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I n t r o d u c t i o n  

I n  Par t  I o f  t h i s  paper, t he  dermal t umor igen ic i t y  o f  crude and hydrogenated H-Coal 
Blends, a home heat ing o i l  and a reformed naphtha r e f i n e d  from the  hydrot reated 
H-Coal Blend. and two analogous petroleum products i s  repor ted.  Th is  paper compares 
the  tumor igen ic i t y  assay r e s u l t s  w i t h  the  chemist ry  o f  t he  samples. 

Experimental 

Samples: The crude and upgraded coal  l i q u i d s  cons is ted  o f  a water-washed 60/40 
(wt./wt.) b lend o f  L i g h t  and Heavy O i l s  from t h e  H-Coal P i l o t  P lan t  a t  Cat le t tsburg,  
K Y )  (H-Coal Blend-AWW, sample i d e n t i f i c a t i o n  no. 931), t h e  b lend hydrot reated under 
" low s e v e r i t y "  cond i t i ons  r e s u l t i n g  i n  900 SCF/Bbl o f  hydrogen inco rpo ra t i on  (H-Coal 
Blend-HDT/L, no. 934), t he  b lend hydrot reated under "medium s e v e r i t y "  cond i t i ons  f o r  
1400 SCF/Bbl o f  hyqrogen consumption (H-Coal Blend-HDT/M, no. 933). and t h e  b lend 
hydrot reated under h igh  s e v e r i t y "  cond i t i ons  f o r  3000 SCF/Bbl hydrogen consumption 
(H-Coal Blend-HDT/H, no. 935). I n  add i t i on ,  two products  were prepared as petroleum 
product subs t i t u tes .  No. 935 H-Coal Slend-HDT/H was d e v o l a t i l i z e d  t o  meet most o f  
t he  ASTM s p e c i f i c a t i o n s  f o r  no. 2 f u e l  o i l  and was designated as H-Coal Home Heating 
O i l  (no. 978). A 96 octane "gasol ine"  product (H-Coal Reformed Naphtha) was prepared 
by a h igh  s e v e r i t y  hydrogenation o f  t h e  no. 931 H-Coal Blend, fo l lowed by hydrocrack- 
i n g  and c a t a l y t i c  reforming. Blending, c a t a l y t i c  hydrogenation, and hydrocracking 
were conducted by the  Chevron Research Corporat ion (Richmond, CA), and c a t a l y t i c  
r e f o r m i n g  was performed by Universa l  O i l  Products, Inc.  (Des Pla ines.  I L ) .  Two 
petroleum products, A P I  no. 2 Fuel O i l  (no. 975) and A P I  L i g h t  C a t a l y t i c a l l y  Cracked 
Naphtha (no. 976) were suppl ied by the  American Petroleum I n s t i t u t e  ( lash ington,  
DC). 

House Sk in  Dermal Tumor igenic i ty :  

B a c t e r i a l  Mutagenicity: B a c t e r i a l  mu tagen ic i t y  was de te rm ined  u s i n g  t h e  p l a t e  
i n c o r p o r a t i o n  assay o f  Ames w i t h  s t r a i n  TA-98 and Aroclor- induced S-9 metabol ic  
ac t i va t i on .  

Organic Chemical Character izat ion:  Renzo(a)pyrene was measured us ing a sequent ia l  
h igh  performance l i q u i d  c h r o m a t o g r a p h y l h i g h  per formance l i q u i d  chromatography 
(HPLCIHPLC) procedure and q u i n o l i n e  was estimated by d i r e c t  i n j e c t i o n  o f  a d i l u t e d  
sample i n t o  a gas chromatograph (GC) equipped w i t h  a packed column and a n i t rogen-  
compound-selective thermionic  detector .  The 5 - r i ng  p o l y c y c l i c  aromatic hydrocarbons 
(PAH) were estimated by c a p i l l a r y  column GC f o l l o w i n g  p repara t i on  o f  a PAH-enriched 
f r a c t i o n  us ing semi-preparative HPLC. Major organic  compounds i n  t h e  f u e l s  were 
i d e n t i f i e d  by c a p i l l a r y  column GC-mass spectroscopy. The chemical c lass  d i s t r i b u t i o n  
was determined g r a v i m e t r i c a l l y  a f t e r  a c i d / a l k a l i n e  p a r t i t i o n i n g  o f  t he  sample and gel  
chromatography o f  t he  n e u t r a l  f rac t i on .  More d e t a i l e d  desc r ip t i ons  o f  these pro- 
cedures a re  g iven i n  re fe rence  (1). 

Sample o r i g i n  and processing are descr ibed i n  d e t a i l  elsewhere (1.2). 

(See P a r t  I . )  

*Research sponsored by t h e  O f f i c e  o f  F o s s i l  Energy, U. S. Department o f  Energy under 
con t rac t  DE-AC05-840R21400 w i t h  M a r t i n  l l a r i e t t a  Energy Systems, Inc.  
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Resul ts  and Discuss ion 

The changes i n  bu l k  composi t ion and p roper t i es  o f  the H-Coal Blend as the  s e v e r i t y  o f  
hydrogenation i s  increased are consis tent  w i t h  those found i n  o the r  s tud ies,  and are 
no t  reported i n  d e t a i l  here (see  re ference 1). B r i e f l y ,  t h e  heteroatomic content 
decreases w h i l e  t h e  hydrogen concentrat ion increases, w i t h  S being reduced most 
r e a d i l y  and 0 l e a s t  e a s i l y .  The dens i t y  and v i s c o s i t y  decrease, t h e  b o i l i n g  range i s  
lowered, and both t h e  f l ash  po in t  and pour p o i n t  decrease w i t h  i nc reas ing  s e v e r i t y  o f  
hydrotreatment. 

The more t o x i c o l o g i c a l l y  important composit ional changes a re  compared i n  Table 1 w i t h  
summaries of t h e  mu tagen ic i t y  and dermal t umor igen ic i t y  assays. I t  i s  ev ident  t h a t  
t umor igen ic i t y  and mutagenic i ty  are d ramat i ca l l y  reduced by hydrogenation. Mutagen- 
i c i t y  i s  undetectable i n  the  hydrogenated blends when the sample i s  assayed as a 
s l u r r y  i n  dimethyl su l fox ide .  Tumor igenic i ty  i s  reduced by low s e v e r i t y  hyd ro t rea t -  
ment, but  no f u r t h e r  reduc t i on  i s  ev ident  f o r  the h igh  s e v e r i t y  hydrot reated sample. 
The c o n c e n t r a t i o n s  o f  t o x i c  components or chemical classes i n  the samples a l so  
decrease w i t h  i nc reas ing  s e v e r i t y  o f  hydrotreatment. b u t  not  i n  d i r e c t  p ropor t i on  t o  
the reduct ions i n  t o x i c i t y .  BaP, a c l a s s i c  PAH dermal tumorigen drops t o  l ess  than 
0.4% o f  i t s  o r i g i n a l  l e v e l  upon low s e v e r i t y  hyd ro t rea t i ng  o f  t h e  blend. A more 
gradual decrease i n  concen t ra t i on  i s  noted f o r  the p o l y c y c l i c  aromatics chemical 
c lass  f r a c t i o n ,  which inc ludes the  PAH dermal tumorigens. The PAH are associated 
w i t h  the tumor igen ic i t y  ( 3 - 5 )  o f  crude coal l i q u i d s .  

Quinol ine,  one o f  t he  major N - h e t e r o c y c l i c s ,  dec reases  i n  c o n c e n t r a t i o n  w i t h  
increas ing hydrotreatment seve r i t y .  The e the r -so lub le  base chemical c lass  f r a c t i o n  
a l so  decreases i n  concentrat ion.  This f r a c t i o n  inc ludes t h e  p o l y c y c l i c  a romat i c  
primary amines, which a r e  the  determinant mutagens i n  crude coa l  l i q u i d s  (6.7). 

I n  contrast ,  phenol appears t o  r e s i s t  reduc t i on  u n t i l  h igh s e v e r i t y  hydrogenation 
condi t ions are employed. Th is  behavior p a r a l l e l s  the  r e l a t i v e  d i f f i c u l t y  i n  reducing 
the  t o t a l  0 content  as gauged by ASTM U l t ima te  Analyses o f  t he  crude and hydrot reated 
blends (1). This  t r e n d  i s  n o t  r e f l e c t e d  i n  the e the r -so lub le  a c i d  f r a c t i o n ,  which 
conta ins most o f  t h e  oxygenates such as phenols and ca rboxy l i c  acids. 

The PAH content  and dermal t umor igen ic i t y  o f  the r e f i n e d  products der ived from coal 
l i q u i d s  and petroleum are compared i n  Table 2. I t  i s  ev ident  t h a t  the f u r t h e r  
r e f i n i n g  ( h y d r o c r a c k i n g  and c a t a l y t i c  re forming)  t o  produce the  H-Coal Reformed 
Naphtha has e l im ina ted  the tumor igen ic i t y  o f  the o r i g i n a l  crude H-Coal 3lend. The 
A P I  L i g h t  C a t a l y t i c a l l y  Cracked Naphtha i s  on l y  s l i g h t l y  tumorigenic. The home 
heat ing o i l s  are somewhat more tumorigenic than the  naphthas, w i t h  the H-Coal Home 
Heating O i l  being more tumor igenic  than the  A P I  No. 2 Fuel O i l .  I t  a l so  i s  apparent 
t h a t  the l e a s t  tumor igenic  product ( t h e  H-Coal Reformed Naphtha) has the h ighest  BaP 
and 5-r ing PAH concentrat ions.  The fue l  o i l s  have lower BaP and PAH content  than 
does the H-Coal Reformed Naphtha, b u t  much h igher  tumor igenic  a c t i v i t i e s .  

One hypothesis fo r  t h i s  apparent d i s p a r i t y  between PAH content  and tumor igen ic i t y  i s  
t h a t  there are d i f f e r e n c e s  i n  tumor promoting a c t i v i t y  among t h e  samples. T h i s  
h y p o t h e s i s  i s  b e i n g  tested.  An a l t e r n a t e  hypothes is  i s  t h a t  t he  expression o f  
t umor igen ic i t y  by t h e  PAH i s  mediated by d i f f e rences  i n  the sample ma t r i x  composi- 
t i o n .  The cap!l!ary column GC separat ions shown i n  F igu re  1 i l l u s t r a t e  t h a t  major 
composit ional d i f f e rences  do e x i s t  between t h e  H-Coal Home Heat ing O i l  and the A P I  
NO. 2 Fuel O i l .  Mass s p e c t r a l  ana lys i s  o f  t h e  samples confirmed these d i f ferences.  
The A P I  No. 2 Fuel O i l  i s  composed mainly o f  C 7 - C z q  n-alkanes and a l k y l a t e d  1-3 r i n g  
a romat i c  hydrocarbons ( i n  order o f  decreasing concentrat ion:  Co-Cg-naphthalenes, 
Co-Cq-benzenes. C1-Cq-indanes, and Cg-C1-phenanthrenes). I n  con t ras t ,  t he  H-Coal 
Home Heating O i l  i s  comprised a a i n l y  o f  cyc lopa ra f f i ns  ( i n  o r d e r  o f  d e c r e a s i n g  
c o n c e n t r a t i o n ) :  decahydronaphthalene,  C1-Cq-decahydronaphthalenes, Cg-C4-cyclo- 
hexanes, and Co-Cq-tetra1 ins. Aromatic and p a r t i a l l y  saturated aromatic hydrocarbons 
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and alkanes also are present. but at much lower levels (in order o f  decreasing 
concentration) : C1-Cq-indanes. c 7 - c ~ ~  n-a1 kanes, and Co-Cq-benzenes. 

The chromatograms of the naphthas (Figure 2) show that they are quite different a s  a 
group from the home heating oils. The two naphthas share many components, such as 
Cq-C7-alkanes and Co-Cj-benzenes. However. the H-Coal Reformed Naphtha is more 
aromatic than the API Light Catalytically Cracked Naphtha. having 7-fold more 
benzene, 4.5-times more toluene, and 2-fold greater levels o f  C2-benzenes. In 
contrast, the API Light Catalytically Cracked Naphtha is more olefinic, being more 
enriched in partially unsaturated C5-cg hydrocarbons. The fluorescent indicator 
assay results reported by the Universal Oil Products, Inc.. and t h e  American 
Petroleum Institute reflect these compositional differences: H-Coal Reformed Naphtha 
(58.4% [vol./vol.] aromatic, 0.9% olefin, 40.7% saturate) and API Light Catalytically 
Cracked Naphtha (20.3% aromatic, 29.6% olefin, 50.0% saturate). It is possible that 
these compositional differences among the samples affects the absorption, metabolism, 
and uptake of PAH tumorigens, and modifies o r  p o t e n t i a t e s  their tumorigenic 
activities. 

Conclusions 

The decrease in tumorigenicity of the crude H-Coal Slend by catalytic hydrogenation 
is associated with the reduction of tumorigens. Comparison o f  the composition and 
residual tumorigenicity in refined products derived from the H-Coal Blend and from 
petroleum suggests that the tumorigenicity associated with PAH is modified by the 
presence of tumor promoting agents, by matrix composition differences, o r  both. 
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Figure 1. Capillary CoTumn GC Comparison o f  Major Organic 
Compounds in Coal- and Petroleum-Derived Naphthas. 

194 



3SNOdS3tl 

195 


