
   
            R esu lts

T he S R P A iso la tes behaved s im ila rly w ith respect to pH , apparen tly reach ing
a p la teau (8 .3 ) a fte r app rox im a te ly 4 hours (F igu re 4 ). In con tras t, the pH in
the B . pasteu rii cu ltu res con tinued to increase ove r the course o f the en tire
experim en ta l pe riod .

 

A m m on ium  concen tra tions  in  a ll C P M cu ltu res inc reased linea rly w ith tim e
(F igu re  5),  w h ile  d isso lved  ca lc ium concen tra tions in the m ed ium decreased
linea rly

 
(F igu re

 
6).

  
C a lc ium

 
concen tra tions

 
p lo tted
 

vs .
 

am m on ium
concen tra tions

 
m atch

 
equ ilib rium

 
pred ic tions

 
(M IN E Q L)

 
fo r

 
expected

concen tra tions
 

o f
 

ca lc ium
 

as
 

a
 

func tion
 

o f
 

the
 

m easured
 

am m on ium
 

(F igu re
7 ).

  

T h is
 

resu lt
 

im p lies
 

tha t
 

d isso lved
 

ca lc ium
 

concen tra tions
 

are
 

e ffec tive ly
con tro lled

 

by

 

the

 

equ ilib rium

 

so lub ility

 

o f

 

ca lc ite .

  

T he

 

average

 

s lope

 

is

 

0 .5 ,
ind ica ting

 

tha t

 

the

 

genera tion

 

o f

 

2

 

m oles

 

o f

 

am m on ium

 

(o r

 

the

 

hydro lys is

 

o f
one

 

m ole

 

o f

 

urea )

 

resu lts

 

in

 

the

 

rem ova l

 

o f

 

1

 

m ole

 

o f

 

ca lc ium

 

from

 

so lu tion
(see

 

equa tion

 

3).
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F igu re 6 . D ecrease in [C a 2+ ] ove r tim e .

F igu re 9 . C a lc ite crys ta ls p roduced during
p rec ip ita tion experim en t by B . pasteu rii.

 

C o n c lu s io n s

S creen ing fo r u rease activ ity in S R P A
 

sam p les
 

ind ica tes
 

tha t
 

the
 

ab ility
 

to
hyd ro lyze u rea is w idesp read in the aqu ife r.  C a lc ium ca rbona te
p rec ip ita tion is obse rved in m icrocosm s inocu la ted w ith urease -pos itive
iso la tes from the S R P A , and the p redom inan t m inera l produced has been
iden tified as ca lc ite . E qu ilib rium m ode ling resu lts suggest tha t under the
experim en ta l cond itions tes ted here , the ra te o f ca lc ite prec ip ita tion can
be linked d irec tly to the ra tes o f

 
urea

 
hydro lys is

 
and

 
am m on ium

production .

      
      

F igu re 7 . C hange in [C a 2+ ] as a func tion o f
am m on ium concen tra tion .

 

  

C u r r e n t a n d F u tu r e W o r k

C arbona te p rec ip ita tion experim en ts

 

are

 

cu rren tly

 

be ing

 

conducted

 

in
m ed ium m ore c lose ly s im u la ting na tu ra l

 

groundw ate r,

 

to

 

de te rm ine
w he the r the obse rva tions derived from

 

the

 

artific ia l

 

ca lc ite

 

prec ip ita tion
m ed ium are app licab le to env ironm en ta l

 

cond itions .

   

In itia l

 

resu lts

 

are
p rom is ing , w ith s low er bu t s till

 

s ign ifican t

 

ca rbona te

 

prec ip ita tion
obse rved . E ffo rts a re a lso cu rren tly

 

underw ay

 

to

 

deve lop

 

spectroscop ic
techn iques (secondary ion m ass spectrom etry

 

and

 

R am an

 

spectroscopy)
tha t can be used to d is tingu ish be tw een

 

up take

 

o f

 

trace

 

m eta ls

 

by
su rface adso rp tion o r by fo rm a tion o f

 

so lid

 

so lu tions .   

M inera l p rec ip ita tes fo rm ed during the experim en ts inc luded spherica l
(F igu re 8 ) and am orphous m orpho log ies (F igu re 9 ). X -ray d iffrac tion
ana lyses ind ica ted tha t the p redom inan t ca rbona te m orpho type fo rm ed
w as ca lc ite . H ow ever,

 

w hen

 

s tron tium

 

w as

 

added

 

to

 

the

 

m ed ium ,
a ragon ite and va te rite

 

w ere

 

a lso

 

observed .

    

 

R e fe r e n c e s

F erris , F .G . and L .G . S tehm e ie r. 1992 B acte riogen ic m ine ra l p lugg ing .
U .S . P a ten t N o . 5 ,143 ,155

F igu re 8 . C a lc ite

 

spheres

 

produced

 

during
p rec ip ita tion experim en t

 

by

 

B .

 

pasteu rii.

   
   

   
 

   
   

 

A c k n o w le d g m e n ts

W e thank D an Law son fo rm erly a t Idaho S ta te U n ive rs ity fo r ass is tance
w ith the iso la tion and charac te riza tion o f u reo ly tic m icroo rgan ism s, A lex
T ren tiew a t the U n ive rs ity o f T o ron to fo r ass is tance w ith the ca lc ite
p rec ip ita tion experim en ts , and A m y B an ta a t P ortland S ta te U n ive rs ity fo r
ass is tance w ith the phy logene tic ana lys is .

  

F und ing

 

fo r

 

th is

 

w ork

 

w as
prov ided by the IN E E L, and by the

 

U .

 

S .

 

D epartm en t

 

o f

 

E nergy ’s
E nv ironm en ta l M anagem en t S c ience P rog ram

 

(D E -F G 07-99E R 15205).
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F igu re

 

5 .

  

P roduction

 

o f

 

am m on ium

 

during

 

prec ip i-
ta tion

 

experim en ts .

                                

                                                                                                                                    

                            

E qua tions fo r u rea hyd ro lys is (1 ), ca rbona te
p rec ip ita tion (2 ), and sum of the tw o reactions (3 ).

HH 22 N C O N HN C O N H 22 + 2H+ 2H 22 O --> 2N HO --> 2N H 44
++ + C O+ C O 33

2-2 - (1 )(1 )

C aC a 2+2+ + C O+ C O 33
2-2 - àà C aC OC aC O 33 (2 )(2 )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
HH 22 N C O N HN C O N H 22 + 2H+ 2H 22 O + C aO + C a 2+2+ àà 2N H2N H 44

++ + C aC O+ C aC O 33 (3 )(3 )

F igu re

 

1 .

  

P ro toco l

 

fo r

 

iso la tion o f u reo ly tic o rgan ism s.

P ink p la tes
ind ica te
u rea hydro lys is

S R P A w e ll
50 X
d il.

S uccess ive 50X
d ilu tions in P B S

U rea A gar con-
ta in ing pH ind ica to r

Ind iv idua l
co lon ies
res treaked

     
    

  
A b s t r a c t

 

C o-p rec ip ita tion

 

in

 

ca rbona te

 

m inera ls

 

can s low the transport o f d iva len t
rad ionuc lides

 

and

 

con tam inan t

 

m eta ls

 

(e .g .,

 

90S r, U O 2 , C o ) in the subsu rface . It
m ay

 

be

 

poss ib le

 

to

 

acce le ra te

 

th is

 

process in ce rta in env ironm en ts by
s tim u la ting

 

the

 

na tive

 

m icrob ia l

 

com m un ity to genera te favo rab le chem ica l
cond itions .

  

A rid

 

w este rn

 

env ironm en ts ,

 

w here ca lc ite p rec ip ita tion is a lready an
im portan t

 

process ,

 

are

 

espec ia lly

 

su itab le

 

cand ida tes fo r such an approach .
W e

 

are

 

eva lua ting

 

the

 

po ten tia l

 

fo r

 

u tiliz ing

 

subsu rface u reo ly tic o rgan ism s to
p roduce

 

cond itions

 

conduc ive

 

to

 

ca rbona te p rec ip ita tion . G roundw ate r
sam p les

 

from

 

the

 

S nake

 

R ive r

 

P la in

 

A qu ife r (S R P A ) underly ing the Idaho
N a tiona l

 

E ng inee ring

 

and

 

E nv ironm en ta l

 

Labora to ry (IN E E L) in Idaho w ere
screened

 

fo r

 

urea -hyd ro lyz ing

 

activ ity ,

 

and

 

tw e lve u reo ly tic bac te ria l iso la tes
w ere

 

recove red .

 

T hree

 

w ere

 

se lec ted

 

fo r

 

fu rthe r cha rac te riza tion and eva lua tion
in

 

ca lc ite

 

prec ip ita tion

 

experim en ts .

 

16S

 

rR N A gene sequence da ta ind ica ted
tha t

 

tw o

 

w ere

 

P seudom onas

 

and

 

the

 

o the r

 

w as a V ariovo rax . U rease activ ity
appeared

 

to
 

be
 

low er
 

in
 

the
 

S R P A
 

iso la tes
 

than in the know n urease -pos itive
spec ies

 

B ac illus
 

pasteu rii,
 

bu t
 

in
 

a ll
 

cases
 

the rem ova l o f d isso lved ca lc ium
from

 
the

 
ca lc ite

 
prec ip ita tion

 
m ed ium

 
m atched equ ilib rium pred ic tions based on

m easured
 

am m on ium
 

concen tra tions .
  

X -ray d iffrac tion ana lyses ind ica ted tha t
ca lc ite

 
is

 
the

 
predom inan t

 
ca rbona te

 
po lym orph prec ip ita ted . H ow ever, w hen

stron tium is inc luded in the m ed ium , a ragon ite and va te rite have a lso been
observed .

 

Is o la t io n a n d C h a r a c te r i za t io n

S evera l S R P A groundw ate rs co llec ted from dep ths rang ing from 75 to >210 m
w ere screened fo r u reo ly tic o rgan ism s us ing d iffe ren tia l m ed ium (F igu re 1 ). A ll
sam p les tes ted pos itive ly fo r u reo ly tic ac tiv ity , and tw e lve iso la tes w ere
ob ta ined . F a tty ac id m ethy l es te r (F A M E ) ana lys is ind ica ted tha t they fe ll in to
th ree

 

m ain

 

groups

 

(F igu re

 

2).

  

O ne

 

m em ber o f each group w as se lec ted fo r
fu rthe r

 

charac te riza tion

 

and

 

eva lua tion

 

in

 

the

 

ca lc ite p rec ip ita tion experim en ts .

  
 

R e le v a n c e to E M N e e d s

T h is p ro jec t add resses the need fo r E M to deve lop new approaches to the
rem ed ia tion

 
o f

 
subsu rface

 
env ironm en ts

 
con tam ina ted by m eta ls and

rad ionuc lides .
  

T em pora ry
 

im m ob iliza tion
 

o f
 

these con tam inan ts in the vadose
or

 

sa tu ra ted

 

zones

 

by

 

inco rpo ra tion

 

in to

 

m inera l phases can be a cost-e ffec tive
m eans

 

o f

 

reduc ing

 

the

 

risks

 

posed

 

by

 

these con tam inan ts . O ur inves tiga tions
o f

 

the

 

geochem ica l

 

and

 

b io log ica l

 

m echan ism s invo lved in m icrob ia l ca lc ite
p rec ip ita tion

 

w ill

 

prov ide

 

the

 

sc ien tific

 

underp inn ings necessa ry fo r the
deve lopm en t

 

and

 

prac tica l

 

im p lem en ta tion

 

o f th is nove l in s itu rem ed ia tion
techno logy .
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F igu re  4 .   pH  evo lu tion  during  prec ip ita tion experim en ts .
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F igu re  2 .   P lo t  o f  F acto r  1  vs .  F acto r  2  from  princ ipa l  com ponen ts
ana lys is  o f  fa tty  ac id  m ethy l  este r  (F A M E )  ana lys is  o f  S R P A
iso la tes .

 

 

 
 

 

   

         

           
            A ll

 

w ere

 

gram

 

nega tive ,

 

rod -shaped ,

 

facu lta tive

 

he te ro trophs,

 

bu t ca rbon
source

 

u tiliza tion

 

pro files

 

(B IO LO G

 

G N )

 

ind ica ted

 

d iffe rences

 

be tw een the
iso la tes (F igu re 3 ). P hy logene tic ana lys is o f the iso la tes ind ica ted tha t the ir
16S rR N A sequences w ere a ll s im ila r to env ironm en ta l eubacte ria l sequences
repo rted p rev ious ly in the lite ra tu re . T w o w ere iden tified as P seudom onas ,
and one as V ariovo rax . E xpe rim en ts w ith d iffe ren t g row th cond itions ind ica ted
tha t fo r a ll th ree iso la tes u rease activ ity is induc ib le ra the r than constitu tive .

F igu re

 

3 .

  

P lo t

 

o f

 

F acto r

 

1

 

vs .

 

F acto r

 

2

 

from

 

princ ipa l com ponen ts
ana lys is

 

o f

 

substra te

 

u tiliza tion

 

resu lts

 

fo r

 

incuba tion in B IO LO G
G N

 

m icro tite r

 

p la tes (n = 2 fo r each iso la te ).
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E xperim en ta l D es ign
C e lls g row n overn igh t in B ra in H eart In fus ion (B H I) b ro th supp lem en ted by 20
g /L u rea w ere harves ted by cen trifuga tion and w ashed to rem ove res idua l
m ed ium . C e ll suspens ions a t a fixed op tica l dens ity (O D 600 = 0 .149 ) w ere
in troduced

 

in to

 

the

 

ca lc ite

 

prec ip ita tion

 

m ed ium

 

(C P M ), cons is ting o f 3 .0 g /L
N u trien t

 

B ro th

 

(D ifco ),

 

25

 

m M

 

C aC l2 ,

 

25

 

m M

 

N aH C O 3 , and 333 m M urea
(F e rris

 

and

 

S tehm e ie r,

 

1992).

  

P os itive

 

con tro ls

 

con ta in ing B ac illus pasteu rii,
an

 

organ ism

 

know n

 

to

 

express

 

urease

 

constitu tive ly , w ere a lso p repa red
(O D 600

 

=

 

0 .072

 

and

 

0 .041 ).

   

T rip lica te

 

experim en ta l

 

flasks

 

w ere

 

incuba ted a t
room

 

tem pera tu re

 

w ithou t

 

shak ing

 

fo r

 

periods

 

o f

 

up

 

to

 

8

 

hours . C a lc ium
concen tra tions

 

and

 

pH

 

w ere

 

m easured

 

us ing

 

ion

 

se lec tive

 

e lec trodes. U rea
hyd ro lys is

 

w as

 

m on ito red

 

rou tine ly

 

by

 

m easuring

 

am m on ium ion
concen tra tions ;

 

com parison

 

w ith

 

d irec t

 

m easurem en ts

 

o f

 

urea

 

con firm ed the
co rre la tion

 

o f

 

the

 

tw o

 

param ete rs .

 

 

  
  

U r e a H y d r o ly s is a n d C a lc i t e P r e c ip i t a t io n E x p e r im e n ts

Principal Investigators:
Robert W. Smith1, Frederick S. Colwell 2, F. Grant Ferris 2, Jani Ingram 2 and Anna-LouiseReysenbach 3.   Co-investigator: Yoshiko Fujita 1.
1. Idaho National Engineering and Environmental Laboratory, P .O. Box 1625, IdahoFalls,ID83415-2203
2. University of Toronto, Department of Geology ,22 Russell St., Toronto, Ontario M5S3B1 
3. Portland State University, Department of Environmental Biology, Portland, OR 97207
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Calcite Precipitation and Trace Metal Partitioning in Groundwater and the Vadose Zone: Remediation of 
Strontium-90 and Other Divalent Metals and Radionuclides in Arid Western Environments


