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. ti onal Laboratory, Oak Ridge, Tennessee 37830. 

Mutagenic, basic consti tuents of a synthetic coal o i l  and a shale o i l  were isolated 
from the crude mixtures. In arrSving a t  an e f f i c i en t  isolat ion procedure, several l iquid 
chromatographic packing-eluent combinations were t r i e d  and the fract ions bioassayed t a  
determine the dis t r ibut ions of the mutagenic components. T h e  most e f fec t tve  separation 
was achieved using a sequenti a1 elut ion scheme with f i r s t  an a1 umi na-benzene combination 
fo l  1 owed by a Sephadex LH-20 gel -i sopropanol -acetone system. About 75-8006 (wt) of an 
ether soluble base is eluted w i t h  benzene through alumina (ac t iv t ty  I ) ,  Analysis of this 
fract ion has revealed a wide range of alkyl substi tuted quinolines and pyridines. Mate- 
r i a l  remai n i  ng on the a1 umina column was eluted w i t h  ethanol , dried and placed on the 
Sephadex column. Isopropanol (Q50 ml) and acetone (%600 ml) were used i.n t ha t  order t o  
e lu t e  the material quantitatively.  About 12% ( w t )  of the e ther  soluble bqse Is eluted 
w i t h  the isopropanol while the r e s t  ($lo%) is  eluted w i t h  the acetone. Additional a1 kyl 
pyridine compounds a r e  eluted with isopropanol while the acetone fract ions a r e  predom- 
inantly mutl i - r i  ng nitrogen heterocycl i c  compounds, according t o  mass spectral  analyses. 

Bioassay data show excellent isolat ion of the mutagenic actiyit i .es in to  the  acetone 
fract ions.  Negligible ac t iv i ty  i s  found i n  the sum o f  the other (90% wt) fractions.  
(*Research sponsored by the Department of Energy under contract w i t h  Union Carbide Cor- 

a p o r a t i o n .  f ~ i o l o g y  Division.) 
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The development and u t l l  i za t ion  of b i o a s s a y ~  t o  pinpoint dangerous chemicals, 
e spec ia l ly  carcinogens, is. an important component of the  ORNL Synth.etic Fuels Life 
Sciences Program. Recent s t ud i e s .  ( l , 2 )  have demonstrated t h a t  microbial mutagenicity 
assays have espec ia l ly  useful .  f ea tu res ,  e . g . ,  they are  inexpensi've, fas t , '  reasonably. 
reproducible and y i e ld  r e s u l t s  which co r r e l a t e  well w i t h  the  carcin0geni.c potent ia ls  
of pure compounds. Less ce r t a in ty  e x i s t s  concerning the  a b i l i t y  .of such t e s t s  t o  
r e l i ab ly  iden t i fy  hazardous components of complex mixtures. 

During t he  past  two years  cJe have worked with c.01l.eagues i n  the Bi;ology D i ~ i : ~  
sion t o  design and car ry  out e ~ p e r . ~ m e n t s  t o  es tab l i sh  and va l ida te  bi.oassqys: f o r  
incorporation i n to  a genera1 t ox i c i t y  screening program a t  ORNL,  ..A data base o f ,  
biological  a c t i v i t i e s  determined using the  microbial mutagenesis assay. h.as been gen- 
era ted f o r  a wide var ie ty  of fossi ' l-derived mater ia ls .  Our experi'mental r o l e  i;n 
the'se mutual ly  designed s tud ies  has been t o  f rac t iona te  crude mater ia ls  i n to  di s -  
t inguishable chemical c lasses  and ' ident i fy  const i tuents  of biological l y  ac t ive  frac-, 
t ions .  Ether-soluble base (ESB) f rac t ions  of several  crudes and aqueous wastes 
which were ' fractionated by an ex t rac t ive  separation procedure (3)  exhib i t  high bio- 
logical  a c t i v i t i e s  as  measured by the  Ames microbial mutagenesis t e s t .  For th.is 
reason, the  ESB was chosen f o r  subfractionation t o  i s o l a t e  and iden t i fy  the  bio- 
log ica l ly  ac t ive  components. 

A subfract ionat ion procedure was developed t o  i s o l a t e  the  mutagentc components 
of the  ESBs of a shale  o i l  and a coal-derived crude o i l .  No par t icular .guidance 
was ava i lab le  i n  the  l i t e r a t u r e .  Biologically ac t i ve  compounds might f a l l  i n to  sev- 
e r a l  chemical c lasses  and a successful subfractionation scheme had t o  be work.ed out 
in para l l e l  with t he  bioassays of subfractions t o  determine i f  a c t i ve  components a r e  
being separated.  

Biologically ac t i ve  subfractions were sought using l iquid  chromatography with 
several packing-solvent combinations. Bioassays indicated the  extent  of separation 
of the  ac t i ve  components and, in  e f f e c t ,  served a s  the chromatographic detector .  
We found t h a t  the  best  i so la t ion  was achieved by a two-step process: ( a )  an aluminq 
( a c t i v i t y  I )  column eluted with ber~zene, followed by (b)  a Sepkadex LH-20 column 
eluted f i r s t  with isopropanol and then acetone. Columns were constructed by modify- 
ing standard burets and were e luted by gravi ty  flow. 

The e f fec t ive  i so l a t i on  of mutagenic components in  the  acetone f rac t ion  i s  ap-. 
parent from the  data i n  Table 1. Since the  acetone subfraction contains a r e l a t j ye  
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wGight percent of about 10% of t h e  ESG, . and  the  ESB f rac t ion  represents only approx- 
imately 5 weight percent of the s t a r t i n g  mater ia l ,  t h i s  represents an overall  iso- 
l a t i on  of the  principal  mutagenic components i n to  about one-half percent of the  
weight of the  crude o i l .  The benzene and isopropanol e luates  contain negl igible  
biological  a c t i v i t i e s .  but contain 90% of the  mater ia l .  The non-active components 
a r e  separated extremely well from the  ac t i ve  components by t h i s  e lu t ion  sequence. 

Mass balance calcula t ions  ind ica te  quan t i t a t ive  recoveries of the  ESB components. 
Biological a c t i v i t i e s  a r e  recovered nearly quan t i t a t ive ly  as  well.  I f  the  weight 
percentages of each of the  three  f rac t ions  a r e  mult iplied by t h e i r  spec i f i c  a c t i v i -  
t i e s  and these a r e  summed, the  add i t ive  a c t i v i t i e s  of the  subfractions yie ld  pre- 
d ic ted speci 'fic ac t iv i t i es -  of 27,000 rev/mg f o r  the  synthoil  ESB and 2,300 rev/mg 
f o r  t he  .shale o i l  ESB. These compare,with 30,000 and 2,500 f o r  the  synthoil  and 
shale  oi 1 ESBs , respect ively ,  before subfractionation:  Calculated recoveries a re  90% 
and 93% of the  or iginal  a c t i v i t i e s ,  respect ively .  The loss  of ~ 1 0 %  of the  biological  
a c t i v i t y  in these cases might have some s ignif icance,  i .e .  absence of synerg i s t i c  
a c t i v i t y  following f rac t iona t ion  might account f o r  the  di f ference.  However, the  re-  
producibi l i ty  of bioassays a l so  f a l l s  i n  t h i s  range. A general p o i n t  worthy of note 
i s  t h a t  the  mutageni'c a c t i v i t y  of the synthoil-derived ESB i s  comparable t o  t ha t  of 

.pure benzo(a)pyrene while t h a t  from the  shale  o i l  i s  an order of magni.tude smaller. 

Gas chromatography and combined gas chromatography-mass spectrometry (GC/MS) 
has been applied t o  each of the  subfract ions .  Compounds ranging from low molecular 
weight diazenes and pyridines in  the  benzene f rac t ions  t o  heterocyclic azacoronenes 
i n  the  acetone f rac t ion  have been observed. Ninety percent of the  peaks i n  the  gas 
chromatographic ( G C )  p ro f i l e s  of a l l  f rac t ions  have been ten ta t ive ly  iden t i f i ed  by 
GC/MS. The highly mutagenic acetone subfraction contains pr incipal ly  aza-arenes such 
a s  azabenzoperylenes, azaindopyrenes, and azacoronenes. These compounds may be the  
components producing the  high biological  a c t i v i t y .  Mutagenesis t e s t i ng  of pure com- 
pounds representa t ive  of high molecular weight aza-arenes i s  required t o  confirm 
t h i s  suspicion.  

Detailed character izat ion of t he  ace tone  iubfract ion requires  ana lys i s  on an 
ana ly t ica l  sca le  1 iquid chromatographic column and capi 1 l a ry  'column G C .  This I s  
being pursued, b u t  pos i t ive  i den t i f i c a t i ons  of components wil l  continue t o  be l imited 
because of t he  small amounts. t ha t  can be i so la ted  and the  lack of commercially avai'l- 
able compounds f o r  reference purposes. 
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Table 1. D i s t r i b u t i o n  of-Mutagenic A c t i v i t y  Among Su$f rac t ions  
o f  Synfuel Ether  So lub le  Base Frac t ions  

~p 

Synthoi  1  Base ~ r a c t i o n  Shale O i l  Base F r a c t i o n  

R e l a t i v e  s p e c i f i c b  ~ e l a t i v e '  R e l a t i v e  S p e c i f i c  b ,  ~ e l a t i v e '  
Sub f rac t i on  . Weight A c t i v i t y  Ac t  i v i  t y  .Weight A c t i v i t y  A c t i v i t y  

(%) ( rev/mg ( % I  (%). (rev/mg) . . . (%) 

I sopropanol 12.  0  0  12.5 226 1  

Acetone - 12 220,000 - 88 9.2 25,000 - 9  2  
. . 

TOTAL 100 90 99.7 9  3 

E the r  So lub le  
Rase -F rac t i on  

a  .Data f rom J.. L. ,Ep ler ,  e t  a l . ,  B io logy  D i v i s i o n .  . . 

brev/mg = revertants/mg, t h e  number o f  h i s t i d i n e  r e v e r t a h t s  from Salmonel la s t r a i n  TA98 
by use o f  t h e  p l a t e  assay w i t h  2  x  10* b a c t e r i a  pe r  p l a t e ,  . Values a t e  de r i ved  from t h e  

' s l o p e  o f  t he  i n d u c t i o n  curve ex t rapo la ted  t o  a  m i l l i g r a m  value. 
C percent  o f  r e l a t i v e  a c t i v i t y  o f  each s u b f r a c t i o n  r e f e r r e d  t o  mutagenic a c t i ; v i t y  o f  t he  

o r i g i n a l  base f r a c t i o n ,  c a l c u l a t e d  by: s p e c i f i c  a c t i v i t y  o f  each' s u b f r a c t i o n  (rev/mg). 
x % of r e l a t i v e  wei.ght of. each s u b f r a c t i o n / s p e c i f i c  a c t i v i t y  o f  o r i g i ' n a l  base. f r a c t i o n  
(rev/mg 1. 




