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Abstract 

The biocalcification is considered as an environment friendly process that includes the precipitation of protective layer 
of calcium carbonate on the cement based structures or buildings. In the present study, the biocalcification capacity 
of Bacillus pasteurii was studied on the cement samples. The cement samples were treated with urea and calcium 
salt (calcium carbonate) that act as a source of calcium along with the microorganism under optimum culture 
conditions. Alkaline conditions produced by the activity of the enzyme urease allowed the reaction between calcium 
and carbonate ions that leads to the precipitation of the calcium carbonate. The water absorption test was performed 
to check the presence of a protective layer that provides resistance to water penetration and corrosion to cement. 
The samples treated with calcium  and urea for one hour were found better as shown by less absorption of water 
compared with the untreated samples. Application of Bacillus pasteurii on the cement or the cement based materials 
has the potential to conserve such materials and increase their durability. 
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INTRODUCTION 
 

iocalcification is a term that refers to the 
formation and accumulation of calcium 
carbonate in the presence of 

microorganisms also known as micrbiologically 
induced calcite precipitation (MICP) (Sarde et al, 
2009). This microbial induced calcium carbonate 
precipitation is linked with the phenomenon of 
bio-mineralization. This process occurs in the 
environment created by the microorganism. B. 
pasteurii, soil microorganism and a gram 
positive endospore forming rod, has the ability of 
inducing precipitation of calcium. This bacterially 
induced calcium carbonate precipitation 
decreases permeability against corrosive 
substances and water uptake by capillary action 
(Chunxiang et al, 2009). Under optimum 
conditions, B. pasteurii possess enzyme urease 
which hydrolyses urea and produces ammonia 
and carbonate ions. The calcium ions are used 
as a micronutrient therefore are not utilized in 
large amounts and remain outside the cells. The 
presence of ammonia provides alkaline 
conditions and the carbonate ions formed by the 

hydrolysis combine with the calcium ions. This 
leads to the precipitation of calcium carbonate 
outside the cell. It is also called as ‘bio 
cementation’ (Chunxiang et al., 2009). 

 
Cell + Ca2+

Cell-Ca2+ 
Urea  ammonia + carbonate ions 

Cell-Ca2+ + carbonate ions  Cell-CaCO3 
(precipitated outside the cell). 

 
There is a negative charge on the 

bacterial cell wall because of which the 
positively charged calcium ions will be attracted 
to the cell wall and thus precipitated in the form 
of calcium carbonate (Chunxiang et al., 2009; 
Talaiekhozan et al., 2014). As cement and 
cement based materials are mostly used for 
construction purposes, it provides strength to the 
buildings and their conservation. But due to a 
number of corrosive substances that are present 
in the environment like chlorides, sulphates, 
nitrates, oxides of sulphur and nitrogen along 
with atmospheric moisture, this causes damage 
to the cement buildings and structures (Dhami et 
al., 2014). These corrosive substances react 
with cement and create pores and cracks that 

B 
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reduce mechanical strength and durability. This 
also produces micro-cracks that in turn, cause 
increased moisture absorption and thus results 
in the weakening of the whole structure. To 
counter this problem, the bacterial culture of B. 
pasteurii, along with some essential nutrients is 
used to restore cracks. This study is done to 
analyse the capability of B. pasteurii to 
precipitate calcite utilizing different 
concentrations of cement. The action of this 
urease producing organism therefore 
strengthens cement concrete. Not only can it be 
used for cement but for ornamental stone and 
granite or the restoration of the micro-
cracks.The process is environment friendly and 
increases the life of cement materials. With this 
very easy and convenient technique, this 
method of bio-mediated precipitation of calcium 
carbonate (Chahal et al., 2011) can bring a 
revolution in the field of civil engineering as well 
(Chunxiang et al., 2009; Achal et al., 2011). 

 
MATERIALS AND METHODS 

 
Samples 

Specimen used was a hard cement 
paste formed by adding 45g cement in 100ml 
water and blocks were made. Blocks were 
placed at room temperature for 21 days prior to 
bacterial treatment. This treatment was given so 
that the cement blocks acquire a compact 
structure and cracks are minimized so that false 
positive results can be eliminated. 

 

Bacterial Strains and Culture Media 
The bacterial strain used was 

biochemically identified using the Bergey’s 
Manual identification scheme. A wet mount of 
the strain showed large and uniform rods which 
indicated towards a Bacillus species. The culture 
was gram positive rods after gram staining. 
Spore staining was done using malachite green 
of a month old culture which showed endospore 
bearing rods. Further biochemical testing is 
summarized in table I (Garrity et al., 2011). 
 
Table I:  Sequential biochemical testing for 

the identification of B. pasteurii. 
 

Sr. 
No. 

Tests  Results 

1 Starch hydrolysis (amylase) Negative 
2 Catalase test Positive  
3 Spore staining  Positive  
4 Nitrate reduction  Positive  

Experiment 
Nutrient broth was prepared in 

autoclaved flasks and the inoculum of the 
organism was given aseptically. The flask was 
put on a rotary shaker for 24hours incubation at 
37oC. The pre-prepared cement blocks were 
weighed. The blocks were made from 45g 
cement. 10 blocks were made. 5 were used for 
the application of bacteria while other 5 were 
used as negative controls. After incubation of 
the culture for one day, the cement samples 
were added in autoclaved beakers having 100ml 
culture, 3g calcium source and 3g urea. After 
that beakers were sealed and incubated for 7 
days at 37oC (Chunxiang et al., 2009). 

 
Water Absorption Test 

Cement blocks after the bacterial 
treatment were dried and weighed. These were 
then immersed in water for 24 hours to check 
the absorption. After 24 hours blocks were blot 
dried and weighed again to evaluate change in 
weight (Chunxiang et al., 2009; Banga et al., 
2010; Achal et al., 2011; Dhami et al., 2012). 

 
RESULTS AND DISCUSSION 

 
Samples after the water absorption test 

are shown in Fig. 1. The figure shows  the 
cement block samples when treated with 
calcium carbonate and urea together in A and 
the samples after the treatment in which urea 
was added one hour later in B. The sample in C 
acts as a negative control i.e., no addition of 
bacteria, calcium source and urea. A total of 10 
blocks were used in the experiment to check the 
biocalcification ability of bacteria. Table II shows 
results of water absorption test in all those 
cement blocks. The samples treated with either 
calcium carbonate or urea alone absorbed water 
more as the bacteria couldn’t perform the activity 
of biocalcification. While in case when urea and 
calcium carbonate were added positive results 
were obtained which showed almost no 
absorption of water because the calcium 
carbonate was precipitated in the micro cracks 
of samples (Raut et al., 2014).The blocks B4 
and B5 showed a little decrease in mass which 
may have occurred due to the removal of excess 
calcium carbonate precipitated on the samples. 
The sample that was given calcium carbonate 
and urea one hour late showed better results 
and better resistance to the water as compared 
to the sample that was provided with the calcium 
carbonate and urea together. It may be due to 
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the fact that when calcium source and urea are 
added together, there is not sufficient time 
forcalcium to get in the cracks;urea is 
hydrolysed readily at the same time due to 

which a thin layer of calcium carbonate is 
deposited. But when urea is added one hour 
late, the calcium gets enough time to stick to the 
cracks. 

 

 
Figure 1: 45% Cement blocks before and after treatment with calcium carbonate and urea. 
 
Table II: Representation of blocks before and after water treatment 
 

Components of 
the beaker 

Positive controls for the bacterial 
treatment 

Negative controls 
Plain broth is added without the 
culture 

Block  Weight 
before water 
treatment (g) 

Weight after 
water 
treatment (g) 

Block Weight 
before water 
treatment (g) 

Weight after 
water 
treatment (g) 

Block + culture B1 6.4 9.6 B6 5.3 9.4 

Block + culture + 
calcium carbonate 
 

B2 4.9 7.5 B7 6.2 11.1 

Block + culture + 
urea 
 

B3 7.8 10.9 B8 7.8 11.6 

Block + culture + 
calcium carbonate 
+ urea 
 

B4 8.6 8.4 B9 5.9 11.6 

Block + culture + 
calcium carbonate 
+ urea( 1h late) 

B5 9.7 9.6 B10 6.5 11.7 

 
After 1 hour when urea is added, it is hydrolysed 
and then more carbonates can bind with the 
calcium in the cracks. This deposits a thick layer 
of calcium carbonate and thus the cracks are 
healed. The precipitation of calcite done by the 
microorganism can be by various metabolic 
processes but most commonly used pathway is 
the conversion of organic carbon into inorganic 
carbon (Kraus et al., 2013). On the hydrolysis of 

urea by the action of urease, ammonia and 
carbamate are produced. The carbamate will be 
hydrolysed into ammonia and hydrogen 
carbonate. This hydrogen carbonate is 
dissociated in bicarbonate and hydrogen ions. 
The ammonia after reacting with water will lead 
to the production of hydroxide ions that will 
create the alkaline conditions. This causes the 
increase in pH (Mahanty et al., 2014)which will 
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cause the bicarbonate equilibrium production. 
Thus the amount of carbonate ions in the 
solution increases and this leads to the 
saturation that is increased in the carbonate 
concentration (Chahal et al., 2011; Talaiekhozan 
et al., 2014). This is because the number of the 
bacterial cells increased and thus the activity of 
microbial induced calcium carbonate 
precipitation is enhanced (Chou et al., 2011). 
 
CONCLUSION 

Our study revealed that when bacteria is 
provided with the required optimum conditions it 
is able to heal cracks and enhance durability of 
cement (Achal et al., 2009) as a there is a 
formation of a layer calcium carbonate on the 
surface (Chuab et al., 2012) that strengthens the 
structure. Therefore this study is highlighting the 
calcite precipitating ability by the hydrolysis of 
urea. As cement is widely used in buildings and 
architectural structures therefore its durability 
and improvement in structural integrity by the aid 
of these bio-binders is a wide area of interest. 
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