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Introduction

Underground Coal Gasification (UCG) Technology could make approxi-

mately 3.55 trillion tons of coal ecunomically available as an energy

source (Glass, 1977). Deposits of deep lignite low grade subbituminuous ) /]
coal deposits are found in the western United States. Extensive [ield e
trial coal gasification experiments by Laramie Energy Technology Center =

(LETC) at llanna, Wyoming and Vernal, Utah have beun conducted. Samples
of process waters for genotoxicity and cytotoxicity studies were provided 3
by LETC [rom Loth sites and [rom ihe Lawrence Livermore lloe Creck,
Wyoming site.
Although health hazards associated with surface mining are lower
for UCG than for deep mining, (Virgona, 1978) the toxicity of waters
coproduced with the product gas needs to be assessed.
Condenser wvater, coproduced with product gas, and removed f{rom the
gas stream by condensation, is heavily laden with inorganic and organic
solutes. Potential hazards to aquatic biota of untreated condenser
water and ground water samples have been determined from samples provided
by LETC (Bergman et al., 1979; DeGraeve et al., 1980; Marcus and DBergman,
1980a; Lergman et al., 198la,b). Chemical analyses of rthe waters indicated
samples were highly alkaline with high phenol and ammonia. Toxicity ranges
of 0.01-0.1% dilution for invertetrates and fish was found (llergman et al.,
1981h) . Genotoxlc effects were assessed in the present study of waters
from all field sites in the Ames assay and from Harna and Utah tarsands

in the Paramecium biocassay.

Materials and Methods

The cytotoxic and genotoxic procedures are described (Smith-Sonneborn

et 'al., 1981 , 1982).

The following coal process waters were tested in the Ames assay:
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1) 80-(Tarsand-15) 03w-00-C

2) 79-(Hanna-1IVB) 02w-03-U
3) 77-(Tarsand-2C) 00wW-00-U
4) B0-(Tarsand-1S) 03W-00-C filcered
5) 80-(IINECR) 01W-00~U
6) 79-(llanna=1VD) 01wW-00~U

Samples cone, four and six were also tested in the Paramecium assay.
Results

The cytotoxicity of coal gasification process waters from both the
Hanna IVE (OlW) and Vernal Tarsand field trials indicates sensitivity of
these cells at 2% sample dilution for Hanna IV (0lW) condensate and 20%
for the Tarsand samples. Genotoxicity of the process waters in the
Amecs assay (Tahles 2-7) show increazed revertants with both Sample |
(larsand) and Sample 6 (Hanna IVE). The tarsand sample was mutagenic
at 100pl in one of four trials with strain TA100 (Table 2); the Hanna
IVB (01lW) sample was mutagenic at 200pl + S$9 in ore of two trials with TAY8
and at 1N0pl + S9 in the other trial (Tatle 7). The sporadic mutagenic

response noted in these waters in the Salmonella assav was also found with
the Paramecium bioassay. #oth the Tarsand and llanna TVB (0lW) (Samples 1 and
6) were mutagenic in Paramecium (Tables 8 and 9).
NDiscussion

Paramecium was 200 times less sensitive to toxins in the coal preocess
waters than the other bloassays using Daphnia, fatliead minnows and rain-
bow trout (Bergman et al., 1981b). The present studies indicate that hoth
the Paramecium and Ames bloassays show sporadic genotoxic response to
the process waters from both Hanna IVB (0lW) and the Utah tarsand coal

gasification field trial expcriments. Previous studies with the nutagenicity
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of products from coal liquifaction and gasification detected activicy

associated only with a tar byproduct of coal gasification, a liquification
vehicle oil sample and products of the coal hydrogenation process in the
Ames assay (Warshawsky et al., 198l). The present study offers additional
evidence that byproducts of coal processes can contain genotoxic materiuls.
The results of the present and previous studies indicate the need for

some caution in the use and disposal of these waters and suggest that

further research on this potential biohazard parallel considerarion of

further development of this technologv.
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Too turbid = too turbid to see cells
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CYTOTOXICLTY OF COAL GASIFICATION EXPE

IN PARAMFCIUM

llanna 01W

0/16
0/16
0/16

16/16

Very Sick Cells

14/16

14/16
16/16

Tarsand

14/16
15/16
16/16
16/16

16/16

16/16
16/16

Number of surviving cells after 2 hours at 34°C
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Table 2

Anes Assav
Genotoxicity of Tarsand 1§ 03W-00-C

Number of Revertants

TA 100 4 98
Trial® 2 2 3 4 X  + SEM & i 3 4 X + SEM
L = \
BAP + S9 430° 800° 246° 332° S52¢ < 22 - 1e" 279° 110° 1037 1617 + 41
1 r
e 1
BAP 106 102 111 48 g -+ 1 | 2 31 20 13 22 + &

o s9 74 110 97 51 ¥ = 13 i = 29 25 19 24 + 2 |
U8 Control 91 114 102 41 # &+ 16 | gz 23 15 10 16 + 3 |
I N {

ol Process Water |

' b I b

b 50u1 19 --- 71 41 B « 11 o B --- 15 7 11 + 2
s b E b
50H1 + S9 47 - 62 69 ss + € 24 -— 23 17 21 + 2
£ |

o 100u1 " 67 62 56 Wmy <+ = . % P 20 12 13 + 4 |

| ]
b
100Ul + S9 292° 57 66 67 3 o+ B T -— 24 11 15 + 5 !
20041 2 - 69 24 B W V2D 0 14 21 7 T
200p1 + S9 0 o 86 51 T e 25 5 12 e k-
Nitro® 1600°  1600° 1800° el 1666” + 66 159° 194% 226" ® 193 + 19
a = A minimum of 2X control or £9 values were cbiained,
b = These dilutions were not conducted during this trial.
¢ = Each crial value represenis a mean count of three plates.
d = 0.15pp/plate of 4-nitroquinoline-M-oxide was used.
e = 4.5ug/plate of benzo(a)pyrene. °
_wjim-h——-*—-—--a—‘_
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Bar

S9

Control
Process Water
50ul

50ul + S9
100ul
1004l + S9
200p1

200pl + S$9

d
Nitro

Table 3
Ames Asrsay
Genotoxicity of 79-llanna IVB 02W-03-U

Number of Revertants

X + SEM
a

83
63
60

1600 16007

A minimum of 2X cecntrol or S9 was values were obtained.
These dilutions were not conducted during this trial.
Each trial value represents a mean count of three plates.
0.15ug/plate of 4-nitroquinoline-N-oxide was used.

4.5ug/plate of benzo(a)pyrene.
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Table 4

Ames Assay | .
77 (Tarsand-2() 00W-00U .

TA100 Number of Revertants TA98
- X + SEM Sy
Trial® 1 2 X + SE ki 2 - cF
BAP®+ 59 3817 800” s91% + 210 | 160 279* 220" + 60 o«
BAP © 90 102 9% + 6 5 31 18 % 13 ¥
©9 80 110 95 + 15 23 20 26 * 3
Control 103 114 109 + 6 8 23 16 + 8
Process Water b b
50p1 54 ——— 54 4 — 4
b
50u1 + S9 52 e 52 T S 16
100p1 92 75 84 * 9 8 17 i T A :
100ul + S9 93 82 88 + 6 22 35 89 ¥ 7 o
b L 238
20011 60 -_— 60 3 — 3 W
b b -
20041 + S9 69 - 69 . 19 —-- 19 |
Nitro' — 1600% 1600° S 194° o
=
\‘.."
|
a =

A minimum of 2X control or S9 values were obtained.

b = These dilutions were rot conducted during this trial.

¢ = Lach trial value represents a mean count of three plates. ~
d = 0.15pg/plate of 4-nitroquinoline-N-oxide was used.
e = 4,5pug/plate of benzo(a)pyrene.
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Trialf
t e
BDAP + S9
BAP®
s9
¢
Control
Process Water
50ul
| 50ul + S9
‘ C
100ul
10Npl + S9
200ul
L
: 200ul + S9
i Nitrod
(
(
(
(
-
¢ ".' -

TAL00
1 2
369" 8002
123 102
95 110
146 114
67 —
16 =
108 90
— 86
68 —
39 i
¥ 1600°

a = A minimum of

B =

e

Wi

e

These dilutions were not conducted during this trial.
Fach trial value represents a mean count of three plates.
0.15ug/plate of 4-nitroquinoline-N-oxide was used.

4.5ug/nlace of benzo(a)pyrene.

Table 5

2X control or S9 values were ohtained.

Ameg Assay

(Tiltered)
Numher of
B
SEESél +
LT o
103+
130 +
67
16
99 +
B6
68
39
16002

Genotoxicity of 80-(Tarsand-1S)-03W-00-C

Revertants
SEM .
216 136
11 29
8 36
16 15
7
16
9 28
34
0
5

X + SFM
a

208" + 72
< (v ol
37 2k %
19 * 4
7

16

25 F 4
(s ST
0

194

t.
|




Tabie 6

Ames Assay

Genotoxicity of 80-HOECR (01-00-U)

TA100 Number of Reveftants
.. Triall L 2 X & osem | L
: BAP® + 59 330° 800 - 5652 + 235 172°
EAP® 50 102 76 + 26
S9 92 110 mi + 8 25 29 27 + ¢
- Control 80 114 97 + 17 17 23 20 + 3
Process Water b b
501 0 -— 0 i =2 “
S0pl + §9 0 S 0 a Db 8
100u1 109 101 105 + 4 ) 18 B+ &
100ul + $9 97 98 98 + 1 0 31 16 + 16
20041 12 - 32 1 — 1
[ 200ul + S9 33 ¥ 33 6 - ‘
NLtro ., 1600° 16007 125° 194° 160" + 35

a = A minimum of 2X contcol or $9 values were obtained.

b = These dilutions were not conducted during this crial.
: ¢ = Fach trial value represents 2 mean count of three plates.
d = 0.15ul/plate of ‘4-nitroquiroline-N-oxide¢ was used.
¢ =

4.5ul/plate of benzo(a)pyrene.
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TA100
Trial® 1
BAP® + S9 800®
TN 102
59 110
Control 114
Process Water X
S50pl -—
50pl + 59 —
100p:1 101
100ul + S9 129
20041 =l
200ul + S9 W=
Nitro' 1600°

b o=

[p]
!

o
!}

Table 7
Ames Assay

Genotoxicity of 79-Hanrna IVB (01W-00-11)

Number of Revertants

TA98
2 X + s | L 2 %
246° 523% + 277 279 10" 194°
111 0 > 8 il 0 25
97 104 + 7 29 25 27
102 108 + 6 23 15 19
89 8o " 21 21
100 100 ] —is® 34 34
100 108 & 1 16 2 19
51 105 + 24 67° 36 51
49 49 S 16
75 75 i 75%
1800° 1700% + 100 194%  226° 210"

A minimum of 2X control or S9 values were obtained.

These dilutions were not conducted during this trial

= PFach trial value represents a mean count of three plates.

0.15lg/plate of 4-nitroquinoline -N-uxide was used.

S.4ug/plate of benzo(a)pvrene.
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Table 8

Paramecium Assay
Genotoxicity of Tarsand 1S5 03W-00-C

Percent Lethals and Detrimentals
After Autogamy

Experimental Croup Trial 1 Trial 2 Trial 3
Food 4.7 2.8 Lol
s9 3.4 2.6 v e
: Process Wacer
: w Dilutions
1.3 2.9 red® =
b b
1.3+59 4 -— - =
; 1.6 .7 4.1 B
' 1.0+59 3.7 0.8 P
2.0 L 2.5 1.9
2. 0+59 — 2.7 1.6
5 g = ¥ 0.94
3 .TH59 == = 0.96
: c
| AP + 59 . P 2.5 3.
l Nitro 63.3 11.8" 33
; Ape of Cell L6.3 A1 26.1
. dThese values are significantly different
[ 5940.05) from food and $9 only controls.
3

These diluticns were not conducted in these trials.
c
Benzo(a)pyrene = 50un/ml

4-nitroquinoline-N-oxide = 1.9ug/ml
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Paramecium Assay

Genotoxicity of Hanna IV-B 0lWw-00-U

Percent Lethals and Detrimentals
After Autogamy

Experimental Group Trial 1 Trial 2 Trial 3 Trial 4

Food 2.0 6.3 18.1 7.8

€9 Only 4.7 4.6
Process Water

Z Dilution

1.0
1.0+59
ILag
1.3+59
2:0
2.0+459

BAP %+ s9 . 4.7 7.1

Nitro 26.43 61.43

a - -

These values are significantly different from
food only ¢ P < 0.053).
1
“rhese dilutions were not tested in these trials.

Cuenzo(a)nyrene = 50ug/ml.

d&-nitroquinoline—N—oxide = 1.%ug/ml.
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