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TRACT 

Recent s tudies have I n t S a t e d that b lotech-
nologlcal processes for dettncAficatlon of geother
mal res idual brine sludges ace £|easlble. Prel imi
nary studies have also shown Chat such processes 
are controlled by several facto«=whlch Include the 
concentration of the residual s ludge | ln the b lo -
reac tor , the type of bloreactor and Ihe s t r a i n of 
acidophil ic microorganisms used. A Brief d i scus
sion of these factors follows. 

INTRODUCTION 
M 

J, P r o d u c t i o n of e l e c t r i c i t y by e x t r a c c i o n l l o f 
energy from underground geo the rma l r e s e r v o i r s 
h i g h l y promis ing and growing I n d u s t r y . Large 
p r o d u c t i o n of e l e c t r i c i t y from g e o t h e r m a l sourc 
produces c o n s i d e r a b l e w a s t e s , which accumula te l a 
the form of r e s i d u a l b r i n e s l u d g e s c o n t a i n i n g d i f 
f e r e n t c o n c e n t r a t i o n s of t o x i c m e t a l s which makes 
I t n e c e s s a r y t o s h i p t h e s e r e s i d u e s Co haza rdous 
was te d i s p o s a l s i c e s ac a c o n s i d e r a b l e c o s t . 
T y p i c a l l y , a 50 MH l lqu id -dora inaced hydrochermal 
power p lane In SouChern C a l i f o r n i a produces about 
70,000 l b / d a y of s o l i d r e s i d u e s c o n t a i n i n g i n a d d i 
t i o n Co s i l i c a and s o l u b l e s a l e s , heavy m e c a l s , 
whose c o n c e n c r a c i o n s ac clmes exceed Che scaCe 
r e g u l a c l o n l i m i t s (Royce, 1 9 8 5 ) . 

Work a t Che Brookhaven N a t i o n a l l a b o r a t o r y 
(BNL) has shown Chat a c i d o p h i l i c n l c r o o t j ^ a n l s a s can 
be used as Che " a c c i v e a g e n t s " l a C h e . d f i ^ x l i f i c a -
c lon of g e o t h e r m a l b r i n e r e s i d u e s (L tn .TCvat*• 
1987; Premuzlc ec a l . , 1 9 8 8 ) . A p r i l i n l q i r y l d e s i g n 
for a p r o c e s s has b e e a ^ s u s g e s t e i ( ^ e i n i i e t e eC. a l . , 
1 9 8 8 ) . A t e c h n i c a l and feaa l fcUt t j r J 8t»»dy'of t h i s 
p r o c e s s has been d e s c r i b e d e l s e w h e r e i , ( E ' . r a » i s i c ec 
a l . , 1988) and w i l l on ly b e m e n c l o n e d ' h e r e 
b r i e f l y . Thus a b l o p r o c e s a - f o r a p l ane p roduc ing 
123,000 l b / d a y of a 65% w t . ,£11 t e r p r o c e s s cake 
was based on 5% 3lud$i|!»<^to^l;^uid f^ClO' and f 10 day 
r e s i d e n c e t i m e . Such a p r o c e s s r e p r e s e n t ^ I b o u t a 
one m i l l i o n d o l l a r per yea r s a v i n g s , or t he e q u i v a 
l e n t of t he 1986 r e g u l a t e d was te d l s p o s a l | ^ c o s t . 
This e s t i m a t e does not t a k e i n t o consideriUCion Che '. 
long-cerm l i a b i l l c y aasoc iaCed wich hazardous:; wasce} 
d i s p o s a l , i n c r e a s e s in Che cosC of s h i p p i n g , • 
dumping and Che p o s s i b i l i t y of Che d u a p - s l t e s b e i n g 
c l o s e d . E a r l i e r s t u d i e s have a l s o i n d i c a t e d t h a t 

t h e e f f i c i e n c y of the b l o p r o c e s s depends on the 
concenc rac lon of t he s l u d g e , the type of b l o r e a c t o r 
and the type of s i n g l e and /o r mixed c u l t u r e s of 
b a c t e r i a l s t r a i n s u sed . Some r e s u l t s of r e c e n t 
s t u d i e s w i l l be d i s c u s s e d In t h i s pape r . 

RESULTS AND DISCUSSION 

Three t y p e s of b l o r e a c t o r systems a r e be ing 
c o n s i d e r e d as p o s s i b l e c a n d i d a t e s to be Included In 
the d e s i g n of a b lo sys t em for d e t o x i f i c a t i o n of 
geo the rma l r e s i d u a l s l u d g e s . These Inc lude a 
f l u i d i z e d bed Cype, d l ag rammac lca l l y shown In F i g . 
1 . , a column Cype bacch b l o r a c C o r , F i g . 2 , and a 
f l a c bed-cype b l o r e a c c o r . F i g . 3 . In each case 
flow r a c e s and a i r supply t o the system have t o be 
b a l a n c e d i n o rde r t o m a i n t a i n a s t eady and a c c l v e 
m i c r o b i a l c u l t u r e s u p p l i e d wi th n u t r i e n t s as needed 
th roughou t t he c y c l e . Th i s I s v e r i f i e d In a l l 
c a s e s by r o u t i n e sampling and mon i to r ing for v i a b l e 
m i c r o b i a l growth and the meta l c o n c e n t r a t i o n . The 

l ^ r f f i c l e n c y of me ta l s o l u b i l i z a t i o n by s e v e r a l 
I p ^ r a i n s of T h i o b a c i l l u s t h i o o x i d a n s and Th io -

b a c l l l u s f e r r o o x l d a n s from the Brookhaven N a t i o n a l 
LatJ^C^tory (BNL) c o l l e c t i o n have been s t u d i e d . 
D i f f e r e n t samples of r e s i d u a l b r i n e s ludge from 
p r o p r i e t a r y s o u r c e s , k i n d l y s u p p l i e d by the g e o -
chermal e l e c t r i c a l power I n d u s t r y have been used i n 
d e c o x i f I c a c l o n p r o c e s s e s . The d i f f e r e n c s l u d g e s 
a r e s i t e s p e « m L c , wi th some c o n t a i n i n g more than 
cen coxic n e ^ K (Premuzlc ec a l . , 1 9 8 8 ) . In Che 
work p resenCHr in Chls paper for sake of b r e v i c y , 
on ly a few r e p r e d R B a c l v e mecals have been used as 
p r o c e s s I n d l c a c o v i f l 

In Tab le 1 , Che 
T h i o b a c i l l u s f e r roox i i 

e f t e c c of e i g h c s c r a l n s of 
< t a ^ on a s i n g l e r e s i d u a l 

b r i n e s ludge i s shown. In t h i s s e r i e s of e x p e r i 
ments a b a t c h b l o r e a c t o r ^ t h a 2-6X load ing wi th 
s t i r r i n g has been u s e d . Iffhe most e f f i c i e n t meta l 
s o l u b l l l z l n g ( removing) m l c ^ ^ f g a n i s m s for the 
me ta l a r e i d e n t i f i e d i n T a b l e l ( s q u a r e b o x e s ) . 
R e s u l t s of s i m i l a r e x p e r i m e n t s us ing s t r a i n s of 
T h i o b a c i l l u s t h i o o x i d a n s and mixed c u l t u r e s of T̂ . 
t h i o o x i d a n s ( T . T . ) and T̂ . f e r r o o x l d a n s ( T . F . ) a r e 
shown in Table 2 . T a b l e s 1 and 2 i n d i c a t e t h a t 
d i f f e r e n t s t r a i n s s o l u b l l i z e m e c a l s , i . e . , remove 
Chem from s l u d g e s i n v a r y i n g d e g r e e s ( s e e s q u a r e 
boxes ) wich a h igh e f f i c i e n c y for a l l Che mecals 
t e s t e d be ing e x h i b i t e d ' b y mixed c u l t u r e s . 
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Table I. % Removal of chromium, copper, tnanganese 
and zinc from residual brine sludge (BR-1) by the 
action of different strains of Thiobacillus 
ferrooxldans. 

Strain 

BNL-2-45 

BNL-2-49 

BNL-2-44 

BNL-2-45 

BNL-2-46 

BNL-2-47 

BNL-2-48 

BNL-2-49 

Cr Cu 

30 55 

26 58 

H 53 

I(SF~^ 84 

25' •" 88 
•. • - • 

48 1 , ^ 31 

22 

32 
t 
91 

% Metal removed 
Mn 

77 

77 

58 

35 

40 

57 

33 

41 

Zn 

M 
Table 2. 7. Removal of chromium, copper, manganese 
and zinc form residual sludges BR-1, BlO-3, and BR-
by Thiobacillus thiooxidans (T.T.) and jnlxed cul
tures of ̂ . thiooxidans and T. ferrooxldans 
(T.F.). 

Strain % Metal removed 
T.T. 

BNL-3-23 

BNL-3-23 

T.T. + T.F. 

BNL-2-49 

+ 

BNL-3-24 

BNL-3-25 
+ 

BNL-2-46 

Brine 

BR-1 

BR-3 

BR-1 

BR-5 

BR-5 

Cr Cu Mn 

30 

34 

"¥ 

0 
20 

85 

90 

90 

82 

V 

80 

78 

85 

0 
60 

E 
Various concentration of residual brine sludge 

In the bloreactor also Influence the ^tent of 
metal solubilization as shown In Tab'Ies 3 and 4. 

CONCLUSIONS 

Based on Che current results the following 
conclusion may be drawn: 

Table 3. The Influence of different concentration 
of residual brine sludge (BR-2) on the extent of 
metal solubilization. 

S t r a i n X BR-2 (w/v) 
T.T. + T .F . 

1 

BNL-3-26 2 

+ 4 

BNL-2-45 6 

8 

10 

% M e t a l removed 

Cr Cu Mn Zn 

56 40 62 69 

51 42 61 65 

53 48 67 72 

58 52 74 67 

64 50 75 * 

56 46 66 * 

*not d e t e r m i n e d . 

Table 4 . The i n f l u e n c e of d i f f e r e n t c o n c e n t r a t i o n 
of r e s i d u a l b r i n e s ludge (BR-5) on the e x t e n t of 
meta l s o l u b i l i z a t i o n . 

S t r a i n 
T .T. + T . F . 

BNL-3-25 

BNL-2-46 

Z BR-5 (w/v) 

1 

2 

4 

8 

Z 
Cr 

91 

83 

80 

75 

Metal 

Cu 

40 

46 

57 

51 

removed 
Mn Zn 

88 73 

90 75 

86 79 

76 72 

12 79 55 71 47 

Y 1. Choice of microorganisms may wel l be p r e 
de te rmined by the compos i t i on of a p a r t i c u l a r 
r e s i d u a l s l u d g e . Thus a s ludge which, for example, 
i s p r edomina te ly r i c h In chromium may r e q u i r e a 
concen t jL^ ion of microorganisms most e f f i c i e n t for 
chromium ^ i d not n e c e s s a r i l y e f f i c i e n t for o t h e r 
t o x i c m w C l s , which may be p r e s e n t in t r a c e araounts 
a t concen t r^Mtfns wel l below the t h r e s h o l d l i m i t s ; tra*^n 

rhJ t*« 2. Th^ treatment cycle may also be shortened 
from say six to t ^ e e days if only few mecals are 
to be conslderedi 'K 

3 . In terms o j ^ i o r e a c t o r d e s i g n , e f f i c i e n t 
c y c l i n g , supply of im?rienC8 and a i r w i l l d i c t a t e a 
p a r t i c u l a r b a s i c d e s i g n c o n c e p t , I . e . , b a t c h or 
c o n t i n u o u s . T 

Preliminary results discussed above Indicate 
that mixed cultures of different strains of micro
organisms, the relative concentration of the 
residual brine sludges in a bloreactor and Che 
number of toxic metals present In concentrations 
exceeding the treshold limits play critical roles 
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in scaled up processes and require further research 
and developmenc scudles. The resulcs of these 
studies will generate Information essential to the 
design of efficient biotechnology for 
detoxification of residual brine sludges. 
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BROOKHAVEN NATIONAL LABORATORY (BNL) INVOLVEMENT IN THE 
SALTON SEA SCIENTIFIC DRILLING PROJECT 

OeiECTIVEi 

)t«in • Urga gteth»rm«I w««tt •ampl* from th« SSSDF site to conduct 
«c,^tcl*up rvcejirch atudltti in ««hich BNL u«t« biochamtcal techniques tr< 
rei^t toxic •Itmtntc th«t t>«c««d tnvironm*ntftl ragulations. 

BACKGROUND I L 

DitpoMl of tlxle Uaeh«kl« telid vaett in m tnvlronMneclljr • t t i 
wleally •eetptj •eonoaleally •eetpt4bij« vty 9»y b* • Mjor iapedlMnt te larfe-tc»l« gee-

Vor axaapU, in ttM| Iap«ri«l V«ll«f of Southern Californio. thoro ore 
nine kne«m gtothorMil rotMrco aroat (XC1U)* Brinaa fron tha Salton S«a 
KGRA in tha laperial Vall^ykaj contain total diaaolvad aolida up to 330,000 
ppn* Theae hyperaaline brinaa lead to tha generation of geothermal aelid 
waatea in pover planta* All jA the aolid waata produced auat be analyaed 
for regulated aetala uaing tmXalifornla Dapartnant of Health Sarvicaa 
(DOHS) analytical teehniquaa, « ^ if found haaardoua, the aolid vaate nuat 
be diapoaad of off-aite in an afprovad vaate Mnageaent facility. 

Currently, the diapoaal of theia vaatea can coat over 11 nlllion per 
yeer for a 50-NV geotheraal power plant operating in the Selton Sea KGIU* 
High diapoaal eoata and tha long-tor* liability aaaoeiated vith haaardoua'-
vaate diapoaal provide the incentive for j^a atudy. 

It ia known th«% ateroorganiava can m e r a c t with aetala apeeif ically 
by ••veral Bechaniaii||| auch aa eurfaee adaorpfOjn, oxidliation, reduction, 
and eolttbilisiitiiBrafbi/br precipitation. Thmi aachanisaa aarvs ea a baala 
for the- daveloi||pi|^of biotechnology wbieh allow^iae of biochemical pro-
ceeaee for rcaoviiraatf' concentration of toxic aeclla^reeent in the waste or 
makes poaaible aolubillsstioa of the weote. 

;Sttch ,blotechttolo^ la particularly uaeful when Itffe quantitiea of 
wastea are preaent whi^h contain low, bat nevarthelos|j environmentally sig
nificant, eoneentratiooa of toxic metalO, diapoaal of Which is regulated. 
Another advantage of .tho biochemical proceeaea conaidered in thla program ia 
due to tha type of mieroorganiaa uaed* Theae aicroorganisme are acidophilic 
and thermophilic capable of living under very harah eonditiona such aa 
extreme acidic pH, high aalt eoncentrationa, and elevated temperatures. 
Such eonditiona are unauitable to aoat other alccoorganlama which require 
mild eonditiona for their growth. Thia meana that the new biotechnology 
developed at BNL doea not require eterile eonditiona. 
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STRATEGY: 

Tha BNL experimental atratagy is based on the use of biochemical methods 
(iiO. ^ e c t e d nicroorganisma) for diaaolution of toxic etementf found in 
gccthafmal residues. Thus, the produced solution, Mhieh contains tc ic 
metals c ^ b e reinjected or the metals can be concentrated and recc>«e ^ -. 
The efficiency of the netal aolubilitation (i.e., removal from the »»dsv») 
is determlne^by experimental conditions which enable removal of toxic 
metal (to atSvast below the regulatory level) in the shortest possible 
time. To optim4xe the process, compatible microorganisms must be 
identified, plu|L,other variables, such as biomass to residual sludge 
ratio, different rfsidenee times, mixed cultures, ambient and elevated 
temperatures, mus< 

EXPERIMENTAL APRROACHi 

rrent reaic 
temperatures, mustpe considered. 

M 
0 Using sludge saddles obtained from the SSSOf site, BNL will conduct 

BC«led-up biochemical actifihi{tiea, some of which are covered beloMt 

- Kinetic studies will be condjocted using mixed cultures of different 
strains of acidophilic and ynarmophilic microorganisms. The studies 
Mill be performed in the fiveJ^ ten gallon range. Earlier BNL atudies 
have been performed at the 85^^o 500 milliliter range. During the 
kinetic studies, sampling will be carried out over extended periods of 
time. Timing will vary from hour^to days, with 10 days being the 
common residence time. Aqueous and solid phase sample analyses will be 
carried out, using various analytical tools, such as atomic adsorption 
to determine the relative solubilization (i.e, removal) of toxic metals 
from solid brine, as seen in the culturw>«media after microbiological 
treatment. L / 

- The solids will to# examined after treatmenl^i determine the efficiency 
data. In thla {|focesa, the solid material is subiected to chemical 
treatment, aucti Oi acid solubilization or boralA fission and then 
analysed by atomic adsorption. Sampling is carnLed out at t • 0 and 
t - 10 days to evaluate the maximum concentratioC^f solids vs. the 
viability of cycled biomass and nutrients. Sinclthe residual sludges 
from Qmothermal plan(ta »rm site specific, samples rantaining metal 
concentrations excaetting the environmentally alloMaole threshold limits 
t r m analyred. 

- Three types of bioreactors will be considered during the upscaled 
experiments! column, flat bed, and fluidized bed reactors for the 
purpose of evaluating the process design efficiencies of each. 
Initially, the flat bed and fluidized bed reactors will be evaluated. 

RESEARCH RESULTSi / 

0 Preliminary research results using (^ n^DP sludges will be presented 
later this year. • _̂. jC.,.^ . -̂  --
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-AISTHACr 

RaccnC i t u d l . a h*.«JUjJlc«t>d chat b lo t ach -
ao loc l ca l procaaaaa (or d p ^ o x l f I c a t l o * of faochar-
• a l r aa ldua l br tna a l u d t ^ ^ r a f a a a l b l a . r r a l l a l -
aary a tudlaa hava a lao aho«n chat auch pcocaaaaa 
ara c o a t r o l l a d by t a v a r a l fa i^ora which Includa tha 
concencraclon of cha raal<lual|L|^ud(a In Cha b l o -
raaccor , tha cypa of b l o r a a c t o r and tha a t r a l o of 
a c i d o p h i l i c alcToorgaolMa uaad. S b r l a f d iacua-
alon of chaaa factora followa. | 

iirmoDUCTioN M 

A 

Product ion of a l a c t r l c l t y by a x t r a c t l p a of 
anariy froa undartround gao tha raa l r aaa rvo l r a la a 
highly p r o a l a i i ^ and f r o v l n ( l o d u a t r y . Lmkf . c a l a 
product loa of a l a c t r l e l t y froa g a o t h a r a a l aourcaa 
prodttcaa conaldarakla a a a t a a , which aceuaulaa jk ia 
tha fora of raa ldua l b r l a a aludgaa coata la lo iu X|f-
fa raa t coBcantrat loaa of t o s l c a a t a l a which aakaa 
I t oacaaaary to ahlp thaaa raa lduaa t e hasardoua 
waata diapoaal a l t aa a t a coaa lda rab la coa t . 
Typ ica l l y , a M) Ml l l qu ld -doa loa t ad hydrotharaa l 
power plant In Southaro Ca l i f o rn i a predacaa about 
70,000 lb/day of i o l l d raalduaa c o a t a l a l o s la add l -
t l o a to a l l l e a aad aa lak la a a l t a , haawy aaca l a , 
whoaa concan t ra t l aaa a t t l a a a *xe»mt tha a t a t a 
ragwlat lon l l a l t a ( loyca , I M S ) . 

Mark a t tha IroaUMwaa Xa t loaa l U b a c a t a r y 
(ML) kaa ahawa that a c l d a f h l l l e • i e r a e t g a a l a a i eaa 
ba uaad aa cha *act l*a a t a a c a ' i a tha tecaslfIca
clon of gaotharaa l b r l a a r aa l4aaa ( U a aC a l . , 
1967; P raMcic at a l . , 1 9 M ) . A p r a l l a l M r j r daalga 
for a procaaa haa baaa a i ^ g a a t a i (Vraaaaie a t a l . , 
19M) . A tachn lca l aad f a a a l h U t c t i t W r »* t h l a 
procaaa haa baan daacrlhad alaantMra, , (P raa iu le a t 
a l . . 19M} aad wi l l mmlj ha MacUMdi fcara 
b r i a f i y . Thua • htapcacaaa far m y laac K«4<*clng 
123,000 Ik/day of a » S a t . f t l t a r pracaaa eaka 
waa baaad on SS a l a d c a - t w - l l ^ U r a t l a aa4 a 10 day 
raa ldanca t l a a . Sach a procaaa r a p r a a a a t a ahaut a 
ona a i l l l o a do l l a r par yaat Mwloca , or tha a^a lva-
lan t of tha I M t ra ta laCa4 aaa ta d iapoaa l coa t . 
Thla a a t i a a t a 4aa« oac taka l a t a e o a a U a r a t l o e tha 
l o n g - t a r a l l « b l l l c p aaaac la tad wi th hasag4e«a waata 
d i apoaa l , Incraaaaa t a tha coat of ah l fp^a t . 
duaplag and tha p o a a t b i l l t y of tha dwap-aitaa ba iac 
c loaad . Ear l i a r a todlaa hawa a l ao tad tca tad tha t 

cha . f f l c l a n c y of cha bloprocaaa dapand* on cha 
concantracloa of cha aludga, cha cypa of b lo reac to r 
and cha Cypa of . l o g l a and/or alxad c u l t u r * . of 
b a c t a r l a l a t r a l o a aaad. Soaa r a a u l c . of racanc 
•tudlaa w i l l ba dlacaaaad In chla papar. 

USULTS AHD DISCUSS lOH 

Thraa typaa of b lo raac to r ayataaa ara balog 
coaaldarad aa poaalbla caadldataa to ba Inclvidad In 
cha daalga of a b loayataa for da tox l f I ca t loo of 
gaotharaal r a a ldua l alodgaa. Thaaa Includa a 
f lu ldtsad bad typa, d l a g r a a M t l c a l l y ihowo la P ig . 
I . , a c o l o ^ typa batch b l o r a c t o r . Pig. 2, and a 
f l a t bad-typa b l o r a a c t o r . P ig . 3 . In aach caaa 
flow ra taa and a i r aapply to tha ayacaa hara co ba 
balaacad la ordar to a a i a t a l a a ataady and ac t l *a 
a l c r o b l a l c u l t u r a aoppllad with a u t r l a a t a aa aaadod 
throwghout tha e y e l a . I h l a la . o r l f l a d lo a l l 
caaaa by rowtlaa aaapllag aad aonl tor log for Tlabla 
a l e r o h l a l growth aad tha aa t a l concan t ra t lon . Tha 
af f lc laocy of a a t a l a o l o b l l l a a t l o o by l avara l 
a t ra lna of Th lohac l l l aa tkloo«ldana and Thlo-
bac l l lua farroo»idaaa froa tha trookhavan Rat ional 
laboratory (mn.) e o l l a c t l o n ba<ra baao atvidlad. 

f farant aaaplaa of r aa ldua l b r lna iludga froa 
p ropr la t a ry aoorcaa, kindly aoppllad by tha gao-
t M m a l a l a c t r l c a l powar induatry hava baan uaad In 
d a t f s i f i e a t i o a procaaaaa. Tha d l f f a r a n t aludgaa 
ara a l t a a p a e t f l c , with aoaa eeo ta i a l ag aora than 
taa t a» ie aaca la ( r r a a a s i e a t a l . , I N S ) . Ia tha 
•orfc praaaatad l a chla papac tor aafca af b rawl ty , 
ooly a faa rapraaaacaclva aaCala harwa baaa uaad aa 
pracaaa lad^ 

raaraaa '0-
tha a f fae t of l a T i * U 1. 

Th iahac iUaa t 
b r laa a l ad ta l a 
aaata a ha tch h l a r a a e t o r 
a t l r r i o c 
a a l a h l l i a l : 
a a t a l ara I d a a t i f l a d l a TabU 

alghc a t r a l a a af 
a oo a a lag la raaldwal 
Ta th la aar laa of axpa r l -

wlth a 2-4X loadl i« with 
Tha aoac a f f l e l a a t a a t a l 
Acroorganlaaa for tha 

^ ^ I (a^oara boaaa) . 
• a a a l t a af a l a t l a r o r p a r ^ ^ t a oalag a t r a l a a of 
Th lohac iUaa UiaoKldaaa Ifid aixad ealcuraa of T. 
thlooKidaaa ( f7 f r j~« i5 r f . farroo«ldaaa (T.F.) aTa 
aheaa ia Tahla 2 . Tablaa 1 ' ^ 1 l ad l ea t a that 
d l f f a r a a t a t r a l a a a o l d b l l l M j ^ t a l a , l . a . , tmmcnm 
thaa froB aladgoa l a v a r y l i t dagraaa (aaa a^oara 
bosaa) with a hl«h a f f l c l aocy for a l l tha a a t a l a 
taatad ba lac aahlhlcad by alzad e u l t o r a a . 
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T a b l . 1. I k a a o r a l af e h r w a l j a , c o p p a r , a a n g a n a . a 
•nd l i n e f roa t . i l d a a l b t l n a a ludga ( H - l ) by tha 
a c t i o n of d l f f a r a n t a t r a l n . of T h l o b a c l l l a a 
( . r r o o x t d a n * . 

S t r a t a 

IHL-2-45 

iML-2-*9 

BML-2-«* 

BKL-2-*5 

SHL-2-44 

BI1L-2-47 

BNL-2-48 

BNL-2-49 

X N a t a l r a a o v a d 
Cr 

30 

a*' 
55 ^ ^ 

• - ( 

Ik ^ 

=̂ 

Cu 

55 

58 

53 

84 

=J 

2 5 r=88 
'— 

48 

22 

32 

=3 

91 

=> 

1 

V%l 

77 

77 

Za 

90 

90 

L—1 1—1 
58 48 

35 

40 

57 

33 

41 

T . b l a 3 . Tha I n f l u a a e a of d l f f a r a n t c o n c a n t r . c l o n 
of r . a t d u a l b r U a a ludga (B>-2} on tha . a c a n t of 
a a t a l a o U b t l l a a t l o a . 

S t t a U 
T . T . > T . P . 

BNL-3-26 

BNL-2-45 

X U - 2 (a /T ) 

10 

Cr 
H a u l 

da 

»0 

42 

48 

52 

50 

46 

caao 
la 

Tad 
" i n 

69 

45 

72 

67 

« 

• 

M 
T a b l . 2 . X Raaova l of c h r o a l u a , c o p p a r , a a a g a a a a a 
and < U c f o r a r a a l d a a l . l u d g a a M - l , • l - 3 | i a i d Ml-
by T h l o b a c l l l u a t h l o o « l d a n a ( T . T . ) and a l i l ad e a l -
C u r . i of T. t h l o o x l d a a a aad T. f a r r o o x l d a a i 
( T . r . ) . 

s t r a i n 
T . T . 

BNL-3-23 

BNL-3-23 

T . T . + T . f . 

BNL-2-49 

+ 

BNL-3-24 

BNL-3-25 
+. 

BNL-2-46 

B r l n . 

Bll-1 

B«-3 

BK.l 

B»-5 

M - S 

X Na ta l 
Cr Ca 

2 

6 

50 

65 

raaMTad 
m 

30 

34 

• J \ 

0 
20 

0 tl 

»0 

«e 

•a 
U>J 

M 

7a 

•s 

0 
60 

0 

. n o t d a t a r a l n a d . 

T . b l a 4 . Tha l a f l u a n c a of d l f f a r a a t c o a c a n t r a e l o a 
of r a a l d u a l b r l a a alr<*ga ( i A - 5 ) on tha a x t a n t of 
a a t a l a o l u b l l l a a t l a a . 

S t r a t a 
T . T , + T . P . 

B n . - 3 - 2 3 

+ 

i n . - 2 - 4 6 

y / t . Cho lca of a t c r o o r g a n l a a a nay w a l l ba p r a -
d a d i r m l n a d by t h a c o a p o a l t l o n of a p a r t i c u l a r 
r a a l d u a l a l u d a a . Tboa a a l u d g a w h i c h , fo r a x a a p l a , 
l a p r a d o a l n a t o l y r i c h l a e h r o v l i a nay r a q u l r a a 
c o n c a a t r a t l o a of a l e r o o r g a n l a a a a o a t a f f l e l a a t fo r 
c h r o a l c a — h a r - o a c a a a a r l l y a f f l e l a a t fo r o t h a r 
t o s l c a a t a l i L ^ J h l e h aay b a p r o a a a t l a t r a c a a a o u o t a 
a c c o o c a n c r M n a a w a l l ba low cha t h r a a h o l d l l a l t a ; 

X t a . ) ( a / y ) 

12 

X 
Cr 

91 

S3 

80 

75 

79 

Nata l 
Cu 

40 

46 

57 

51 

55 

laaoTod 
Ml a i 

88 73 

90 75 

86 79 

76 72 

71 47 

2 . Tha t r a l a j L a i 
aay a i x t o I h A a f r o 

t o b a c o a a l d a r a d ; 

t c y c l a a a y a l a o b a a h o r t a n a d 
dayo I f o n l y faw a a t a l a a r a 

V a r l o u a c o n c a a t r a t l o a of r a a l d u a l b r l n a a l u d g a 
In t h a b l o r a a c t o r a l a a l a f l n a a c a t h a o a c a e c o f 
a a t a l M > l u b l l i s a t l a a mm ahowo l a T a b l a a 3 aad * . 

* 
COtlCLUSlONS 

Baaad on t h a c w r r a a t r a a u l t a t h a f o l l o v i n g 
c o n c l u a l o n aay ba d r a a a : 

k. 3 . I a t a r n a of V l l t a a c t o r d a a l g n , a f f l e l a a t 
c y c l i n g , a u p p l y of n a c r l a a C ^ and a i r w i l l d i c t a t e a 
p a r t i c u l a r b a a l e d a a l g a i ^ c a p c , l . a . , b a c c h or 
c o n t l n u o o a . il 

P r a l i a l a a r y r o a o l t a d l a ^ o a d abowa l a d l e a t a 
t h a t a l x a d c a l t a r a a of d l f f o d l m c a t r a l a a of o l c r o -
o r g a a i a * a , t h a r a l a c i w a c o o c a a c r a t i o a of t h a 
r a a l d a a l b r l a a a l a d t a a l a a b l o r a a c t o r aad cha 
n u a ^ a r of t o a l c a a c a l a p r a a a n c l a e o a e a n c r a t l o n a 
a x e a a d i a g t h a t r a a h o l d l l a l t a p l a r c r i t i c a l r o l a a 
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