[
=
=b
N

Q.

VANANTHAZINUINENLA LU D

M e e o - = ! o e . o v
waaladvraunadenAtfuain  unssrgaiianiefiinisunsnszaaiallun
Hulanwudszuins 4 wefifudlnsinuinaeaddanian wulduinlufiunsney
(sedimentary  rock) v Wuu Wudau waziiuniy Aelugninuradanniania
9 %

WAAIUNAR LAZLUA LAY (Hammes and Verstraete, 2002, pp. 3-7: Klien and
Hurlbut, 1999, unpaged) Tnanuduuaf@adunuindrAmed1auinlunisiinnzna
WATANTATANTRIWARITYN AT UL luun U NaN MW AR AL uTaN uaNaINTRETINL9T
Tassafrenisluiradeesd@eadidinnanganilonfidunuindndoylunisadienzno

& =Y =1 =Y & cxl 4 ' aqlld ' | . oy
arfuelun AaluinAeunTovsanaelonaas Jelaseadranariifodny primitive
endosymbiotic bacteria (Castanier, et al., 2000a, unpaged) lagflasafinasanis

=~ I P , = Py v v =
ANAZNAUIDILAALTLNANTUALUAL 4 ad19Ae 1) Usuinimududuaasunaidey
2) Ufnnaarnduduaasansuaius  3) aniwanundunsa-fne (pH) way 4)
Gg@@ufjﬂm\ﬂﬁ‘ﬁﬂ FAANIIANALNDU (nucleation sites) (Hammes and Verstraete,
ot 9 " a = d% d‘ =
2002, pp. 3-7) IANQHIUAINITANAZNOUANTUAIBARINTITUTIIRAzIAATY 1ila Tl
B ududuresuaa@anuaz/meanfuammiinduluaisazany wialaanisan
ANNNAINITD TUNPAZRIUTDANTUNLAL/MIDANFUBLUARY NA9aNAZNauLAR A4

o os dl' ] =y dl [ 1=
neantladenisnianinau) 1y nessmerrenisilfeuulasnesssiug g iuas
o’ =Y a ar = t o = = rd{ - ot al Z// 4 |
Awsu virelnafdadanisdaniniiuianssnaesqdaunid dagadaeauuaicatuiedn
dlugudnaneanisiiaussigsendnaninscuaunisiiniuaesiy  (Ferris, et  al.,
1987,  pp.  225-232) WazAaInnIsAn®13a82e9inangmansuanavinwld i uiunay
WUANANITANAZNAWAATULUETARI9WLAT 38 (Fujita, et al., 2000, pp. 305-318
Hammes, et al., 2003c, pp. 699-704; Warren, et al., 2001, pp. 93-115; Kile, et al.,

~ o o . 4

2000, pp. 2937-2950) Lummﬂlwﬁmmiuw@qm@mmm@u nucleation sites U89

kA
o o

aduuAEe aatuaziiulddraruladaurnazfunuindrduinlunisfinnag

=

ANATNBUANTLBLUR ARV



m‘mnm%ﬂ@uﬂﬂfa{umumtmﬂaauwgﬂ (Microbial carbonate precipitation, MCP)
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(Castanier, et al., 1999, pp. 9-23; Hammes and Verstraete, 2002, pp. 3-7)

CO, + H,0 — (CH,0) + O, (1)
2HCO, <> CO, + CO,” + H,0 (2)
CO,” + H,0 «> HCO, + OH (3)
Ca’'+ HCO, + OH — CaCO, + 2H,0 (4)
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Cas0,.2H,0 — Ca’" + S0, + 2H,0 (5)
2(CH,0) + SO,” — HS + HCO, + CO, + HO (6)
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pp. 875-885; Taino, et al., 1999, pp. 139-145)
CO(NH,), + 2H,0 — CO,” + 2NH,’ (7)

nsanAznauAIsatuAlaeauyFditunszusunistalasladauaseide
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M1519 1 NITHAR CaCO, lAARUNTENG519ANSUBLUARINNTEUIUNIG

lalnslaGaunsgse
Purpose Urea Cca” Urease References
(mM)  (mM) activity (mM
urea.min’)

s sequestration 333 25 0.045 (Fujita, et al., 2000,
pp. 305-318)

sr*° sequestration 330 0.025 0.042 (Warren, et al., 2001,
pp. 93-115)

removal of Ca’" from 16 14 0.293 (Hammes, et al.,

wastewater 2003c, pp. 699-704)

removal of Ca’" from 8 15 0.032 (Hammes, et al., 2003a

wastewater pp. 191-201)

stone remediation 383 12-50 0.190 (Stocks-Fisher, et al.,
1999, pp. 1563-1571)

stone remediation 66 25 0.041 (Bachmeir, et al., 2002,
pp. 171-181)

portland cement 839 50 n/s (Ramachandran, et al.,

remediation 2001, pp. 3-9)

plugging of rock 333 0.025 n/s (Gollapudi, et al., 1995,

pores pp. 695-705)

surface treatment for 167 14 n/s (Dick, et al., 2006, pp.

degraded limestone 357-367)

surface treatment for 167 67.5 n/s (Muynck, et al., 2008,

concrete pp. 875-885)

WNIELUR: n/s = not stated
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et al., 1972, pp. 178-196) waz Klebsiella acrogenes (Friedrich and Magasanik,
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Aaandan Tuilefiansnanniianuaiuisaluniaie biocementation uasdasnia
A9 meRauandanudarnudl wuafielaoeniylunguaas Bacilus sp. (A1319 2)

HAnsn wuazimsnrauseni st ez Tend ldwn Sporosarcing pasteurii
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A1919 2 naNwasqdunannanssnaasanlmigsiaaligndudilaauaniaian

Microaorganisms High Not Not Pathogenic or
activity repressed Genetically
by NH," modified
Sporosarcina pasteurii v 4 4

(Bacillus pasteurii)

Proteus vulgaris Unknown 4 Moderated
Proteus mirabilis Unknown v X
Helicobacter pylori v v X
Ureplasmas (Mocillicutes) v v X

Sporosarcina pasteurii (Bacillus pasteurii) (Yoon, et al., 2001, pp. 1079-
1086)  fluuuafiGediase ldmluaninue adeniifusig (alkaliphilic  bacteria)
arursonuldiallludunas wude (Sneath, 1986, unpaged) WUATIZE S. pasteurii
dnalnnnsaine  ATP Afldnmmizianny ﬁ@L'ﬁm%umu@'Mﬁuma“iaimim%mqgﬁ@
Tpeinnsasng ATP fngﬂmuamﬁm proton motive force (Ap) faflunaanges

transmembrane  pH gradient (ApH) Waz charge gradient w38 membrane

potential (AW):

(Ap) = (ApH) + (AW)

doudalddnmasey luanmueadaniiunans (neutrophilic  organisms) az
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CO(NH) Oﬁcﬁ g)é}é)éb
3 Exfﬁm;s gg 9‘25 ‘ | @ C{f&wé}é

L Ratio 50 : 50 Q??\L

Internal pH 8.4
! NH; : NH4+

? Ratio 30 :70

Urease
OO (@ =lapH
O‘/\/\‘O 2 NH;{P a3 COBE_
(%36) 70% | | 30%
H++NH3%&2NH3+2H*
50"/6“/50%

NH4*

NN 2 Coupling of urea hydrolysis W8 ATP generation
ARY  S. pasteurii

finn: Jahns, 1996, pp. 403-409
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constant  (pKa) a93axa@aIAil NH/NH," #%9 NH, way NH, fSdagouilsuimuh

Winiw (50 ¢ 50) A9udAIlAIn 3

100 ¢ o o-e € 00— ¢_ S

90 - RN A

80 A

70 - o

60 - \NY/
\%\

50 %

40 - 1M

N
30 - /’7{ "
20 - o,

10 1 - "o,

Speciation (%)

O A \ ~ 3 1{,,‘/\ £
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Tonnlaeeinuannig glutamine synthase-glutamate synthase (GS- GOGAT) 138

I@ﬂﬂiﬁ?mm@d glutamate dehydrogenase (GDH) (Tyler, 1978, pp. 1127-1162)



