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Sumnary 

The Lovelace I n h a l a t i o n  Toxicology Research I n s t i t u t e  ( ITRI ) ,  i n  
cooperat ion w i t h  the  Horgantown Energy Technology Center (HETC), has completed 
t o x i c i t y  screening o f  vapors, l i q u i d s  and s o l i d s  formed du r ing  opera t i on  o f  an 
experimental pressur ized.  s t i r red -bed ,  coa l  g a s i f i e r  a t  METC. Vapors 
c o l l e c t e d  from the  cooled process stream on Tenax res ins  had no mutagenic 
a c t i v i t y  i n  the  Ames Salmonella assay. 
and s o l i d s  c o l l e c t e d  from the  e f f l u e n t  o r  process streams were f r a c t i o n a t e d  by  
g e l  chromatography i n t o  f r a c t i o n s  con ta in ing  mos t l y  a l i p h a t i c  compounds; 
n e u t r a l  p o l y c y c l i c  aromatic hydrocarbons (PAH); p o l a r  PAH and h e t e r o c y c l i c  
compounds; and s a l t s .  The p o l a r  f r a c t i o n  was p a r t i t i o n e d  i n t o  ac ids,  bases, 
water  so lub le  compounds and phenols. 
i n  t h e  bas ic  f r a c t i o n  w i t h  a d d i t i o n a l  a c t i v i t y  i n  the  n e u t r a l  PAHs. Highest 
c y t o t o x i c i t y  toward both t h e  b a c t e r i a  and canine a l v e o l a r  macrophages was i n  
t h e  phenol ic  f r a c t i o n .  Treatment o f  the g a s i f i e r  t a r s  by  n i t r o s a t i o n  o r  by 
a c e t y l a t i o n  t o  remove pr imary aromatic amines (PAA) reduced the  b a c t e r i a l  
mutagenic i ty  by 50-60%, i n d i c a t i n g  t h a t  some, b u t  n o t  a l l ,  o f  t he  mutagenic i ty  
was due t o  PAA. 

Dichloromethane e x t r a c t s  o f  l i q u i d s  

B a c t e r i a l  mutagenic a c t i v i t y  was h ighes t  

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

The Lovelace I n h a l a t i o n  Toxicology Research I n s t i t u t e  ( ITRI) .  work ing i n  
cooperat ion w i t h  t h e  Horgantown Energy Technology Center (HETC). has completed 
s tud ies  t o  ob ta in  i n fo rma t ion  on the  poss ib le  i n h a l a t i o n  t o x i c i t y  o f  a i rbo rne  
e f f l u e n t s  associated w i t h  low BTU coa l  g a s i f i c a t i o n  (1-4). 
i s  needed t o  enable an improved assessment o f  p o t e n t i a l  h e a l t h  r i s k s  t o  man 
a r i s i n g  from t h i s  technology. 

The HETC coal  g a s i f i e r  i s  an experimental pressur ized.  s t i r red -bed  coa l  
g a s i f i e r  (F igu re  1)  and d i f f e r s  from comnercial f ixed-bed producers i n  i t s  
sma l le r  s i z e  (1.1 m I D )  and i t s  p rov i s ions  f o r  s t i r r i n g  t h e  bed. 
uses a Lu rg i  process f o r  low BTU coal  g a s i f i c a t i o n  us ing  heat, a i r ,  steam and 
coa l .  The gas cleanup devices are experimental and evo lv ing  and a re  designed 
t o  produce a low BTU gas s u i t a b l e  f o r  use i n  combined cyc les  w i t h  tu rb ines .  

The main process stream cleanup dev ices i n  use a t  t h e  t ime  o f  t h i s  
research program inc luded a cyclone t o  remove dust ;  a h u m i d i f i e r ,  t a r  t r a p  and 
Ven tu r i  scrubber t o  remove ta r ;  a m u f f l e r  and a f l a r e .  Other cleanup dev ices 
i n d i c a t e d  i n  F igure 1 were bypassed du r ing  sampling pe r iods  f o r  t h i s  p r o j e c t .  

Such in fo rma t ion  

The g a s i f i e r  
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Experimental 

Sampling 

e f f l u e n t  streams. The process stream was sampled a t  p o i n t s  A. 6. C. 0,  and E 
(F lgure 1) us ing  two sampling systems. An a n a l y t i c a l  system ex t rac ted  cooled, 
d l l u t e d  process stream m a t e r i a l  and measured the  concentrat ion (by  f i l t e r s ) ,  
the s i z e  o f  ae roso ls  (by  cascade impactors) and the  concen t ra t i on  o f  vapors 
(by adsorpt ion on Tenax t r a p s ) .  Condensor t raps  were used t o  c o l l e c t  l a r g e r  
Saiiip:ej o f  t a r s  and o t l s .  i n  a d d i t i o n  t o  the process stream mate r ia l .  bu lk  
q u a n t i t i e s  o f  bot tom ash f rom t h e  g a s i f i e r .  dust  from the  cyclone, and t a r  
f r o m  t h e  h u m i d i f i e r ,  t a r  t r a p  and Ven tu r i  scrubber were co l l ec ted .  

F rac t i ona t ion  o f  Tars and O i l s  

Vapors, l i q u i d s .  and s o l i d s  were sampled from bo th  the  process and 

Tars from t h e  t a r  scrubbing devices and condensed o i l s  f rom the process 
stream were f r a c t i o n a t e d  on Sephadex LH-20 gel  columns us ing te t rahyd ro fu ran  
(THF) t o  e l u t e  separate f r a c t i o n s  conta in ing,  1)  main ly  a l i p h a t i c  and 
polymeric m a t e r i a l  ( F l .  F2); 2) n e u t r a l  po lyaromat ic  hydrocarbons (PAH) (F3, 
F4); and 3)  p o l a r  compounds i n c l u d i n g  n i t r o g e n  h e t e r o c y c l i c  compounds and PAH 
w i t h  p o l a r  f r a c t i o n a l  groups (F5) (See F igu re  2 ) .  The p o l a r  f r a c t i o n  was 
subfract ionated i n t o  a c i d i c ,  bas ic  and n e u t r a l  components. 

Mutaqenic i tv  T e s t i n g  

The p o t e n t i a l  mu tagen ic i t y  o f  each sub f rac t fon  was assessed us ing the 
Ames Salmonella b a c t e r i a l  mutagenic i ty  assay, us ing  s t r a i n  TA-98 (de tec ts  
f rame-sh i f t  mutat ions)  both w i t h  and w i thou t  a d d i t i o n  o f  l i v e r  metabol iz ing 
enzymes (S-9). C y t o t o x i c i t y  toward the  b a c t e r i a l  c e l l s  and toward canine 
a l v e o l a r  macrophages was a l s o  measured. 

Ef fect  o f  Removal o f  Primarv Aromatic Amines (PAA)  on Mu taqen ic i t v  

To determine the c o n t r i b u t i o n  o f  PAA t o  t h e  mutagenic a c t i v i t y  o f  
g a s i f i e r  t a r ,  t h e  PAA were removed by n i t r o s a t i o n  a t  pH 2.5 o r  by  
a c e t y l a t i o n .  Several PAA. one aza-arene and a coa l  o i l  sample f rom the  Foss i l  
Fuels Research M a t r l x  Porgram. Oak Ridge Nat ional  Laboratory, were included as 
con t ro l  samples. The t r e a t e d  samples were then re- tested f o r  mutagenic 
a c t i v i t y .  

Resul ts  

The vapor phase m a t e r i a l  c o l l e c t e d  on Tenax t raps  d i d  n o t  have mutagenic 
a c t i v i t y  i n  the  b a c t e r i a l  mutagenic i ty  assay used. A l l  t a r  and o i l  samples 
c o l l e c t e d  from t h e  process o r  p o t e n t i a l  e f f l u e n t  streams had mutagenic 
a c t i v i t y  when S-9 me tabo l i z ing  enzymes were inc luded.  The sub f rac t i ons  
showing t h e  most a c t i v i t y  were t h e  n e u t r a l  PAH ( F 3 ,  F4) and t h e  p o l a r  f r a c t i o n  
( F U  i n  both process stream samples and t h e  p o t e n t i a l  e f f l u e n t  ma te r ia l  
(Tables 1. 2. 3) .  The bas i c  and n e u t r a l  p o r t i o n s  o f  t h e  p o l a r  f r a c t i o n  had 
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Figure 2. Elut ion p r o f i l e s  of compounds from Sephadex LH-20 column using te t rahydro-  
furan (THF) as e luant .  The l i n e s  f o r  each compound i n d i c a t e  t h e  volume of 
THF i n  which the  compounds e lu ted .  
e l u t i o n  peak. 

The dot  ind ica tes  t h e  c e n t e r  of t h e  
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TABLE 1 

Mutagenic A c t i v i t y  o f  Process Stream Samples 
and t h e i r  SeDhadex LH-20 Frac t ions  

Revertantsb Revertants 
Massa p e r  w Mutageni c i  t y C  per  L 

F%?Ct!C!!I Percent l w i t h  s-9) Percent Process Stream 

P o s i t i o n  8 -- Raw Gas 

Crude 100.0 6.7 5 0.6 100 50,000 

LH-20 F r a c t i o n  
1 27.8 0.7 5 0.2 
2 6.5 2.8 2 0.3 
3 21.8 10.4 5 1 .1 
4 16.7 5.0 0.6 
5 21.7 10.4 5 1 .O 
6 5.5 2.8 5 0.2 

3 
3 

39 
14 
38 

3 

1,600 
1.900 

17,000 
6,200 

17.000 
1.100 

P o s i t i o n  D -- A f t e r  Tar Trap 

Crude 100.0 3.7 0.2 100 9,700 

LH-20 F r a c t i o n  
1 35.4 0.0 0 
2 8.4 3.2 i 0.4 14 
3 18.6 1.9 0.6 18 

5 15.3 4.1 5 0.2 31 
4 15.6 4.5 i 0.4 35 

6 6.7 0.5 5 0.3 2 

0 
700 
900 

1.900 
1,600 

80 

P o s i t i o n  E -- A f t e r  Ventur i  Scrubber 

Crude 100.0 4.1 5 0.3 100 2,200 

LH-20 F r a c t i o n  
1 7.0 0.2 5 0.2 
2 5.0 2.8 2 0.4 
3 23.0 1.8 0.3 
4 14.0 2.3 0.4 
5 29.0 2.9 0.2 
6 21 .o 0.2 5 0.2 

0 
6 

24 
18 
49 

3 

10 
70 

200 
200 
400 

25 

a Mass percent o f  m a t e r i a l  f rac t ionated .  
TA-98 rever tan ts /pg  determined from s lope o f  dose-response curve by l i n e a r  
regression ana 1 y s i  s . 
Mutagenic i ty percent  i s  t h e  percent o f  t h e  mutagen ic i ty  each f r a c t i o n  
cont r ibu tes  t o  t h e  crude m a t e r i a l .  
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TABLE 2 

Mutagenic A c t i v i t y  o f  Process Stream LH-20 
F rac t i ons  5 and t h e i r  Subfract ions 

Massa 
F rac t i on  Percent 

P o s i t i o n  E -- Raw Gas 

LH-20 F rac t i on  5 21.7 

Acids 0.9 
Eases 4.1 
Neut ra  1 s 1.6 
Amphoterics - 

Water so lub les 15.2 

P o s i t i o n  D -- A f t e r  Tar TraD 

LH-20 F rac t i on  5 15.3 

Acids 0.03 
Eases 3.6 
Neutra 15 4.6 
Amphoterics - 

Water so lub les 6.6 

Pos i t i on  E -- A f t e r  Ventur i  Scrubber 

LH-20 F rac t i on  5 29.0 

Acids 0 . 7  
Eases 1.6 
Neutra ls  2.1 
Amphoterics - 

Water so lub les 24.6 

Revertantsb 
per  v g  

Wi th S-9 

9.7 0.5 

1.0 5 0.5 

46.7 5 2.6 
5.5 5 1.0 

Not tes ted  

2.1 5 0.2 

0.4 5 0.1 
4.2 2 0.4 
5.2 5 0.3 

Not tes ted  

2.3 5 0.3 

0.0 
12.4 5 0.7 

2.2 5 0.2 

Not tes ted  

Mutagenic1 t y c  
Percent 

100 

1 
20 
79 

100 

0 
50 
50 

100 

0 
E3 
17 

- 

a Mass percent o f  m a t e r i a l  f rac t i ona ted . .  
b TA-98 rever tants /vg determined from slope o f  dose-response curve by l i n e a r  

regress ion ana lys i s .  
Mutagenic i ty  percent  i s  t h e  percent o f  the mutagenic i ty  each f r a c t i o n  
con t r i bu tes  t o  the  crude ma te r ia l .  
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TABLE 3 

Mutagenic A c t i v i t y  o f  Tar Trap Tar and Ven tu r i  Scrubber Water 
and t h e i r  LH-20 F rac t i ons  

F rac t i on  

Posit:oii 8 -- Raw Gas 

Tar Trap Tar 

LH-20 F rac t i on  
1 
2 
3 
4 
5 
6 

Ventur i  Scrubber 
I n l e t  Water 
Lyophi 1 i zed (5Oml) 

Ventur i  Scrubber 
O u t l e t  Water 
Lyophi 1 i zed (501111 ) 

Dicholormethane- 
Solubles (0.07%) 

LH-20 F rac t i on  

Ou t le t  Water 

1 
2 
3 
4 
5 
6 

Massa 

Percent 

100 

16 
18 
34 
14 
14 

3 

100 

100 

100 

6 
2 
3 
5 

75 
10 

TA-98 Revertantsb 

p e r  ua ( w i t h  S-9) 

21.6 5 1 .B 

2.9 5 0.2 
2.9 5 0.5 
2.5 f. 0.8 

107.0 5 49.1 
56.6 5 8.0 
10.2 k 0.5 

0.0 

1.14 0.06 

0.72 2 (0.18) 

0.8 k 0.2 
1.1 5 0.3  
1.7 f 0.3 
1.8 z 0 . 4  
0.6 5 0.2 
0.4 5 0.2 

Mutagenic i t y c  

Percent 

100 

2 
2 
3 

60 
32 
1 

0 

100 

100 

7 
3 
7 

13 
64 

6 

a Mass p e r c e n t - o f  ma te r ia l  f rac t i ona ted .  
TA-98 reve r tan ts /ug  determined from s lope o f  dose-response curve by l i n e a r  
regress ion ana 1 y s i  s . 
Mutagenic i ty  pe rcen t  i s  t he  percent o f  t he  mu tagen ic i t y  each sub f rac t i on  
con t r i bu tes  t o  t h e  t o t a l .  
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t h e  g rea tes t  mutagenic i ty  (Table 2). N i t r o s a t i o n  o r  a c e t y l a t i o n  o f  t he  
t a r - t r a p  t a r  removed some ( 50-60%) o f  t h e  mutagenic a c t i v i t y  (Table 4) bu t  
n o t  as much as was removed by s i m i l a r  t reatment  o f  a coal  o i l .  

The most c y t o t o x i c  f r a c t i o n s  o f  t h e  coals  and t a r s  were t h e  p o l a r  
f r a c t i o n s  con ta in ing  phenols . 

Discuss ion 

Tars and o i l s  produced dur ing a l ow  BTU coa l  g a s i f i c a t i o n  process were 
mutagenic toward Salmonella bac te r ia .  The mutagenic a c t i v i t y  could be 
a t t r i b u t e d  t o  PAH and t o  neuta l  and bas ic  compounds i n  the p o l a r  f r a c t i o n .  I n  
con t ras t  t o  coal  l i q u i d s ,  i n  which most o f  t h e  mutagenic a c t i v i t y  has been 
a t t r i b u t e d  t o  PAA (5 ) .  t h e  mutagenic a c t i v i t y  o f  t he  t a r s  was reduced by on ly  
approximately one-half a f t e r  treatment t o  remove PAA. 
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TABLE 4 

Mutagenic A c t i v i t y  Remaining A f t e r  Treatment 
( X) 

Cherni c a l  N i t r o s a t i o n  A c e t y l a t i o n  

2-Aminoanthracene 
3-Aminof luoranthene 
?-Am! n o f l  ucrene 
6-Aminochrysene 
9-Ami nophenanthrene 
Phenathr id i  ne 
Coal o i l  Aa 
Tar t r a p  t a r  

4 
0 
0 

13 
0 

100 
9 
39 

1 
20 
21 

6 
0 

86 
30 
52 

a Obtained as a comparative research m a t e r i a l  from the  F o s s i l  Fuels Research 
Ma t r i x  Program, Oak Ridge Nat ional  Laboratory. 
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