t e x is t  be tw een  the  ex p e rim e n ta l 

induc tion  of c a n c e r  in  the  sk in  of m ic e  and  the  cap ac ity  of p e tro le u m  

o ils  to  induce hum an  c a n c e r  of th e  sk in  u n d e r  occu p a tio n a l o r  o th e r 

en v iro n m en ta l cond itions w hich  m ig h t be found to have a r i s e n  h i s to r i ­

ca lly  o r  c u r re n t ly  in  in d u s try  o r  e ls e w h e re .

The f i r s t  tw o of th e se  o b je c tiv e s  w e re  to  be p u rsu e d  by the 

ap p lica tio n , a d ap ta tio n  an d  re f in e m e n t of b io lo g ica l and  techno log ica l 

m e th o d s , w hile  the  th i rd  re q u ire d  th e  g a th e rin g  of the av a ila b le  in fo r ­

m a tio n  f ro m  the  l i te r a tu r e  and  fro m  c o n te m p o ra ry  in v e s tig a to rs , a s  

w ell a s  f ro m  the  p a s t and  c u r r e n t  e x p e r ie n c e  of the p e tro le u m  in d u s try . 

The a p p ro ac h  to  th e  e x p e rie n c e  of th e  in d u s try  co n tem p la ted  a n  e p id e ­

m io lo g ic a l in v e s tig a tio n  of e x ten siv e  scope  w hich  w ill be the  su b jec t of 

a  l a te r  r e p o r t .

In  the  back g ro u n d  of the  sp ec if ic  o b je c tiv e s  w hich d e te rm in e d  

the p a t te rn  of the e x p e rim e n ta l w o rk , w e re  tw o g e n e ra l p u rp o se s ,

(1) th a t of p in -p o in tin g  the  fo c i and  s e v e r i ty  of the h a z a rd  of sk in  c a n c e r , 

if  such  h a z a rd  e x is te d  in  fa c t, r a th e r  th an  a s  a  p o te n tia lity , w ith in  the 

in d u s try , on  the one hand; and  (2) th a t o f re v e a lin g  g e n e ra l o r  sp ec ific  

te ch n iq u es  four co n tro llin g  su c h  h a z a rd  a s  m ig h t be found, w h e th e r by 

th e  m e th o d s of technology  o r  by th o se  of in d u s tr ia l  hyg iene and  p re v e n ­

tiv e  m e d ic in e . A s the  w o rk  in  the  L a b o ra to ry  p ro g re s s e d ,  th e se  p u r ­

p o se s  u n d erw en t som e fu r th e r  d e fin itio n . T hus, out of the b io lo g ica l 

side  of the  w o rk  cam e in dub itab le  ev id en ce  of the e x is te n c e  and  the 

n a tu re  of f a c to r s  w h ich  in fluenced  s ig n if ican tly  th e  ab ility  of sp ec ific
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p e tro le u m  oil* to  induce c a n c e r  in  the akin of m ic e . M o reo v er out of the 

techno log ica l w ork  cam e c o r re la t io n s  be tw een  the ca rc in o g en ic  p o tenciea  

of o ila (fo r the induc tion  of c a n c e ra  of the akin  of m ice )  and  c e r ta in  p h y s i­

ca l and  ch em ica l c h a ra c te r ia t ic a  of th eae  o ila  th a t le d  to  the id en tif ica tio n  

of c e r ta in  of th e ir  com ponente a  a being  a c tu a lly  ca rc in o g en ic  o r  capable 

of p rom oting  o r  inh ib iting  c a rc in o g en ic  a c tiv ity . It ia  ev iden t th a t auch 

e x p e rim e n ta l r e a u l ta ,  w hich  w ill be d e a c r ib e d  in  au itab le  d e ta il la te r ,  

m ay p ro v id e  a tra te g ic  m ean a  fo r  the  c o n tro l o r  p e rh ap a  the  e lim in a tio n  

of c e r ta in  occu p a tio n a l h a z a rd a , to the ex ten t th a t the  la t te r  a r e  c o m p a r­

ab le  in  type o r  d e g re e  to  the cond itiona im p o sed  ex p e rim en ta lly  upon the 

m o u se . T hereb y  som e b a s is  fo r  th e  se le c tio n  of p ro c e s s  o r  p ro d u c t 

m ay be a ffo rd ed  to  the p e tro le u m  te c h n o lo g is t, in  a c c o rd a n c e  w ith  h is  

n eed s, p u rp o se s  and  ju d g m en ts  o r , a l te rn a t iv e ly , fo r  the  ap p lica tio n  of 

sa fe g u a rd s  by the in d u s tr ia l  h y g ie n is t.

I t ia  of som e s ig n ifican ce  to  reco g n ize  th a t a co n s id e ra b le  body 

of in fo rm atio n , g a th e re d  by e x p e rie n c e  and  e x p e rim e n t o v e r the y e a rs ,  

h a s  re v e a le d  s tro n g  c o r re la t io n s  be tw een  hum an e x p e rie n c e  w ith  the 

c a n c e r- in d u c in g  p ro p e r t ie s  of coal t a r ,  sh a le  o il, and  c ru d e  p a ra ff in ic  

d is t i l la te s ,  and  the e x p e rim e n ta l r e s u l t s  of the ap p lic a tio n  of theae  

m a te r ia ls  upon the sk in  of m ic e . It i s  n e c e s s a ry  to m a in ta in  a c a re fu lly  

g u ard ed  c r it iq u e  a g a in s t too l i te r a l  an  acc ep tan c e  of the  view th a t the 

hum an le s io n s  of th is  type th a t have o c c u rre d  can  be re p ro d u c e d  in  the 

m o u se  u n d e r  p re c is e ly  p a r a l le l  co n d itio n s , o r  v ice  v e r s a .  N e v e r- th e -  

le s s ,  th e  u se  of th e se  a n im a ls  in  fo llow ing the o b jec tiv e s  of th is  and  

o th e r  c o m p a ra b le  in v e s tig a tio n s  h a s  b een  ju s ti f ie d  fu lly , and  it  i s  f a ir  

to  say  th a t the c o r re la t io n s  betw een  hum an  ex p e rien ce  and  a n im a l e x p e r i­

m e n ts  in  th is  f ie ld  have b een  s tre n g th e n e d  by im p ro v e m e n ts  in  the  design  

and  techn ique of e x p e r im e n ts . Thus one ten d s to a s s u m e , w ith  som e 

re s e rv a t io n  of ju d g m en t, th a t the  m o re  ra p id ly  an  o il w ill p ro d u ce  c a n ­

c e r  of the  sk in  of m ic e , the m o re  a c tiv e  i t  w ill be upon the sk in  of m en .
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On the fo rego ing  backg round , the  s ta tu s  of the in v e stig a tiv e  

p ro g ra m  m ay be sk e tch ed  b r ie f ly  in  the  follow ing m an n er:

The r a te  a t  w hich tu m o rs  of th e  sk in  of the m ouse  can  be 

induced by a  g iven  o il depends b a s ic a lly  upon the co n c e n tra tio n  of c e r ­

ta in  a c tiv e  c a rc in o g en s  w hich a r e  p o ly cy c lic  a ro m a tic  h y d ro ca rb o n s .

The b a s ic  r a te  m ay  be in c re a s e d  a s  m uch  a s  f iv e -fo ld  by the  in fluence 

of the o th e r com ponents of th e  o il even  though the la t te r  a r e  com p le te ly  

n o n -ca rc in o g en ic  w hen f re e d  of the p o ly cy c lic  a ro m a tic  f ra c tio n . T his 

c a ta ly tic  a c tiv ity  of the m ed ium  is  co n trib u te d  in  p a r t  by alky l d e r iv a ­

tiv es  of the lo w er a ro m a tic s  (n aph tha lenes and  b en ze n es)  a s  w ell a s  by 

s a tu ra te d  com pounds, such  a s  the n o rm a l p a ra f f in s . On the  o th e r hand, 

the e ffec t of th e se  " a c c e le r a to r s "  m ay  be c o u n te ra c te d  a lm o s t com ple te ly  

by o th e r  s a tu ra te d  h y d ro ca rb o n s  (the p o ly c y c lo p a ra ffin s) w hich in  som e 

m a n n e r inh ib it th e  c a ta ly s is  and l im i t  the  po tency  of the  o il to  a  le v e l 

l i t t le  h ig h e r th an  th a t due to the c a rc in o g e n s .

A few y e a r s  ago r e s e a r c h  in  th e  a r e a  of s a tu ra te d  h y d ro ­

c a rb o n s  of h igh  m o le c u la r  w eigh t w as e x tre m e ly  d ifficu lt. H ow ever, 

the developm ent of h igh m a s s  s p e c tro m e try  during  the  p a s t  fou r 

y e a r s  h a s  m ade it  p o ss ib le  to  o b ta in  u se fu l in fo rm a tio n  on the co m po­

s itio n  of s a tu ra te d  f ra c tio n s  of re f in e ry  s tr e a m s .,  T h is  techn ique of 

a n a ly s is  has  a lso  p layed  an  im p o rta n t ro le , to g e th e r w ith  a b so rp tio n

sp ec tro p h o to m e try , in  the  c o n c u rre n t in v e s tig a tio n  of the a ro m a tic
. 1 c a rc in o g e n s .

1. The r e s e a r c h  d e p a r tm e n ts  of a  n u m b er of the  m a jo r  o il com pan ies 
fu rn ish e d  the m a ss  s p e c tra  re q u ire d  in  th is  p ro je c t .



PRO PO SED  PROGRAM FO R 1957-58

In ap p roach ing  the goal of an  an a ly tic a l too l fo r  p re d ic tio n  

of the r a te  a t  which an  o il w ill induce tu m o rs  of th e  sk in , two p a ra l le l  

and  c lo se ly  re la te d  p a th s  a r e  being fo llow ed. The f i r s t  is  the in v e s t i­

gation  of th e  id en tity  of the  p o ly cy c lic  c a rc in o g e n s , w hich m u s t be 

p re s e n t  if  the  o il is  to  have any c a n c e r- in d u c in g  a c tiv ity  w h a tso ev e r. 

The second  pa th  is  th a t lead ing  to  an  u n d ers tan d in g  in  q u an tita tiv e  

te rm s  of the  re la tio n sh ip s  be tw een  th e  com position  of the  m ed ium  in 

which the  a ro m a tic  c a rc in o g en s  a r e  d is so lv e d  and th e  ex ten t to  which 

it is  capab le  of effecting  an a c c e le ra t io n  of the ra te  of the developm ent 

of tu m o rs .
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The th re e  m a jo r  c la s s e s  of ca rc in o g en s  m ay  be d e sc r ib e d  

as  the  5 -r in g e d , the  4 -  (and 4 1/2) r in g ed , an d  th e  3 1 /2 - r in g e d  

com pounds. The developm ent of an  a n a ly tic a l m ethod  fo r  the 

5 -r in g e d  b en zo p y ren es  co m p le ted  th e  w ork  on the  f i r s t  c la s s .  

C o n s id e rab le  p ro g re s s  h a s  been  m ad e  during  the  p a s t  y e a r  to w ard s  

the c h a ra c te r iz a tio n  of the 3 1 /2 - r in g e d  c la s s  (those p o ly c y d ic s  

b a se d  upon a n u c le u s  having 16 o r  17 carbon  a to m s). Two ad d i­

tio n a l cy c les  of b io lo g ica l te s t s  (about 9 m on ths fo r  each) a r e  

e s tim a te d  to  be  su ffic ien t to  com p le te  the  id e n tif ic a tio n  of th is  

c la s s .  T he a tte n tio n  th a t is  being  devo ted  to  the 3 l /2 - r in g e d  

group  of ca rc in o g en s  is  ju s t i f ie d  by th e  ev idence th a t a lm o s t a l l  

p e tro le u m  o ils  th a t a r e  ca rc in o g e n ic  con ta in  s ig n ifican t q u an titie s  

of th is  g roup .

A m a jo r  p a r t  of the  4 -  a n d  4 1 /2 - r in g e d  ca rc in o g en s  m ay  

be e x tra c te d  f ro m  an  o il w ith m a le ic  an h y d rid e . Such e x tra c ts  fro m  

a v a r ie ty  of o ils  a r e  being te s te d  to  d e te rm in e  w hat p a r t  of the  b a s ic  

potency  they  co n trib u te .

D uring the  com ing y e a r  the e x p e rim e n ta l w ork  on the 

second  im p o rta n t a s p e c t  of th is  p ro b le m  (the c a ta ly tic  ac tiv ity  of the 

m ed ium ) w ill be  co n ce rn ed  w ith th e  developm ent of q u an tita tiv e  data 

th a t define th e  in fluence of th e  p o ly cy c lo p ara ffin s  w hich s e e m s  to 

in te r f e re  w ith c a ta ly tic  a c tiv ity . A te c h n ic a l w hite o il th a t w as shown 

to  have th is  " in h ib ito ry "  p ro p e r ty  h a s  b een  f ra c tio n a te d  to  co n c e n tra te  

the su sp e c te d  m a te r ia ls .  T h ese  w ill be te s te d  in  sy n th e tic  b lends

-6 -
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with a  lo n g -c h a in  a c c e le r a to r  and  a  s ta n d a rd  ca rc in o g en . M ass 

s p e c tro m e tr ic  a n a ly s is  w ill be ap p lied  in  p a ra l le l  to  a  v a r ie ty  of 

f ra c tio n s  a lre a d y  te s te d  fo r  th e i r  c a ta ly tic  a c tiv ity , in  an  e ffo rt to 

q u an tita te  th e se  re la tio n sh ip s .
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APPENDIX 1

EX PER IM E N T A L  METHODS USED TO DETERM INE 

THE RELA TIV E CONTRIBUTIONS MADE BY THE CARCINOGENS 

AND THE MEDIUM TO THE POTEN CY  O F A CO M PLEX  OIL

A . T o ta l C arc in o g en s

The te rm  c a rc in o g e n  is  ap p lied  to  sp ec ific  ty p es  of p o ly ­

cy c lic  a ro m a tic  com ponen ts of p e tro le u m  o ils  known o r  su sp e c ted  

to  have ca n c e r- in d u c in g  p ro p e r t ie s .  T he follow ing s tru c tu re s  

in d ica te  im p o r ta n t ty p es  in  c ra c k e d  o ils :

3 1 /2 - r in g ed 4 and  4 1 /2 - r in g e d 5 - rin g ed

B en« (a) a n th ra c e n e s  

known

B cnzo(a)pyrenc

known

Such com pounds a r e  e a s i ly  s e p a ra te d  f ro m  m o re  

s a tu ra te d  com ponen ts  having  le s s  th a n  3 r in g s  p e r  m o lecu le  by 

c h ro m a to g rap h y  on a lu m in a  (A lcoa F -2 0 ) . The p o ly cy c lic  f ra c tio n  

is  then  b len d ed  in to  a  n o n -a c c e le ra t in g  m ed iu m  (benzene« fo r  

f a s te s t  r e s u lts )  a t  a  s e le c te d  le v e l of c o n c e n tra tio n . The r a te  a t 

w hich the  b len d  w ill induce  p a p illo m a s  of the  sk in  of C3H m ic e  is  

d e te rm in e d  in  th e  u su a l m a n n e r .
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Since the  r a te  a t  w hich a  p o ly cy c lic  ca rc in o g en  w ill induce 

tu m o rs  is  d ire c tly  r e la te d  to  the  dosage p e r  u n it a r e a  of the sk in  (see  

F ig u re  1), the d iffe re n ce  ip  th e  a r e a  c o v e re d  by equal q u an titie s  of th e  

b lend  in  b en sen e  and  the  o r ig in a l o il m u s t be  taken  in to  accoun t. (The 

m e th o d  u se d  to  m e a s u re  the re la tiv e  te n d en c ie s  of d iffe re n t m a te r ia ls  to 

sp re a d  upon the sk in  of C3H m ic e  is  d e sc r ib e d  in  sec tio n  B of th is  a p p e n d ix .) 

The sp read in g  te n d e n c ie s  of the  o ils  w hich have been  f ra c tio n a te d  in  the 

m a n n e r  d e sc r ib e d  above have not b een  m e a s u re d  a s  y e t, bu t re a so n a b le  

e s tim a te s  of th e  re la tiv e  te n d en c ie s  m a y  be m ade fo r  im m ed ia te  p u rp o se s .

The r a te  a t  w hich the o r ig in a l o il w ould have induced  p ap illo m as  

if  the m ed iu m  had  h ad  no c a ta ly tic  in flu en ce  is  e s tim a te d  by c o rre c tin g  

the r a te  a t w hich the  b len d  of the p o ly c y c lic s  in  benzene  a c te d  upon the 

sk in . T he e s tim a te d  r a te  (sy m b o lized  by e^) is  s lo w e r than  the  r a te  

fo r  the b len d  in  b enzene  b e c a u se  th e  b len d  u su a lly  u se d  h a s  a  h ig h e r  

c o n ce n tra tio n  of the  ca rc in o g e n s  th an  the o r ig in a l o il. M o re o v e r , the 

b lend  in  benzene y ie ld s  a  l a r g e r  dose  of th e  ca rc in o g en  p e r  u n it a r e a  

of the sk in  b e c a u se  i t  s p re a d s  to a  l e s s e r  ex ten t than  the o rig in a l o il.

To ob ta in  e r e fe re n c e  is  m a d e  to  the d o s e - re s p o n se  c u rv e s  

fo r  the s ta n d a rd  c a rc in o g e n s , b en zo p y ren e  and  m e th y lc h o la n th re n e , 

in  re la tiv e ly  n o n -v o la tile , n o n -a c c e le ra t in g  so lv en ts , such  a s  w hite 

m in e ra l  o il (340 S. S. U. a t  100°), d ecah y d ro n ap h th a len e , o r  s e c . - 

am y lbenzene  (F ig u re  1). It is  a s s u m e d  fo r  the  p u rp o se  of th is  e s tim a te  

th a t the  c o rre sp o n d in g  c u rv e s  fo r  th e  c a rc in o g e n s  of th e  o ils  have s lopes 

in te rm e d ia te  betw een  th o se  of m e th y lc h o la n th re n e  an d  b en zo p y ren e .
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The cu rv e  fo r  such  a  h y p o th e tica l r e fe re n c e  ca rc in o g en  is  shown on 

T able 1.

The follow ing exam ple  shou ld  i l lu s t r a te  the u se  of the 

re la tio n sh ip s  d is c u s s e d  above in  a r r iv in g  a t  the value of e :

The p o lycyclic  a ro m a tic  f ra c tio n  of o il A P I-89  is  ob ta ined  in  

19 p e rc e n t y ie ld  by a  ch ro m a to g rap h ic  fra c tio n a tio n . A b lend  co n ta in ­

ing 40 p e rc e n t of th is  f ra c tio n  and  60 p e rc e n t of benzene (by weight) 

is  ap p lied  rep ea ted ly  upon the sk in  of m ice  ( th re e  20 m g . ap p lica tio n s  

each  w eek). The a v e ra g e  d u ra tio n  of tu m o r - f r e e  life  p ro v e s  to be 

27. 1 w eeks. F ro m  the  re la tio n sh ip s  in  F ig u re  1 it is  n o ted  th a t th is  

ra te  of re sp o n se  c o rre sp o n d s  to th a t ob ta in ed  w ith ap p ro x im ate ly  

0. 54 m g . of the  re fe re n c e  ca rc in o g en  (ap p lied  p e r  un it a r e a  of the sk in  

each w eek, the un it a r e a  being defined  a s  th a t co v e re d  by 100 m g. of the 

re fe re n c e  so lu tio n s  having  a  re la tiv e  sp re a d  equal to one).

The o r ig in a l oil h a s  only o n e -h a lf  a s  m uch ca rc in o g en  a s  

the b lend . F u r th e r ,  i t  is  found th a t i t s  tendency  to  s p re a d  o v e r the 

sk in  is  ap p ro x im a te ly  1 .6  tim e s  th a t of the b lend . T h e re fo re  the

dose , d , of ca rc in o g en  p e r  un it a r e a  w hen the o rig in a l o il is  ap p lied  —o
0. 54

is  equ iva len t to 2~x”T ~6 ’ ° r  ^  m 8* °* t*le r e *e re n c e  ca rc in o g e n s

p e r  w eek. T h is  ra te  of ap p lica tio n  of th is  dosage w ould re s u lt  in  the

induction  of p a p illo m a s  in a p p ro x im a te ly  43 w eeks (from  F ig u re  1),

which i s  the  value  of th e  e s tim a te d  e ffec t, e , of oil A P I-8 9  if it h a s—c

no c a ta ly tic  in fluence  on the a c tiv ity  of i t s  p o ly cy c lic  c a rc in o g e n s .
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The to ta l con ten t of ca rc in o g e n s  C r c  (e x p re s se d  a s  the 

equ iva len t p e rc e n ta g e  of the re fe re n c e  carc inogen ) a lso  m ay  be 

d e riv e d  f ro m  the value of 6^ , u sing  the  follow ing re la tio n sh ip :

d ^ ^ C r c  ,1)
l o

w here  f i s  the n u m b er of ap p lica tio n s  p e r  w eek ( th ree ) and  s — —o

the re la tiv e  s p re a d  of the o il. In the c a se  of o il A P I-8 9 , s—o

is  e s tim a te d  to be  1. 3; th e re fo re ,  the con ten t of ca rc in o g e n s ,

C rc
0. 16 ■ 1. 3 , 

3

is  equ ivalen t to 0 .0 7  p e rc e n t of the re fe re n c e  ca rc in o g en .

A lte rn a tiv e ly  C rc  and  e .̂ m ay  be c a lc u la te d  
d ire c tly  fro m  the equation  fo r  th e  d o se -re sp o n se  
cu rv e  of th e  re fe re n c e  ca rc in o g e n .

d
e

10
- 13

A s above, ■

w h ere  d^ is  the r a te  of dosage of ca rc in o g en  ob ta ined  
when the  b lend  of the p o ly c y c lic s  in  benzene w as 
ap p lied  upon the  sk in  (0. 54 m g. p e r  un it a r e a  p e r  
w eek in  the  c a se  of o il A P I-89) re su ltin g  in  a n  av e ra g e  
d u ra tio n  of tu m o r - f r e e  life , e, ; s, an d  s a r e  the—"O - O —©
e s tim a te d  re la tiv e  s p re a d  of th e  b lend  and  th e  o rig in a l 
o il , re sp e c tiv e ly ; and  c^ an d  c ĵ a r e  the  c o n ce n tra tio n  
of the p o ly cy c lic  f ra c tio n  in  the  b lend  and  the o rig in a l 
o il , re sp e c tiv e ly .

C om bining equations (1) and  (3),

I Cr c  r *b ' *b
£b
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and  su b stitu tin g  the  e x p re s s io n  fo r  d of equation  (2) fo r 
d^i the re su ltin g  equation  fo r  the ca lcu la tio n  of C rc  
b eco m es : ,

life  re su ltin g  fro m  a ra te  of dosage , d , th e se  fa c to rs  
a r e  a lso  r e la te d  by equation  (2). T h e re fo re , an  
e x p re s s io n  fo r  m ay  be d e r iv e d  by the com bination  
of equations (1) and  (2), a s  fo llow s:

the  value of C rc  being o b ta ined  fro m  the ca lcu la tio n  
of equation  (4).

V ario u s  M a te r ia ls

A d ire c t  m e a su re m e n t of th is  fa c to r  is  being m ad e  in

ap p lied  upon the sk in  of each  of 20 m ic e  (during  the  r e s t ­
ing p h ase  of the  h a ir  cy c le ), w hich have been  a n e s th e tiz e d  
w ith c a rb o n  dioxide to  im m o b ilize  th em . A fte r  in te rv a ls  
of 30 and  60 m in u te s , the  a n im a ls  a r e  again  a n e s th e tiz e d . 
E ach  is  then  p la c e d  u n d e r a g la s s  s lid e  and  the a p p a re n t 
a r e a  of d is tr ib u tio n  of the  p o ly cy c lic  h y d ro c a rb o n  is  
t r a c e d  on the  Blide by its  f lu o re sc e n c e  u n d e r an  u lt ra v io le t  
lam p . S e v e ra l tr a c in g s  of each  spo t a r e  m a d e , m e a s u re d  
w ith a p la n im e te r ,  and  the  a v e ra g e  a r e a  c a lc u la te d . F ro m  
the  a v e ra g e  fo r  the  g roup  of m ic e  u s e d  in  a  g iven  te s t  and 
th e  quan tity  of so lu tion  ap p lied  to eac h , th e  a v e ra g e  a re a  
of sk in  co v e re d  p e r^ u l. of so lu tion  is  c a lc u la te d .

(4)

S ince e is  the a v e ra g e  d u ra tio n  of tu m o r- f re e

e (5)

In the c a se  of the  o il, A P I-8 9 ,

0. 07

and  e

B. M e a su re m e n t of the  R e la tiv e  S p read ing  T en d en c ies  of

s e le c te d  c a s e s  by the follow ing p ro c e d u re :

A m e a su re d  quan tity  of the m a te r ia l  (2-10/Ul. ) is
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The ab so lu te  v a lu es  o b ta ined  v a ry  fro m  one o p e ra ­
to r  to a n o th e r , depending in p a r t  upon the  e x p e rie n c e  in 
o b serv in g  the f lu o re sc e n c e  of the a ro m a tic  h y d ro ca rb o n .
H ence, an  in s tru m e n ta l p ic k -u p  of th is  rad ia tio n  would be 
n e c e s s a ry  to ob ta in  s ig n ifican t ab so lu te  v a lu es . H ow ever, 
it  is  the re la tiv e  sp read in g  of the d iffe ren t m a te r ia ls  that 
is  the im p o rta n t c o n s id e ra tio n  in  th is  ap p lica tio n . By u se  
of s ta n d a rd  re fe re n c e  so lu tio n s , the re la tiv e  v a lu es  ob ta ined  
by two e x p e rien ced  o p e ra to rs  a r e  in good a g ree m en t.

C. Indiv idual C la s s e s  of C a rc in o g en s

It h as  p ro v ed  to  be u se fu l to c o n s id e r  the  b a s ic  (n o n -a c c e le ra te d )  

ca rc in o g en ic  po tency  of an  oil a s  a  sum m atio n  of th e  co n c e n tra tio n s  of 

th re e  ind iv idual c la s s e s  of ca rc in o g en s  (those  in d ica te d  in  sec tio n  A of 

th is  appendix) when each c o n ce n tra tio n  is  e x p re s s e d  in  equ iva len t 

w eights of a  h y p o th e tica l r e fe re n c e  c a rc in o g e n  having a d o s e - re s p o n se  

cu rve  in te rm e d ia te  betw een  th a t of m e th y lch o lan th ren e  and  benzo p y ren e .

The con ten t of the f iv e - r in g e d  b en zo p y ren es  is  d e te rm in e d  by 

an a n a ly tic a l p ro c e d u re  developed  in  an  e a r l i e r  p e rio d  of th is  in v e s t i­

ga tion^ . T he eq u iva len t v a lu e  of th e  re fe re n c e  ca rc in o g en  is  ob ta ined  

fro m  the d o s e - re s p o n se  c u rv e s  in  F ig u re  1 (the value  is  e s s e n tia lly  

equal to the con ten t of b en zo p y ren es  u n le s s  th e  la t te r  ex ceed s  0.10%; 

fo r  h ig h e r v a lu e s , the ra te  of dosage p e r  u n it a r e a  m u s t be tak en  into 

accoun t).

T he av a ilab le  ev idence  in d ic a te s  th a t m o s t of th e  4 - (and 4 1 /2 -) 

r in g ed  ca rc in o g e n s  a r e  d e r iv a tiv e s  of b en z (a )a n th race n e  and  m ay  be 

e x tra c te d  fro m  an  oil by fo rm a tio n  of an  adduct w ith m a le ic  an h y d rid e .

The ca rc in o g en s  m ay  be c o n c e n tra te d  fu r th e r  by c h ro m a to g ra p h ic  f r a c ­

tio n a tio n , w hich e lim in a te s  m o s t of th e  3 - r in g e d  n o n -c a rc in o g e n s  

(d e te rm in e d  by ab so rp tio n  and  m a s s  s p e c tra ) .  The y ie ld  of the
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4 - r i n g  com pounds is  no ted  and the f ra c tio n  is  then  b lended  with 

benzene a t a  defin ite  le v e l of co n ce n tra tio n . The r a te  a t  which the 

b lend  w ill induce p ap illo m as  in  the sk in  of C3H m ice  is  then 

d e te rm in e d  and  e x p re s s e d  in  equ iv a len ts  of the re fe re n c e  

ca rc in o g en . In o rd e r  to  a r r iv e  a t  the co n trib u tio n  of th is  c la s s  of 

ca rc in o g e n s  to the po tency  of the o r ig in a l o il, th is  value m u s t be 

c o r re c te d  in  the m a n n e r  d e sc r ib e d  p rev io u s ly  w ith re fe re n c e  to the 

to ta l c a rc in o g e n s  (Section  A, page 2).

In a ttack in g  the c la s s if ic a tio n  of the 4 - and  5 - r in g e d  c a rc in o ­

gens i t  h as  b een  p o ss ib le  to  p ro c e e d  w ith a  c o n s id e ra b le  backg round  of 

p u b lish ed  know ledge on the c a rc in o g en ic  p o ten c ies  of p u re  com pounds.

In c o n tra s t ,  only a v e ry  few  of the m e th y l-  o r  d im eth y l- d e r iv a tiv e s  

of the 3 1 /2 - r in g e d  c la s s  have been  te s te d  fo r  th e ir  po tency , and  none 

of th e se  w ere  r e p o r te d  to  be a c tiv e . S ince i t  is  a p p a re n t th a t a  s ig n i­

fican t p a r t ,  and  in  som e c a se s  a m a jo r  p a r t ,  of the po tency  of 

p e tro le u m  o ils  is  due to som e com pounds in  th is  g e n e ra l c la s s  i t  is  

e s s e n tia l  tha t th e se  c a rc in o g en s  be id e n tif ied  to p e rm it  the develop­

m en t of adeq u a te  a n a ly tic a l m e th o d s . T h e re fo re  a sy s te m a tic  ap p ro ach  

to the p ro b lem  is  being m ad e . By fra c tio n a l d is ti lla tio n , c h ro m a to ­

g rap h y , and  e x tra c tio n  w ith cold , c o n c e n tra te d  su lfu ric  a c id , the 

v a rio u s  3 1 /2 - r in g e d  c la s s e s ,  f lu o ra n th e n e s , cy c lo p en tan o p h en an th ren es, 

p y re n e s , and  b en zo flu o ren es , have b een  s e p a ra te d  and  a r e  being te s te d  

to d e te rm in e  th e ir  re la tiv e  co n trib u tio n s  to the  potency  of the f ra c tio n

d is tillin g  f ro m  ¿70-760 F . of the c a ta ly tic a lly  c ra c k e d  o il, A P I-8 .

i f f
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D. The C a ta ly tic  Influence of the  N o n -ca rc in o g en ic  M edium

By the "m ed iu m " is  m e a n t the  com bination  of a l l  of the 

n o n -ca rc in o g en ic  com ponents of an  o il. The in fluence  of th e  m edium  

is  d e te rm in e d  by com paring  £ c> the ra te  of tu m o r induction  expected  

on the b a s is  of the c a rc in o g en s  p re s e n t  if  the  m ed ium  h ad  no ca ta ly tic  

a c tiv ity  (as  d e te rm in e d  by th e  m ethod  d is c u s s e d  in  sec tio n  A of th is  

appendix), w ith the o b se rv e d  r a te  of induc tion  of tu m o rs  by the o il.

T hus th e  re la tiv e  c a ta ly tic  a c tiv ity , A , is  e x p re s s e d  sim p ly  a s  the 

ra tio  betw een  the exp ec ted  and  o b se rv e d  d u ra tio n  of tu m o r - f r e e  life :

( 6 ).lo b s .

T h u s, in  th e  exam ple  a t  the  end of sec tio n  A of th is  appendix  the  

exp ec ted  d u ra tio n  of tu m o r - f r e e  life  fo r  o il A P I-8 9  w as 43 w eeks if th e re  

w as no c a ta ly tic  co n trib u tio n  to i t s  a c tiv ity . A ctua lly  the  o r ig in a l oil 

induced  tu m o rs  qu ite  rap id ly  (e . * 12. 3 w eeks). The re la tiv e' obSi

c a ta ly tic  a c tiv ity  of the  m ed ium  of th is  o il is  ob ta ined  fro m  the 

ca lcu la tio n : ■

A = ± L  = 3. 5 .
12. 3

Solu tions of 0. 05 p e rc e n t m e th y lch o lan th ren e  in  th e  non­

c a rc in o g en ic  f ra c tio n  s e p a ra te d  ch ro m a to g ra p h ic a lly  f ro m  the  p o lycyclic  

a ro m a tic s  a r e  being ap p lied  to  m ic e . F ro m  th e se  te s ts  is  d e te rm in e d  

the ex ten t to  which th is  f ra c t io n , in  th e  ab se n c e  of c e r ta in  m o re  

s tro n g ly  a b so rb e d  n o n -c a rc in o g e n s , is  capab le  of a c c e le ra tin g  th e  

r a te  of c a rc in o g e n e s is .
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y
I  E . M a te ria l»

The m e th o d s d is c u s se d  in  the p rev io u s  sec tio n s  have  been 

ap p lied  to  a  sp e c tru m  of th e  o ils  w hich w ere  te s te d  fo r  th e i r  effec tive  

c a rc in o g en ic  po tency  in  an  e a r l i e r  p e r io d  of th is  in v e stig a tio n . S am ples 

have been  inc luded  fro m  S tra ig h t Run D is til la tio n , T h e rm a l C rack in g , 

C a ta ly tic  C rack in g , and  D elayed  C oking. An e ffo rt h a s  b een  m ade to 

co v er a  su ffic ien t v a r ie ty  of o ils  to  be su re  of the  g e n e ra l a p p licab ility  

of a n a ly tic a l m e th o d s fo r  e s tim a tin g  ca rc in o g e n ic  potency  developed  

f ro m  th is  in v e s tig a tio n .

API  0 6 5 9 5
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APPENDIX 2

RESULTS

A co m p ariso n  of o ils  fro m  v a rio u s  refin ing  o p era tio n s  

acco rd in g  to  the re la tiv e  r a te s  a t  w hich they induced  tu m o rs  of the 

skin  of C3H and  CFW  m ic e  is  shown in  T ab le 1 (the m e a su re m e n ts  

involved  re p e a te d  ap p lica tio n s  w ithout w ashing). The r a te s  a re  

e x p re s s e d  a s  th e i r  r e c ip ro c a ls ,  i. e .  , the f ra c tio n s  of the  av e ra g e  

life  span  of the  m ice  ('vSS w eeks) r e q u ire d  to induce p ap illo m as .

TABLE 1

NUMBER 
OF OILS REFINERY OPERATION

PRODUCT FROM 
FRACTIONATOR

AVERAGE
DURATION

OF
TUMOR-FREE

LIFE,
e
—o b s . 

(weeks)

FRACTION
OF

LIFE SPAN 
OF MICE 
TO INDUCE 

TUMORS1
< £ o b s /85>

11 S t r a i g h t  Run D i s t i l l a t i o n Lube D i s t i l l a t e 15-81 0 .2  -  1 .0

2 H  I f  I t G a so lin e (>85) > 1 .0

2 » !  I t  t t Residuum 70-(> 85) 0 .9  -  1 .0

7 S o lv e n t E x tr a c t io n E x t r a c t 11-78 0 .1 3 -  0 .9

2 L u b r ic a n t  M anufac tu re F in is h e d  Lub­
r i c a t i n g  o i l

31-(>85) 0 .4  -  1 .0

3 W hite O il  M anufactu re W hite M in era l 
O il

(>85) > 1 .0

6 Therm al C rack in g  o f 
V irg in  Gas O il

Residuum 15-53 0 .2  -  0 .6

6 Therm al R eform ing Residuum 22-27 0 .2 6 -0 .3 2

12 Therm al C rack in g  of 
C a t a l y t i c  Gas O il

Residuum 9-34 0 .1  -  0 .4

10 C oking C y cle  Gas O il 10-30 0 .1  -  0 .35

11 C a t a l y t i c  C rack in g High B o l l in g  
S id e s tre a m

10-43 0 .1  -  0 .5

27 B ottom s 5-36 0 .0 6 -  0 .4
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The p o lycyclic  a ro m a tic  f ra c tio n s  w e re  se p a ra te d  from  a

n um ber of th e se  o ils . In T ab le 2 a r e  shown the e s tim a te d  r a te s ,  e , a t
—c

which the  ca rc in o g en s  in  th e se  fra c tio n s  w ould induce tu m o rs  if app lied  

upon the sk in  of m ice  in  a n o n -a c c e le ra tin g  so lven t (at a  co n cen tra tio n  

chosen  so th a t the  dosage ap p lied  p e r  un it a r e a  p e r  w eek w as the sam e

a s  tha t o b ta ined  when the o r ig in a l o il w as app lied ). The ca ta ly tic

ac tiv ity  of the to ta l m ed iu m , A, is  c a lc u la te d  a s  the r a t i o _____
.fobs.

(a value of A - 2 in d ic a te s  th a t the ra te  w as doubled). In add ition ,

the c a ta ly tic  a c tiv ity , a , of the f ra c tio n  of the o il s e p a ra te d  fro m  the 

p o ly cy c lic s  w as d e te rm in e d .

TABU! 2

API
SAMPLE
NUMBER

DESCRIPTION OF 
ORIGINAL OIL

OBSERVED
DURATION

OF
TUMOR-FREE

LIFE FOR 
TOTAL O IL ,1 
f o b s . 

(weeks)

ESTIMATED RELATIVE 
DURATION CATALYTIC 

DUS TO ACTIVITY 
CARCINOGENS OF

alone/  TOTAL 
ec MEDIUM, 

(w eeks) A

RELATIVE 
CATALYTIC 
ACTIVITY 

OF PART 
OF THE 
MEDIUM,2 

a

89 FCC Heavy Gas O il 1 2 .3 1 1 .3 43 3 .5 2 .3

33 C oker Gas O il 1 0 .2 1 1 .0 36 3 .5 2 .4

120 Lube S to ck 3 3 .2 1 3 .4 ^ 4 4 3 /V I. 3 < 1 .4
(n a p h th e n ic )

115 It S56X ^ /1 .5

105 Lube S to ck 2 3 .2 1 4 .4 2 .0
( p a r a f f in ic )

65 T h e ra a l  T ar ^ 2 IX 26 ^ 1 .2 ■^2.0

1 . F o r t e s t s  In v o lv in g  th r e e  50 o r  100 a g .  a p p l i c a t io n s  each  week.
2 .  T h a t p a r t  c o n ta in in g  l e s s  th an  3 r in g s  p e r  a o le c u le  ( t e s t e d  as th e

s o lv e n t  in  a s o lu t io n  o f 0.05% a e th y lc h o la n th r e n e ) .
3 . The e x p e r ia e n ts  f r o a  w hich th e  v a lu e s  p reced ed  by r j  a re  d e r iv e d  a re

n o t c e a p le te d .

The v a lu e s  d e riv e d  fo r  e^ , A, and  a  in T ab le  2 should  be re g a rd e d  

a s  having re la tiv e , but not ab so lu te  s ig n ifican ce  s in ce  the c o rre c tio n



fac to r*  w hich m u s t be ap p lied  fo r  th e  ip re a d in g  c h a ra c te r is t ic *  of the 

d iffe re n t m a te r ia l*  w ere  e s t im a te s .  M e a su re m e n ts  of th e se  spread ing  

c h a ra c te r i s t ic s  a r e  being m ade in  the c u r re n t  p ro g ra m .

In fo rm atio n  th a t h a s  b een  o b ta ined  (by m a ss  s p e c tro m e tr ic  

a n a ly s is )  on th e  co m p o sitio n  of c e r ta in  n o n -c a rc in o g e n ic  ch ro m a to g rap h ic  

f ra c tio n s  of the o ils  is  shown in  T ab le  3. D ata a r e  a lso  inc luded  on the 

com po sitio n  of the te ch n ic a l w hite o il A P I-80  (95 SSU a t  100°), which 

p re v io u s ly  h a s  b een  shown to con ta in  a c c e le ra tin g  f ra c t io n s ,  on the one 

hand, and  com ponen ts  capab le  of co u n te rac tin g  a c c e le ra tio n , on the o th e r.

TABLE 3

PERCENT OF CLASS IN NON-CARCINOGENIC FRACTIONS OF

APPENDIX 2 Pag« (3)

API -89 API -120 A PI- 65 API-80
1 + 2 1 + 2 1 + 2

+ 3 + 3 + 3
CLASS OF 1 1 ( e s t l - 1 1 ( e s t l -  2 1 1 ( e s t l -  2

HYDROCARBONS 1 2 m ated) 1 2 m ated) 1 2 m ated)

P a r a f f i n s ( n -  fc I s o - ) 53 5 38 4 0 3 42 21 14 12

A lk y lc y c lo p e n ta n e s 22 ( ) 3 18 34 ( ) 3 24

b

( ) 3

V s

28

A Iky1cyc1ohexanes 8 29 8 15 0 10 J 11 J 23

Condensed C y c lo - 15 ( ) 3 14 43 (8) 35 20 (21) 20 33
p a r a f f in s

A lk y lb en zen es 2 42 5 4 84 25 3 32 15 3

A lk y ln a p h th a le n e s - 23 12 - 8 3 1 15 25 1

3 -r ln g e d  A rom atics - - 5 - - - - - 11 -

P e rc e n t  o f  f r a c t i o n
In  o r i g i n a l  o i l 61 8 81 45 22 67 2 .5 27 44 (100)

1 . F r a c t io n  1 , most e a s i l y  e lu t e d ;  f r a c t i o n 2 , n e x t m ost e a s i l y  e lu te d .
2 . T e s te d  a s  a  s o lv e n t  f o r  0.05% n e th y lc h o la n th r e n e .
3 . V a lu es  f o r  c y c lo p e n ta n e s  and condensed  c y c lo p a r a f f in s a re u n c e r ta in  In th e

f r a c t i o n s  In d ic a te d  due to  I n te r f e r e n c e  f r o a  th e  a ro m a tic s .

A s in d ica ted  by its  a n a ly s is  the th e rm a l t a r  A P I-65  h a s  a  com position  

tha t is  som ew hat unique. In c h ro m a to g rap h y  v e ry  l i t t le  of the oil cou ld

API  0 6 5 9 9
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TABLE 4 -  THE CATALYTIC ACTIVITY 0? SOLUTIONS OF REFERENCE CARCINOGENS

SCHEDULE .
OF

APPLICATION 
OF

SOLUTION

CONCEN­
TRATION

OF
API

EXPERI-  
KENT 

NUMBER SOLVENT

CARCIN­
OGEN 

% MC
OR BP1

A p p li­
c a t io n s

P e r
Week

>8.
P e r

A p p li­
c a t io n

RELATIVE
SPREAD

OF
SOLUTION

l o b a . 
(weeks)

l e
[weeks) A

204a Benzene 0 .1 7  MC 3 100 0 .5 1 5 .7 1 1 .6 18 1 .1

222 sec-A «y1benzene 0 .1 8  MC 3 100 1 .0 2 6 .7 ± 2 .7 25 0 .9

249a t-D o d ecy l
benzene2

0 .1 7  MC 3 100 1 .4 8 .8 1 0 .9 30 3 .4

249b tl 0 .1 7  MC 3 20 1 .4 9 .9 1 0 .9 30 3 .0

296 W hite O il  I I  
(340SSU/100°)

0 .2 0  BP 3 50 1 .0 2 8 .0 1 3 .4 29 1 .0

299 tr 0 .0 8  BP 3 5 1 .0 3 7 .3 1 2 .0 38 1 .0

602 n-O ctane 0 .2 1  BP 3 100 0 .8  e s t . 2 7 .1 1 1 .8 27 1 .0

278 n-D ecane 0 .2 1  BP 3 50 1 .4  e s t . 1 6 .6 1 1 .2 31 1 .9

295 n-Dodecane 0 .2 0  BP 3 50 1 .6 1 4 .6 1 1 .1 33 2 .3

666 tt 0 .0 8  BP 2 50 1 .6 2 0 .4 1 2 .2 50 2 .5

665 M 0 .0 4  BP 2 50 1 .6 2 3 .7 1 1 .8 60 2 .5

661 20% Dodecane 
80% Benzene

0 .0 8  BP 3 100 0 .8  e s t . 2 4 .0 1 1 .5 35 1 .5

659 50% Dodecane 
50% D e c a lin

0 .0 8  BP 2 50 1 .3  e s t . 2 0 .0 1 2 .6 48 2 .4

660 50% Dodecane 
50% b - a e th y l -  

n a p h th a le n e

0 .0 8  BP 2 50 1 .3  e s t . 1 9 .1 1 3 .1 48 2 .5

297 50% Dodecane 
50% W hite O il I I

0 .2 0  IP 3 50 1 .3  e s t . 2 0 .6 1 2 .2 31 1 .5

614 75% Dodecane 
25% W hite O il I I

0 .2 0  BP 3 50 1 .4  e s t . 2 0 .4 1 1 .3 31 .5 1 .5

258 A PI-8 0 , W hite 
O il  I (95SSU/100

0 .2 3  BP 
B)

1 50 1 .3 3 5 .1 + 1 .9 42 1 . 2

1 . M e th y lc h o la n th re n e  (MC) o r  benzopyrene (BP).
2 .  P ro d u c t o f  a lk y l a t i o n  o f benzene w ith  th e  t e t r a a e r  o f  p ro p y le n e .

API  0 6 6 0 0
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be rem o v ed  fro m  a lu m in a  b e fo re  com pounds containing one o r two 

a ro m a tic  r in g s  a p p ea red . ,

In T ab le  4 is  shown the c a ta ly tic  a c tiv ity  of v a r io u s  so lu tions 

of re fe re n c e  ca rc in o g e n s . T h is  data  w ill fa c il i ta te  the in te rp re ta tio n  

of the c a ta ly tic  a c tiv ity  of the  com plex  o ils  in  T ahle 2 an d  3 in  te rm s  

of th e ir  com position .

In the follow ing p ag es , the r e s u l ts  of the in v e s tig a tio n  of 

ind iv idual c la s s e s  of po lycyclic  ca rc in o g en s  fro m  v a rio u s  o ils  a re  

p re se n te d . In T ab le  5 is  shown the p ro p o rtio n  of the to ta l ca rc in o g en s  

r e p re s e n te d  by b en zo p y re n es , and  the 4 - r in g e d  b en za n th race n es .

TABLE 5

API
SAMPLE
NUMBER DESCRIPTION

TOTAL
CONTENT1 2

OF
CARCINOGENS,

Crc<%)
CONTENT1

OF
4-RINGED 

CARCINOGENS3 
(%)

CONTENT
OF

BENZO­
PYRENES<%>

89 FCC Heavy Gas O il 0 .0 7 0 .007 0.001

33 C oker Gas O il 0 .1 1 0 .0 7 0 .008

65 Therm al T ar 0 .2 0  , 0 .04 0 .05

120 Lube S to ck  (n a p h th e n ic ) 0 .0 5 0.004 =0.003

8 FCC C l a r i f i e d  O il 0 .6  e s t . 0 .1 0 0 .42

44 FCC C l a r i f i e d  O il _3 In co m p le te 0 .15

45 T a r f r o a  th e rm a l c ra c k in g  o f
_3 in co m p le te 0 .3 8

API-44

1 . E x p re ssed  in  é q u iv a le n ts  o f  th e  r e f e r e n c e  c a rc in o g e n  o f F ig u re  1 .
2 . E x tr a c te d  from  th e  o i l  by fo rm a tio n  o f adduct w ith  a a l e i c  a n h y d r id e .
3 . Not d e te rm in e d  to  d a te .

API  0 6 6 0 1
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The in v e stig a tio n  of the 3 1 /2 - r in g e d  c la s s  of ca rc in o g en s  

(by a p p ro p r ia te  fra c tio n a tio n  of the FCC c la r if ie d  o il, A PI-8) has  

n a rro w e d  the f ie ld  to th re e  g ro u p s of h y d ro c a rb o n s , f lu o ran th en es , 

cy c lo p en tan o p h en an th ren es, and  p y re n e s , the  la s t  being the le a s t  

lik e ly  to be s ig n ifican tly  c a rc in o g en ic . The b en zo flu o ren es , which 

have been  s e p a ra te d  fro m  the above by ch ro m a to g rap h y , a p p a re n tly  

co n trib u te  only a sm a ll f ra c tio n  of the po tency  due to th is  c la s s  a s  a 

w hole.

P y re n e  B enzo (a)fluo rene

The p y re n e s  have been  e x tra c te d  on a sm a ll sc a le  fro m  the fra c tio n  

contain ing  the f i r s t  th re e  g roups by co ld  c o n c e n tra te d  (90%) su lfu ric  

ac id . Som e lo s s  due to su lfonation  o c c u rs ; th e re fo re ,  the use  of 

liq u id  h y d rogen  f lu o rid e  fo r  th is  p u rp o se  w ill be in v e stig a ted .

M ass  and a b so rp tio n  s p e c tra  have shown th a t the ra ff in a te  

f ro m  th is  a c id  e x tra c tio n  con ta in s  about equal am oun ts  of f lu o r ­

an th en es  and  cy c lo p en tan o p h en an th ren es  to g e th e r  w ith a  sm a ll am ount 

of a g ro u p  hav ing  m o le c u la r  w eigh ts of 220 and  234. In itia lly  it w as 

supposed  th a t the m e m b e rs  of th is  la s t  g ro u p  w ere  d e r iv a tiv e s  of 

p h en an th ren e  (3 o r  4 a lk y l ca rb o n s ) , but th e ir  ch ro m a to g rap h ic



b eh av io u r m a k es  th is  a s su m p tio n  q u estio n ab le . F o r  a l l  g roups in  the 

ra ffin a te  (from  the m o s t ca rc in o g en ic  f ra c tio n  of A P I-8  in  the d is tilla tio n  

range 727 to  759°F . ) the 18 -carb o n  a tom  d e riv a tiv e s  p red o m in a te  (in 

the ca se  of flu o ran th en e  th e se  w ould be d im ethy l o r  e thyl).

The se p a ra tio n  of the f lu o ran th en es  fro m  the cyclopen tano- 

p h en an th ren es  by u se  of ch ro m a to g rap h y  and  p ic r ic  a c id  h a s  p ro v ed  

to be fe a s ib le . T h ese  g roups w ill be te s te d  s e p a ra te ly  on m ice  to 

d e te rm in e  th e i r  re sp e c tiv e  p o te n c ie s .

APPENDIX 2 Page (7)
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DISCUSSION

The ev idence developed  in  the c o u rse  of th is  investig a tio n  

in d ica te s  th a t an  an a ly tic a l e s tim a tio n  of the  ra te  a t  w hich a  given oil 

m ay  be ex p ec ted  to induce tu m o rs  in  the sk in  of m ic e  m u s t take into 

account two d iffe re n t types of in flu en ces . The b a s ic  and  e s s e n tia l  one . 

is  tha t of th e  po lycy c lic  a ro m a tic  ca rc in o g e n s . As th e ir  co n cen tra tio n  

in c re a s e s ,  so is  the r a te  of induc tion  of tu m o rs  ex p ec ted  to  in c re a se .

An au gm en ta tion  of th is  e ffec t m a y , and  freq u en tly  d oes, o ccu r if the 

rem ain in g  n o n -c a rc in o g e n ic  p o rtio n  of the o il, i. e. , the "m ed ium " in 

which the ca rc in o g en s  a re  d isso lv ed , is  of such com position  a s  to 

a c t a s  a  c a ta ly s t in  the m e c h a n ism  of c a rc in o g e n e s is . A lthough the 

n a tu re  of th is  m e c h a n ism  is  not u n d e rs to o d , co n s id e ra b le  p ro g re s s  h a s  

been  m ade in  d e sc rib in g  the types of com ponen ts w hich e x e r t  th is  

a c c e le ra tin g  effec t.

It h as  b een  found to be u se fu l, fo r  the p u rp o se  of o rien tin g

the co llec tio n  of e x p e rim e n ta l in fo rm a tio n , to  e x p re s s  the co n trib u tio n s

of the c a rc in o g e n s  and  of the m ed iu m  a s  a s im p le  equation  which

e x p re s s e s  r a te .  T he ra te  a t  w hich a  g iven oil m ay  be ex pec ted  to

induce tu m o rs , r  , ,—obs.

r  = A r , (7)
~ obs. ~c

w here A is  the fa c to r  due to  the c a ta ly tic  in fluence of the m ed ium , and

the ra te , r  , is  th a t a t w hich the o il would p ro d u ce  p ap illo m as  if its  
—c

com position  w ere  such  th a t A eq u a ls  one.

The r a te s  a t which c e r ta in  c la s s e s  of p e tro le u m  o ils  induce 

c a n c e r  of th e  sk in  of m ice  is  dea lt w ith  sem iq u a n tita tiv e ly  in  the

API  06 6 0 4
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follow ing sec tio n s  in  te rm s  of the g e n e ra l re la tio n sh ip s  e x p re s se d  by 

equation  (7). In a  subsequen t sec tio n  the p ro g re s s  to w ard  a  quan tita tive  

a n a ly tic a l too l w ill be d is c u s se d  in  d e ta il.

A. R efined  L u b ric a n ts  and  W hite O ils

A few  o ils  of the ty p es  in d ic a te d  by th is  head ing  have been 

te s te d  and  found to  be com ple te ly  n o n -c a rc in o g e n ic . Solvent e x tra c tio n  

of lu b ric a tin g  s to ck s  a p p e a rs  to be p a r t ic u la r ly  effec tive  in  e lim inating  

the po lycy c lic  a ro m a tic  ca rc in o g en s  .

B. U n refin ed  and  P a r t ia l ly  R efined  L u b rica tin g  S tocks and 

S lack W axes

When m a te r ia ls  of th is  c la s s  a r e  ap p lied  re p e a te d ly  upon 

the sk in  of m ic e , the ra te  of induction  of tu m o rs  v a r ie s  o v e r an 

e x tre m e ly  wide ran g e , depending upon the com position  of the sam p le . 

Among the u n re fin e d  s to ck s  (having a g iven  d is ti lla tio n  range) th e re  

is  as  m uch  a s  a th re e - fo ld  v a r ia tio n  in  the. content of po lycyclic  

ca rc in o g e n s . The ra tio  of naph thenes to p a ra ff in s  a lso  a p p e a rs  to 

be of m a jo r  im p o rtan ce . It se e m s  p ro b ab le  tha t the n aph thenes (poly­

cy c lo p ara ffin s) of h igh m o le c u la r  w eight co u n te ra c t m o s t of the 

c a ta ly tic  e ffec t of any lo n g -ch a in  a c c e le r a to r s  p re s e n t  in  the oil (see  

A ppendix 2).

The two p a ra ff in ic  d is t i l la te s  w hich have b een  te s te d  p ro ­

duced  tu m o rs  fa ir ly  rap id ly  (in 4 to  6 m o n th s  on the a v e ra g e ) .

A lthough the conten t of po lycy c lic  a ro m a tic s  in th e se  o ils  is  re la tiv e ly

API 0 6 6 0 5
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low , the ra tio  of lo n g -ch a in  a c c e le r a to r s  to p o ly cy c lo p ara ffin s  is  

p robab ly  high . The p r e s s  o il from , dew axing of one of th e se  d is ti l la te s  

showed the sam e le v e l of a c tiv ity  a s  the o r ig in a l o il. The av a ilab le  

ev idence in d ic a te s  th a t so lven t e x tra c tio n  of such  s tocks p ro d u ces  an 

oil having l i t t le  o r  no ca rc in o g en ic  a c tiv ity . It is  u n n e c e ssa ry  to 

c a r ry  the refin ing  to the  s tag e  of a  w hite o il to  e lim in a te  th is  p ro p e r ty  

effec tive ly .

C. S tra ig h t Run R esidua

In a ll  like lihood  the s tra ig h t run  naph then ic  re s id u a  which 

we have te s te d  con ta ined  the sam e  types of c a rc in o g e n s , in  som ew hat 

lo w er c o n ce n tra tio n , a s  w ere  p re s e n t  in  the  raw  lu b ric a tin g  stocks.

- H ow ever, the p o te n c ie s  of th e se  re s id u a  in  g e n e ra l have been  n eg lig ib le .

The p o ss ib le  p re se n c e  of in h ib ito rs  h a s  been  c o n s id e re d  in  an  e a r l ie r  

In te r im  R ep o rt (S ep tem ber 24, 1952). The re c e n t find ings ind ica te  

tha t the a p p a re n t " in h ib itio n "  m ay  be due to  the d ilu tion  of a c c e le r a to r s  

by p o ly c y c lo p a ra ffin s . •

D. P ro d u c ts  of T h e rm a l and  C a ta ly tic  C rack ing  and  D elayed Coking

Wide v a r ia tio n s  have been  found in  the  p o ten c ies  of the 

p ro d u c ts  of the c rack in g  of heavy  o ils  by th e se  p ro c e s s e s  (0. 06 to  0. 6 

of a life  span  re q u ire d  to  induce p a p illo m a s  in  the sk in  of m ice ) . With 

one excep tion , the t a r s  p ro d u ced  by the th e rm a l c rack in g  p ro c e s s  have 

fa ile d  to induce tu m o rs  in  le s s  than  20 w eek s, on the a v e ra g e  (so  long 

a s  the stock  ch a rg e d  to  the u n it w as f r e e  o f  c a ta ly tic a lly  c ra c k e d  

__ com ponents). In com paring  the e ffec t of th e rm a l c rack in g  w ith tha t
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of ca ta ly tic  c rack in g  it is  im p o rta n t to note the re la tiv e  fa te  of the 

p a ra ff in s  an d  the p o ly cy c lo p ara ffin s  in  the c h a rg e . A lthough both 

c la s s e s  a r e  decom posed  m uch m o re  rap id ly  in the c a ta ly tic  than in 

the th e rm a l p ro c e s s ,  the in c re a s e  in  ra te  fo r  the naph thenes is  m uch 

g re a te r  than the in c re a s e  in  ra te  fo r  the p a ra ff in s  (2000 tim e s  v e rs u s  

50 tim e s , re sp e c tiv e ly ) . * T hus, the c a ta ly tic  o p e ra tio n  tends to 

in c re a s e  the ra tio  of a c c e le r a to r s  to th o se  com pounds su sp e c te d  of 

in te r fe r in g  w ith a c c e le ra tio n , w h e re a s  the th e rm a l p ro c e s s  does not. 

C a ta ly tic  c rack in g  a lso  bu ild s  up the c o n c e n tra tio n  of p o lycyclic  

ca rc in o g en s  som ew hat m o re  rap id ly  than  does the th e rm a l p ro c e s s .  

H ence the p ro d u c ts  of c a ta ly tic  c rac k in g  g e n e ra lly  w ill have h ig h e r 

potency  than t a r s  fro m  th e rm a l c ra c k in g . The one excep tiona lly  

ac tiv e  th e rm a l ta r  m en tio n ed  above w as p ro d u ced  fro m  a  ch a rg e  

stock w hich w as re la tiv e ly  f re e  of n ap h th en es  (P en n sy lv an ia  c ru d e).

C a ta ly tic  c rac k in g  u su a lly  p ro v id e s  an  effec tive  b u ild -u p  

of ca rc in o g en s  to g e th e r  w ith an  in c re a s e  in-'the ca ta ly tic  a c tiv ity  of 

the m ed ium  to the point w hereby  the p ro d u c t, in  the ex tre m e  c a s e s ,  

m ay  induce tu m o rs  of the sk in  of m ic e  in  le s s  than  10 w eeks. M ore 

s e v e re  c a ta ly tic  c rac k in g  m ay  re s u lt  ev en tua lly  in  com ple te  d e s tru c tio n  

of a l l  lo n g -ch a in  com pounds, reducing  the c a ta ly tic  a c tiv ity  of the 

m ed ium  to a low  le v e l. U sua lly  the  co n c e n tra tio n  of h igh ly  ac tiv e  

ca rc in o g en s  in  such o ils  h a s  re a c h e d  v e ry  high le v e ls  ( 7 O. 5 p e rc e n t) . 

H ence such m a te r ia ls  w ill s t i l l  induce tu m o rs  a lm o s t a s  rap id ly  a s  

those  p ro d u ced  by m ild e r  c rack in g  cond itions .

1. B .S . G re e n s fe ld e r , e t a l ,  In d u s tr ia l  and  E n g in eerin g  C h e m is try , 
Voi. 37, pages 514, 983, 1083, and  1168, 1945.

»
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The e ffec t of th e rm a l c rack in g  on the potency  of a  c a ta ly t­

ic a lly  c ra c k e d  ch arg e  stock  w ill v a ry , depending upon the  re la tiv e  

r a te s  of two com peting phenom ena. The ca rc in o g en  con ten t (as 

m e a su re d  by the benzo p y ren es) n o rm a lly  in c re a s e s  during  th is  

o p e ra tio n . H ow ever, the  c a ta ly tic  a c tiv ity , if  any, u su a lly  d e c re a se s .

The com position  and  e ffec tiv e  po tency  of re c y c le  gas  o ils  

fro m  delayed  coking u n its  ap p e a r  to be s im ila r  to  those  of the heavy 

c a ta ly tic a lly  c ra c k e d  s id e s tre a m s . A p p aren tly , the coke building 

up in the d rum  h a s  a c a ta ly tic  in fluence  on the d ire c tio n  of the  

decom position  of the v a r io u s  c la s s e s  of com pounds in  the feed  . 

co m p arab le  to th a t of the s il ic a -a lu m in a  c a ta ly s ts . The one sam ple 

of a co k e r g as  oil which h a s  been  ex am in ed  in  d e ta il h a s  shown one 

unusual c h a r a c te r i s t ic ,  in  th a t tw o - th ird s  of i t s  b a s ic  ca rc in o g en ic  

a c tiv ity  can  be a s c r ib e d  to com pounds e x tra c te d  by m a le ic  an h y d rid e .

E . P r o g r e s s  in the D evelopm ent of a  Q uan tita tive  A n aly tica l Tool

The e x p re s s io n  of the  re la t iv e  in flu en ces  of the  ca rc in o g en s  

and  the m ed iu m , sym bo lized  by equation  (7) (th is  A ppendix), m u s t be 

e x p re s s e d  in  p a ra m e te r s  which can  be m e a s u re d  e x p e rim en ta lly . In 

the typicsLl te s t ,  an  o il of a  g iven co m p o sitio n  is  ap p lied  rep ea ted ly  

upon the sk in  of m ice  u n til p ap illo m as  a p p e a r  on the back  of each 

m o u se . The a v e ra g e  tim e , c a lc u la te d  by s ta n d a rd  s ta t is t ic a l  m e th o d s , 

is  ca lled  the a v e ra g e  d u ra tio n  (o r expec tancy) of tu m o r - f r e e  life , e ^ B • 

O bviously the m o re  ra p id  the ra te  of induc tion  of tu m o rs , the  s m a lle r  

the  c a lc u la te d  value ®^.5iobs * ^  o th e r  w o rd s , the  r a te  is  in v e rse ly
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p ro p o rtio n a l to e ^ g . Thus equation  (7) m ay  be r e s ta te d  in te rm s  of 

the e x p e rim e n ta l m e a su re m e n ts  in  the follow ing m an n er:

o r ,

__ 1 _

■^obs.

■îobs.

A x
_1
e

e

A

equ ivalen t to (6)

F o r  the sake of c la r i ty ,  the two im p o rta n t p a r a m e te r s ,  A and  e— c
w ill be d isc u sse d  s e p a ra te ly  in  the follow ing p a ra g ra p h s .

An u n d ers tan d in g  of the re la tio n sh ip  betw een the com position  

o f the m ed iu m  and re s u lt in g  value of A h a s  been ap p ro ach ed  by two 

p a ra l le l  p a th s . To fu rn ish  a background  of re fe re n c e , v a rio u s  

so lu tions of th e se  sy n th e tic  c a rc in o g e n s , m e th y lch o lan th ren e  and 

benzo p y ren e , have been  te s te d  to d e te rm in e  the re la tiv e  ca ta ly tic  

a c t iv i t ie s ,  A, of the so lv en ts . The so lv en ts  em ployed  have inc luded  

p u re  com pounds and  b lends of th e se  com pounds to s im u la te  the v a r ie ty  

of co m positions  of the n o n -c a rc in o g e n ic  p o rtio n s  of p e tro le u m  o ils . The 

re s u lts  of th e se  te s t s ,  shown in  T ab le  4 of A ppendix 2, have d e m o n stra te d  

that the c a ta ly tic  ac tiv ity  of a so lu tion  r i s e s  a s  the m o le c u la r  s tru c tu re  

of its  ch ief com ponent a p p ro ac h es  tha t of the typ ica l 4 - rin g ed  carc in o g en  

in  g e n e ra l s iz e . The s im ila r i ty  in  m o le c u la r  s iz e  betw een ca rc in o g en s  

and a c c e le r a to r s  w ill be no ted  fro m  the ex am p les  on the follow ing page.

A v a r ie ty  of com pounds of s im ila r  m o le c u la r  s iz e  have b een  found to be 

capab le of in c re a s in g  the ra te  a t w hich the p o lycyclic  ca rc in o g e n s  m ay  

induce tu m o rs . L a rg e r  com pounds, e .g .  , d i- s e c .  -nony lnaph thalene , 

do not seem  to s h a re  th is  p ro p e r ty .
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CARCINOGENS

ACCELERATORS C. A
--------------------------------\ c  c r  C

I f
C^ o - °

I
C - CIc

c
C C C (

^  ^

,c

t-D o d ecy lb en zen e C etane

A lm ost a ll re f in e ry  s tre a m s  w ill include som e q u an tities  

of lo n g -ch a in  a c c e le r a to r s  of th is  type. H ow ever, the a c c e le ra tin g , 

o r c a ta ly tic , a c tiv ity  of the to ta l m ed ium  w ill v a ry  o v er a wide range 

depending p a r tly  upon the c o n ce n tra tio n  of such a c c e le r a to r s ,  which 

in som e c a se s  m ay  be quite h igh , and a lso  to a v e ry  im p o rtan t ex ten t 

upon the re la tiv e  c o n ce n tra tio n  of v a rio u s  c la s s e s  of those  com ponents 

which in  th e m se lv e s  have n e ith e r  a c c e le ra tin g  n o r ca rc in o g en ic  ac tiv ity .

The r e s u l ts  of e x p e rim e n ts  in which the lo n g -ch a in  

a c c e le r a to r s ,  t-d o d ecy lb en zen e  and  n -d o d eca n e , w ere  d ilu ted  with 

v a rio u s  so lv en ts  having  li t t le  o r  no c a ta ly tic  a c tiv ity , le d  to a re c o g n i­

tion  of the p o te n tia l im p o rtan ce  of such d ilu en ts . In T ab le 4 it w ill be 

noted th a t, when the d iluen t has  a m o le c u la r  s t ru c tu re  a p p rec iab ly  

s m a lle r  than  th a t of ty p ica l c a rc in o g e n s , no s ig n ifican t red u c tio n  of 

A o c c u rs  un til the c o n ce n tra tio n  of the d iluen t ex ceeds 50 p e rc e n t.



APPENDIX 3 Page (8)

In c o n tra s t  w ith the e ffec t of d ilu en ts  p o s se s s e d  of only 

one o r  two rin g s  in  th e ir  m o le c u la r  s t ru c tu re ,  is  the v e ry  m a rk e d  

in te r fe re n c e  with the a c c e le ra tin g  a c tiv ity  of dodecane (and 

J -d o d ecy lb en zen e) on d ilu tion  with s a tu ra te d  o ils  contain ing ap p re c ia b le  

am oun ts  of condensed  cy c lo p a ra ff in s  co m p arab le  in  m o le c u la r  s ize  

to  the ty p ica l c a rc in o g en s  (e x p e rim e n ts  297 and  614). I t should be 

em p h asized  tha t th is  in h ib ito ry  p ro p e r ty  c o u n te ra c ts  the  c a ta ly tic  

in fluence of a c c e le r a to r s ,  w ithout reducing  the b a s ic  a c tiv ity  of an 

oil due to the ca rc in o g en s  th e m se lv e s .

D ire c t p ro o f tha t i t  is  the con ten t of condensed  p o ly cy c lo ­

p a ra ff in s  of th e se  w hite o ils  w hich is  re sp o n s ib le  fo r  th e i r  a b ility  to 

c o u n te ra c t the in fluence  of lo n g -ch a in  a c c e le r a to r s  h a s  not a s  yet 

been  o b ta ined  (frac tio n a tio n  of the w hite o il A P I-80  haB been  

in itia te d , but the b io lo g ica l te s t s  of the fra c tio n s  a r e  s t i l l  to be 

c a r r ie d  out). H ow ever, the te n ta tiv e  ap p lica tio n  of th is  assu m p tio n  

to the p ro b lem  of the re la tio n sh ip  betw een  the  corr^position of the 

n o n -c a rc in o g e n ic  f ra c tio n s  of com plex  o ils  and  th e ir  co m p ara tiv e  

c a ta ly tic  a c tiv ity  h a s  p ro v ed  to be fru itfu l.  T hus, a s  h a s  been 

in d ica ted , the  te s tin g  of sy n th e tic  so lu tions  of p u re  com pounds h a s  

been p a ra l le le d  by te s ts  on n o n -ca rc in o g en ic  f ra c tio n s  of a  v a r ie ty  of 

re f in e ry  s tr e a m s . The r e s u l t s  of in i t ia l  w ork on the com position  of 

th e se  f ra c t io n s  (by m a n  s p e c tro m e tr ic  a n a ly s is )  h a s  c o r re la te d  w ell 

w ith the exp lanation  of the  in h ib ito ry  p ro p e r t ie s  of the w hite o ils  in 

te rm s  of th e ir  con ten t of condensed  cy c lo p a ra ff in s .
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I  In T ab les  2 and 3 a re  shown the data w hich have been  co llec ted  on the

com position  and  re la tiv e  c a ta ly tic  a c t iv i t ie s  of the fra c tio n  of a  s e r ie s  

of o ils  contain ing  le s s  than  th re e  r in g s  p e r  m o lecu le  (s e p a ra te d  fro m  

the po lycyclic  a ro m a tic  com ponents by ch ro m a to g rap h y ). The com po­

sitio n  of the f ra c tio n  fro m  the  naph then ic  lube s to ck , A PI-120, is  

co m p arab le  to th a t of the  w hite o il, A P I-8 0 , each  containing about 

50 p e rc e n t of m o n o -cy c lo p a ra ff in s  (som e of which m ay  a c t a s  

a c c e le ra to r s )  and  about 35 p e rc e n t of condensed  cy c lo p ara ffin s .

The c a ta ly tic  a c tiv ity  A of th is  f ra c tio n  of A PI-120 w as found to be 

e s s e n tia lly  the sam e  a s  th a t of A P I-8 0 , ap p ro x im a te ly  1. 3. It is  

ex pec ted  th a t the com po sitio n  of the n o n -c a rc in o g e n ic  f ra c tio n  of the

._ o th e r naph then ic  lube s tock , API-115, w ill have a s im ila r  p a tte rn . In

c o n tra s t ,  th a t of the waxy lube s to ck , A PI-105, w ill be expec ted  to 

show a h igh  ra tio  of lo n g -ch a in  p a ra ff in s  and  m o n o cy c lo p ara ffin s  to 

condensed  cy c lo p a ra ff in s . In lin e  w ith the te n ta tiv e  h y p o th e s is , the 

c a ta ly tic  a c tiv ity  of the f ra c tio n  of A PI-105, contain ing le s s  than 3 

rin g s  p e r  m o lecu le , w as a lm o s t a s  h igh a s  tha t of p u re  g -dodecane .

A s in d ica te d  in sec tio n  D of th is  A ppendix, ca ta ly tic  

c rack in g  ten d s  to  in c re a s e  the ra t io  of lo n g -ch a in  com pounds to 

condensed  cy c lo p a ra ff in s . T h is  i s  shown by the com position  of the 

n o n -c a rc in o g e n ic  f ra c tio n  of A P I-8 9  in  T ab le  3. The v igo rous 

c a ta ly tic  a c tiv ity  p re d ic te d  fo r  such  a  com position  is  co n firm ed  by 

the r e s u l t  of the b io lo g ica l te s t  shown in  T ab le 2. S im ila r ly  it is  

to be ex p ec ted  th a t the in ten se  c a ta ly tic  a c tiv ity  of the n o n -ca rc in o g en ic
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T
I f ra c tio n  of A P I -33 is  due to a com po sitio n  containing a re la tiv e ly

| sm a ll quantity  of condensed  cy c lo p a ra ff in s .

I D ifficu lty  h a s  been  e x p e rie n c e s  in  obtain ing s a tis fa c to ry

b io log ica l m e a su re m e n ts  of the potency  of th e rm a l t a r s  b ecau se  of 

th e ir  to x ic ity  fo r  the m ic e . H ow ever, i t  a p p e a rs  tha t the influence 

e x e rte d  by c a ta ly s ts  in th e ir  to ta l ca rc in o g en ic  effect is  v e ry  m uch 

le s s  than it is  in  o ils  p ro d u ced  by c a ta ly tic  c rack in g  o r  coking. The 

com position  of the n o n -ca rc in o g en ic  f ra c tio n  of one fa ir ly  typ ica l 

exam ple , A P I-6 5 , shows an u n u su a lly  h igh  ra tio  of a lky lb en zen es 

and  nap h th a len es  to s a tu ra te d  h y d ro c a rb o n s . A lthough such  a f ra c tio n  

m igh t be exp ec ted  to show c a ta ly tic  a c tiv ity , it  is  a p p a re n t tha t i t s  

-—■ in fluence , in the to ta l com position  of A P I-6 5  (of which it r e p re s e n ts

le s s  than  50 p e rc e n t) ,  is  re la tiv e ly  sm a ll.  The one th e rm a l ta r ,  

A P I-72 , which h a s  been  found to be s ig n ifican tly  m o re  po ten t than 

the a v e ra g e  m a te r ia l  fro m  th is  type of p ro c e s s ,  i s  expec ted  to be 

re la tiv e ly  f re e  of condensed  c y c lo p a ra ff in s , on the b a s is  of i ts  c ru d e  

so u rc e . A d ire c t a n a ly s is  w ill be m ade by m a s s  sp ec tro sco p y  to te s t  

th is  a ssu m p tio n .

F . P r o g r e s s  T ow ard  the A n aly tica l E s tim a tio n  of the C ontent

of C arc in o g en s  in  any  G iven  P e tro le u m  Oil 

The ap p lica tio n  of b io lo g ica l m e th o d s  to e s tim a te  the ra te  

(i. e . , i t s  r e c ip ro c a l ,  ê _) a t w hich a g iven  o il m ay  be ex pec ted  to 

p ro d u ce  tu m o rs  if  i t s  c a ta ly tic  a c tiv ity  A w ere  equal to  1, h a s  been 

d e sc r ib e d  in  A ppendix  1. The p ro c e d u re  invo lved  an  e s tim a te  of the
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in te rm e d ia te  p a r a m e te r ,  d^, the dosage of ca rc in o g en  in  m ill ig ra m s  

p e r  "unit a r e a "  p e r  w eek supp lied  by the oil in  question . The ap p roach  

to ch em ica l m e th o d s to  e s tim a te  e^ is  desig n ed  s im ila r ly  to  evalua te  

a s  an in te rm e d ia te  s tep . The p a ra m e te r s  which m u s t be m e a su re d  

by a n a ly tic a l m e th o d s in  o rd e r  to a r r iv e  a t  the value of a r e  the 

to ta l con ten t of ca rc in o g e n s  C rc> and  the re la tiv e  sp read in g  tendency  

of the o il, The in v e stig a tio n  h a s  been  desig n ed  to e s tim a te  C rc

by adding up the co n trib u tio n s  of th re e  s e p a ra te  c la s s e s  of po lycyclic  

a ro m a tic  c a rc in o g e n s  (e x p re s se d  in  eq u iv a len ts  of the re fe re n c e  

carc inogen ):

C rc  “ C 5 /  C4 /  C 3 iy 2 . (8)

The m e th o d  of e s tim a tin g  the value  of Cg f ro m  th e  m e a su re d  

content of b e n zo p y re n es  h a s  b een  d e sc r ib e d  in  sec tio n  C of A ppendix 1. 

The developm ent of m e th o d s fo r  C4 and  C 3 j/2 *B ^eing  p u rsu e d  

v ig o ro u sly . The p re lim in a ry  r e s u l t s  in d ica te  the m a jo r  im p o rtan ce  

of the 3 1 /2 -r in g e d  ca rc in o g en s  in  a lm o s t a l l  typ<ss of p e tro le u m  o ils  

(the re la tiv e  co n trib u tio n  of the 4 - r in g ed  b e n z a n th ra c e n e s  and  the 

5 - r in g e d  b en zo p y re n es  in c re a s e s  w ith in c re a s in g  s e v e r ity  of c a ta ly tic  

c rack in g ).

The p ro g re s s  m ade in  co n ce n tra tin g  the 3 1 /2 - r in g ed  

ca rc in o g en s  in d ic a te s  tha t th e ir  id e n tif ic a tio n  w ill be co m p le ted  s a t i s ­

fa c to r ily  in  th e  c o u rse  of two ad d itio n a l c y c le s  of b io lo g ica l te s t s  (about 

9 m o n th s  each). S ince the  in v e s tig a tio n  of the ch em ica l and  p h y sica l 

p ro p e r t ie s  of th e se  f ra c tio n s  w ill be c a r r i e d  on c o n c u rre n tly , the
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step  fro m  the id en tif ica tio n  to the a n a ly tic a l d e te rm in a tio n  of th is  

j c la s s  (and the value of ^  in  equation  (3)) should  be a sh o rt one.

The co n tribu tion  of the 4^ - r in g e d  com pounds e x tra c te d  by 

m a le ic  anhy d rid e  v a r ie s  fro m  a lm o s t n il in the ca se  of raw  lube s to ck s , 

such a s  A PI-120, to a s  m uch a s  2 /3  of the b a s ic  po tency  in  the c a se  of 

the co k er gas  o il, A P I-33  (T ab le 5). The lack  of s ig n ifican t q u an titie s  

of the 4 - and  5 -r in g e d  ca rc in o g en s  in  A P I-89  m ay  be exp la ined  by 

its  low fin a l boiling poin t (750°F . ). Only the ca rc in o g en s  of lo w er 

m o le c u la r  w eight (the 3 1 /2 - r in g e d  c la s s )  a r e  p re s e n t.

C u rre n tly  ad d itio n a l r e s t s  a r e  being c a r r ie d  out to d e te rm in e  

w hether the con ten t of 4 - r in g e d  ca rc in o g e n s  in c re a s e s  during  the 

th e rm a l c rack in g  of a  c a ta ly tic a lly  c ra c k e d  ch arg e  stock . The content 

of 5 -r in g e d  benzo p y ren es  m o re  than  doubled. In ad d itio n , the te s ts ,  

which a r e  being c a r r ie d  out a t a  s e r ie s  of c o n c e n tra tio n s , should 

p rov ide  in fo rm a tio n  on the slope of the d o se -re sp o n se  cu rv e  fo r  the 

4 - r in g e d  c la s s  of ca rc in o g en s . -
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