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BIOLOGICALLY IMPORTANT COMPOUNDS I N  SYNFUELS PROCESSES 

B. R. C la r k ,  C.-h. Ho, W. H. G r i e s t  and M. R. Guer in  
A n a l y t i c a l  Chemis t ry  D i v i s i o n  
Oak Ridge N a t i o n a l  Labo ra to r y  

Oak Ridge, Tennessee 37830 

ABSTRACT 

Crude products ,  by -p roduc ts  and wastes f rom syn fue l  processes con- 

t a i n  a  b road  spectrum o f  chemical  compounds--many o f  which a r e  a c t i v e  

i n  b io loy . i ca1  systems. D i s c e r n i n g  wh ich  co~npound c l asses  a r e  most 

impo r tan t  i s  necessary i n  o r d e r  t o  e s t a b l i s h  e f f e c t i v e  c o n t r o l  ove r  

r e l e a s e  o r  exposure. Po l ycyc l  i c  a roma t i c  hydrocarbons (PAH) , mu1 t i- 

a l k y l  a ted  PAH, p r ima ry  aromat ic  ami nes and N-heterocyc l  i c  PAH a r e  s i  g- 

n i f i c a n t  c o n t r i b u t o r s  t o  t h e  o v e r a l l  mutagenic a c t i v i t i e s  o f  a  l a r g e  

number o f  m a t e r i a l s  examined. Ames t e s t  da ta  show t h a t  t h e  bas ic ,  

p r ima ry  aromat-ic a r ~ "  ,rrle fr.act.iuri i s  t h e  most a c t i v e . .  PAHs, n u l t i -  

a l k y l a t e d  PAHs and N -he te rocyc l i c  PAHs a r e  a l l  components o f  t h e  

n e u t r a l  f r a c t i o n . .  I n  ' n e a r l y  a l l  cases, t h e  n e u t r a l  f r a c t i o n s  con- 

t r i b u t e  t h e  l a r g e s t  p o r t i o n  o f  t h e  mutagenic a c t i v i t y ,  w h i l e  t h e  b a s i c  

p r i m a r y  a roma t i c  amine f r a c t i o n s  have t h e  h i g h e s t  s p e c i f i c  a c t i v i t y .  

Neut-ral f r a c t i o n s  a r e  u s u a l l y  t h e  l a r g e s t  (wt7;) whereas t h e  t o t a l  b a s i c  

f r a c t i o n s  a r e  smal l  by comparison; thus ,  t h e  o v e r a l l  g r e a t e r  c o n t r i  bu- 

t i o n  o f  t h e  n e u t r a l  f r a c t i o n  t o  t h e  mutagenic a c t i v i t y  of  most samples. 

B i  01 o g i c a l  l y  a c t i v e  c0nst . i  t u e n t s  a r e  . i so l  a t e d  i n  p r e p a r a t i v e  sca le  

amounts f r om conpl  ex m i x t u r e s  u t i l  i z i n g  combinat ions o f  1  i q u i d - 1  i q u i d  

e x t r a c t i o n  and v a r i o u s  1  i q u i d  chromatographic c o l  umn-el uent  cornbina- 

t i o n s .  F r a c t i o n s  a r e  c h a r a c t e r i z e d  u s i n g  a  combina t ion  o f  spec t ro -  

scop i c  techn iques  and gas chromatography/rnass spect rometry .  

. .. - . .  . - -. . . .~.. . . . - . - 
.. - y- 
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I NTRODUCT I ON 

The problem o f  de te rm in ing  t h e  b i o l o g i c a l  a c t i v i t y  o f  a  compound 

i s  n o t  new. Wi th  t h e  growth o f  governmental r e g u l a t i o n s  t o  c o n t r o l  

what i s  eaten, breathed, touched o r  i s  o the rw i se  .made ava i  l ab1  e  

t h rough  env i ronmenta l  d i s t r i b u t i o n ,  answer ing ques t ions  o f  b i  01 o g i c a l  

a c t i v i t y  has reached new .importance. Un fo r t una te l y ,  t h e  a b i  1  i t y  t o  

a s c e r t a i n  t h e  b i o l o g i c a l  a c t i v i t y  o f  a  s i n g l e  compound, e s p e c i a l l y  i t s  

1  ong-term e f f e c t s  i n  humans, i s  f a r  f r o m  . s t r a i  yht forward.  . These 

remarks a r e  suppor ted  by recen t  exper iences . w i t h  compounds which have 

l o n g  been a  p a r t  o f  t h e  i n d u s t r i a l  environment,  e.g., monovinyl  

c h l o r i d e  and benzene. C l e a r l y ,  an even . g r e a t e r  problem e x i s t s  i n  

d e t e r m i n i n g  t h e  b i o l o g i c a l l y  a c t i v e  c o n s t i t u e n t s  o f  a  m i x t u r e  o f  com- 

pounds, e s p e c i a l l y  when t h e  m i x t u r e  i s  complex and c o n t a i n s  unknown 

q u a n t i t i e s  o f  unknown compounds. M i x t u r e s .  o f  t h ' i s  i l k  a r e  t h e  p roduc ts  

and by-products  of s y n t h e t i c  1  i q u i  d  fue l  s  processes. 

Chemical and b i  01 og i  c a l  c h a r a c t e r i z a t i o n  o f  pet ro leum s u b s t i t u t e s  

and t h e  by-products  o f  t h e i r  manufacture becomes an i n c r e a s i n g l y  impor- 

t a n t  o b j e c t i v e  w i t h  t h e  p r o j e c t i o n s  o f  a  s y n f u e l s  i n d u s t r y  soon t o  

produce one m i l l i o n  b a r r e l s  p e r  day o f - p e t r o l e u m  s u b s t i t u t e s .  Develop- 

ment o f  t h e  i n d u s t r y  i s  impeded by concerns f o r  env i ronmenta l  and 

occupa t i ona l  s a f e t y  (1,2). Among t h e  concerns i s  t h e  t h r e a t  o f  an 

i ncreased i n c i d e n c e  o f  human cancer among those  expe r i enc i  ng c h r o n i c  

exposure t o  syn fue l  products.  These concerns a r e  suppor ted because o f  

t h e  s i m i l a r i t y  o f  some syn fue l  p roduc ts  t o  known ca rc i nogen i c  m ix tu res  

such as coa l  t a r  and because o f  exper iences i n  a  coa l  convers ion  p l a n t  

( 3 ) ,  a  gas wor'ks f a c i l i t y  ( 4 ) ,  and i n  t h e  e a r l y  chimney sweeping and 

- - - .  ... ..: . .. - . .- mu1 e -sp i  n n i  ng i r i d u s t r i  es. ( 5 ) .  - " ' C- . 



Concerns ove r  t h e  p r o d u c t i o n  o f  p o t e n t i a l  l y  hazardous substances 

and t h e  need f o r  bet ro leurn s u b s t i t u t e s  . c a n  b o t h  be accommodated by  

a p p l y i n g  s t a t e - o f - t h e - a r t  techniques t o  t h e  e v a l u a t i o n  o f  p r o t o t y p e  

s y n f u e l  products.  I d e n t i f i c a t i o n  o f  1  i k e l y  hazardous compounds o r  

c l asses  th rough syst'ematic chen i i ca l /b io1og ica l  s t u d i e s  can p r o v i d e  t h e  

i nfo rma t i on  necessary t o  implement adequate process . c o n t r o l  s t o  .min i -  

m ize  p r o d u c t i o n  o f  and exposure t o  pathogens. 

T h i s  paper  summarizes on-going s t u d i e s  which coa lesce  t o  address 

t h e  q u e s t i o n  o f  which compounds generated i n  syn fue l s  processes may b2 

most b i o l o g i c a l l y  a c t i v e .  The approach i n  a l l  o f  t hese  s t u d i e s  has 

been t o  employ sepa ra t i on  techn iques  s u i t a b l e  f o r . g e n e r a t i n g  reasonably  

r e p r o d u c i b l e  chemical  . c l ass  . f r a c t i o n s  i n  l a r g e  enough q u a n t i t i e s  f o r  

b ioassay  t e s t i n g .  The most b i o l o g i c a l l y  a c t i v e  f r a c t i o n s  have become 

t h e  fo.cus f o r  chemical  c h a r a c t e r i z a t i o n .  Severa l  . d i f f e r e n t  b i  oassays 

have been used i n  e v a l u a t i n g  syn fue l  products ,  b u t  t h e  preponderance o f  

d a t a  has been generated f r om t h e  s tandard  Ames t e s t  u s i n g  t h e  s t r a i n  

TA98 w i t h  S-'9 a c t i v a t i o n .  These a r e  . the  o n l y  b ioassay  da ta  r e p o r t e d  

here. 

Our s t u d i e s  o f  a  wide v a r i e t y  o f  pet ro leum s u b s t i t u t e s  f rom exper- 

imenta l  s c a l e  processes have produced a  da ta  base which shows solrle 'con- 

s i s t e n t  t rends .  Most no tab l y ,  we f i n d  t h a t  a l k a l i n e  c o n s t i t u e n t s  o f  

t h e  pe t ro leum s u b s t i t u t e s  a r e  o f t e r ;  ma jo r  c o n t r i b u t o r s  t o  t h e i r  nu ta -  . 
' 

g e n i c i  ty, I n  c o n t r a s t ,  t h e  rnu tagen i c i t i es  o f  p e t r o l  eum crudes i s  

de te rmined  a lmost  s o l e l y  by t h e  n e u t r a l  c o n s t i t u e n t s  as would be 

expec ted .  i f  p o l y c y c l  i c  a romat ic  hydrocarbons (PAHs) were t h e  determin-  

a n t  c o n s t i t u e n t s .  The a1 k a l  i ne mutagens i n  petroleurn s u b s t i t u t e s  may 

t h u s  pose a  problem unique t o  t h e  emerging f o s s i l  f u e l s  convers ion  



i n d u s t r y .  Neu t ra l  f r a c t i o n s  o f  pe t rv leum s u b s t i t u t e s  are,  i n  most 

cases, t h e  l a r g e s t  c o n t r i b u t o r  t o  t h e  o v e r a l l  m u t a g e n i c i t y  o f  t h e  whole 

m a t e r i a l .  A1 though n e u t r a l  f r a c t i o n s  u s u a l l y  have a  1  ower s p e c i f i c  

a c t i v i t y  t han  a1 k a l  i n e  f r a c t i o n s ,  t h e  much g r e a t e r  amounts o f  n e u t r a l  

substances inc reases  t h e i r  t o t a l  c o n t r i b u t i o n  re1  a t i v e  t o  t h a t  o f  t h e  

a l k a l i n e  f r a c t i o n .  

Components o f  t h e  n e u t r a l  f r a c t i o n s  which we have p a r t i a l l y  char-  

a c t e r i  zed i n c l u d e  PAHs , mu1 t i a l  k y l  a ted  PAHs and n e u t r a l  n i t r o g e n  

p y r r v l e  homo1 ogues. The mu1 t i a l  k y l  a ted  PAH f r a c t i o n  i s  d iscussed 

b r i e f l y  i n  t h i s  paper; n e u t r a l  n i t r o g e n  compounds have n o t  been s u f f i -  

c i e n t l y  c h a r a c t e r i z e d  t o  determine t h e i r  b i o l o g i c a l  importance. 

A1 k a l  i ne f r a c t i o n s ,  b e i n g  un ique l y  impo r tan t  i n  most crude synfuel  

p roduc ts ,  a r e  d iscussed  i n  some d e t a i l .  I s o l a t i o n  and a n a l y s i s  o f  t h e  

a1 k a l  i n e  mutagens suggests t h a t  azaarenes and a romat ic  p r ima ry  amines 

a r e  r e s p o n s i b l e  f o r  t h e  mu tagen i c i t y .  Po l ycyc l  i c  a romat ic  p r ima ry  

amines (PAAs) a r e  found t o  predominate i n  t h e  m u t a g e n i c - i s o l a t e  and a re  

found t o  exh i  b i t  e x c e p t i o n a l l y  h i g h  rnutagenici  t i e s .  . These r e s u l t s  

suggest t h a t  PAAs shoul d  be mon i to red  i n  occupat iona l  and env i ronmenta l  

assessment components o f  techno logy  devel opment programs. They a1 so 

suggest t h a t  eng inee r i ng  s teps  capable o f  degrad ing  p r ima ry  ami ne 

f u n c t i o n a l  i t i e s  o r  removing h i g h l y  a1 k a l  i n e  c o n s t i t u e n t s  may be 

e f f e c t i v e  i n  r educ ing  t h e  m u t a g e n i c i t y  o f  pet ro leum s u b s t i t u t e s .  

HATER IALS AND METHODS 

Sampl e Descr i  p t  i on 

Samples examined i n  t h i s  s tudy  were supp l i ed  t o  t h e  USEPA/USDOE 

Synfuels Research M a t e r i a l s  F a c i l  i t y  ( 6 )  f o r  gener ic  re'search i n t o  t h e  
. .. - . .  - .  .. - .  . .. . . .. 
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chemical  and b i o l o g i c a l  p r o p e r t i e s  o f  pe t ro leum s u b s t i t u t e s .  Process 

o p e r a t i n g  c o n d i t i o n s  a t  t h e  t i m e  o f  sampl ing,  sampl ing c o n d i t i o n s ,  and 

sample h i s t o r i e s  a r e  no t  s u f f i c i e n t l y  d e f i n e d  t o  a1 l o w  p rocess -spec i f i c  

conc lus ions  t o  be drawn f r om t h e  s tudy  o f  these  samples. Syn fue ls  

Research M a t e r i a l s  Repos i t o r y  numbers a r e  i d e n t i f i e d  f o r  each sample t o  

a l l o w  f u t u r e  in te rcompar isons  w i t h  o t h e r  i n v e s t i g a t o r s  and w i t h  

p r e v i o u s l y  pub1 i s h e d  r e s u l t s  (7,8,9). 

The cur~lpos-ite p e t r o l e u ~ i i  c rude o i l  (Repos i to ry  number 5107) i s  made 

up o f  20% Prudhoe Bay, Alaska; 20% Wilmington, C a l i f o r n i a ;  20% South 

Swan H i l l s ,  A1 be r ta ;  20% Gach Saran, I r a n ;  10% Lou i s i ana -M iss i ss i pp i  

Sweet; and 10% Arab ian  L i g h t  ( a l l  i n  % v / v )  crude o i l s .  A l l  b u t  t h e  

Lou i s i ana -  M i s s i s s i p p i  Sweet (LMS) o i  1  (Repos i t o r y  number 5101) were 

c o n t r i b u t e d  b y  t h e  Laramie and B a r t l e s v i l  l e  Energy Technology Centers  

and have heen s t u d i e d  a s  p a r t  o f  t h e  American Petro leum 1 n s t i t u t . e  

(AP1)-60 chemical  c h a r a c t e r i z a t i o n  p r o j e c t .  The LMS o i l  was c o n t r i b -  

u t e d  by J. A. Ca r te r ,  A n a l y t i c a l  Chemist ry  D i v i s i o n ,  Oak Ridge Na t i ona l  

Laboratory .  The W i  l m i  ngton (Repos i t o r y  number 5301) and t h e  Recluse 

(5305) c rude  o i l s  were con . t r i  bu ted  by t h e  B a r t l e s v i l  l e  Energy Technol-  

ogy Cent.er. Sha le -der ived  crude o i l  4101 was produced by t h e  Laramie 

Energy Technology Cente r  d u r i n g  a  s imu la ted  i n s ' i t u  r e t o r t i n g  i n  t h e i r  

150 t o n  above-ground r e t o r t .  The re fe rence  above- ground r e t o r t e d  

sha le  o i l  (number 4601) was c o n t r i b u t e d  by t h e  Department o f  t h e  Navy 

t h rough  i t s  c o n t r a c t o r s ,  Development Engineering,. Inc .  , ( t h e  Paraho 

Process) and t h e  Standard O i l  Company o f  Ohio. Coal o i l  number 1202 

was s u p p l i e d  by t h e  P i t t s b u r g h  Energy Technology Cen te r  f rom an e x p e r i -  

mental  r u n  of t h e  Syn tho i  1  Process. Coa l -de r i  ved pe t ro leum s u b s t i t u t e  

number 1701 was- supp l i ed  by P i t - t sburgh  and-Midway. l" i in ing as- a  - I1 fueJ. .o i l  



blend" resul t i  ng f  roin the Sol vent Ref i  ned Coal I  I  Process. Coal -oi 1 s  

number 1309 and 1310 are designated as atmospheric bottoms and vacuum 

overheads, respectively , produced in the Process Devel opment Units by 

Hydrocarbon Research, Inc., using the H-Coal Process in the Syncrude 

mode. Sample number 1106 was contributed by FMC Corporation studying 

the Char-Oi 1-Enery-Development (COED) Process. The oi 1 was described 

a.s a C O E D  "product" which. was hydrotreated t o  some extent in the 

process. .Inforn~ati on on process character is t ics  may be found in 

source documents ( 1 0 , l l ) .  

Chemical Class Fractionation 

The simulated in-s i tu  shale o i l  was supplied as 'an emulsion of o i l  

a n d  product water. The sample was batch-centrifuged here a t  2500 rpln 

fo r  about 20 minutes a t  room temperature t o  break the ernulsion. The 

oi ly  layer (representing approximately 50% by vol ume of the raw sample) 

was used f o r  chemical c lass  fractionation. All other samples were 

fractionated as received. 

Each sample was subjected t o  rotary evaporation a t  40°C under 

water aspirator  vacuum until  constant weight had been achieved. The 

remaining o i l  was (12) s lurr ied in diethyl ether and contacted with 1 - N 

H C 1  or NaOH in a separatory funnel. Five grams of- oi l  are typical ly  

processed using 250 ml of e ther  and  250 ml of aqueous phase.' The 

aqueous extracts  were adjusted t o  pH 11 o,r 1 ,  respectively, and were 

extracted with 250 ml of diethyl ether. . The basic or acidic const i t -  

uents, respectively, were thus' back-extracted into ' e the r  t o  yield 

ether-sol uble bases (o r  acids) and water-sol uble bases (or  acids) frac- 

t ions.  Precipitates which formed were collected by centrifijgation or 

f i l t r a t i o n  for  fur ther  study. The neutral constituents remaining in 



t h e  i n i t i a l  e t h e r  phase were t h e n  separated u s i n g  b a s i c  a lumina o r  

Sephadex LH-20 i n t o  a1 i p h a t i c ,  aromat ic ,  po lyaromat ic  (3+  fused  r i n g s ) ,  

and r e s i d u a l s  as has been desc r i bed  (12,13). 

S u b f r a c t i o n a t i o n  o f  t h e  M u l t i a l k y l a t e d  PAH F r a c t i o n  

The gross PA11 i s o l a t e  was separated i n t o  i t s  m u l t i a l l < y l a t e d  PAH 

and s imp le  a l k y l  a ted  p l u s  pa ren t  PAH f r a c t i o n s  u s i n g  a  . g e l  f i l t r a t i o n  

method (14).  The PAH i s o l a t e  was .e lu ted  i n  two f r a c t i o n s  f rom f o u r  0.5 

i n .  0.d. x  43 in .  Biobeads SX-12 coluinns w i t h  r e d i s t i l l e d  benzene. The 

same 2,3,5- t r imethy l  naphtha1 ene / f  1  uoranthene c u t - p o i  n t  (14)  was used t o  

separa te  t h e  rnul t i a l  k y l  a ted  PAH f rom t h e  paren t  p l  us s imp l y  a1 k y l  a ted  

PAH, b u t  c o l  1  e c t  i o n  o f  t h e  rnul t i a l  k y l  a ted  PAH f r a c t i o n  commenced w i t h  

t h e  r i s e  i n . 2 8 0  nm absorbance o f  t h e  column e lua te .  The c o l l e c t i o n  o f  

t h e  pa ren t  p l u s  s imp le  a l k y l a t e d  PAH f r a c t i o n  was extended t h rough  t h e  

e l u t i o n  o f  coronene. The so lver11 was removed frorn t h e  two c o l l e c t e d  

f r a c t i o n s  by evapo ra t i on  w i t h  d r y  f 1  owi ng n i t r o g e n  under reduced te~np- 

e r a t u r e  and pressure. The rnul t i a l  k y l  a ted  PAH c o n t r i b u t e d  t t i r e e  t in ies 

more mass t o  t h e  gross PAH i s o l a t e  o f  t h i s  coa l -de r i ved  crude o i l  than  

d i d  t h e  paren t  and s imp le  a l k y l  a ted  PAH. 

S u b f r a c t i o n a t i o n  . o f  E t h e r  S o l u b l e  Bases 

E t h e r  was retnoved by room temperature evapo ra t i on  and t h e  remain- 

ing.  e t h e r  s o l u b l e  bases (ESB) were t r a n s f e r r e d  t o  a  b a s i c  alumina 

column u s i n g  benzene. One gram o f  t h e  'ESB was t y p i c a l l y  pr-ocessed 

u s i n g  a  50 ml b u r e t  ( m o d i f i e d  t o  i n c l u d e  a s o l v e n t  r e s e r \ l o i r  a t  t h e  

t o p )  t o  which 40 grains o f  b a s i c  alumina had been added i n  75 m l  o-f 

benzene. The sample was e l u t e d  f i r s t  w i t h  500 ml .  ( i n  soine cases 1500 

- m l ,  see "D iscuss ion" )  o f  benzene and t hen  700 ml o f  e thano l .  The 

e thano l  was reinoved by r o t a r y  evapo ra t i on  and t he  r e s i d u e  was taken  up 



i n  i sopropano l .  The sample was t r a n s f e r r e d  t o  a  colunin c o n t a i n i n g  

Sephadex LH-20 ( 7 5  gm o f  Sephadex LH-20 i n  a  250 m l  b u r e t  compacted by 

p r e - e l u t i n g  t h e  column w i t h  50-100 ml o f  i sopropano l )  and was e l u t e d  

f i r s t  w i t h  250 m l  o f  i sopropano l  and n e x t  w i t h  600 ml o f  'acetone. 

Sol  vents  were removed by  r o t a r y  ev 'aporat ion a t  a  wa te r  ba th  temperature 

o f  40°C and 30 t o r r  p ressu re  between s teps  and p r i o r  t o  p r e p a r a t i o n  o f  

b i o t e s t i n g .  

B a c t e r i a l  M u t a g e n i c i t y  B ioassay 

Salmonel 1  a  - tyyh imur ium s t r a i n  TA98, ob ta i ned  th rough  t h e  cou r t esy  

o f  Dr. Bruce Ames, Berke ley ,  ~ a l  i f o r n i a ,  was used f o r  t hese  assays. 

The s tandard  procedure ( 1 5 )  i n v o l v e d  a d d i t i o n  o f  TA98 t o  s o f t  agar 

c o n t a i n i n g  a  l o w  l e v e l  o f  h i s t i d i n e  and b i o t i n  a l ong  w i t h  t h e  f r a c t i o n  

b e i n g  tes ted .  The suspension c o n t a i n i n g  approx imate ly  2'  x 108 

b a c t e r i a  i s  o v e r l a i d  on min imal  agar  p l a t e s .  Rat  l i v e r  S-9 f o l l o w i n g  

A r o c l o r  1254 i n d u c t i o n  i s  i n c o r p o r a t e d  i n  each p l a t e  t o  p r o v i d e  f o r  

m e t a b o l i c  a c t i v a t i o n .  A c t i v i t y  i n  r e v e r t a n t s  pe r  m i l l i g r a m  (rev/mg) o f  

t e s t  substance i s  d e r i v e d  f r om t h e  s l ope  o f  t h e  i n d u c t i o n  c u r v e  

e x t r a p o l a t e d  t o  m i l  1  i g r a n  va l  ues f rom t e s t s  a t  f o u r  c o n c e n t r a t i o n s  o f  

t h e  t e s t  substance. T o t a l  rev/rng i s  computed by summin'g rev/rng found 

f o r  each c o n s t i t u e n t  f r a c t i o n  f o l l o w i n g  c o r r e c t i o n  f o r  t h e  we igh t  

percen tage  o f  t h e  c rude  m a t e r i a l  accounted f o r  by t h e  f r a c t i o n .  

I n d i v i d u a l  s u b f r a c t i o n s  ( F i g u r e  1 )  a r e  summed t o  compute percentage 

d i s t r i b u t i o n  by genera l  c l i e i ~ i c a l  c l a s s  t o  t h e  t o t a l  m u t a g e n i c i t y  o f  t h e  

c rude  o i l s .  

.Chemical  Apparatus and I n s t r u i n e n t a t i o n  

~ l l  s o l v e n t s  were reagent  grade and were f r e s h l y  d i s t i l l e d  except  

f o r  t h e  a b s o l u t e  e thano l .  Chromatograptly was c a r r i e d  o u t  u s i n g  50 m l  



and 250 ml burets t o  which glass eluting solvent reservoirs h a d  bee'n 

attached. The packing was introduced into the buret in the solvent 

selected fo r  i n i t i a l  elution and approximately one column volume of the 

solvent was passed through the column t o  aid set t l ing.  Gravity feed 

and manual f ract ion coll  ection was enipl oyed throughout these studies.  

Fcr ESB s~rbfractionation, optimuni separation conditions were determined 

by coniparing the mutagenicity exhibited by empirically collected frac- 

t iolis. . .The separation behavior was el ucidated and periodically moni- 

tored using carbon-14 labelled known cornpounds o f  the appropriate 

classes.  No i  nstrumcntal detector was employed for  the preparative 

col umn chrornatography. Extractions were general ly ' carried out manually 

using separatory funnel s equipped with teflon stopcocks., Sol vents were 

reduced or  removed using Brinkmann rotary evaporators with the sample 

maintained a t  appr.oxi!i~ately 40°C by a water b a t h  and e i the r  house 

vacuum or water aspirator  pressure (%30 t o r r ) .  

Gas chroniatography of basic fractions was carried out using a 20 

f t .  x 0.125-in. glass column packed with 3% (wtlwt) Dexsil 400 on 

100/120 mesh Supel coport. The col umn temperature was prograrnrned from 
. . 

100°C t o  320°C a t  1°C/min with a he1 ium ca r r i e r  gas flow rate of 

approximately 18/min t o  e lu te  the cons-tituents of the sample. A 

Perkin-Elmer Model 3920 gas chrolncltograph and a DuPont Model .21-4906 

mass spectronieter with a t-lewlett-Packard 21-0946 data system interfaced 

t o  the 3920 were used for  gas chroinatographic and mass spectro!netric 

analyses. Studies of PAH and rnultial kylated P A H  fractiorls ut i l ized 

glass capi 11 ary column gas chrornatography. 'Col unns were rnanufactured 

in-house and were 30 m x 0.2 min i .d . ,  coated with Dexsil 40C stationary 

phase. ABecknan 12-12 was used for  infrared spectrometry. 



RESULTS AND DISCUSS I O N  

Severa l  pe t ro leum c rude  o i l  s  and pe t ro leum s u b s t i t u t e s  have been 

c h e m i c a l l y  c l a s s  f r a c t i o n a t e d  ( F i g u r e  1 )  and each f r a c t i o n  has been 

s u b j e c t e d  t o  m u t a g e n i c i t y  b ioassay  as d e t a i l e d  above. V o l a t i l e  

c o n s t i t u e n t s  were f i r s t  removed and t h e  rema in ing  m a t e r i a l  was d i v i d e d  

i n t o  a1 k a l  i ne ,  a c i d i c , .  3nd n e u t r a l  c o n s t i t u e n t s  by 

a c i d - b a s e - d i e t h y l e t h e r  s o l v e n t  p a r t i t i o n i n g  (12).  The n e u t r a l  

f r a c t i o n ,  g e n e r a l l y  c o n s t i t u t i n g  8 0 %  o r  mur-e o f  t h e  we'igti'l: o f  t h e  o i l ,  

was f u r t h e r  separated (13, lZ)  ch ro r i i a tograp l~ ica l  l y  i n t o  a1 i p h a t i c - ,  

simp1 e  a romat i c - ,  p o l y c y c l  i c  aromat ic - ,  - and po l  a r - en r i ched  

s u b f r a c t i o n s .  The p o l y c y c l i c  a romat i c  f r a c t i o n  o f  two coa l  c rudes was 

separated i n t o  m u l t i a l k y l a t e d  and s imp le  PAH f r a c t i o n s .  The 

r n u t a g e n i c i t i e s  o f  each s u b f r a c t i o n ,  . expressed as t h e  number o f  

I-cvci-tant c o l  a n i  es per  I 1  i a v / i )  o-T' I e s L  sul,s.ldr'~cr, were 

norrnal i z e d  by  we igh t  and sunined t o  compute t h e  m u t a g e n i c i t y  o f  t h e  

ma jo r  ( a c i d ,  base, n e u t r a l )  c l a s s  f r a c t i o n s .  The rnu tagen i c i t i e s  o f  t h e '  

m a j o r  f r a c t i o n s  p l u s  those  observed ' f o r  t h e  v o l a t i l e s  and i n i t i a l '  

p r e c i p i t a t e  ( des igna ted  " i n s o l u b l e "  i n  F i g u r e  1) were summed t o  compute 

t h e  m u t a g e n i c i t i ~ s  n f  t h e  s t a r t i n g  m a t e r i a l  again,  c o r r e c t i n g  f o r  t h e i r  

we igh t  c o n t r i b u t i o n s  t o  t h e  o i l .  Summation i s  necessary  (8)  because 

most o i l  s  and some f r a c t i o n s  a re  incompat i  o l e  w i t h  t h e  b ioassay  systern 

and cannot  be t e s t e d  d i r e c t l y .  Where i t has been p o s s i b l e  t o  t e s t  bo th  

t h e  s t a r t i n g  m a t e r i a l  and i t s  f r a c t i o n s , .  good a d d i t i v i t y  i s  observed 

(9 )  0 '  

The m u t a g e n i c i t i e s  o f  t h e  o i l s  a r e  found (Tab le  1 )  t o  va r y  ove r  

seve ra l  - o r d e r s  o f  ~nagn i  t ude  when cornparing p e t r o l  e lm and p e t r o l  cum 



s u b s t i t u t e s .  ~ a r ~ e  d i f f e r e n c e s  can a1 so be observed w i t l i i  n  a  sample 

type.  Pet ro leum samples s t u d i e d  here,  f o r  example, e x h i b i t e d  (Table  1) 

m u t a g e n i c i t i e s  o f  f r om  l e s s  t han  10  rev/mg t o  g r e a t e r  t han  100 rev/mg. 

Coa l - de r i ved  pet ro leuni  s t i b s t i  t u t e s  exh i  b i  t e d  r nu tagen i c i t i e s  d i f f e r i n g  

b y  a  f a c t o r  o f  ten. Tha t  t h i s  v a r i a b i l i t y  i s  no t  due t o  exper imenta l  

v a r i a b i l i t y  i s  demonstrated by  t h e  gen2ra l  agreement between r e s u l t s  

frorn r e p e a t e d c l a s s  f r a c t i o n a t i o n  and b ioassay  f o r  t h e  sane samples 

( pe t ro l cum number 5107 and pe t ro leum s u b s t i t u t e s  numbers 1202 and 1106 

i n  Tab le  1). 

O the r  t h a n  n o t i n g  t h e  genera l  tendency f o r  c o a l - d e r i v e d  s u b s t i -  

t u t e s  t o  e x h i b i t  a  g r e a t e r  n i u t a g e n i c i t y  t han  do pet ro leum c rude  o i l s ,  

i t  i s  imposs ib l e  t o  u n c a t e g o r i c a l l y  compare t h e  a b s o l u t e  n i u t a g e n i c i t i e s  

o f  pe t ro leum w i t h  sha le -  and coa l  - d e r i v e d  s u b s t i t u t e s  based on these 

sanpl  es alone. A d d i t i o n a l  sarripl es o f  many d i f f e r i n g  o r i g i n s  and h i s -  

t o r i e s  rnust be t e s t e d  t o  p r o v i d e  q u a n t i t a t i v e  genera l  i za.Lions. An 

i m p o r t a n t  q u a l i t a t i v e  obse rva t i on ,  however, i s  t h e  l a r g e  percentage 

c o n t r i b u t i o n  t o  t h e  m u t a g e n i c i t i e s  o f  t h e  pe t ro leum s u b s t i t u t e s  by 

t h e i r  a1 k a l  i n e  ( " b a s i c " )  f r a c t i o n s .  O f  p a r t i c u l  a r  impor tance  i s  t h e  

f i n d i n g  t h a t  pe t ro leum does n o t  e x h i b i t  t h i s  behav ior .  The b i o l o g i c a l  

p r o p e r t i e s  o f  pe t ro leum s u b s t i t u t e s  may t hus  i n v o l v e  c o n s t i t u e n t s  

un ique  t o  t h e  - i ndus t r y .  Anotl.ier ' impo r t an t  o b s e r v a t i o n  i s  t h e  h i g h l y  

a rona t  i c  c h a r a c t e r  o f  , t h e  n e u t r a l  f r a c t i  oris o f  coa l  - d e r i v e d  crudes 

r e 1  a t i v e  t o  pe t ro leum crudes. 

N e u t r a l  T r a c t i o n s  c o n s t i t u t e  a  ma jo r  p o r t i o n  o f  a l l  t h e  pe t ro leum 

s u b s t i t u t e s  exariiined; many c l asses  o f  co~npounds can be separa ted  f rom 

t h e  n e u t r a l  p o r t i o n .  I n  p a r t i c u l a r ,  t h e  PAI-1 f r a c t i o n  i s  cons idered  

b i o l  o g i c a l  l y  import .ant  because o'f t h e  we1 1  docitrnented ca rc i nogen i c  



p r o p e r t i e s  o f  severa l  compounds i n  t h i s  c lass.  The c o a l - d e r i v e d  crudes 

c o n t a i n  a  ve ry  complex a r r a y  o f  s imp le  ( u n s u b s t i t u t e d  o r  s u b s t i t u t e d  

s p a r s e l y  w i t h  a1 k y l  d e r i v a t i v e s )  and m u l t i a l  k y l a t e d  PAHs. A  p r e l  im- 

i n a r y  s tudy  (.17) o f  t h e  m u l t i l a k y l a t e d  PAH f r a c t i o n s  o f  two (numbers 

1202 and 1 1 0 6 ) . c o a l - d e r i v e d  crudes was c a r r i e d  o u t  t o  assess t h e  r e l a -  

t i v e .  b i o l o g i c a l  impor tance o f  paren t  and s imp le  PAHs t o  t h e  m u l t i -  

a l k y l a t e d  species.  F r a c t i o n s  were produced as d e t a i l e d  i n  t h e  p rev ious  

, s e c t i o n  and were analyzed gas c h r o n ~ a t o ~ r a ~ h i c a l  ly  on a  g l ass  c a p i l l  a r y  

column. The p r o f i l e s  ob ta i ned  f o r  one o f  t h e  crudes a r e  shown i n  

F i g u r e  2. The j r o s s  PAH i s o l a t e ,  t h e  m u l t i a l k y l a t e d  PAH f r a c t i o n  and 

i t s  paren t  p l u s  s imp le  a l k y l a t e d  PAH f r a c t i o n  were sub jec ted  t o  t h e  

Ames t e s t .  The mutagenic p o t e n t i a l  o f  t h e  m u l t i a l k y l a t e d  PA14 f r a c t i o n s  

appeared t o  be s l i g h t l y  l e s s  than  t h a t  o f  t h e  co r respond ing  paren t  p l u s  

s imp le  a1 k y l  a t e d  PA14 f r a c t i o n s .  However, t h e  tota.1 c o n t r i b u t i o n  t o  

m u t a g e n i c i t y  frorn t h e  m u l t i a l k y l a t e d  f r a c t i o n  i s  l a r g e r  t h a n  t h a t  o f  

t h e  paren t  p l u s  s imp le  f r a c t i o n  because o f  t h e  r e l a t i v e l y  l a r g e r  

amounts o f  mu1 t i  a1 k y a l  t e d  compounds (3 -4  t imes  g r e a t e r  by wei gh t )  . 
The e t h e r  s o l u b l e  base (ESB)  s u b f r a c t i o n s  o f  many pe t ro leum sub- 

s t i t u t e s  e x h i b i t e d  t h e  h i g h e s t  s p e c i f i c  a c t i v i t i e s  (rev/mg o f  t h e  

f r a c t i o n )  and have been t h e  focus  o f  r a t h e r  d e t a i l e d  s tudy  r e l a t i v e  t o  

t h e  o t h e r  f r a c t i o n s .  The ESB was f u r t h e r  separated by f i r s t  e l u t i n g  

t h e  f r a c t i o n  t h rough  b a s i c  a1 urnina w i t i i  benzene and removing t h e  

rernai n i n g  c o n s t i t u e n t s  w i t h  e thanol .  The e thano l  e l u a t e  was then  sep- 

a r a t e d  i n t o  i sopropanol-  and, acetone-e l  u a t a b l e  f r a c t i o n s  I J S ~  ng Sephadex 

Lti-20. As desc r i bed  below, i t  was l a t e r  found t h a t  u s i n g  an a d d i t i o n a l  

volume o f  benzene (Bz2 i n  Tab le  2 )  t o  e l u t e  ' c o n s t i t u e n t s  f ro in  t h e  

a1 u n i  na c o l  uinn p rov ided  a  chem ica l l y  more homogeneous acetone e l  uate. 



. Q u a n t i t a t i v e  m u t a g e n i c i t y  t e s t i n g  o f  t h e  ESB s u b f r a c t  i ons  showed (Tab le  

2)  t h a t  most o f  t h e  mutagens were concen t ra ted  i n  t h e  acetone e lua te .  

N i n e t y  pe rcen t  o f  t h e  mutagenic a c t i v i t y  c o u l d  o f t e n  be accounted f o r  

i n  t h e  acetone e l u a t e  which c o n s t i t u t e d  10% o r  l e s s  o f  t h e  weight  o f  

t h e  ESB f r a c t i o n .  Fu r t he r ,  t h e  acetone e l u a t e s  o f  t t i e  pet ro leum sub- 

s t i t u t e s  e x h i b i t  (Tab le  2 ) .  mutagenic  a c t i v i t i e s  s i m i l a r  t o  o r  g r e a t l y  

exceed ing  t h a t  ( 50,000 rev/mg) o f  pu re  benzo(a)pyrene. Notab ly ,  t h e  

acetone s u b f r a c t i o n  o f  t h e  pe t ro leum ESBs (wh ich  t h e m e l  ves y i e l d e d  no 

measurable mutagenic a c t i v i t y )  e x h i b i t e d  a s l  i ght  r : .~utagenic i ty .  

Bo th  t h e  i nac t  i ve (benzene f rorn a1 umi na and i sopropanol  f r o m  

Sephadex LH-20) and a c t i v e  (acetone f r om Ll i -20) ESB s u b f r a c t i o n s  o f  

c o a l  o i l  number 1202 and sha le  o i l  number 4101 were sub jec ted  ( 9 )  t o  

gas chromatographic/mass s p e c t r o m e t r i c  ana l ys i s .  Each f r a c t i o n  con- 

t a i n e d  100 o r  more chrornatogrsphsble c o n s t i t u e n t s .  Mass spec t ra  showed 

t h e  c o n s t i t u e n t s  con ta i ned  n i t r o g e n  (odd masslcharge r a t i o  f o r  pa ren t  

i o n s ) ,  were h i g h l y  aromat ic ,  and f r ec j uen t l y  con ta i ned  a l k y l  s u b s t i - t -  

, uents.  Subsequent i n f r a - r e d  spec t roscop i c  a n a l y s i s  o f  t h e  acetone 

e l u a t e s  y i e l d e d  a b s o r p t i o n  bands a t  3220 cm-l  and 3370 cm-l  

i n d i c a t i n g  t h e  presence o f  f r e e  amino s u b s t i t u e n t s .  Spec t roscop ic  da ta  

t h u s  i n d i c a t e  t h e  presence o f  r i n g - a 1  k y l  a t e d  p o l y c y c l  i c  arornat ic p r i -  

mary arnines, secondary o r  t e r t i a r y  arnines, and/or a1 Icy1 a ted  n i t r o g e n  

h e t e r o c y c l  i cs (azaarenes) . 
The acetorie s u b f r a c t i o n s  f r o m  b o t h  t h e  sha le -  and c o a l - d e r i  ved 

pe t ro leum s u b s t i t u t e s  were r e s u b j e c t e d  t o  b a s i c  a lumina c o l  uiiln separa- 

t i o n  u s i n g  benzene and e thano l  t o  f u r t i l e r  concentr-ate t h e  more p o l a r  

c o n s t i t u e n t s  i n  t h e  e thano l  e l ua te .  l 4u tagen i c i t y  t e s t i n g  shobrecl t h a t  

93% .and 116X o f  t h e  mutagenic a c t i v i t y  was accounted f o r  i n  t t i e  e thano l  



i s o l a t e  f o r  t h e  sha le -  and coa l - de r i ved  o i l  s, r e s p e c t i v e l y ,  w h i l e  t h e  

e thano l  e l u a t e  const i t .ut .ed,  56% and 90% o f  t h e  we igh t s  o f  t h e  i n i t i a l  

acetone s u b f r a c t i o n s  o f  t h e  o i l s ,  r e s p e c t i v e l y .  The more p o l a r  

c o n s t i t u e n t s ,  e.g. t hose  which would c o n t a i n  f r e e  amino-groups r a t h e r  

t h a n  r i n g - n i t r o g e n s  were t h u s  i m p l i c a t e d  as t h e  c a u s a t i v e  mutagens. 

To t e s t  t h e  hypo thes i s  t h a t  a roma t i c  amines were t h e  predominant 

c o n s t i t u e n t s  o f  t h e  b i o a c t i v e  acetone e l ua te ,  t h e  e l u a t e  was gas 

ct~rornatographed b e f o r e  and a f t e r  r e a c t i o n  w i t h  tr if l  uo roace t y l -  

im idazo le .  The r e a c t i o n  , conve r t s  pr i rnary  amino groups t o  tr i f  1  uoro-  

acetamides b u t  l eaves  azaarene n i t r o g e n  s u b s t i t u e n t s  i n t a c t .  

Chromatographic peaks e x h i b i t i n g  t h e  same r e t e n t i o n  t i m e s  b e f o r e  and 

a f t e r  c o n t a c t  w i t h  tr i f l  uo roace t y l  im idazo l  e  would be i n d i c a t i v e  o f  t h e  

presence o f  n o n - r e a c t i v e  o rganon i t rogen  compounds, i.e. .azaarenes. The 

chroinatograrns o f  t h e  i n i t  i a l  and and r e a c t e d  acetone s u b f r a c t i o n s  bore  

1  i t t l e  resemblance t o  one ano ther  sugges t ing  t h a t  t h e  g r e a t  m a j o r i t y  o f  

t h e  c o n s t i t u e n t s  had r e a c t e d  t o  forrn amides. Fu r t he r ,  t h e  d e r i  v a t i  zed 

sampl e  was p a r t i t i o n e d  between a c i d  and e t h e r  t o  b a c k - e x t r a c t  unde r i  va- 

t i z e d  azaarenes. Almost a l l  o f  t h e  r e s u l t i n g  gas chromatographic  p'eaks 

-From t h e  a n a l y s i s  o f  t h e  e t h e r - e x t r a c t a b l e  m a t e r i a l  c o u l d  be accounted 

f o r  i n  t h e  p r e - e x t r a c t i o n  p r o f i  1  e, f u r t h e r  sugges t i ng  t h a t  most con- 

s t i t u e n t s  had been d e r i v a t i z e d .  

Severa l  azaarenes (C3-py r id ine ,  q u i n o l  i ne ,  a c r i d i n e ,  a. d ibenz-  

a c r i d i n e ,  and an azabenzo(a) pyrene) , t e r t i a r y  aroinat i c  amines (?I, 

N-dimethyl  a n i  1  i n e  and t r i  phenyl amine) , s ~ c o n d a r y  a ro ina t i c  ainines 

(N-methyl - a n i l  i ne ,  N-phenyl a n i l  i ne ,  and N-pheny l - I -naph thy l  arnine) , and 

p r i rna ry  a roma t i c  ami nes ( a n i l  i ne ,  1 -naph thy l  anine, an a~ i i noan th racene ,  

. . 
and an aminopyrene) w2re s u b j e c t e d .  t o  b a s i c  a lumina chromatography 



under t h e  c o n d i t i o n s  used t o  i s o l a t e  t h e  mutagens. It '  was found t h a t  

t h e  p r ima ry  ami nes, beg inn ing  w i t h  a n i  1  ine,  were r e t a i n e d  by t h e  column 

u n t i l  1.5 l i t r e s  o f  benzene had been e lu ted .  The azaarenes and t h e  

secondary and t e r t i a r y  amines e l u t e  comple te ly  b e f o r e  t h i s  p o i n t  i s  

reached. The ESB's o f  pe t ro leum sample 5301, sha le -de r i  ved s u b s t i t u t e  

4101 and c o a l - d e r i v e d  s u b s t i t u t e  1202 were separated u s i n g  1.5 1 r a t h e r  

t h a n  500 m l  o f  benzene t o  e l u t e  t h e  alumina column i n  o r d e r  t o .  p rov ide  

a  p o l y c y c l  i c  aromat i c  .p r imary  amine (PAA) f r a c t i o n  and t h e  r e s u l t i n g  

PAA's were t e s t e d  (Tab le  2)  f o r  mutagenic a c t i v i t y .  Most o f  t h e  b i o -  

a c t i v i t y  was found i n  t h e  PAA sub f rac t i on .  

The PAA tr i f l  uo roace ty l  a t e d  f r a c t i o n  o f  c o a l - d e r i v e d  pet ro leum 

s u b s t i t u t e  number 1202 was sub jec ted  t o  gas chromatographic  and mass 

s p e c t r o m e t r i c .  ana l ys i s .  Approx imate ly  100 c o n s t i t u e n t s  were observed 

( F i g u r e  3)  w i t h  mass s p e c t r a l  da ta  i n d i c a t i n g  t h e  presence (Tab le  3) o f  

a  v a r i e t y  o f  a romat ic  and p o l y c y c l i c  a romat ic  p r ima ry  anines. 

The PAA f r a c t i o n  f r om c o a l - d e r i v e d  o i l  nuinber 1202 was f i n a l l y  

separa ted  f u r t h e r  by r i n g  number, u s i n g  Sephadex LH-20 f o r  a  q u a l i t a t i v e  

assessment o f  t h e  d i s t r i b u t i o n  o f  f iu tagenic  a c t i  v i t y .  The PAA f r a c t i o n  

and i t s  s u b f r a c t i o n s  a l l  e x h i b i t e d  rnu tagen ic i t y  w i t h  t h e  a c t i v i t y  b e i n g  

g r e a t e s t  f o r  t h e  f o ' u r - r i n g  c o n s t i t u e n t s  b u t  a l s o  ve ry  h i g h  f o r  t h e  2-, 

3-, and 5 - r i n g  c o n s t i t u e n t s .  As a  f i n a l  t e s t  of  t h e  hypo thes i s  t h a t  

p r i m a r y  a ro~nat  i c  ainines a r e  t h e  de te rminan t  mutagens, severa l  represen- 

t a t i v e  pure  compounds were tes ted .  A n i l i n e  e x h i b i t e d  no a c t i v i t y  b u t  

t h e  h i g h e r  arni nes y i e l d e d  r e s ~ ~ l  t s  as f o l  1  ows: 2-naphthyl  amine, 70,000 

rev/mg ; 2-ami noanthracene, 200,000 rev/mg ; 3-aniinor~yrene, 2,600,000 

rev/mg; 3-ami nopery l  ene, 200,000 rev/rng. The e x t r a o r d i n a r i l y  h i g h  



m u t a g e n i c i t i e s  o f  i n d i v i d u a l  c o n s t i t u e n t s  o f  t h e  acetone s u b f r a c t i o n  

. . r e q u i r e d  t o  account f o r  i t s  h i g h  rnutager l ' ic i ty i s  t h u s  confirmed. 

P o l y c y c l  i c  a romat ic  p r ima ry  an ines may pose env i ronmenta l  h e a l t h  

hazards un ique t o  t h e  deve lop ing  s y n t h e t i c  f u e l s  i n d u s t r y .  An aware- 

ness o f  t h e i r  presence i n  pet ro leum s u b s t i t u t e s  and t h e i r  unusual muta- 

gen i c  p o t e n t i a l  may be used t o  e l i m i n a t e  t h e i r  c o n t r i b u t i o n  t o  f u t u r e  

env i ronmenta l  and occupat iona l  h e a l t h  impacts  and t o  hasten t h e  

development o f  a  s o r e l y  needed energy technology. 
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Tab le  1. C o n t r i b u t i o n  t o  M u t a g e n i c i t y  o f  O i l s  by  Chemical C lass  

Mutagenic A c t i v i t y  o f  O i l  

T o t a l  
(Rev /mg ) 

Pet ro leum Crude O i  1  

Composite  NO.^ 5107 
Composite No. ,5107 
Wi lm ing ton  No. 5301 
Recluse No. 5305 
LMS No. 5101 

Shale-Der ived Petro leum S u b s t i t u t e  

LETC No. 4101 
Paraho No. 4601 

Coa l -Der ived  Petro leum S u b s t i t u t e  

S y n t h o i l  NO. 1202 
S y n t h o i l  No. 1202 
SRC I1 No. 1701 
H-Coal ASB No. 1309 
H-Coal YSOH No. 1310 
COED HDT No. 1106 
COED HDT No. 1106 

Percentage o f  T o t a l  
(Percen t )  

N e u t r a l s  Ac ids  Bases Other  --- 

aUSEPA/USDOE Sample Repos i t o r y  Designat ion.  



Tab le  2. Enr ichment o f  Mutagenic Component o f  The E t h e r  
Sol u b l  e Base F r a c t i o n s  

P e t r o l  eum 

Composi te N0.a 5107 
Wilrnington No. 5301 

Shal  e-Der ived 

LETC No. 4101 
LETC No. 4101 

Coal -De r i ved  

S y n t h o i l  No. 1202 
S y n t h o i l  No. 1202 
SRC I 1  No. 1701 

s p e c i f i c  A c t i v i t y  i n  Rev/mg 
ESB B z 

1 
B z 

Fxn 
*- 

I s o p r  Acetone 

Acetone S u b f r a c t i o n  
. Rev/ms 
( % E S B ~  WtX ESB 

aUSEPA/USDOE Sarnpl e R e p o s i t o r y  Des igna t ion .  



Table 3. Mass Spectra l  1 dent i f i c a t  ion o f  Gas Chro~natographic E l  uates 
from Acetone Subfract  ion o f  Synthoi  l No. 1202 ESB 

Peak No. Compound Peak No. Compound 

T r i f l u o r o a c e t y l  imidazole 
Ani l ine 
C1-Anil i ne  
Cl-An i I ine  
C l -An i l ine  
C2-Ani l ine 
C2-Anil ine 
C2-Anil ine 
C2-Ani l ine 
C2-An i I i ne 
C2' An i I i no 
C3-An i I i ne  
C2-An i l i ne 
C3-An l l Ine 
C3-An i l i ne 
Cg-An i l i ne 
C3-Anil ine 
C4-Ani l ine 
C4-An i I i ne 
C4-Ani l ine 
C4-Ani l ine 
C5-An i l i ne 
Cd-Ani l ine 
A; i no i ndan 
C5-Ani l ine 
C1-Aminoindan 
C5-An i 1 i ne 
C2-Aminoindan 
C2-Aminoindan 
C1-Aminoindan 
C2-Ami no i  ndan, 
Aminonaphthalene 

L 

Aminonaphtha lene 
CX-Ami no i  ndan 
2 

C2-Ani no i  ndan 
C1-Aminonaphthalene 
c ; - ~ m i n o n a ~ h t h a l  ene 
C1-Aminonpphthalene 
c;-~minoi ndan 
C3-Aminoindan, 
C1-Aminonaphthalene 
 mi nonaphtha I erle 
C9-Am i no i ndan 

L 

C4-Aminoindan, 
C2-Am i nonaphtha I ene 
C2-Aminonaphtha l ene 
Arninob iphenyl 
Aminobiphenyl 
C2-Aminonaphthalene 
.C4-Ami noi  ndan 
C2-Aminonaphthalene 

C3-Aminonaphthalene 
Aminob ipheny 1 
C6-Aminonaphthalene 
C1-Aminob iphenyl 
C1-Aminob iphenyl, 
Aminof Iuorene 
C1-Aminobiphenyl, 
Aminof I uorene 
C2-Aminobiphenyl 
C2-Aminobiphenyl 
C1-Aminobiphenyl 
C2-Aminob ipheny I, 
Am ino f  I uorene 
C2-Aminobiphenyl, . , 

C1-Aminofluorene 
Cl-Aminof I uorene 
C2-Aminofluwene 
C Aminob ipheny l 

2: 
Am~noanthracene 
C3-Am i nob i phen y l . 
Azapyrene 
Azapyrene 
C3-Aminofluorene 
C2-Aminofluorene 
~ ~ - ~ m i n o n a p h l l ~ a  I t . 1 ~  

C5-Aininoindan 
Am inoanthracene 
C3-Aminobiphenyl, 
C1-Aminoanthracene 
C1-Azapyrene 
C1-Azapyrene 
Cl-Azapyrene 
C5-Aminonaphtha lene 
C1-Aminoanthracene 
C1-Ami noanthracene 
C2-Aminoanthracene 
C2-Aminoanthracene, 
C2-Azapyrenc 
C2-Azapyrene 
C2-Aminoanthracene, 
C2-Azapyrene 
C2-Am inoan-thracene 
C3-Azapyrene 
'Phenylnaphthylamine, 
Benzacr i d i ne 
C3-Aminoanthracene 
Pheny lnaphthy 1 amine 
Aminopyrene 
C1-Aminopyrene, 
C1-Benzacr i d i n e  
C1-Aminopyrene 
C1-Aminopyrene, 
C1-Benzacr i d  ine 

.. - .  C1-3enzacr.i . . d .. ine. 
. .- 



FIGURE CAPTIONS 

F i g u r e  1. Chemical C lass  F r a c t i o n a t i o n  Procedure f o r  Chemis t ry  
and B i o t e s t i n g .  1-T Step, (Phase) 

F i g u r e  2. Gas Chromatograms o f  PAH and M u l t i a l k y l a t e d  PAH 
F r a c t i o n s  

F i g u r e  3. Gas  Chromatugrarr~ 0.F T r i f  1 ~ r n r o a c e t y l  -Deri v a t  i zed 
Acetone Sub f rac t i on  o f  S y n t h o i l  No. 1202 ESB 
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