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ABSTRACT 

Chemically complex m a t e r i a l s  produced by d i f f e r e n t  coal l i q u e f a c t i o n  pro- 
cesses and under var ious stages o f  process design and operat ing condi t ions have 
been screened f o r  p o t e n t i a l  h e a l t h  and environmental e f f e c t s .  B i o l o g i c a l l y  
a c t i v e  components o f  these m a t e r i a l s  have been i d e n t i f i e d ,  and the  environ- 
mental f a t e  o f  problemat ic  agents i s  c u r r e n t l y  be ing determined. 

Coal-derived l i q u i d s  a re  genera l l y  more a c t i v e  than shale o i l  and pet ro-  
leum crudes i n  b i o l o g i c a l  t e s t  systems. B i o l o g i c a l l y  a c t i v e  agents inc lude 
primary aromatic amines , polynuclear  aromatic hydrocarbons, phenols and others. 
However, both s y n e r g i s t i c  and an tagon is t i c  i n t e r a c t i o n s  occur among cons t i t u -  
ents  o f  chemical ly  complex mixtures.  
process, s e l e c t i v e  d i s t i l l a t i o n ,  o the r  process cond i t i ons  and environmental 
f a c t o r s  a l s o  i n f l u e n c e  chemical c h a r a c t e r i s t i c s  and b i o l o g i c a l  a c t i v i t y  o f  
coal -der ived mater ia ls .  E l i m i n a t i n g  t o x i c  i n p u t  o f  coal  l i q u i d s  t o  ecolog ica l  
t e s t  systems r e s u l t s  i n  p a r t i a l  system recovery. 

assessment, and has been used by developers t o  design occupational hea l th  and 
i n d u s t r i a l  hygiene programs and t o  se lec t  process mod i f i ca t i ons  and product 
s l a t e s  t h a t  minimize r i s k  t o  man and t h e  environment. 
s e l e c t i o n  o f  c o n t r o l  technologies, m i t i g a t i v e  s t ra teg ies ,  spec ia l  hand1 i n g  and 
acc ident  prevent ion procedures o r  sp i l l - c l eanup  opt ions t o  enhance t h e  environ- 
mental a c c e p t a b i l i t y  o f  a coal l i q u e f a c t i o n  i ndus t r y .  

1. INTRODUCTION 

Hydrotreating, a r e f i n i n g  o r  upgrading 

The growing h e a l t h  and environmental data-base has provided i n p u t  f o r  

The data may a l s o  a i d  

Increas ing energy demands, r i s i n g  p r i ces ,  and an unstable wor ld  o i l  market 
have s t imu la ted  i n t e r n a t i o n a l  i n t e r e s t  i n  developing a l t e r n a t i v e  sources o f  
f ue l .  Hydrogenation o f  coal  under h igh  temperature and pressure produces gas- 
eous, l i q u i d  and s o l i d  products t h a t  may serve as s u b s t i t u t e s  f o r  coal o r  o i l .  
Four major d i r e c t  coal  l i q u e f a c t i o n  processes have been under development i n  
the Uni ted States [l] and may be a v a i l a b l e  f o r  large-scale use i n  the  fu tu re .  
These inc lude  two so l ven t  r e f i n e d  coal ( S R C - I  and -11) processes, EDS and 
H-coal. 
produces a l ow-su l fu r ,  low-ash, s o l i d  f u e l .  

a t  Ft. Lewis, Washington. 
(TSL) v a r i a t i o n  have been evaluated a t  a 6-ton/day p i l o t  p l a n t  a t  W i l sonv i l l e ,  
Alabama. An In teg ra ted  TSL (ITSL) op t i on  i s  a l s o  being s tud ied a t  a smaller- 
sca le process development u n i t  (PDU) i n  New Rrunswick, New Jersey. The H-coal 
process was evaluated a t  a 200- t o  600-ton/day f a c i l i t y  a t  Cat le t tsburg,  
Kentucky, w h i l e  the EDS process was s tud ied  a t  a 250-ton/day p i l o t  p l a n t  a t  
Baytown, Texas. Other coal  l i q u e f a c t i o n  opt ions (Fig. 1) are being developed 
and evaluated i n  England, West Germany, Japan and South A f r i ca ,  where a com- 
merc ia l  i n d i r e c t  l i q u e f a c t i o n  f a c i l i t y  i s  now operable. 

Although a l l  produce l i q u i d  f u e l  products, t he  S R C - I  process a l s o  

Both SRC process opt ions were evaluated a t  a 30- t o  50-ton/day p i l o t  p l a n t  
The S R C - I  process and i t s  Two-Stage L ique fac t i on  
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Fig. 1. Coal l i q u e f a c t i o n  and c l a s s i f i c a t i o n  o f  major process opt ions under 
development [Z], der ived from [3]. 

Along w i t h  engineering design and development, t he  U.S. Department o f  
Energy (DOE) establ ished a program t o  evaluate the  environmental a c c e p t a b i l i t y  
o f  coal l i q u e f a c t i o n  processes being developed i n  t h e  Uni ted States [4,5]. 
Epidemiological s tud ies and t o x i c o l o g i c a l  research on coal l i q u e f a c t i o n ,  
g a s i f i c a t i o n  and coking process ma te r ia l s  had ind i ca ted  t h a t  cons t i t uen ts  o f  
coal t a r s  and heavy coal l i q u i d s  were carcinogenic [6-91. Studies on d i r e c t  
coal 1 i que fac t i on  processes supported t h i s  conclusion [4,5].  A d d i t i o n a l l y ,  t he  
h igh  phenol content and complex na tu re  o f  coal  l i q u i d s  imp l i ed  g rea te r  acute 
and chronic  t o x i c i t y  i f  these ma te r ia l s  were released t o  the  environment than 
t h a t  observed f o r  crude petroleums [ l o ] .  

DOE selected several organizat ions t o  study t h e  heal th ,  environmental and 
sa fe ty  aspects o f  d i r e c t  coal l i q u e f a c t i o n  processes. B a t t e l l e ' s  P a c i f i c  
Northwest Laborator ies were assigned r e s p o n s i b i l i t y  f o r  eva lua t i ng  SRC ma te r i -  
a l s  and i n i t i a t e d  comprehensive h e a l t h  and environmental e f f e c t s  research 
programs [11,12]. S i m i l a r  programs were i n i t i a t e d  by t h e  Oak Ridge Nat ional  
Laboratory f o r  t he  H-coal process [13] and by Exxon Research and Engineering 
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Co. f o r  t he  EDS process [14]. B a t t e l l e  subsequently estab l ished working 
re la t i onsh ips  w i t h  several process developers and obtained m a t e r i a l s  repre- 
sent ing a l l  major U.S. and two fore ign coal l i q u e f a c t i o n  process options. 

2. PROGRAM OBJECTIVES 

Objectives o f  t h e  DOE programs were t o :  1) i d e n t i f y  and evaluate long- 
term h e a l t h  and environmental issues associated w i t h  d i r e c t  coal l i que fac t i on ;  
2) evaluate opt ions t o  permi t  env i ronmenta l ly  acceptable design; and 3) assess 
r i s k  t o  man and t h e  environment from deployment o f  a large-scale indust ry .  

3. RESEARCH STRATEGY 

Although DOE'S ob jec t i ves  focused on assessing p o t e n t i a l  h e a l t h  and 
environmental e f f e c t s  o f  a coal  l i q u e f a c t i o n  i ndus t r y ,  t he re  have never been 
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Fig. 2. L ink ing  h e a l t h  and environmental research w i t h  technology 
development [15]. 
grated w i t h  e a r l y  process design and development. 
organic  ma te r ia l s  produced under var ious stages o f  process design and 
sca le  are 
mental assays. Ma te r ia l s  showing p o t e n t i a l  b i o l o g i c a l  a c t i v i t y  
undergo more d e t a i l e d  ana lys i s  t o  i d e n t i f y  causat ive agents. 
Environmental f a t e  and p o t e n t i a l  food chain t r a n s f e r  o f  agents 
responsib le  f o r  b i o l o g i c a l  a c t i v i t y  are evaluated. 

( a )  Heal th  and environmental s tud ies are i n t e -  
(b)  Complex 

( c )  screened wi th var ious chemical, h e a l t h  and environ- 

(d)  
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any operat ing large-scale (i .e., demonstration- o r  c o m r c i a l - s c a l e )  coal  
1 i que fac t i on  f a c i l i t i e s  i n  t h e  Uni ted States. Therefore, research and assess- 
ment have u t i l i z e d  ma te r ia l s  produced a t  small-scale f a c i l i t i e s  (bench, PDU, 
p i l o t  p lan ts ) ,  t h a t  were considered g e n e r i c a l l y  rep resen ta t i ve  o f  l a rge -  
sca le operations. Heal th  and environmental research has accompanied engineer- 
4ng development (Fig. 2) so t h a t  r e s u l t s  may i n f l u e n c e  f i n a l  process designs. 
For comparative purposes, o t h e r  f o s s i l - d e r i v e d  ma te r ia l s  and se lected chemicals 
have a l so  been evaluated. These reference ma te r ia l s  which i nc lude  shale o i l ,  
crude and r e f i n e d  petroleums, and pure forms o f  known mutagens and carcinogens, 
he lp t o  p lace i n  c l e a r e r  perspect ive r e s u l t s  obta ined w i t h  coal  l i q u e f a c t i o n  
mater i  a1 s . 
chronological l y  over1 apping phases [ 11,12,16]. 

3.1 Phase I 

screened us ing a b a t t e r y  o f  shor t - term h e a l t h  and environmental assays (Table 
1). 
those ma te r ia l s  showing b i o l o g i c a l  a c t i v i t y ,  t o  i d e n t i f y  components responsib le  
f o r  e f f e c t .  
mental p roper t i es  and p o t e n t i a l  e f f e c t s  o f  coal l i q u e f a c t i o n  ma te r ia l s ,  i d e n t i -  
f i e d  ma te r ia l s  t h a t  may r e q u i r e  specia l  handl ing o r  a d d i t i o n a l  processing t o  
minimize environmental r i s k  before they a re  widely  d i s t r i b u t e d ,  and a ided i n  
the design o f  longer-term, more expensive s tud ies.  

A t  B a t t e l l e ,  research on coal -der ived ma te r ia l s  has been performed i n  

I n i t i a l l y ,  ma te r ia l s  from e x i s t i n g  coal  l i q u e f a c t i o n  f a c i l i t i e s  were 

Chemical f r a c t i o n a t i o n  and d e t a i l e d  chemical analyses were performed on 

Results o f  t h e  shor t - term screening assays i n d i c a t e d  t h e  env i ron-  

Table 1. Short-term Heal th  and Environmental Screening Studies 

Assay Test Organism(s) Detects 

Health 

I n  V i t r o  Bac te r ia  (var ious species and Mutation, chromosome 
s t r a i  ns ) damage, chromosome 

recombination, 
t o x i c i t y  

I n  Vivo 

Cul tured mammalian C e l l s  

Rodents 

C e l l  transformation, 
mutation, chromosome 
damage, t o x i c i t y  

Acute o r a l  and dermal 
t o x i c i t y ,  t e r a t o -  
g e n i c i t y ,  carc ino-  
geni c i  t y  

Environmental 

Aquatic Algae, inver tebrates,  f i s h  Acute and chronic  
t o x i c i t y ,  behavior 

T e r r e s t r i  a1 Plants  Acute and chronic  
t o x i c i t y  
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3.2 Phase I 1  

Longer-term research has emphasized ma te r ia l s  considered most representa- 
t i v e  o f  a p o t e n t i a l  large-scale i ndus t r y .  
whole-animals t o  evaluate t h e i r  p o t e n t i a l  ca rc inogen ic i t y  and t e r a t o g e n i c i t y ,  
and i n  more complex eco log i ca l  systems t o  evaluate t o x i c  e f f e c t s  and env i ro-  
nmental f a t e  (Table 2). Again, chemical f r a c t i o n a t i o n  and d e t a i l e d  chemical 
analyses have been used t o  i d e n t i f y  components o f  g rea tes t  concern. Results o f  
longer-term experiments are being c o r r e l a t e d  w i t h  those o f  shorter-term stud ies 
and w i l l  p rov ide a f i r m e r  bas is  f o r  assessing h e a l t h  and environmental r i sks .  

These ma te r ia l s  have been s tud ied  i n  

Table 2. Long-term Heal th  and Environmental Studies 

Heal th  Studies (Whole Animal) Environmental Studies 

Skin ca rc inogen ic i t y  Model ecosystems 
I n h a l a t i o n  tox i co logy  
Reproductive e f f e c t s  
Teratology and developmental Chemical Fate (mob i l i t y ,  pe rs i s -  

Neurobehavioral t ox i co logy  concentrat ion)  

B i  o l  og i  ca l  f a t e  ( b i  oconcentra t i on, 

tox i co logy  tence/degradation, environmental 

b i  omagni f i c a t i  on, biodegradation ) 

Food Chain Transfer  
Environmental Pathways Modeling 

3.3 Phase 111 

t i o n a l  cond i t i ons  (i.e., temperature, c a t a l y s t  condi t ion,  recyc le  conf igura-  
t i o n ,  etc.), and c o n t r o l  technology opt ions on p o t e n t i a l  h e a l t h  and env i ron-  
mental e f f e c t s  o f  coal  1 i que fac t i on  ma te r ia l  s. Short-term hea l th  and 
environmental assays used i n  Phase I t h a t  c o r r e l a t e  w i t h  longer-term assays 
used i n  Phase I 1  a re  being used i n  Phase 111. As i n  Phases I and 11, 
i n teg ra ted  chemical f r a c t i o n a t i o n  and d e t a i l e d  a n a l y t i c a l  methods a re  being 
used t o  determine which components a f f e c t  b i o l o g i c a l  a c t i v i t y .  Results o f  
these s tud ies have provided a bas is  f o r  determin ing the  e f f i c a c y  o f  process 
o r  operat ional  mod i f i ca t i ons  and con t ro l  technology opt ions t o  minimize 
p o t e n t i a l  h e a l t h  and environmental e f f e c t s .  

3.4 Phase I V  

F i n a l l y ,  data f rom Phases I, I 1  and I11 may be used t o  s e l e c t  methods 
w i t h  which t o  moni tor  t h e  workplace and l o c a l  environment a t  a large-scale 
coal  1 iquefact ion f a c i l i t y .  Th i s  e f f o r t  i s  needed t o  Val i d a t e  p r e d i c t i o n s  
o f  environmental r i s k  based on l abo ra to ry  data, and t o  assure a safe environ- 
ment f o r  t h e  work f o r c e  and general populace. 

A t h i r d  phase o f  research i s  eva lua t i ng  t h e  i n f l u e n c e  o f  process o r  opera- 

4. FINDINGS 

DOE-sponsored e f f o r t s  t o  evaluate p o t e n t i a l  heal th ,  and environmental 
f a t e  and e f f e c t s  o f  coal  l i q u e f a c t i o n  ma te r ia l s  have r e c e n t l y  been reviewed 
C4.51. Selected data are s u m r i t e d  below t o  demonstrate t h e  approach used 
t o  s tudy complex mixtures, and how t h e  data may a i d  t h e  design o f  an 
env i ronmenta l ly  acceptable technology. 
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4.1 Heal th  E f f e c t s  and Causative Agents 

Coal-derived ma te r ia l s  are chemical ly  complex and, compared t o  crude 
petroleums, are enriched i n  po lynuclear  aromatic hydrocarbon (PAH), basic, 
a c i d i c  and i n s o l u b l e  const i tuents .  
enriched i n  both bas ic  n i t rogen-conta in ing and h i g h l y  p o l a r  m a t e r i a l s  be- 
l i e v e d  t o  be responsib le  f o r  b i o l o g i c a l  a c t i v i t y .  

Higher-boi l  ing-range coal  l i q u i d s  such as SRC-I process so l ven t  (PS), 
S R C - I 1  heavy d i s t i l l a t e  (HD), and PDU-derived H-coal d i s t i l l a t e s  are 
mutagenic i n  m ic rob ia l  t e s t  systems; lower-boi l ing-range coal l i q u i d s  such 
as S R C - I  l i g h t  o i l  (LO) and wash so lvent  (WS), S R C - I 1  l i g h t  (LD) and middle 
d i s t i l l a t e s  (MD), and PDU-derived H-coal ma te r ia l s  are not. Studies w i t h  
d i s t i l l a t i o n  cu ts  show t h a t  t h e  mutagenica l ly  a c t i v e  cons t i t uen ts  o f  coal 
l i q u i d s  (e.g., S R C - I 1  HD) occur i n  those ma te r ia l s  b o i l i n g  above 371°C 
( 7 O O O F ) .  The l a t t e r  make up about 20% o f  t he  f u l l - b o i l i n g - r a n g e  mate r ia l .  
Chemical f r a c t i o n a t i o n  and analys is ,  coupled w i t h  m ic rob ia l  assays i n  which 
p o l y c y c l i c ,  primary aromatic amines (PAAs), as pure compounds and i n  
complex coal 1 iqu ids,  were s e l e c t i v e l y  a c t i v a t e d  (us ing mixed f u n c t i o n  
amine oxidase) and deact ivated (us ing n i t r o u s  ac id ) ,  and where b i o l o g i c a l  
a c t i v i t y  was co r re la ted  w i t h  PAA concentrat ion, suggested t h a t  t he  h ighest  
s p e c i f i c  mutagenic a c t i v i t y  was associated w i t h  the  PAAs. However, genet- 
i c a l l y  a c t i v e  f r a c t i o n s  are a l s o  enriched i n  azaarenes and po la r - subs t i -  
t u t e d  aromatics t h a t  may a f f e c t  genet ic  a c t i v i t y .  Other s tud ies i n d i c a t e  
t h a t  ma te r ia l s  showing mutagenic a c t i v i t y  i n  m ic rob ia l  assays a l s o  cause 
t ransformat ion (biochemical and morphological changes) i n  c u l t u r e d  mamnal - 
i a n  c e l l s .  

coal-derived ma te r ia l s  ( S R C - I 1  HD, SRC- I  PS, H-coal d i s t i l l a t e s ,  EDS l i q u i d s  
and o the rs )  and shale o i l  and benzo[a]pyrene (BaP), a known carcinogen, pro-  
duced h igh  incidences o f  s k i n  tumors. 
appear t o  possess t h i s  tumorigenic a c t i v i t y .  

exposed t o  coal l i q u i d s  ( S R C - I 1  LD, MD and HD, S R C - I  LO, WS and PS) e i t h e r  
o r a l l y  o r  through aerosols, showed t h a t  f e t a l  growth and s u r v i v a l  were de- 
creased. Admin i s t ra t i on  of S R C - I  PS and S R C - I 1  HD a l so  increased t h e  inc idence 
o f  f e t a l  malformations, p r i m a r i l y  c l e f t  pa late,  hypoplast ic  ( imnature) lungs 
and hern iated diaphragms. Coal-derived m a t e r i a l s  were a l s o  te ra togen ic  i n  
amphibian and i n s e c t  t e s t  systems [4]. 

4.2 Ecolog ica l  E f f e c t s  and Environmental Fate 

T o x i c i t y  s tud ies [4,5,17] w i t h  aquat ic  t e s t  species (phytoplankton, 
inver tebrates,  f i s h )  show t h a t  var ious coal  l i q u i d s  (SRC-I, SRC-11, ITSL, EDS) 
may be several hundred t imes more t o x i c  than comparable petroleum products 
(i.e. No. 6 o r  No. 2 f u e l  o i l  o r  Prudhoe Bay crude). Acute t o x i c i t y  ( l e t h a l -  
i t y )  o f  t h e  water-so lub le- f ract ion (WSF) o f  coal  l i q u i d s  r e f l e c t s  h igh  concen- 
t r a t i o n s  o f  low-molecular-weight, e a s i l y  degradable phenol ic  compounds. 
Chronic t o x i c i t y  ( e f f e c t s  on growth, reproduction, e tc . )  appears due t o  h igher-  
molecular- weight and more p e r s i s t e n t  compounds which may a l s o  i nc lude  phenols. 
Although some f i s h  species avoided acu te l y  l e t h a l  concentrat ions o f  an S R C - I 1  
WSF, they d i d  n o t  de tec t  or  avoid concentrat ions causing chronic  e f f e c t s .  

When coal  l i q u i d s  were released i n t o  experimental ponds o r  streams, exten- 
s i v e  changes occurred i n  the  s t r u c t u r e  and f u n c t i o n  o f  t h e  b i o l o g i c a l  comnun- 
i ty .  
blue-green algae. 

Higher-boi l ing-range m a t e r i a l s  a re  

When app l i ed  t o  the shaved backs o f  mice, h igher-boi l ing-range 

Lower-boil ing-range coal  l i q u i d s  do n o t  

Studies t o  evaluate p o t e n t i a l  t e r a t o g e n i c i t y ,  where pregnant r a t s  were 

Many zooplankton species were e l iminated,  and diatoms were replaced by 
Pat terns o f  ecosystem metabolism were a l s o  a f f e c t e d  ( i .e. a 
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food web based on p l a n t  product ion was replaced by one based on d e t r i t u s ) .  
However, t e rm ina t i on  o f  t o x i c  i n p u t  r e s u l t e d  i n  p a r t i a l  recovery o f  t he  ecolo- 
g i c a l  system. 
t i o n s  o f  coal l i q u i d  causing chronic  e f f e c t s ,  t he  populat ion a l so  recovered 
once t h e  t o x i c a n t  was removed. 

I n  s impler  t e s t  systems where algae were exposed t o  concentra- 

Studies i n  which ba r ley  was exposed t o  an S R C - I 1  l i q u i d  i n  s o i l  i nd i ca ted  
p o t e n t i a l  f o r  s i g n i f i c a n t  t o x i c i t y  i n  a t e r r e s t r i a l  hab i ta t .  
e f f e c t s  were reduced f o l l o w i n g  overwinter ing.  S i m i l a r  s tud ies w i t h  the  SRC-I 
s o l i d  product showed i t  was nontox ic ,  although l a y e r i n g  t h i s  mater ia l  under a 
s o i l  overburden retarded r o o t  growth. 

4.3 E f f e c t s  o f  Chemical M a t r i x  on B i o l o g i c a l  Response 

Recent f i n d i n g s  suggest t h a t  b i o l o g i c a l  responses t o  a p a r t i c u l a r  chemical 
agent vary, depending on whether t h a t  m a t e r i a l  i s  presented t o  the  organism o r  
environment as a pure compound o r  i n  a complex mixture. Selected data compar- 
i n g  b i o l o g i c a l  responses (mutagenicity, ca rc inogen ic i t y ,  biouptake, acute 
t o x i c i t y ,  f i s h  avoidance) t o  c o a l - l i q u i d  cons t i t uen ts  tes ted  as pure compounds 
and i n  complex mixtures a re  shown i n  Fig. 3. 
suggests t h a t  both s y n e r g i s t i c  and an tagon is t i c  i n t e r a c t i o n s  occur among 
cons t i t uen ts  o f  chemical ly  complex organic  mater ia ls .  
w i t h  pure compounds alone cannot be used w i t h  confidence t o  p r e d i c t  e f f e c t s  o f  
complex ma te r ia l s .  Current research e f f o r t s  a re  addressing t h i s  problem. 

However, t o x i c  

The developing data- base 

Thus, r e s u l t s  o f  studies 

I., 

CC, 

1b1 

Fig. 3. E f f e c t s  o f  chemical m a t r i x  i n  coal  l i q u i d s  on b i o l o g i c a l  a c t i v i t y  of 
se lected compounds [ la].  (a)  Mutagenic i ty  o f  benzo(a)pyrene (BaP) 
and 6-aminochrysene (6-AC) , der i ved  f rom [19]. (b) Carc inogenic i ty  
o f  BaP, de r i ved  from [19]. 
[20]. (d) Behavioral response o f  f i s h  and acute t o x i c i t y  t o  phenol 
as a pure compound (PC) and i n  a c o a l - l i q u i d  water-soluble f r a c t i o n  
(WSF), from [21]. 

( c )  Biouptake of phenol, der ived from 



554 

5. TECHNOLOGICAL IMPLICATIONS 

Results of these studies have significant implications for coal-lique- 
faction process designers and developers who are concerned with minimizing 
risks to the work force, general populace and the environment. 
range coal-derived materials are generally more biologically active than shale 
oil and petroleum. High-boiling-range coal-derived materials are mutagenic, 
teratogenic and carcinogenic in laboratory test systems. Coal liquids also 
cause acute and chronic effects in organisms representing various ecological 
trophic (feeding) levels. 
for biological effects include PAAs, PAHs, phenols and others. Knowledge of 
these potentially detrimental health and environmental effects, and their 
causative agents, can be used to design environmentally acceptable coal conver- 
sion processes. 

For example, hydrotreating (a process which catalytically stabilizes 
liquid hydrocarbon products and/or removes objectionable elements by reacting 
them with hydrogen) is one potential method of refining or upgrading raw coal 
liquids prior to marketing. Hydrotreating also reduces the mutagenicity, and 
carcinogenicity of coal liquids. Hydrotreating reduced the mutagenicity of an 
SRC-I1 distillate blend by more than 100-fold. Hydrotreating also reduced the 
concentrations of two genetically active chemical classes, the PAAs and PAHs. 
The PAAs detected in the distillate blend, were below the limits of detection 
in hydrotreated materials. Concentrations of BaP, a known mutagen/carcinogen, 
were reduced at least 75% by hydrotreatment. 
concentration of phenols responsible for toxicity to aquatic organisms. 
Finally, removal of nitrogen compounds by hydrotreating may reduce teratogenic 
activity. 

Hydrotreating is an expensive operation and processing a full-boiling- 
range coal liquid is currently not economically feasible. However, because 
mutagenic activity of coal-derived materials is due primarily to PAAs that are 
found only in materials boiling above 371°C (700"F), distillation cuts might be 
adjusted so that the comnercial coal liquid product contains little mutagenic 
potential. Alternatively, distillation cuts could be selected to concentrate 
mutagenically active compounds in a high-boiling relatively small process 
stream, that might then be hydrotreated economically, recycled to extinction 
inplant, or gasified. 

process variables (residence time in the liquefaction reactor, reaction temper- 
ature, catalyst condition, etc.) contributing to extraction severity, influence 
chemical characteristics and biological activity [22]. 
possible to modify process variables to minimize biological activity of coal- 
derived products. 

Although engineering and economic factors must also be considered, the 
growing health and environmental data base can now be incorporated into the 
decision-making process. It is noteworthy that, except for acute toxicity, 
coal liquids currently projected for comnercial use are not expected to have 
higher biological activity than shale oil or petroleum. If process modifica- 
tions, adjusting distillation cuts, and/or hydrotreating, are not technically 
or economically feasible, process designers can begin, now, to develop special 
handling and accident prevention procedures to minimize health and environmen- 
tal risks. 

Accidental spills of coal liquids and other coal-derived materials during 
transport are a potential threat to the environment. Aquatic organisms exposed 

Full-boiling- 

Chemical constituents of coal liquids, responsible 

Hydrotreating also reduced the 

Studies with PDU-derived materials representing a TSL option suggest that 

Thus, it may also be 



t o  coal l i q u i d  components f o r  l ong  per iods o f  t i m e  w i l l  experience a constant ly  
changing spectrum of organic  compounds, and d i f f e r e n t  species w i l l  experience 
d i f f e r e n t  t o x i c  e f f e c t s .  
Some-constituents of coal -der ived m a t e r i a l s  w i l l  be taken up and t rans located 
through food chains l ead ing  t o  man. 
phenols, which a re  responsib le  f o r  acute e f f e c t s ,  degrade rap id l y .  
molecular-weight compounds are more p e r s i s t e n t  and b i n d  t o  s o i l s  and sediments, 
causing long-term e f f e c t s  a t  low concentrat ions. 
f i s h ,  avoided acu te l y  t o x i c  concentrat ions o f  SRC l i q u i d s ,  they d i d  no t  avoid 
concentrat ions causing chronic  e f f e c t s .  Thus, assuming t h a t  accidental s p i l l s  
o f  coal  l i q u i d s  w i l l  occur, cleanup procedures need t o  be developed t o  minimize 
p o t e n t i a l  chronic  e f f e c t s  i n  aquat ic  and/or t e r r e s t r i a l  systems. Some aquatic 
populat ions (e.g., algae) can recover fo l l ow?ng  exposure t o  t o x i c  concentra- 
t i o n s  o f  coal  l i q u i d s  i n  water a f t e r  t h e  ma te r ia l  i s  removed. 

Coal l i q u i d s  a r e  a l so  t o x i c  t o  t e r r e s t r i a l  p lants .  

Low-molecular-weight compounds, such as 
Higher- 

Although some species o f  

6. SUMMARY 

Po ten t i a l  h e a l t h  and environmental r i s k s  associated w i t h  deployment o f  a 
large-scale coal  l i q u e f a c t i o n  i n d u s t r y  are be ing assessed du r ing  t h e  e a r l y  
design stages o f  technology development. Chemists, b i o l o g i s t s ,  eco log i s t s  and 
engineers have been invo lved  i n  a cooperat ive i n t e r d i s c i p l i n a r y  e f f o r t  t o  solve 
environmental problems before process designs are f i n a l i z e d  and f a c i l i t y  
cons t ruc t i on  begins, r a t h e r  than w a i t i n g  u n t i l  r egu la to ry  agencies requ i re  
s tud ies o r  u n t i l  a f t e r  cons t ruc t i on  when costs  a re  higher. These e f f o r t s  have 
prov ided guidance f o r  i d e n t i f y i n g  marketable products (ma te r ia l s  t h a t  b o i l  
below 7OO0F) ,  and f o r  s e l e c t i n g  process mod i f i ca t i ons  (e.g. recyc le  conf igura-  
t i o n s ) ,  c o n t r o l  technology options, m i t i g a t i v e  s t ra teg ies ,  acc ident  prevention, 
s p i l l  cleanup and so l id-waste disposal procedures t o  minimize adverse human 
h e a l t h  and environmental r i s k s .  Although t h e  example g iven i s  r e l a t e d  t o  
developing a coal  conversion indust ry ,  t he  research s t ra tegy  o r  approach i s  
equa l l y  app l i cab le  t o  development o f  o t h e r  energy-related processes t h a t  
produce o r g a n i c a l l y  complex m a t e r i a l s  (petroleum, shale o i l ,  f u e l s  from biomass 
etc.).  
any technology o r  t h e  env i ronmenta l ly  safe e x p l o i t a t i o n  o f  any resource. 

I n  f a c t ,  t h e  concepts described can be app l i ed  t o  t h e  development o f  
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