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SOME ASPECTS OF GEOTHERMAL WASTZ TREATMENT BIOTECHNOLOGY
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Departaent ol Applied Scuuco. Brookhaven Natfonal Llaboratory,
Upton. New York 11973 .

ABSTRACT

Recent studies have indicated that bdiotech~

- aological processes for detoxificatfon of geother- '
aal residusl brine sludges sre fessidle. Preliai-
naty studies have also shown that such processes
are countrolled by several factors which include the
concentration of the residual eludge fn the dio-
reactor, the type of bioresctor and the etrais of.
acidophilic microorganisns used. A drief discus-
sion of these factors followvs. : C

INTRODUCTION

Production of electricity by extraction of
energy from underground geothermal resarvoirs is &
highly promising and growing industry. Largs scale
production of electricity from geotharzmal sources
produces considerable wastes, which accumulsate {n
the form of residual brine sludges containing dif-
fereat concentrations of toxic metals which mskes
it cecessary to ship these residues to hagzardous
waste disposal sites at a considersble cost. .
Typically, a 50 W liquid-douinated hydrothermal
power plant in Southern Califoranis produces sbout
70,000 1b/day of solid residues contafning in eddi-
ticn ¢to silice and soluble ealts, heavy wetsls,
vhose concentrations at times exceed the. outa
regulation lisits (Royce, 1985).

ibrk at the cookhaven National Laboratory
(BNL) has shown that acidophilic aicroorganisss can
be used as the “sctive sgents® in the detoxifics~
tion of geotharsal brine rasidues (Lin et al.,

1987; Presuzic et al., 1988). A preliminary design .

for a process has been suggested (Presuzic et al.,
1988). A techaicsl and feasibility study of this
process has been described elsevhere, (Presuzic et
al., 1988) and will only be mentioned bhere
briefly. Thus s bioprocess for s plant producing
123,000 1b/day of s 652 wt. filter process cake
vas based on 51 sludge-to~liquid ratio and a 10 day
- residence time. Such & process represents sbout &
one millicn dollar per year savings, or the equiva~
leat of the 1986 ragulated waste disposal cost.
This estimate does mot take fato consideration the

long-tern lisbility associsted with hazardous waste

disposal, facresses in the cost of shipping, .
dumping and the possibfility of the dump~sites being
closed. Earlfer studles have slso {ndicated that

' the efficiency of the bioprocess depends on the

concentration of the sludge, the type of bioreactor
and the type of eingle and/or aixed cultures of
bacterisl strsias used. Some tesults of recent
studies will de discussed fa this paper.

RESULTS AND DISCUSSION

Three types of bioreactor systems are dbelng
considersd as possidle candidates to be included in
the design of a blosystea for detoxification of
geothernal cesidual sludges. These include &
fluidized bed type, diagrammatically shown in Fig.
1., a colusn type batch bioractor, Fig. 2, and &
flat bed~type dloresctor, Fig. 3. 1o each case
flov rates and air supply to the system have to be
balanced in order to msintsin a eteady and active
aicrobial culturs supplied with nutrients as needed
throughout the cycle. Thie is verified in all
cases by routine ssmpling and monitoricg for viadle
nicrobial growth and the matal concentration. The °
efficiency of wetal golubilization by several
strains of Thiobacillus thicoxidans and Thio-
bacillus ferrooxidans from the Brookhaven Hational
Ladboratory (BYL) collection have deen studied.
Different samples of residual brise sludge from
propristiry sources, kindly supplied by the geo~
thernsl electrical power industry have been used {o
detoxification processes. The different sludges
sre site specific, with some containing sore than
tan toxic matsls (Premuzic et al., 1988). I the
work pcosented is this paper for saka of brevity,
ouly a fev tepcesentative metals hn been used as
pe ind1 | PO .

In Tadble 1, the effect of efght strains of
Thiobacillus ferrooxidans on & single tesidual
brine sludge is ehown. In this geries of experi-
ments & batch biorsactor with a 2-6X loading with
stirring hes besn used. The most efficlent msetal
solubilizing (removing) microorganisas for the

. watal eve identified in Table 1 (square doxes).

Results of sisilar experiments using straias of
Thiobecilliua thiooxidams end wixed cultures of I.
thiooxidans (T.T.) and T. hrrooxidau (T.F7.) are
shown in Table 2. Tables indicats that
different strains solubilize nuh, {.a., Tenove
thea from sludges in veryiog degrees (see square
boxes) with a high efficlency for all the metals
tasted beaing exhidbited dy aixed cultures.
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Tadle 1, % Removal of chromius, copper, msnganase
and tinc from restdual deine sludge (BR«1l) by the
action of different strsine of Thiobacillus
ferrooxidans, - ‘

. X Metal gemoved

Strals :

Ct o Ce - F- ¥
BNL-2-43 30 s [40]
BL-2-49 TR TR e
BNL-2-48 E B T T HErT)
m.-‘z«i . 26  “ s , s8]
m.d«s 3] 7_ i 8 I L
BHL-2-47 _ ST 37 8
BNL-2-48 7 e e
BNL-2-49 32 sl L‘i

Table 2. % Removal of chromium, copper, sanganese
and sinc fors tesidual sludges BR-1l, ER-3, and R~
by Thiobacillus thicoxidans (T.T.) end aixed cul-
(turu)ol X. thicoxidsns and T. ferrooxidans
T.F.)e =

Strain X Matal removed
T.T. Brine Cr Cu M 2
BNL-3-23 R-1 2 50 30 77
BHL-3-23 -3 s 13 % 7
T.T. + 1T.F.
| BNL-2-49 IR :
-1 a % 80 E
+
RS 20 90 8 60
BNL-3+24
BNL-3-25 ' ’
. Bres H 2 8s B
BNL-2-46 , l - |

virlonl concentration of residual brine sludge
{n the bforeactor also influence the extent of
setal eoludilization as.shown {n Tables 3 and 4.

CONCLUSIONS

Based on the current results the following
conclusion say be drawm:

-

" §train

Tadle 3, The influence of different concentration
of residual brine sludge (BR=2) on the extent of
wetal solubllitsation, .

2 BR-2 (w/v)

Strain % Matal vamoved

S X B , ~ .. Cr ~ MW 2
L 6 40 62 €9
LT B T 5L 42 6l €8

R S B BT B

BNL-2-48 e 58 52 @7
s 6 30 15 o

10 36 a5 6 o

ot dqtlniund.

Tadle 4. The influeace of different concentration
of residusl brine sludge (BR-3) a the extent of
metal soludilization. '

L83 (viv)

X Metal resoved

T.T. + 1.1, Cr Cu W In
1 91 40 8 73

BNL-3-25 2 83 46 0 713
+ 4 0 37 8 19
BNL-2-46 S | 5 s51 1% 72
12 9 S5 11 A7

1. Choice of microorganisms msay well be pre-
deteranined by the composition of a particular
cesidual sludge. Thus & sludge which, for example,
is predominately rich in chromium may require a
concentration of microorgsnisms wost efficieat for
chromium sod not necessarily efficient for other
toxic setals, which may be present in trace smounts
at concentrations well belov the threshold limits;

2. The treatment cycle may also be shortened
from say six to three days if only fev metals are -
to be considared; ) )

3. In terms of bioresctor design, efficient

'cycuu. supply of nutrients snd air will dictate a

particular basic design concept, i.e., batch or
continuous. ’

Prelininary results discussed sbove indicate
that aixed cultures of diffevent strains of sicro~
organisas, the relative concentration of the
tesidusl brine eludges in e bloreactor and the
number of toxic metsals present in concentrations
exceeding the trashold liaits play eritfcal roles



ln scaled up processes and require fucther research
and developuent studles. The results of these
studies will generate {nformatlon esssntisl to the
design of efficient biotechnology for
detoxificstion of residusl hrine sludges.
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