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INTRODUCTION 

Short-term mutagenesis assays have been utilized to characterize com- 

plex environmental mixtures for the possible health effects. These bioassays 

are intended to (1) serve as predictors of long-range health effects, (2) 

guide chemical separation procedures for the isolation and concentration of 

biological ly active materials, (3) identify chemical agents respon- 

sible for the biological activity and (4) determine priorities for' fuP- 

ther and extensive testing. Organic extraction coupled with chemical class 

fractionation is a prerequisite for most of these assays. 

Our emphasis has been mainly in evaluating various test materials from 

the newly emerging synfuel techno1 ogies. The bacteri a1 mutagenicity assay 

developed by Ames [I 1, uti 1 izes certain we1 1 -characterized hi stidine mutants y < 
,1 1 

of Salmonella typhimurium. We have breviously reported the appl ication of I {  i l  : 
I 

class chemical separation procedure developed by Swain-Stedman [2] for eval- 
\ '  

uating certain coal-derived [3] and shale-derived [4] oils. In an effort to I 
~ 

minimize' chemical reactivity during the fractionation procedure, separation 

with Sephadex LH-20 gel chromatography 151 was used with several synfuels. 

Mutagenicity results obtained, have indicated the a1 kal ine fractions, containing 



azaarenes, primary amines and nitro polyaromatics are mutagenic fractions, : 

along with the neutral fraction containing polycyclic aromatic hydrocarbons 

and nitrogen containing PAH's [lo]. Specificity to revert the frameshift 

strain, TA-1538 and TA-98 [6] and dependence on specific activation systems 

correlates to the biological activities of these organic constituents. 

Sample Description and Source 

Samples utilized in this study were supplied by USEPAIUSDOE synfuel re- 

search materials facility [7]. Process operating conditions at the time of 

sampl ing, sampl ing conditions and sample histories are not sufficiently 

defined to provide process-specific conclusions. Sample 1 isting (with 

repository numbers) and source are listed in Table 1. A detailed process 

description was previously presented [8]. 



TABLE I .  

Descri ption of Synfuel Samples 

Repository 
Number Sampl e Source 

A.  Petroleum samples 

5301 Wi lmington Crude Oi 1 Bart1 esvi  1'1 e Energy Techno1 ogy Center 

5 305 Recluse Crude Oil Ba r t l e sv i l l e  Energy Technology Center 

8. Shale derived o i l s  

41 01 Shale Oil ( ' i n  s i t u ' )  iarami e Energy Techno1 ogy Center 

4601 Paraho Shale Oil US NavyIStandard Oil Company of Ohio 

4602 HDT-~araho  Shbl e Oi 1 US NavyIStandard Oil Company of Ohio : 

C .  Coal derived o i l s  

1701 SRC 11-fuel o i l  Pit tsburgh and Midway Mining, Company ?i  

1 60.1 H-Coal -di st .  -raw Mobi 1 Research/EPRI. 

1602 H-Coal d i s t .  HDT-1 ow sever i ty  Mobi 1 ResearchIEPRI 

1603 . . H-Coal di s t .  HDT-med. sever i ty  Mobi 1 ResearchIEPRI 

'1 604 H-Coal di s t .  HDT-high s eve r i t y  Mobi 1 'ResearchIEPRI 

1 801 ZnC12 d i s t .  Conoco Coal Development Company 



Purpose 

The object ive  of t h i s  study has been t o  i den t i fy  mutagenic a c t i v i t y  i n  

the  f ract ionated synfuel samples, followed by i so l a t i on  and i den t i f i c a t i on  

of chemical agents responsible f o r  t h i s  a c t i v i t y .  

MATERIALS AND METHODS 

Chemical Fractionation 

The chemical f rac t iona t ion  procedure (Figure 1 ) was previously described 

[8]. The procedure involved separation of . ac id ic  and basic f r ac t i ons  using 

l i qu id l l i qu id  par t i t ion ing  in to  e ther  soluble and insoluble acids and bases 

(water soluble ' f ract ions  were generally found inac t ive  i n  the  mutagenicity 

assays) .  The neutral  f rac t ion  was separated using Sephadex LH-20 i n to  a l i pha t i c s ,  

aromatic, polyaromatic and polar f r ac t i ons  by isopropan'ol e lu t ion .  Solvents 

were removed by ro ta ry  evaporation, the  residue was dissolved i n  dimethyl su l -  

foxide f o r  mutagenicity assays. The basic f rac t ion  was subfractionated using 

basic a1 umina and Sephadex LH-20 (Figure 1 ).  The e the r  soluble base (ESB) 

f rac t ion  was loaded onto the  column and e luted with 500 ml benzene (benzene 
! 
. ,  

< ,  

subfract ion)  fol lowed by 700 ml ethanol. Ethanol 'was removed by ro ta ry  evap- 

ora t ion and the  residue was separated fu r ther  on a Sephadex LH-20 gel column. 
I 

I .  

The column was e luted sequent ia l ly  with 250 ml of isopropanol (isopropanol sub- 

f r ac t i on )  and 600 m1, o.f acetone (acetone subf rac t ion) .  The e lu t ing  so lven t  was . . . . 
. . 

removed by ro ta ry  evap:oration. 



Mutagenici  ty Assay 

His t i d i , ne  auxotrophic s t r a i n  o f  Salmonel l a  typ t i imur i  um TA-98, ob ta ined 

through the  cour tesy o f  D r .  B. N. Ames, Berkeley, CA, was used f o r  these 

s tud ies .  The stai idard procedure ( 1  ) i nvo l ved  a d d i t i o n  o f  b a c t e r i a l  c e l l  s  

8 ( 2  x  10 ) t o  s o f t  agar con ta in ing  t h e  f r a c t i o n  being t e s t e d  and ove r lay  on 

minimal agar p l a t e s .  L i v e r  homogenates (S-9 mix)  f rom A r o c l o r  1254 induced 

r a t s  was incorpora ted  i n  each p l a t e  t o  p rov ide  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  per  u n i t  weight  (rev/mg) o f  t e s t  substance i s  de r i ved  

from the  s lope o f  t he  i n d u c t i o n  curve. To ta l  m u t a g e n i c ' a c t i v i t y  o f  a  s t a r t -  

i n g  m a t e r i a l  i s  computed from t h e  a c t i v i t i e s  o f  i t s  sub f rac t i ons  f o l l o w i n g  '.. 

c o r r e c t i o n  f o r  t he  weight  percentages c o n t r i b u t e d  by the  sub f rac t i ons  t o  t h e  

s t a r t i n g  m a t e r i a l .  

RESULTS AND DISCUSSION 

The crude o i l s  cou ld  n o t  be t e s t e d  f o r  mutagen ic i ty  due t o  t h e i r  t o x i c  

p rope r t y ;  when t e s t e d  the  crudes y i e l d e d .  quest ionable r e s u l t s .  I n  o rder  t o  .overcome 
4 i 

t h i s  problem and a l s o  i n  o b t a i n i n g  a  more homogeneous d i s t r i b u t i o n  o f  sample i n  t h e  .:. 
test :  

medium, chemical f ract ' ionat ion was appl ied .  The general procedure was des- 

c r i b e d  and ill u s t r a t e d  i n  F igure  1. Recovery and reproduc i  b i  1  i ty  have been 

t e s t e d  by us ing  t r i p l i c a t e  samples o f  sha le  o i l  and crude o i l .  Chemical 
. ,  

recovery and reproduc i  b i  1  i ty  i s  adequate f o r  b i o l o g i  c a l  t e s t i n g  purposes, 

even though recover ies  a r e  unacceptably low. The losses  a r e  caused by v o l a t i l e  

ma t te r  which would be hard t o  apply i n  t h e  b i o t e s t i n g .  



Tab le  2 i l l u s t r a t e s  d i s t r i b u t i o n  o f  mutagenic a c t i v i t y  i n  pe t ro leum o i l s ,  

sha le  o i l  and coa l -de r i ved  o i l s .  The a c i d i c  f r a c t i o n s  were i n a c t i v e  i n  t h e  

m u t a g e n i c i t y  assays. A1 1  t h e  a c t i v i t y  was recovered  f rom t h e  b a s i c  and neu- 

t r a l  f r a c t i o n s  which v a r i e d  f rom sample t o  sample. The pe t ro leum samples 

con ta ined  a l l  t h e  a c t i v i t y  i n  t h e  n e u t r a l  f r a c t i o n  which c o n s t i t u t e d  weak 

mutagenic a c t i v i t i e s .  The sha le  o i l  samples t h a t  a r e  r i c h  i n  ' n i t r o g e n  con- 

t e n t  e x h i b i t e d  a c t i v i t y  d i s t r i b u t e d  between t h e  n e u t r a l  and t h e  b a s i c  f r a c t i o n s .  

S i g n i f i c a n t  mutagenic a c t i v i t y  was a l s o  observed w i t h  t h e  coa l  -der i ved  o i  1s. 

Both t h e  sha le .  o i l  and coa l -de r i ved  o i l s  were  relative!^ more mutagenic than  

t h e  petro1,eum samples. 



TABLE 2 

1 .: ,Mutagenic A c t i v i t y  

A. Petroleum Samples - 

Tota l  
( Rev/mg ) 

5301 W i  lm ing ton Crude 051 5 

5305 Recluse Crude 011 6 

Percent D i s t r i b u t i o n  

Neut ra l  Acids Bases Other  

B .  Shal e -der i  ved o i  1 s 

41 01 Shale Qil . ( ' i n  s i t u ' ) .  . . , .  
. . :  . . 

178 

4601 Paraho shale O i l ,  , , , . ,390 

4602 HDT-Paraho Sbhl e 0 i  1 0 

C .  Coal -der ived o i  1 s 

1701 SRC-11-fuel o i l  1000 

1601 H-Coal d i  s t. -raw 350 

1602 H-Coal d i s t .  HDT-low 540 

1603 H-Coal d i s t .  HDT-med. 21 0 

areferences 8, 9. 

bdetermined from t h e  1 i n e a r  p o r t i o n  o f  a dose-response curve w i t h  s t r a i n  TA-98. 

100 0: 0 - 0 I - - - - 

1604 , H-Coal d i s t .  ,HDT-high 
. '  . .  . )  

0 

1801 ZnC12 d i s t ;  530 

0 0 0 0 1 

100 0 0 0 ' .  



E f f e c t s  o f  hydrotreatment seem t o  e l i m i n a t e  t h e  mutagenic a c t i y i t y  

as evidenced f rom the  r e s u l t s  ob ta ined w i t h  MDT-H-Coal d i s t i l l a t e s .  The 

h igh  s e v e r i t y  hydrotreatment  has complete ly  e l  im ina ted mutagenic a c t i v i t y  

o f  H-Coal sample w h i l e  t h e  medium and low s e v e r i t y  t reatments were r e l a -  

t i v e l y  l c s s  c f f e c t i v e .  ZnC1 ca ta lyzed d i s t i l l a t i o n  seems t o  have e l  i m i -  2 

nated the  a l k a l i n e  mutagens i n  t h e  coa l -der ived o i l .  

Presence o f  mutagenic a c t i v i t y  i n  t h e  bas i c  and n e u t r a l  f r a c t i o n s  has 

l e d  us t o  examine these f r a c t i o n s  t o  i s o l a t e  and i d e n t i f y  chemical agents . .. .> 

respons ib le  f o r  t he  b i o l o g i c a l  a c t i v i t y .  The bas ic  f r a c t i o n  was sub- '. 
f r a c t i o n a t e d  us ing  bas ic  alumina column and Sephadex LH-20 method. B i o l o -  

g i c a l  a c t i v i t y  was recovered i n  the  u l t i m a t e  acetonc f r a c t i o n  t h a t  som- 

p r i s e d  o f  approximately 10% o f  t h e  s t a r t i n g  ESB-fract ion. Resul ts  obta ined 

w i t h  sub f rac t i ona ted  SRC-11-ESB and Shale oi l -ESB are  g iven i n  Table 3. The I . .  

acetone f r a c t i o n s  w i t h  h igh  s p e c i f i c  a c t i v i t i e s  can be a p p l i e d  f o r  b i o t e s t i n g  

i n  o t h e r  gene t i c  systems as w e l l  as f o r  chemical ana lys is  [Ill. Azaarenes 

and pr imary. aromat ic  amines a r e  t h e  suspected o rgan ic  c o n s t i t u e n t s  o f  t h i s  

f r a c t i o n  causing ' t h e  mutagenic a c t i v i t y .  



TABLE 3 

ISOLATION OF MUTAGENIC ACTIVITY FROM THE BASIC FRACTION (ESB) 

SRC-I I-ESB (1 701 ) SHALE OIL-ESB (41.01 ) 

R e l a t i v e  S p e c i f i c  Weighted R e l a t i v e  S p e c i f i c  Weighted 
Weight A c t i v i t y  Wei h t  A c t i v i t y  A c t i v i t y  

( % I  ( Revlmg) ( Revlmg (%! (Revlmg) (Revlmg) 

. _  . O  14,000 ' - .  - ESR 2,500 
. . 

Benzene 74 0 0 . ' 7 7  0 0 

Isopropanol  6 . 400 2 4 12 ' .o 0 

Acetone 15 . .  , 68,000 10,200 9 20,000, 

TOTAL . , 



TABLE 4 

MUTAGENIC ACTIVITIES OF NEUTRAL SUBFRACTIONS OF A COAL-DERIVED 
OIL AND A SHALE OILa 

S p e c i f i c  A c t i v i t y  (rev/mg) 

Subf r a c t i  on Coal -Der ived O i l  Shale 011 
-- 

A1 i p h a t i c  (Ab)  

PAH(1) 

Neut ra l  N-PAH (11)  

Po la r  (111) 3380 

a h k e n  . f r om re fe rence 10. 



Chemical separa t ion .and ana lys i s  o f  t h e  n e u t r a l  f r a c t i o n  suggested po l y -  

aromatic hydrocarbons (PAH I s )  a1 k y l  a ted  PAH.'s [I 21 and n i  trogen-PAH ' s  [l O] 

as the poss ib le  mutagenic agents. Mutagenic a c t i v i t y  o f  PAH's and a l k y -  

l a t e d  PAH's appeared t o  increase w i t h  t h e  r i n g  s i z e  (F igu re  2) .  The a l i -  

p h a t i c  c o n s t i t u e n t s  o f  coal -der ived m a t e r i a l s  were n o t  mutagenic w h i l e  the  

n i t r o g e n  PAH f r a c t i o n  obta ined f rom coal  o i l  [ l o ]  had a  s p e c i f i c  a c t i v i t y  

more than tw ice  t h a t  o f  t he  PAH f r a c t i o n   a able 4 ) .  The nitrogen-PAH 

f r a c t i o n  f rom a shale-der ived o i l  was n o t  mutagenic. 

CONCLUSIONS 

1.. Shor t - term bioassay such as t h e  Ames salmonel la  h i s t i d i n e  reve rs ion  

assay can be e f f e c t i v e l y  app'l i e d  t o  the  complex envl  ronmental sa~npl es .  

2. Proper chemical e x t r a c t i o n  and f r a c t i o n a t i o n  methods should be coupled 

t o  the  assay. 

3 .  The Shale-.. and Coal -der ived o i l s  a r e  re1 a t i v e l y  more mutagen i ,~  than 

petro leum crude. 

4. Mutagenic a c t i v i t y  was ma in l y  assoc ia ted  w i t h  the  bas i c ' and  n e u t r a l  

f r a c t i o n .  

5. Azaarenes, aromat ic  amines, PAH's, a1 k y l  a ted PAH's and n i  trogen-PAH's 

are  t h e  suspect o rgan ic  c o n s t i t u e n t s  o f  these f r a c t i o n s ,  causing the  

mutagenic a c t i v i t y .  



SUMMARY 

I n  order  t o  determine the  l o n g  range h e a l t h  e f f e c t s  such as carc ino-  

genicity/mutagenicity/teratogenicity/toxicity, assoc ia ted  w i t h  the  newly 

emerging energy technologies,  we have u t i l i z e d  the  Ames Salmonel la assay 

t o  eva lua te  mutagenic p r o p e r t i e s  o f  s y n t h e t i c  f u e l s .  Coupl i n g  w i t h  c lass  

f r a c t l  onat lon  was necessapy. Organic e x t r a c t i o n  and l i q u i  d / l  i q u i d  par-  

t i  t i o n i n g  was used t o  separate a c i d i c  'and bas i c  f r a c t i o n .  The neu t ra l  

m a t e r i a l  wa,s separated us ing  Sephadex LH-20 ge l  f i l t r a t i o n  i n t o  sa tu ra ted  

and aromat ic  f r a c t i o n s  o f  var ious  r i n g  s izes .  The a l k a l i n e  f r a c t i o n  was 

sub f rac t i ona ted  e l u t i n g  w i t h  benzene and ethanol  on a  bas ic  a1 umina c o l -  .. 

umn and then w i t h  isopropanol  and acetone us ing  a  Sephadex LH-20 ge l  c o l -  

umn. The f r a m e s h i f t  s t r a i n  TA-98 was u t i l i z e d  a long w i t h  Aroclor- induced 

r a t  1  i . v e r .  homogenate '(s-9 m i  x )  f o r  t he  mutagen ic i ty  assay. The na tu ra l  

crude o i l s  were s l i g h t l y  mutagenic, t he  polynucleararomat ics c o n s t i t u t i n g  

the  a c t i v i t y ,  w h i l e  the  coa l  -de r i ved  f u e l s  i n d i c a t e d  mu tagen ic i t y  asso- 

c i a t e d  w i t h  a1 ka l  i n e  c o n s t i t u e n t s  as we1 1  as polyaromat ics.  Hydrotreated 

coal (H-coal, HDT) o r  Shale (Paraho-Shale o i l ,  HDT) de r i ved  f u e l s  were 

n o t  mutagenic. N ine ty  percent  of t he  mutagenic a c t i v i t y  i n  a l k a l i n e  f rac -  
I 

t i o n  was recovered i n  t h e  acetone sub f rac t i on .  High r e s o l u t i o n  spec t ro -  

scopy o f  t h i s  f r a c t i o n  i n d i c a t e s  po l ycyc l  i c aromat ic  p r imary  amines a1 ong 

w i t h  azaarenes as organ ic  c o n s t i t u e n t s  respons ib le  f o r  ' . the -mutagenic a c t i  - 
v i  t y  assoc ia ted  w i  t h  shale-  .:and coal  -der ived f u e l  s: 



REFERENCES 

1. Ames, B. N., J. McCann and E. Yamasaki, Methods for detecting carcino- 

gens and mutagens with the Salmonella/mammalian-microsome mutagenicity 

test, Mutation Res., 31 (1975) 347-364. 

2. Swain, A. P., J. E. Cooper and R. L. Stedman, Large scale fractionation 

of cigarette smoke condensate for chemical and biologic investigations, 

Cancer Res., 29 (1969) 579-583. 

3. Epler, J. L., J. A. Young, A. A. Hardigree, T. K. Rao, M. R. Guerin, 

I. B. Rubin, C. -h. Ho and B. R. Clark, (1978). Analytical and biolo- 

gical Analyses of Test Materials from Synthetic ~ u e l  Technologies. I. 

Mutagenicity of Crude Oils Determined by the Salmonella typhimurium/ 

Microsomal Activation System. Mutation Res. 57, 265-276. 

5. Rao,T. K. ,B .  E. Allen,D. W. Ramey, 3 .  L. Epler, I. B. Rubin,M. R. 

Guerin. and B. R. Clark. Analytical and biological analyses of test mater- 

ials from the synthetic fuel technologies. 111. Fractionation with LH-20 

gel for the bioassay of crude synthetic fuels. (in press) Mutation Res. (1980) 

6. Rao, T. K., J. A. Young, A. A, Hardigree, W. Winton and 3 ,  L ,  Epler, 9 
Analytical and biological analyses of test materials from the.synthetic fuel , .  ; . , 

technologies. I I. Mutagenicity of organic constituents from the fractionated . '  

synthetic fuels, Mutation Res. 54 (1978) 185-191 . '  . , 
i .  

7. Coffin, D. L., 'M. R. Guerin and W. H. Griest, The Interagency Program in 

Health Effects of Synthetic Fossil Fuels Technologies: Operation of a 
I 

Materials Repository. In Proceedings of %he Symposium on Potential Health 

and Enyironmental Effects of Synthetic Fossil Fuel Technologies, CONF-780903, 

NTIS. Springfield, VA 22161, (1979) 153-155. 



8. Guerin, M. R., I. B. Rubin, T. K. Rao, B. R. C la rk  and J.  L.  Ep ler ,  

D i s t r i b u t i o n  o f  mutagenic a c t i v i t y  i n  petro leum and petro leum sub- 

s t i t u t e s  ( i n  press)  Fuel . . (1980) 

9. Guerin, M. R., C. -h. Ho, T. K. Rao, B. R. C la rk  and J. L.  Ep ler ,  

P o l y c y c l i c  aromat ic  p r imary  amines as determinant chemical mutagens 

i n  petro leum s u b s t i t u t e s  ( i n  p ress)  Env. Research (1980). 

10. Ho, C .  -h., M. R. Guerin, 0 .  R. Clark,  T. K. Rao and J. .  L .  Epler ,  

Prepara t ive-sca le  i s o l a t i o n  o f  a i k a l i n e  mutagens f rom complex mix- 

t u r e s  ( i n  p ress)  ( 1  980). 

12. G r i e s t ,  W .  H., B.  A. Tomkins, J. L.  Ep ler  and T.  K. Rao, Charac ter i -  

z a t i o n  o f  mu1 t i a l  k y l  a ted po l ycyc l  i c  aromat ic '  hydrocarbons i n  energy- 

r e l a t e d  m a t e r i a l  s. Polynuclear  Aromatic Hydrocarbons, ed. .P. W .  Jones 

and P. Leber, Ann Arbor Science Publ ishers,  Inc.  Ann Arbor, M I  (1979) 

pp. 395-409. 



FIGURE LEGEND 

F igure  2. Mutagen ic i ty  o f  PAH and A1 k-PAH sub f rac t i on .  
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