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Abstract. The objective of this study is to isolate sulphate reduction bacteria (SRB) from acid 
mire water collected at Sg Pelepah Kota Tinggi, Johor Malaysia. The isolation process was 
conducted in high alkaline and anaerobic conditions to sustain the bacteria in concrete 
environment. Properties tests such as compressive strength and water penetration were 
conducted. The result showed that optimal growth condition of sulphate reduction bacteria is 
pH 9-10. It was also observed that the bacteria is a coccus shape after gram staining process. 
The bacteria was used after 10 days of culturing prior to growth curve measurement. The liquid 
culture containing sulphate reduction bacteria were used at 1%, 3% and 5% as replacement 
ratio of water content. Concrete specimens were cured in the air conditions for 7, 14 and 28 
days. Maximum increment on compressive strength was 13.0% and decrement in water 
penetration was 8.5% occurred with 5% of SRB. The enhancement in compressive strength and 
water penetration performance was due to calcium precipitation within concrete pores. Image 
of scanning electronic microscopy (SEM) showed bacteria sustained and survived in concrete 
environment by reducing diameter of pores in concrete specimens. 

1 Introduction  

Concrete is the first most consumed material in construction projects. The application of concrete  is  
rapidly  increasing  with  the  increasing  of  types  of  concrete  worldwide.  Recently, concrete 
technology presents many types concrete which are economically and friendly with environment. 
Today innovation is leading to natural solution for environmental impacts of concrete as sustainable 
alternative. However, the development of a sustainable concrete is urgently needed for environmental 
reasons. Biotechnology, applied to create   new type of concrete namely bio- concrete using 
microorganism as natural way to improve concrete properties [1]. 

Therefore,  bio-concrete  is  the  used  many  types  of  bacteria  whereas,  the  most  popular 
bacteria used in concrete are (Bacillus Pasteurii Pseudomonas Aeruginosa, Bacillus Sphaericus, 
Ureolytic and Shewanella) to produce carbonate [8-11]. The presence of calcium sources in cement 
material plays an important role in producing calcium carbonate through enzyme reaction from those 
bacteria. Metabolic activities of some specific microorganisms in bio-concrete resulted by microbial 
mineral precipitation which in role improve the overall behavior of concrete and help in healing 
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process of pores and cracks [6]. Bio-concrete application is rapidly increasing worldwide and the 
development of bacteria mediated bio-concrete is urgently needed for environmental reasons [2, 3]. 

SRB has the ability to precipitate the dolomite consisting of a carbonate of calcium and 
magnesium. Precipitation of calcium carbonate is the essentially role of sulphate reduction bacteria 
which functionally has the ability to create an alkaline environment through various physiological 
activities [4]. Concrete technology used many types of additional materials to improve concrete 
properties such as foamed agent, super plasticizers or pozzolanic materials fly ash, biomass, silica 
fume, and other admixtures materials [5]. In addition, adding bacteria to the conventional concrete or 
other types of concrete to produce new type of concrete namely bio-concrete. Therefore, bio- concrete 
can be considered as modern concrete comparing to conventional concrete. The used of bacteria in 
different types of concrete to improved concrete properties and healing process such as fly ash 
concrete and concrete incorporating silica fume. Furthermore, the potential of bacteria in bio- concrete 
to act as self-healing of micro-cracks in concrete has proven to be a promising future [7]. 

Based on the statements above, it can be seen clearly bacteria have the ability to precipitate 
calcium which in line with filling pores and enhance concrete properties. But the most problem 
restricting the growth of bacteria inside the concrete were high alkaline and anaerobic conditions. In 
this study, (SRB) isolated with high alkaline and anaerobic condition with the aim to survive in the 
concrete environment. Hence, the evaluation of bio-concrete behavior in compressive strength and 
water penetration properties should be optimized. 

2 Methodology 

2.1 Isolation of bacteria 

SRB applied to concrete as surface treatment. Based in the previous publications, conducted by  other  
researchers,  bacteria  with  gram  positive  capable  to  precipitate  carbonate  calcium  in concrete 
through the biological process in concrete mix [9, 11-13]. 

Source  of  SRB  from  acid  mire  water  collected  from  Sg  Pelepah  Kota  Tinggi,  Johor 
Malaysia.  Whereas,  the  isolation  process  of  SRB  was  following;  enrichment,  serial  dilution, 
streaking plate, strain purification, gram staining and microscopy. SRB was enriched under special 
environment to tolerate the high alkalinity and anaerobic conditions for ensuring self sustain in the 
concrete.  In  this  study  magnesium  sulphate  heptahydrate  AR  (MgSO4.7H2O)  was  added  to 
simulate sulphate environment during isolation. The compositions of media for control and SRB  were 
prepared as follow: 

a) Composition of sulphate reduction bacteria sample (SRB) consists of 25 ml (nutrient broth 
+10 ml (Mg SO4.7H2O) + 1 ml (water from Sg pelepah Kota Tinggi). 

b) Composition of control sample for sulphate reduction bacteria consist of 25 ml (nutrient broth) 
+ 10 ml (Mg SO4.7H2O). 

Traditionally, bacteria can’t survive in high alkaline environment and anaerobic conditions due to 
high pH value will effect microbial life which influence the dissociation and solubility of many 
molecules in bacteria enzyme [14]. Therefore, after samples preparation pH was adjusted in alkaline 
condition. The pH adjustment was done using NaOH until pH value in the range of 9-10. The other 
condition that was monitored along this study is anaerobic condition of the enrichment. Nitrogen 
gas was purged in the enrichment flask before enrichment started. The concentration of oxygen should 
be at 0 ppm and was measured with dissolve oxygen meter. The flask was shaked at room 
temperature. The adjustment of pH and anaerobic condition were done every day over the enrichment 
period of 20 day. 
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2.2 Concrete mixture proportion and materials properties 

Concrete mixtures was designed according to (DOE) Department of Environment for target 28 days 
compressive strength of 30 MPa. Concrete mix proportion used 0.54 w/c to achieved the target 
strength as illustrated the details in Table 1. Ordinary portland cement was used and manufactured by 
Holcim Malaysia which the composition and specification complying with all requirement defined by 
BS EN 197-1:2000 [17]. The size of fine aggregate was below 5mm   while coarse aggregate 
was in the range (12-20)mm. Whereas, the requirement size of aggregate   in concrete 
used sieve analysis test which conducted according to BS 882-1992 [18]. 

Table 1. Mix proportion of bio-concrete with different percentages of SRB. 

Percentage 
(%) of bacteria in 

batch 

Cement 
(kg) 

Water 
(kg) 

Fine 
aggregate 

(kg) 

Coarse 
aggregate 

(kg) 

Bacteria 
growth medium 

(1kg = 1L) 

0 % 420 210 685 1115 0 
1 % 420 207.9 685 1115 2.1 
3 % 420 203.7 685 1115 6.3 
5 % 420 199.5 685 1115 10.5 

2.3 Preparation of test specimens 

Concrete cubes were prepared with different concentration of sulphate reduction bacteria in growth 
medium which replace 1%, 3% and 5% of water content. The cell concentration was determined from 
the bacterial growth curve made by observing the maximum turbidity was 710 NTU at day 10. 
Control concrete specimens were casted with out any additional of SRB. All experiments were 
performed in triplicates and curried in the dry conditions along the curing period. 

2.4 Compressive strength test 

Control concrete was designed using (DOE) to reach 30 MPa on compressive strength at 28 day of 
curing period. For bio-concrete mixes water was partially replace with 1%, 3% and 5% (SRB) liquid 
culture by weight of water. After casting control sample and different mix of bio- concrete the mortar 
demoulding in cubs with size of 150mm x 150mm x 150mm to be tested on 7th, 14th and 28th day of 
curing. The test was carried out using compressive strength Test Machine to conduct according to BS 
EN 12390- 3:2002 [19]. 

2.5 Water penetration test 

Water penetration test was conducted according to BS EN 12390-8 [20] in ordure to determine the 
increase in resistance towards water penetration in concrete specimens as shown in Figure 1. The 
cubes molds of 150mm x 150mm x150mm were prepared both with and without (SRB). Concrete 
specimens were cured in dry air for 7th, 14th and 28th days. After curing the specimens water 
penetration test machine siting with constant pressure of 5 KPa for 72 hours to measure the water 
penetration depth, then specimens is splitting in half and the maximum depth of penetration of water 
measured in (mm). 
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Figure1. Water penetration test. 

3  Results and Discussion 

3.1 Compressive strength 

The compressive strength of bio-concrete   increased gradually along 7, 14 and 28 days using different 
ratio of (SRB) liquid culture with 1%, 3% and 5% to replace water. Furthermore, the results emerged 
the maximum increment of compressive strength were with specimens contained 5% and the lower 
increment was with 1% of SRB. On the other hand, bio-concrete specimens contained 3% of SRB 
display good performance in compressive strength whereas; the results was closed to the specimen 
with 5% of SRB specially at 28 days as shown in Figure 2. The compressive strength result of bio-
concrete contains 1% ,3% and 5% of SRB increased  comparing to the control samples by 5.9 %, 
11.7% and 13.0% respectively at 28 days of curing time. Therefore, the result of compressive strength 
of concrete increase with the increment of SRB replacement ratio. The observation of the 
enhancement in compressive strength using (SRB) was due to deposition of calcium which conform 
the precipitation of CaCO3 on the microorganism cell surfaces and within the pores in side the 
concrete, which plug the pores within the binder matrix. Similar results were reported by other 
researchers [3, 15]. 
 

 
Figure 2. Compressive strength of concrete with different ratio of SRB. 
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3.2 Water penetration 

The results presented reduction of water penetration with all replacements ratio of water 1%, 3% 
and 5% by SRB in bio-concrete specimens. Also indicated that, the increment of (SRB) had inverse 
relationship with reduction of water penetration in bio-concrete specimens. It was estimated that, the 
highest improvement was determined with 5% and the lowest performance  was with 1% of   
(SRB) growth medium in bio-concrete mix. The decrement shows that at 28 day, the water 
penetration reduce by 5.3% , 7.3% and 8.5% for 1%, 3% and 5% of (SRB) as illustrate in Figure 
3.Having bacteria in concrete could reduce the water permeability. Therefore, it increases the 
durability of concrete as it would prevent water from seeping into concrete to cause carbonation of 
steel and chlorination which would jeopardize the strength of the structure and cause the whole 
building to be less durable than intended to [16]. 
 

 
Figure 3. Water penetration depth with different ratio of SRB. 

4  Conclusion 
Out of all isolated cultures developed and tested of sulphate reduction bacteria it can be concluded 
that, (SRB) successfully isolated to survive in the alkaline environment in the range of 9-11 pH with 
anaerobic conditions. Furthermore, using of (SRB) in concrete increase the compressive strength and 
decrease of water penetration.  Whereas, the highest    increment    in compressive strength of bio 
concrete was 13% with 5% of (SRB) compared to the control specimens at 28 days with same curing 
conditions. On the other hand, the maximum decrement of water penetration was 8.5% with 
replacement ratio 5% of (SRB) compared to the control sample at 28 days. 
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