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ABSTRACT

Recent studies have indicated thst biotech-
nological processes for detoxification of geother-
sal residusl drine sludges are feseible. Prelisi-
aary studies have aleo shown that such processes
are controlled by several factors which include the
concentration of the residual sludge ia the dio-
reactor, the type of biloresctor and the strain of
acidophilic microorganisms used. A brief discus-
ston of these factors follows.

INTRODUCTION

Production of electricity by extraction of
enargy from underground geothermsl reservoirs is a
highly promising and growing industry. Large scale
production of electricity from geothermal sources
produces considersble wastes, vhich sccumulste ia
the form of residual brine sludges containing dif-
ferent concentrations of toxic metals which makes
it necessary to ship these residues to hazardous
waste disposal sites at a considerable cost.
Typically, a 50 W liquid-dominsted hydrotherwal
power plant {n Southern Califoruis produces about
70,000 1b/day of solid residues containing 1o addi-
tion to silica end soluble salts, heevy metals,
vhose concentratioms st times exceed the state
regulation lisits (Royce, 1983).

VYork st the Irockhsvea Nstiomsl Lsbecatery
(L) has showm that scidophilic aicreorganisms cas
be used se the “active sgeats” ia the detoxifica-
tion of geothermal drine residues (Lim et al.,
1987; Premuzic et al., 1988). A prelimiuary design
fot s process has been suggested (Premusic et al.,
1988). A technical snd fessibility study of chis
process has been described elsewhere, (Premuzic et
al., 1988) and will osly be msentioned bhere
briefly. Thus a bioprocess for s plant producing
123,000 1b/day of & 632 wt. filter process cake
was based oun 5@ sludge-to-liquid racio and a 10 day
residence time. Such s process represeats sbout s
one aillion doller per year savings, or the equive-
lent of the 1986 regulated waste disposal cost.
Thie estimate does not take iato coansiderstion the
long-tera lisbility sssocisted with hasardous weaste
disposal, fncreases in the cost of shipping,
dusping and the possibility of the dump-sites being
closed. EZarlier studies have slso {ndicated that

the efftciency of the bioprocess depends on the
concentration of the sludge, the type of bioreactor
and the type of single and/or aixed cultures of
bacterial straine used. Some results of recent
studies will be discussed in this paper.

RESULTS AND DISCUSSION

Three typas of bioreactor systems are being
considered as possible candidetes to de facluded in
the design of s bilosystem for detoxification of
geothernal residual sludges. These include a
fluidigsed bed type, diagrammatically shown tn Pig.
1., a column type batch bdiorsctor, Pig. 2, and &
flst bed-type diloresctor, Fig. 3. In each case
flow rates sad air supply to the systam have to de
balanced in order to maintain a steady end active
aicrobial culture supplied with nutrients ss ceeded
throughout the cycle. This is verified 1a oll
cases by routioe sempling and monitoring for viadle
aicrobial growth amd the metsl conceatration. The
efficiency of metal solubilisation by severasl
strains of Thiocbacillus thiooxidans sund Thio~
bacillus ferrooxidsms from the Brookhaven National
Laboratory (WNL) collection have been studted.
Different samples of residual drine sludge from
proprietsary sources, kindly supplied by the geo-
therwal electrical power industry have deen used in
detoxification processes. The different sludges
are site epecific, with some coutaining sore thsn
tea tozxic matals (Premusic et al., 1968). 1s the
work preseated im this paper for sake of brevity,
oaly s fow Tepresestative uatsls have bdesa ugsed as
process imdicators.

In Table 1, the effect of eight straine of
Thichacillus ferrooxidans on & eingle tresidusl
brise sluwige i{s shown. In this series of experi-~
sents s batchk bioresctor with & 2-6X loading with
stirring hes been used. The most efficieat metal
solubilizing (removing) microorganisme for the
sstal sre ideatified in Table 1 (square bomes).
Mssults of similar experiments using straias of
Thicbacillus thiocoxidans and mixed cultures of I.
thicoxidans (T.T.) aad _?. ferrooxidans (T.F.) are
shown in Table 2. Tables 1 and ? indicate thet
different strains solwdilisze setals, {.e., remove
them from slwiges in varyisg degrees (see squars
baxes) with s high efficlemcy for sll the metals
tested beiog exhibited by mixed cultures.
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Tabdle 1. 2 Removal of chromlum, copper, manganese
and sinc from tesidusl drine sludge (BR-1) by the
action of different etraines of Thiobacilliue
fertooxidans.

 Stratn % Metal temoved
Ce & o m . n
BNL-2-43 30 33 %
BNL-2-49 26 T 9
. _—
BNL-2-44 E] 53 58 8
BNL-2-45 26 84 3 )
BNL-2-46 23 88 %0 8s
BNL-2-47 1Y 57 |89
BNL-2-48 12 33 8
BNL-2-49 3 1 8
L

Tadle 2. X Removal of chromium, copper, sangsnese
and sziac form residual sludges -1, R-3, and M-
by Thiobacillus thiooxidans (T.T.) end mixed ecul-
(t\lt.l)ol 1. thicoxidemns and T. ferrooxidans

T.r.).

Strain 2 Metal removed
T.T. Srine Cr [ [ 2Za
BNL-3-23 M-l 2 50 30 n
BNL-3-2) BR-3 6 63 34 17
T.T. + T.F.
BNL-2-49 — g
BR-1 90 80 83
+
BR-5 20 90 78 60
- BNL=3-24
BNL-3-25
BNL-2-46 l— —

Various concestration of residusl brine sludge
in the bioreactor slee {afluence the exteat of
setal solubilisatios as shown in Tadles 3 and 4.

CONCLUSIONS

Based on the curreat results the following
conclusion may be drawa:

Tadle ). The (nfluence of different concentration
of residual brine sludge (BR-2) on the extent of
satal solubilisation.

Strain 2 88-2 (w/v) % Metal resoved
1. + 1.0, cr [

1 6 40 62 69

BNL-3-26 2 S1 42 61 69

+ b 33 48 &7 72

BNL-1-43 3 8 32 e 67

] 66 S0 15 e

10 S6 46 66 *

*oot detersined.

Tadle 4. The influence of differemt concentration
ot residual drine slrige (MR-35) on the extent of
metal solubiliszatica.

Strata Z BR-3 (v/v) X Metal resoved
T.T. + 1.0, ¢r Gu W &
' 1 9 &0 88 73

BNL-3-23 2 83 4 90 13
+ 4 80 57 8 19
ML-2-46 ] 13 s1 16 72
12 79 3535 11 &7

1. Choice of sicroorganisas may well de pre-
deternined by the compoeition of s perticular
residual sludge. Thus s sludge which, for example,
is predominately rich in chromium mey require a
concentration of microorgsnisms wmost efficient for
chromium and not necessarily efficfent for other
toxic setals, which may be present in trace smounts
at coancentratiocns well below the threshold limits;

2. The treataent cycle may also be shortened

‘from ssy six to three days Lif only few metals are

to be counsidered;

3. 1Ia terms of bdioreactor design, efficient
cycling, supply of nutrients and air will dictate a
particular basic design concept, i.e., batch or
contiauous.

Preliminary results discussed sbove indicate
that sized cultures of differeant straias of aicro~
organisas, ths relative coucentration of the
residusl brise sludges ia a bioreactor ead the
number of toxic astals present ia comcentrations
exceeding the treshold limits play critical roles



in scaled up processas and require further research
and development studiee. The results of these
studies will genarate {nformation eseential to che
design of efficlent Blotechaaology for
detoxification of reetdual hrine sludges.
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