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ABSTRACT

This study was performed to develop a method for quantitative analysis obtaining the amount of calcium carbonate
minerals formed when Ca salts biomimetically reacted with carbon dioxide. There were two methods compared; 1)
volumetric calcimeter method that determining the amount of released carbon dioxide after calcium carbonate minerals
were acidified by 4N HCI and 2) Thermogravimetry-Differential Thermal Analysis (TG-DTA) adopting differential
decomposition temperature breaking-up the structural link within calcium carbonate minerals. The comparisons were
made by batch experiment (i.e., biocalcification process) along with control (i.e., nominal concentration of CaCO;
prepared). For the control, TG-DTA took a minor root mean square deviation (RMSD) of 1.1~5.9 mg, whereas volumetric
calcimeter exposed a greater RMSD of 28.3 mg. For the biocalcification, the amount of CaCO; was more precisely
obtained for TG-DTA rather than that of volumetric calcimeter. It was decided that TG-DTA was more successfully used
for quantitative analysis to observe the amount of calcium carbonate minerals derived from biocalcification.
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Table 1. Chemical composition and concentration of NHs-YE
medium for the incubation of Bacillus pasteurii

Composition

Components Conc. (g/L)
Yeast extract 20.0
(NHy), SO4 10.0
Tris buffer (pH 9.0) 15.7
Agar (if needed) 20.0

WHFS}=  shaking  incubator(Vision, VS-8480)°l] %
30°CollA] wiekstTt. o] W wieFeRe] Ral= 100 mLE
Star w=]e] Table 19 JERNQITE 34, wjok
|71 W 371 2305 FAE] Ak 1% Air 7R
(05 21%+N, 79%, vv%)S 1.5L/mind] FZo=2 &
7F FYsIG) ole} Zo) ik 1 st A
o o]-8-3t5act.

Z X0

o

o

247y A 2dsiant. A
$&ked CcaCO; 10, 50, 100, 250, 500 mg2]
| thsle] 45 8L, R? 3k GEdEAd
©] 0.997, Volumetric calcimeter©] 0.9892 AXF =]

. G Volumetric calcimeterd 0.2 Wl &
el R HAE CaCO; 500 mgs s
2ol 0 240RE ARSI,
CaCO; 250 mg¥} Si0, 250 mgS &E3}3}e]
500 mge] HEE g ¥ CaCOyE 431
LIEnAGES S o=

w3k AdE3slE ol A9 CaCosE F+ A4S
53l vl BA8Y7] A3 Bacillus pasteurirs ©]-83
bottle A0} A3}t AT st o] uf Ak
25 serum bottle(Wheatony> Fig. 13} 7o) 1|81t}
S HEAH(TG-DTAYE Volumetric calcimeter H71+2]
Hla g Aol A S fIsted CaCOs(purity >
98.5%, Duchefa, Germany)2} SiO,(Silicon dioxide, 99%,
Sigma-aldrich®)& A7 F=2 A|Z3l] AR89

A3l A 280 mL £39] serum bottle] NB-
NaCl Hj#] 100 mLZ 7}3}aL Q4 (urea. 20 g/L)9} CaCl,
25 mME AL PIAE Al a3 s I 9
slod QlF Air gas(O, 21%+N, 79%, viv%)S 1.5L/
min® FFOZ 18 FYAT. I T Bacillus
pasteurii(ODgyy, 0.8)2}F 4 mmol(v/iv)2] C0O5(99.9%)=
U3k F shaking incubatord] 2] 30°C, 200 rpm=
A 72417 E2t #iFsIATt. NB-NaCl #i#le] 24

=
=
1 F]
1

i3

oy

S



AESLA Zgr3tol] o) AYAIH CaCO; FE2] A why vl Fr} 3

Microcosm sealing with  butyl

stopper

N

180 mL |——

Head space

100 mL |/

Medium + cell

. Artificial air gas (Oz 21% + Ng 79%, v/v%)+
CO2 gas (4 mmol, 99.9%)
Liquid : Solution (urea, 20 g/LL + CaCly, 25 mM) +

Fig. 1. Schematics of microcosm of batch experiment for biomineralization induced by Bacillus pasteurii.

Table 2. Chemical composition and their concentrations in NB-
NaCl medium for batch experiment
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Components Conc. (g/L)
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Fig. 2. Temporal variation of aqueous pH in the batch experiment
incubating Bacillus pasteurii.
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Fig. 3. Temporal variation of injected CO, gas depletion from the
head space in the batch experiment incubating Bacillus pasteurii.
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Fig. 4. Temporal variation of ODgy value observed during the
batch experiment incubating Bacillus pasteurii.
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Table 3. Comparison of quantitative analysis of CaCOj; between TG-DTA and volumetirc calcimeter

Sample Weighted mass TG-DTA Volumetric calcimeter RMSD" (mg)
(mg) (mg) (mg) TG-DTA Calcimeter
CaCO; from amended 500 501.9 460.0 1.13 28.28
sample 250 241.7 290.2 5.87 28.28
CaC0; from 4783 510.6 - -

biocalcification in batch test

“RMSD : Root Mean Square Deviation

“Numbers represents an average of weight values obtained from each quantitative analysis
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