
Ecotoxicity of Materials 
from Integrated Two-Stage 
Liquefaction and Exxon 
Donor Solvent Processes 
D. D. Dauble, Principai Investigator 
A. J* Scott 
E. W. Lusty 
B. t. Thomas 
R. W. Hanf, Jr. 

May 1983 

Prepared for the U.S. Department of Energy 
under Contract DE-ACS76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 





ECOTOXICITY OF MATERIALS FROM INTEGRATED 
TWO-STAGE LIQUEFACTION AND EXXON DONOR 
SOLVENT PROCESSES 

I>. D. Daub1 e, P r i n c i p a l  I n v e s t i g a t o r  
A. J. Scot t  
E. W. Lusty 
R. L. Thomas 
R. W. Hanf, Jr. 

May 1983 

Prepared fo r  
t he  U.S. Department o f  Energy 
under Contract DE-AC06-76RLO 1830 

P a c i f i c  Northwest Laboratory 
Richland, Washington 99352 



SUMMARY 

Coal -der i ved  ~ n a t e r i  a1 s  f rom two coal  convers i  on processes were screened 

f o r  p o t e n t i a l  e c o l o g i c a l  t o x i c i t y .  We examined t h e  t o x i c i t y  o f  m a t z r i a l  s  f rom 

d i f f e r e n t  engi n e e r i  ng o r  process op t i ons  t o  an a q u a t i c  i n v e r t e b r a t e  and a1 so 

r e l a t e d  p o t e n t i a l  hazard t o  r e l a t i v e  concen t ra t i on ,  composi t ion,  and s t a b i  1  i t y  

o f  water s o l u b l e  components. 

For  m a t e r i a l s  t e s t e d  from t h e  I n t e g r a t e d  Two-Stage L i q u e f a c t i o n  ( ITSL) 

process, on ly  t he  LC f i n e r  (LCF) 650°F d i s t i l l a t e  was h i g h l y  s o l u b l e  i n  wa te r  

a t  20°C. The LCF feed and To ta l  L i q u i d  Product (TLP) were no t  i n  l i q u i d  s t a t e  
s a t  20°C dnd Nere r e l a t i v e l y  i n s o l u b l e  i n  water. R e l a t i v e  hazard t o  daphnids 

from ITSL m a t e r i a l s  was as f o l  lows: LCF 650°F d i s t i  1  l a t e  2 LCF feed TLP. 

For  Exxon Donor Solvent  (EDS) ma te r i a l s ,  process so l ven t  produced i n  t h e  b o t -  

toms r e c y c l e  mode was more s o l u b l e  i n  water than  once-through process s o l v e n t  

and, hence, s l i g h t l y  more a c u t e l y  t o x i c  t o  daphnids. When compared t o  o the r  

coa l  l i q u i d s  o r  pet ro leum products ,  t h e  ITSL o r  EDS l i q u i d s  were i n t e r m e d i a t e  

i n  t o x i c i t y ;  r e l a t i v e  hazard ranged from 1/7 t o  1/13 o f  the Solverlt  Ref ined 

Coal (SRC)-I1 d i s t i l l a t e  blend, bu t  was severa l  t imes  g r e a t e r  than t h e  r e l a t i v e  

hazard f o r  No. 2 d i e s e l  f u e l  o i l  o r  Prudhoe Bay crude o i l .  A1 though cornposi - 
t i  onal d i  f fe rences  i n  water -so l  ub l  e  f r a c t i o n s  (WSF) were noted among m a t e r i a l  s  , 
pheno l i cs  were t h e  major cornpound c l ass  i n  a l l  WSFs and p robab ly  t h e  p r imary  

c o n t r i  hu to r  t o  acute t o x i c i t y .  
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INTRODUCTION 

Recent s tud ies  on coal  convers ion techno1 og ies  have focused on eval  u a t i  ng 

e f f e c t s  o f  process m o d i f i c a t i o n s  o r  new design op t i ons  t o  min imize t h e  geno- 

t o x i c  p o t e n t i a l  o f  coal  - de r i  ved mater i  a1 s  (Pel roy  and W i  1  son 1981 ; W i  1  son, 

Pel roy and Mahlum, i n  press; Wilson, Buhl and Moroni, i n  press).  No comparable 

data base e x i s t s  f o r  comparing t h e  eco log i ca l  r i s k  of d i f f e r e n t  process 

opt ions. A1 though chemical components o f  parent  m a t e r i a l s  may i n d i c a t e  t o x i c  

a c t i v i t y  o r  ~nutageni c i  t y  i n  b i o l  ogi  c a l  systems, many compound c lasses i n  coa l  - 
der ived  m a t e r i a l s  are i n s o l u b l e  i n  water and pose 1  i t t l e  d i r e c t  hazard t o  

. aqua t i c  organisms. On t h e  o the r  hand, m a t e r i a l s  shown t o  have l i t t l e  b i o -  

l o g i c a l  a c t i v i t y  i n  t e s t  systems may be hydrophy l i c ,  and thus a v a i l a b l e  and 

p o t e n t i a l l y  t o x i c  t o  aqua t i c  b io ta .  For t h i s  reason, no s i n g l e  t e s t  o r  b i o -  

l o g i c a l  system can p rov ide  i n fo rma t i on  i n d i c a t i v e  of t h e  o v e r a l l  environmental  

hazard o f  a  mater ia l .  

The o b j e c t i v e  of our eco log i ca l  t o x i c i t y  screening s tud ies  was t o  he lp  

i d e n t i f y  engi nesr ing  s t r a t e g i e s  t h a t  may be used t o  reduce concent ra t ions  o f  

t o x i c  o r  b i o a c t i v e  agents i n  coal  convers ion mater ia ls .  Dur ing i n i t i a l  stages 

o f  development, severa l  process op t ions  may be ava i l ab le .  Each process p ro -  

duces a  mater i  a1 i n h e r e n t l y  d i  f f e r e n t  i n  chemical and t ox i c01  o g i c a l  p roper t ies .  

Our research focused on c h a r a c t e r i z i n g  wate r -so lub le  components de r i ved  f rom 

mater i  a1 s  produced by t he  I n t e g r a t e d  Two-Stage L i q u e f a c t i o n  ( ITSL) and Exxon 

Donor Sol vent (EDS) processes. D i f f e rences  i n  chemis t ry  were re1 a ted  t o  

observed acute t o x i c i t y  t o  t h e  f reshwater  i n v e r t e b r a t e  Daphnia rnagna. 



MATERIALS AND METHODS 

S i x  coal  -der i ved  m a t e r i a l s  were t e s t e d  (Table 1). Three o f  t h e  m a t e r i a l s  

o r i g i n a t e d  from t h e  ITSL process: LC f i n e r  (LCF) feed, t o t a l  l i q u i d  p roduc t  

(TLP), and LCF 650°F d i s t i l l a t e .  The ITSL m a t e r i a l s  were ob ta ined  from the  

C. E. Lummus Process Development U n i t  i n  New Brunswick, New Jersey. A desc r i p -  

t i o n  o f  t he  ITSL process cond i t i ons  and t he  chemical c h a r a c t e r i s t i c s  o f  t he  

parent  m a t e r i a l  are summarized by Wilson, Pel roy and Mahlum ( i n  press).  The 

two EDS m a t e r i a l s  were recyc le  sol  vents produced under t h e  bottoms r e c y c l e  and 

once-through modes o f  operat ion.  The EDS l i q u i d s  were ob ta ined  from t h e  

• 250 T/D p i l o t  p l a n t  i n  Baytown, Texas (Wade e t  a l .  1982). For purposes o f  

comparison, t e s t s  were a l s o  conducted w i t h  a we l l - cha rac te r i zed  coa l  l i q u i d  

TABLE 1. M a t e r i a l s  Used f o r  Eco tox i c i  t y  Tes t i ng  and Comparison 
of S o l u b i l i t y  C h a r a c t e r i s t i c s  as Def ined by To ta l  Carbon 
Concent r a t  i on i n  t h e  Water-Sol u b l  e F rac t i ons  (WSF) 

Nomi na 1 
Phys ica l  Boi 1 i ng WSF Tota l  

M a t e r i a l  Coal Type S ta te  Range (OF) Carbon ( m g / ~ ) ( a S b )  

ITSL 

LCF feed I l l i o n i s  so l  i d  650-850' 7 
No. 6 

TL P I 1  1 i n o i s  v a r i a b l e  650-850 7 
No. 6 

LCF 650°F d i s t i l l a t e  I l l i n o i s  l i q u i d  <650 124 + 8 
No. 6 

, EDS process so l ven t  

once through I l l i n o i s  1 i qu i  d 400-800 103 2 7 
No. G . 

bottoms recyc le  I l l i n o i s  1 i qu i  d 400-900 163 k 1 
No. 6 

SRC- I I 

d i  s t  i 1 1 a t e  b lend Powhatan l i q u i d  150-850' 1068 k 33 
No. 5 

( a )  As measured by a carbon analyzer.  
( b )  Values expressed as mean f S.D. 



de r i ved  from t h e  Solvent Ref ined Coal (SRC)-I1 process (PNL 1980). Th is  2.9: 1 

b lend  o f  m idd le  t o  heavy SRC-I1 d i s t i l l a t e  was ob ta ined  f rom a  p i l o t  p l a n t  i n  

F o r t  Lewis, Washington. 

The wate r -so lub le  f r a c t i o n s  (WSF) were generated by adding 100 m l  o f  coal  

l i q u i d  t o  10 L  of w e l l  water (1:100 r a t i o )  i n  a  15-L g lass  carboy. The m i x t u r e  

was s t i r r e d  a t  90 rpm w i t h  a  Teflon@-coated rod  f o r  4  hr.  Because two o f  t h e  

ITSL m a t e r i a l s  were n o t  i n  l i q u i d  s ta te ,  these m a t e r i a l s  were added on a  

weight - to-weight  bas is  a t  t h e  same mix r a t i o  as t h e  l i q u i d s .  The LCF feed 

( s o l i d )  was ground i n t o  a  f i n e  powder w i t h  a  b lender  be fo re  i t  was added t o  t h e  

carboy. The TLP ( t a r - l i k e  s t a t e )  was spread over  t h e  bottom of t h e  carboy 

be fo re  mixing. A f t e r  a  1-hr s e t t l i n g  per iod ,  8  L o f  t h e  respec t i ve  WSFs were . 
siphoned from t h e  cen te r  of t h e  carboy, chemica l l y  analyzed, and used f o r  eco- 

l o g i c a l  t e s t i n g .  Exposure s o l u t i o n s  f o r  t e s t i n g  were made by d i l u t i n g  WSFs 

w i t h  we l l  water. D i l u t i o n s  were based on t o t a l  carbon concen t ra t i ons  i n  t h e  

WSF (s tock  so lu t i on ) .  New stock s o l u t i o n s  were generated f o r  rep1 i c a t e  t e s t s .  

To ta l  carbon (TC) o f  t he  WSFs was determined by d i r e c t  aqueous i n j e c t i o n  

i n t o  a  Beckman 915B carbon analyzer.  D e t a i l e d  chemical a n a l y s i s  o f  t h e  WSFs by 

gas chromatography was conducted t o  determine phenol and hydrocarbon composi- 

t i o n  (methodology o u t l i n e d  i n  Dauble e t  a l e  1982). To ta l  phenols i n  se lec ted  

t e s t  exposure s o l u t i o n s  were es t imated  by t h e  d i r e c t  pho tomet r i c  method (APHA 

1976) a t  t e s t  i n i t i a t i o n  and again a t  48 h r  t o  mon i to r  t h e  r e l a t i v e  s t a b i l i t y  

of s o l u b i l i z e d  mater ia ls .  

Acute t o x i c i t y  o f  WSFs de r i ved  from the  t e s t  m a t e r i a l s  was determined by 

s t a t i c  bioassays w i t h  t h e  freshwater i nve r t eb ra te ,  Daphnia magna. A l l  t e s t s  

were conducted a t  20°C w i t h  a  16:8 h r ,  1 igh t :dark  cyc le .  To i n i t i a t e  a  t e s t ,  

f i v e  f i r s t - i n s t a r  - D. magna were p laced i n  each of f o u r  100-ml capac i t y  g l ass  

j a r s  a t  s i x  t reatment  l e v e l s  p l us  a  c o n t r o l  (4  x  7  m a t r i x ,  20 organisms per  

t rea tment  l e v e l  ). For t e s t s  i n v o l v i n g  t o x i c o l o g i c a l  comparison o f  process con- 

d i t i o n s  w i t h i n  general m a t e r i a l  c lasses (ITSL and EDS), p a i r e d  t e s t s  were con- 

ducted concur ren t l y .  The 48-hr LC50 de te rmina t ions  Here made by t h e  g raph i ca l  

method (APHA 1976). T o x i c i t y  t h resho lds  were expressed as percent  WSF and TC 

based on d i l u t i o n  o f  measured stock s o l u t i o n .  

@ Trademark o f  t he  E. I. duPont de Nemours and Company. 



CHEMICAL CHARACTERIZATION OF TEST MATERIALS 

INTEGRATED TWO-STAGE LIQUEFACTION (ITSL) PROCESS MATERIALS 

Water-soluble f r a c t i o n s  (WSF) de r i ved  from the  t h r e e  ITSL m a t e r i a l s  con- 

s i  s ted  p r i m a r i  l y  o f  phenol s. To ta l  phenol concen t ra t ions  o f  WSFs ranged f rom 

l e s s  than 1.0 mg/L i n  the  LCF feed t o  72.3 mg/L i n  t h e  LCF 650°F d i s t i l l a t e .  

Phenol ic composi t ion o f  LCF feed and LCF d i s t i l l a t e  WSFs was s i m i l a r ;  C2-C6 

phenols comprised 70% t o  80% of t he  t o t a l  phenols i n  so lu t i on .  I n  con t ras t ,  

WSFs from the  TLP conta ined more 1 i gh te r  mo lecu la r  weight phenols, predomi n a t  l y  

c r e s o l s  and C2 and C3 phenols (Table 2). 

TABLE 2. Phenol and Aromatic Hydrocarbon Concent r a t i o n s  i n  
Water-Soluble F rac t i ons  Der ived from Three ITSL 
Mater ia ls .  Concentrat ions expressed as means 
o f  d u p l i c a t e  samples. 

Pheno Is (mg/L) Aromt l c  Hydrocarbons (mg/L) 
Phenols LCF 650F LCF LCF 650 F LCP 

(mg/L) D l s t l l l a t e  Feed TLP -- D l s t f l l a t e  Feed TLP -- 
Phenol 0.53 0.01 0.32 C2 benzenes 231.40 0.34 87.85 

Cresols 4.94 0.05 0.78 C3 benzenes 83.10 0.97 25.27 

C2 phenols 29.23 0.05 0.82 C benzenes 4 112.70 11.54 53.88 

C phenols 3 
22.38 0.14 0.67 Naphthalene 60.00 37.05 15.77 

C4 phenols 7.30 0.09 0.21 Benzoth lophene 1.50 0.28 1.32 

C5/C6 phenols 4.54 0.1 1 0.20 C1 naphthalene 49.60 7.90 14.64 

l ndano Is 2.28 0.05 0.19 B 1  phenyl nd 1.70 4.69 

C, lndanols 1.20 0.04 0.13 C2 naphthalenes 26.50 3.45 6.96 

C2 lndanols nd 0.02 0.04 C3 naphthalenes and 66.80 43.55 25.72 -- 
C1, C2 fluorfnes 

Total phenols 72.40 0.56 3.36 Dfbenzotheophene 6.60 8.45 9.24 

Phenanthrene 9.00 24.81 4.89 

Anthracene 0.70 3.73 0.24 

C1 phenanthrene 2.50 9.55 2.40 

F luoranthene 1.10 7.69 1.22 

Pyrene 7.00 18.44 9.65 --- 
Total aromat lc  658.50 179.45 263.74 

hydrocarbons 

nd = not detectable. 



Aromatic hydrocarbon con ten t  was low i n  a l l  WSFs and comprised l e s s  than 

3% o f  t h e  TC i n  s o l u t i o n .  The r a t i o  of aromat ic  hydrocarbons t o  t o t a l  phenols  

was h i ghes t  i n  WSFs de r i ved  from t h e  LCF feed process m a t e r i a l  (Tab le  2). Com- 

p o s i t i o n  o f  s o l u b l e  aromat ic  hydrocarbons was s i m i l a r  f o r  TLP and LCF d i s t i l -  

l a t e  process ma te r i a l s .  The major hydrocarbon c o n s t i t u e n t s  i n  WSFs d e r i v e d  

from bo th  m a t e r i a l s  were C2-C4 benzenes, which comprised about 65% o f  t h e  t o t a l  

aromat ics.  Naphthalene and C3  naphthalene were t h e  major  hydrocarbon c o n s t i t u -  

en t s  i n  t h e  LCF feed WSF. Phenanthrene and pyrene were a l s o  p resen t  and c o l -  

l e c t i v e l y  comprised 24% of t h e  t o t a l  a romat i c  hydrocarbons i n  t h e  WSF 

(Table 2). 

. 
EXXON DONOR SOLVENT (EDS) PROCESS MATERIALS 

Although compos i t i ona l  d i f fe rences  were noted, phenols were t h e  major  

wa te r -so lub le  components i n  t h e  two EDS process ma te r i a l s .  Both WSFs con ta i ned  

p r i m a r i l y  low mo lecu la r  weight  compounds; however, phenol and c r e s o l s  comprised 

a h i ghe r  percentage o f  t h e  t o t a l  phenols i n  WSFs d e r i v e d  f rom t h e  r e c y c l e  s o l -  

vent produced i n  t h e  once-through compared t o  t h e  bottoms r e c y c l e  mode of 

ope ra t i on  (Table  3). 

To ta l  aromat ic  hydrocarbon concen t ra t i ons  were approx imate ly  f o u r  t imes 

g r e a t e r  i n  WSFs d e r i v e d  from EDS r e c y c l e  so l  vent under bottoms r e c y c l e  t han  

under once-through operat ions.  Naphthalene and C1 naphthalene were major  a ro -  

ma t i c  hydrocarbon c o n s t i t u e n t s  of bo th  WSFs, compr is ing  about 40% o f  t h e  t o t a l .  

The C2-C4 benzenes comprised about 40% of t h e  aromat ic  hydrocarbons i n  WSFs o f  

once-through m a t e r i a l s ,  compared t o  o n l y  9% of t h e  t o t a l  i n  WSFs d e r i v e d  f rom 

t h e  bottoms r e c y c l e  ma te r i a l .  

Ove ra l l ,  i t  appears t h a t  WSFs de r i ved  from EDS r e c y c l e  so l ven t s  produced 

i n  t h e  once-through mode a r e  l e s s  concen t ra ted  and c o n t a i n  a h i ghe r  percentage 

o f  low mo lecu la r  weight  components than WSFs de r i ved  from t h e  bottoms r e c y c l e  

m a t e r i a l s  (Table  3). 

REFERENCE MATERIAL: SOLVENT REFINED COAL (SRC-11) LIQUID 

Data on t h e  composi t ion of WSFs f rom t h e  SRC-I1 l i q u i d  a re  p rov i ded  i n  

Table 4 t o  f a c i l i t a t e  comparison w i t h  ITSL and EDS ma te r i a l s .  Phenols were t h e  



TABLE 3. Phenol and Aromatic Hydrocarbon Concen t ra t ions  i n  
Water-Sol u b l e  F r a c t i o n s  (WSF) Der ived from Two EDS 
Recycle Sol vents. Concent ra t ions expressed as means 
o f  dup l  i ca te  samples. 

Phenols (mg/L) Aranat l c  Hydrocarbons ( m / L )  
Bottoms Bottoms 

Once-Through Recycle Once-Through Recyc l e 
Recycle Mode Mode Recycle Wde Mode 

Phenol 7.36 1 .00 C2 benzenes 13.2 48.5 

Cresols 16.89 8.51 C3 benzenes 20.8 25.9 

C2 phenols 17.38 40.40 C4 benzenes 285.1 196.4 

C3 phenols 12.83 45.10 Naphthalene 170.9 767.2 

C4 phenols 3.1 1 13.26 Benzoth lophene 11.9 20.9 

C5 phenols 4.28 9.98 C1 naphthalene 158.9 506.8 

l ndanols 3.78 9.01 C2 naphthalene 70.2 699.6 

C, lndanols 2.49 3.86 C3 naphthalenes and 63.7 608.9 
C1, C2 f luorenes 

Tota l Pheno Is  68.12 131.12 Olbenzothlophene <0.8 45.6 

Phenanthrene <0.2 62.0 

Anthracene <0.2 <0.8 

C1 phenanthrene 5.3 19.4 

F l uoranthene c1.3 c0.7 

Pyrene <3.4 8.0 

Total  a r o m t l c  800 .O 3009.2 
hydrocarbons 



TABLE 4. Concentrat ions o f  Phenols and Aromatic Hydrocarbons i n  WSF 
Der ived from an S R C - I  I Liqu id .  Concentrat ions expressed as 
means o f  dupl i ca te  samples. 

Phenols 

Concentrat lon % o f  

Compound (mg/L 1 Tota l  

Phenol 172.08 16.7 

Cresols 353.51 34.3 

C 2  phenols 255.79 24.8 

C phenols 3 
129.44 12.5 

C4 phenols 24.05 2.3 

C5 phenols 18.02 1.7 

l ndanols 62.45 6.1 

C 1  lndanols 16.19 1.6 .- 

To ta l  phenols 1031.53 100.0 

Concentrat lon  % o f  

Compound (mg/L 1 Tota l 

C2 benzenes 1106.6 12.8 

C benzenes 3 615.7 7.1 

C4 benzenes 1078.8 12.5 

Naphthalene 2901.9 33.5 

Benzoth fophene 81.3 0.9 

C naphtha lenes 1292.2 14.9 

C2 naphtha lenes 1146.8 13.2 

C3 naphthalenes and 306.0 3.5 
C1, C2 f l uo r l nes  

D l  benzoth lophene <4.3 <0.1 

Phenanthrene 128.0 1.5 

Anthracene <1,2 <O. 1 

C 1  phenanthrene <1 .3 <O. 1 

F luoranthene <1.1 <O. 1 

Py rene t l .1 <O. 1 

Total  aromatfc 8657.3 100.0 
hydrocarbons 



major  chemical c l a s s  present  i n  t h e  S R C - I  I WSF. Concen t ra t ions  o f  t o t a l  

phenols were about 100 t imes g rea te r  than  t o t a l  a romat i c  hydrocarbon concent ra-  

t i ons .  The WSF was predominated by c reso l s  and C2 phenols,  which comprised 

almost 60% o f  t h e  t o t a l  phenols. Aromat ic hydrocarbons were dominated by 

va r ious  naphthalenes (approx imate ly  60% of t h e  t o t a l )  and C2-C4 benzenes. 

Concent ra t ions o f  t o t a l  phenols and t o t a l  aromat ic  hydrocarbons i n  t h e  

SRC-I1 WSF were h i ghe r  than those observed f o r  WSFs d e r i v e d  f rom ITSL and EDS 

process mate r ia l s .  Table 5  compares t he  concen t ra t i on  o f  t o t a l  carbon and t h e  

composi t ion by major chemical c lasses f o r  WSFs from the  s i x  m a t e r i a l s  analyzed. 

A l l  WSFs were predominated by pheno l i cs ;  aromat ic  hydrocarbons were minor corn- 
' 

ponents, w i t h  t h e  excep t ion  o f  WSFs de r i ved  from t h e  s o l i d  ITSL ma te r i a l .  When 

t h e  TC determined by GC (Table 5) i s  compared t o  t h a t  ob ta ined  by t h e  carbon 

ana lyzer  (Table I ) ,  i t  appears t h a t  a l l  carbon cannot be accounted f o r  i n  t h e  

pheno l i c  and sa tu ra te /a romat i c  hydrocarbon classes. A d d i t i o n a l  carbon may be 

p resen t  as heteroatom groups, such as n i t r o g e n - c o n t a i n i n g  compounds. 

TABLE 5. Composit ion o f  Major Chemical Classes i n  WSFs Der ived  f rom 
M a t e r i a l s  Used f o r  Eco tox i c i  t y  Tes t i ng  

To ta l  Carbon % % Hydrocarbons 
Mate r i  a1 (mg/L) Phenol s Satura tes  Aromat ics 

ITSL 

LCF feed 0.8 71.3 <O. 1 22.5 

To ta l  l i q u i d  p roduc t  3.7 91.8 <O. 1 7.1 

LCF 650°F d i s t i l  l a t e  73.0 99.0 <O. 1 1 . 0 

EDS process s o l v e n t  

Once through 68.9 98.8 <O. 1 1.2 

Bottoms r e c y c l e  134.5 97.5 0.2 2.3 

SRC-I I 

D i s t i l  l a t e  b lend  1040.4 99.1 <O. 1 0.8 



PHENOLIC DEGRADATION I N  TEST SOLUTIONS 

Concentrat ions o f  t o t a l  phenols i n  a1 1 t e s t  s o l u t i o n s  dec l i ned  rap id l y .  

A t  i n i t i a l  t e s t  concen t ra t ions  of 1  ess than 5 mg/L TC, on l y  about 32% t o  79% o f  

t h e  phenols remained i n  s o l u t i o n  a f t e r  48 h r  (F igure  1). Phenol concen t ra t ions  

i n  d i l u t i o n s  o f  EDS WSFs were approx imate ly  50% o f  day 0 values a f t e r  48 hr .  

Test s o l u t i o n s  from so lub le  ITSL m a t e r i a l  components e x h i b i t e d  va ry i ng  s t a b i l -  

i t y .  Phenols so lub i  1  i z e d  from t h e  LCF feed, a l though p resen t  i n  r e l a t i v e l y  low 

concent ra t ions  , appeared more stab1 e than phenol s  so l  u b i  1  i zed from o the r  ITSL 

ma te r i a l s .  Fewer of t h e  o r i g i n a l  pheno l i cs  were present  i n  t e s t  s o l u t i o n s  

der i ved  from the  SRC-11 m a t e r i a l  than those from EDS o r  ITSL mater ia ls .  

EDS 

3 4 5 

ITSL SRC 

FIGURE 1. Loss o f  To ta l  Phenol ic  Concentrat ions i n  S t a t i c  WSF Test 
So lu t i ons  a f t e r  48 H r  as Measured by Dye Photometry. 
Key: 1 = once-through mode, 2  = bottoms recyc le  mode, 
3  = LCF feed, 4 = TLP, 5  = LCF 650°F d i s t i l l a t e ,  
6  = SRC-I1 d i s t i l l a t e  blend. V e r t i c a l  l i n e s  represen t  
k1 standard d e v i a t i o n  o f  t he  mean. 



ECOTOXICITY TESTS 

INTEGRATED TWO-STAGE LIQUEFACTION PROCESS MATERIALS 

Based on percent  d i l u t i o n  o f  t h e  WSF, t h e  LCF 650°F d i s t i l l a t e  was more 

t o x i c  than t h e  o t h e r  ITSL m a t e r i a l s  t e s t e d  (Table  6). The acute LC50 f o r  

Daphnia magna ranged from 6.1% t o  9.0% o f  t h e  WSF f o r  t h e  LCF d i s t i l l a t e ,  com- 

pared t o  71.6% and 85.0% o f  t h e  WSF f o r  LCF feed and TLP, r e s p e c t i v e l y .  When 

t o x i c i t y  comparisons were made re1  a t i  ve t o  TC i n  s o l  u t i  on, WSFs generated f rom 

t h e  LCF feed m a t e r i a l  appeared s l i g h t l y  more t o x i c  than  o the r  ITSL m a t e r i a l s  

(Table  6). The a c u t e l y  t o x i c  range f o r  ITSL m a t e r i a l s  was f a i r l y  narrow and 

ranged from 4.9 t o  11.8 mg/L TC. 

TABLE 6. Acute T o x i c i t y  of WSF ITSL Process M a t e r i a l s  t o  
Daphnia magna. (Values g iven  as s i n g l e  t e s t  
comparisons o r  as range o f  rep1 i ca te  tes ts . )  

48-hr LCsn 
To ta l  Carbon 

M a t e r i a l  % WSF (mg/L 

LCF feed 71.6 4.9 

To ta l  1 i q u i d  p roduc t  85.0 7.4 

LCF 650°F d i  s t i  11 a t e  6.1-9.0 7.1-11.8 

EXXON DONOR SOLVENT MATERIALS 

No s i g n i f i c a n t  d i f f e r e n c e  i n  acu te  t o x i c i t y  t o  daphnids was observed f o r  

WSFs of t he  two EDS ma te r i a l s .  Based on percent  d i l u t i o n  o f  t h e  WSF, LC50 

va lues were s i m i l a r ,  rang ing  f rom 2.2% t o  7.2% of t h e  WSF (Table  7). Acute 

t o x i c i t y  t h resho lds  based on TC i n  s o l u t i o n  were a l s o  s i m i l a r  f o r  bo th  EDS 

mate r ia l s .  



TABLE 7. Acute T o x i c i t y  of WSF o r  EDS Process 
M a t e r i a l  s t o  b a  hn ia  ma na (Values 
g iven  as range o +TF up i c a t e  tes ts . )  

48-hr LC 

Process Mode % WSF 
~ o : a h  

(mg/L) 

Once through 2.2-7.2 2.4-7.8 

Bottoms r e c y c l e  2.2-5.4 3.6-8.8 

REFERENCE MATERIAL 

Based on percent  d i l u t i o n  of t h e  WSF, t h e  SRC-I1 m a t e r i a l  was more t o x i c  

t o  daphnids than  WSFs o f  ITSL o r  EDS ma te r i a l s .  The acute LC50 ranged fro!n 

0.4% t o  0.7% o f  t h e  SRC-I1 WSF. Based on TC, however, s i m i l a r  t o x i c i t i e s  were 

noted f o r  daphnids exposed t o  WSFs o f  a l l  s i x  t e s t  ma te r i a l s .  Over lapp ing LC50 

values were observed f o r  t he  r e p l i c a t e  t e s t  ser ies .  



DISCUSSION 

A l l  m a t e r i a l s  eva luated i n  these s tud ies  were t r e a t e d  i d e n t i c a l l y ,  thus  

each had equal o p p o r t u n i t y  t o  e n t e r  so l u t i on .  T o x i c i t y  o f  WSFs o f  each mate- 

r i a l  was, t he re fo re ,  h i g h l y  dependent on t h e  so l  u b i  1  i t y  o f  the  paren t  m a t e r i a l  

and t h e  t o x i c  p r o p e r t i e s  o f  i n d i v i d u a l  s o l u b l e  components. W i t h i n  m a t e r i  a1 

(process)  types, t h e  t h r e e  ITSL m a t e r i a l s  showed t h e  w ides t  range o f  phys i ca l  

s ta tes.  These phys i  ca l  p r o p e r t i e s  d i  r e c t l y  i n f l u e n c e d  s o l  ub i  1  i t y  i n  water and 

acute t o x i c i t y  t o  daphnids. Low s o l u b i l i t y  o f  t h e  LCF feed and TLP was r e f l e c -  

t e d  i n  low TC concen t ra t ions  i n  WSFs. Read i l y  s o l u b l e  pheno l i c  c o n s t i t u e n t s  

were present  i n  WSFs o f  a1 1  mate r i  a1 s  ; however, hydrocarbon c o n t r i b u t i o n  was 

g rea tes t  i n  WSFs of t h e  LCF feed. Because o f  h i ghe r  concen t ra t i ons  i n  LCF 

650°F d i s t i l l a t e  WSFs, acute m o r t a l i t y  t o  daphnids was noted a t  g r e a t e r  d i l u -  

t i o n s  o f  t h e  WSF than f o r  o t h e r  ITSL ma te r i a l s .  

The EDS process so l ven t  produced i n  t h e  bottoms r e c y c l e  mode conta ined 

more ma te r i a l  t h a t  cou ld  be e x t r a c t e d  i n  water than d i d  t h e  EDS process s o l v e n t  

produced i n  t h e  once-through mode. Th i s  was r e f l e c t e d  by h i ghe r  TC concent ra-  

t i o n s  i n  s i m i l a r l y  de r i ved  WSFs. P o t e n t i a l  e c o l o g i c a l  hazard o f  t h e  two mate- 

r i a l s  was s i m i l a r ,  and t h e  range o f  t o x i c i t y  values overlapped. However, t h e  

bottoms r e c y c l e  m a t e r i a l  can be expected t o  be more p e r s i s t e n t  i n  t h e  a q u a t i c  

env i  ronment because i t  con ta ins  r e l a t i v e l y  h i ghe r  concen t ra t i ons  o f  aromat ic  

hydrocarbons and h i  gher mol ecu l  a r  weight  phenol s. 

P o t e n t i a l  eco log i ca l  r i s k  i s  a l s o  i n f l u e n c e d  by t h e  s t a b i l i t y  o f  s o l u b l e  

components o f  these ma te r i a l s .  For example, components t h a t  a re  e a s i l y  

degraded by b a c t e r i a  o r  through p h o t o l y s i  s  would pose 1  i ttl e  1  ong-term hazard 

a f t e r  d ischarge t o  water. Since a l l  m a t e r i a l s  t e s t e d  e x h i b i t e d  some l o s s  o f  

phenols ( t h e  major water s o l u b l e  c o n s t i t u e n t s )  i n  on l y  48 h r ,  p o t e n t i a l  t o x i c -  

i t y  can be expected t o  decrease w i t h  t ime. Prev ious s tud ies  a t  PNL (Dauble e t  

a l .  1982) showed t h a t  degradat ion o f  va r i ous  phenol c lasses  was r e l a t e d  t o  

molecu lar  weight ;  1  ower mo lecu la r  weight  compounds ( i  .e., phenol, c reso l  ) 

e x h i b i t e d  g rea tes t  degradat ion over t ime. Thus, some m a t e r i a l s  w i t h  p o t e n t i a l  

f o r  h i g h  acu te  t o x i c i t y  may pose 1  i t t l e  long- term r i s k .  However, m a t e r i a l s  

con ta i n i ng  h i ghe r  s u b s i t u t e d  and heav ie r  mo lecu la r  weight compounds can be 



expected t o  be more p e r s i s t e n t  i n  t h e  environment and c o n t r i b u t e  t o  ch ron i c  

e f f e c t s  assoc ia ted  w i t h  long- term exposures. 

T o x i c i t y  o f  EDS and ITSL WSFs can be compared w i t h  o the r  f o s s i  1  - de r i ved  

mater i  a1 s  o r  se l  ec ted  chemi c a l  s. G i  dd i  ngs and Washington (1981) exami ned a  

wide range o f  pet ro leum and coal  l i q u e f a c t i o n  m a t e r i a l s  and found t h a t ,  based 

on percent  d i l u t i o n  o f  t h e  WSF, pet ro leum products  were l e s s  t o x i c  t o  a1 gae 

than were bi tuminous mater ia ls .  Gray e t  al .  (1982) and States e t  a l .  (1982) 

repor ted  s i m i l a r  r e s u l t s  i n  ch ron ic  exposure s tud ies  w i t h  a lgae and daphnids, 

r espec t i ve l y ,  and noted t h a t  inheren t  t o x i c i t y  was ma in ly  r e l a t e d  t o  t h e  pres-  

ence o f  h i g h l y  so lub le  t o x i c  pheno l i c  c o n s t i t u e n t s  i n  WSFs o f  coa l  1  i q u i d s .  

The t h ree  l i q u i d s  t e s t e d  here ( i  .em, LCF 650°F d i s t i l l a t e ,  EDS process 

so l ven t s )  were l e s s  so lub le  i n  water  and l e s s  t o x i c  than e i t h e r  a  sha le  o i l  

(personal communication, C. D. Becker, PNL) o r  a  crude o i  1  (Wong, Engel h a r d t  

and S t r i c k l e r  1981). Observed d i f fe rences  i n  t o x i c i t y  may be a  r e s u l t  o f  com- 

pos i t i  onal d i  f f erences i n  WSFs. 

Since a1 1  WSFs t e s t e d  were complex m i  x t u res  of severa l  o rgan ic  compound 

classes, t o x i c i t y  cannot be a t t r i b u t a b l e  t o  any one chemical c lass. Instead,  

b i o l o g i c a l  responses are a  r e s u l t  of exposure t o  i n t e r a c t i n g  t o x i c  compon- 

ents. A1 though 1  ower molecular  weight phenol i c s  comprised a  re1 a t i  ve l y  h i  gh 

percentage o f  t h e  TC i n  s o l u t i o n  f o r  a1 1  WSFs, WSFs generated from ITSL and EDS 

m a t e r i a l s  were more t o x i c  t o  daphnids than were phenol o r  va r ious  c r e s o l s  

(DeGraeve e t  a1 . 1980). 

Resul ts  o f  t o x i c i t y  s tud ies  w i t h  a  v a r i e t y  o f  m a t e r i a l s  such as sha le  o i l ,  

crude and r e f i n e d  petroleum, and coal  1  i q u i d s  a re  summarized i n  Table 8. Data 

i n d i c a t e  t h a t  t h e  ITSL and EDS l i q u i d s  were l e s s  t o x i c  than SRC-I1 l i q u i d s ,  bu t  

more t o x i c  than r e f i n e d  petroleum products.  The non-1 i q u i d  ITSL ma te r i  a1 s  were 

f a i r l y  i n s o l u b l e  and e x h i b i t e d  l e s s  t o x i c i t y  than a1 1  bu t  t h e  r e f i n e d  pet ro leum 

products. Fu tu re  s tud ies  w i l l  be used t o  eva lua te  m a t e r i a l s  from var ious  two- 

stage l i q u i f a c t i o n  and o t h e r  processes f o r  p o t e n t i a l  acute e c o t o x i c i t y .  

Our exper iments were conducted under s tandard c o n d i t i o n s  t o  a l l o w  compari- 

son o f  r esu l t s .  Other f a c t o r s  known t o  i n f l u e n c e  t o x i c i t y  o f  complex o rgan i c  

m a t e r i a l s  t o  daphnids i n c l u d e  mix ing  regimes (Bean e t  a l .  1982), water  tempera- 

t u r e  ( U l l r i c h  and Mil lemann 1983) and water qua1 i t y  (Becker e t  al .  1983). 



TABLE 8. Comparative T o x i c i t y  t o  Daphnids o f  ITSL, EDS and Several 
Reference Mater ia ls .  R e l a t i v e  s o l  u b i  1 i t y  i n d i c a t e d  by t o t a l  
carbon (TC) i n  WSF generated under s i m i l a r  cond i t ions .  LCs0 
and WSF va lue g iven as mean o f  r epo r ted  values. 

Concentrat ion 
M a t e r i a l  

-977 
o f  WSF (mg/L) Di  1 u t i  on (rng/Ll  R H ( ~ )  Reference 

SRC-I1 d i s t i l l a t e  1068 0.6 6.3 1 Our da ta  

b lend 

ITSL - LCF feed 7 71.6 4.9 1/121 Our data 

ITSL - TLP 9 85.0 7.4 1/141 Our da ta  

ITSL - LCF 650°F 124 7.6 9.5 1/13 Our data 
d i s t i l l a t e  

EDS process so lven t  103 4.7 5.1 1/8 Our data 
once through 

EDS process so lven t  16 1 3.8 6.2 1/7 O u r d a t a  
bottoms recyc le  

Shale o i l  6 5 10.4 16.0 1/42 Becker ( b )  

No. 2 d i ese l  fue l  9 None a t  - - <1/ 169 States 
100% WSF e t  al .  

(1981) 

No. 6 bunker feed 5 -47.0 -2.4 1/80 States 
stock e t  a l e  

(1981) 

Prudhoe Bay crude 3 None a t  -- <1/169 Strand and 
o i  1 100% WSF Vaughan 

( 1981) 

( a )  RH = r e l a t i v e  hazard as compared t o  SRC-11 d i s t i l l a t e  b lend ( a f t e r  
States e t  a l .  1981). 

( b )  Personal communication, C. D. Becker, PNL. 

Therefore, w h i l e  these i n v e s t i g a t i o n s  a re  adequate f o r  i n d i c a t i n g  r e l a t i v e  

hazard t o  aqua t i c  l i f e ,  more thorough s tud ies  w i t h  o the r  organisms, o r  ch ron ic  

exposure s tud ies  would be use fu l  f o r  assessing long- term environmental  r i s k .  
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R. H. Gray (30)  
P. L. Hacket t  
D. R. Kal kwarf 
M. T. Karagianes 
B. J. Kelman 
J. C. K u t t  
0. W. L a t e r  
R. H. Love ly  
0. D. Mahlum 
S. Marks 
R. P. Marsha l l  
P. J. M e l l i n g e r  
J. E. M o r r i s  
0. R. Moss 
T. Nelson 
C. M. Novich 
, I .  M. N i e l  sen 
D. E. Olesen 
T. L. Page 

R. A. Pel r o y  
R. W. P e r k i n s  
R. D. P h i l l i p s  
H. A. Ragan 
R. A. Renne 
R. E. Schirmer 
R. P. Schneider 
D. M. Schoengold 
M. R. Sikov 
S. D. Sklarew 
L. G. Smith 
D. L. S p r i n g e r  
D. L. Stewar t  
J. A. S t r a n d  
W. L. Templeton 
T. A. Toste  
D. T o l l e y  
B. E. Vaughan 
M. L. Warner 
W. C. Weimer 
R. E. Wildung 
W. R. W i ley  
D. H. W i l l a r d  
B. W. W i  1  son 
C. W. Wr ight  
B i o l o g y  Publ i c a t i o n s  O f f i c e  
Techni c a l  I n f o r m a t i  on ( 5 )  
Publ i s h i n g  Coord ina t ion  (2 )  




