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ABSTRACT 

Sulphate-reducing bacteria (SRB) are the most dominant bacteria that lead to 

Microbiologically Induced Corrosion (MIC), which is one of the main practical concerns in 

the sustainance and management of pipelines in the petroleum industry. These bacteria are 

anaerobic and non-pathogenic but powerful enough to cause problem both economically and 

ecologically considering the large amounts of toxic hydrogen sulfide they generate in aquatic 

ecosystems. Thus, the study is aimed at comparing the sensitivity of SRB in oilfield produce 

water to some commercial biocides, Tetrakis hydroxylmethyl phosphonium sulphate (THPS) 

and Gluteraldehyde (GLUT) by using Turbidity Method in measuring the effect of the 

biocides on microorganism. The method entails determining the Minimal Inhibitory 

Concentration (MIC), which is just sufficient to prevent rapid growth in a very sensitive and 

suitable medium. This method, instead of noting ferrous sulphide production, it measures 

changes in optical density and sulphate reduction of a logarithmic culture of the test strain 

exposed to the biocide. Inhibition of SRB growth did not occurr at a concentration of 50ppm 

for THPS biocide but was observed for glutaraldehyde biocide. The effect of a biocide on a 

cell is normally dependant on its concentration and it can be seen from the slight increase and 

levelling off of Å600 at 50ppm that glutaraldehyde is bacteriostatic at this concentration 

while THPS was observed to be bacteriostatic at 100ppm. The biocidal activity and biocidal 

efficiencies and recorded that up to 90% for commercial GLUT and up to 85% for 

commercial THPS at 100ppm.  
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INTRODUCTION 

Previous studies agree that sulphate-reducing bacteria are the most dominant bacteria that 

lead to Microbiologically Induced Corrosion (MIC) [1, 2, 3]. Microbiologically Induced 

Corrosion (MIC) is one of the main practical concerns in sustaining and management of 

pipelines in the petroleum industry [4]. Sulphate-reducing bacteria are anaerobic and non-

pathogenic bacteria, however powerful enough to cause problem both economically and 

ecologically [5] considering the large amounts of toxic hydrogen sulfide they generate in 

aquatic ecosystems. 

The activities of SRB in natural and artificial systems are of great concern also to engineers 

in many other different industrial operations [6, 7, 8,]. Oil industries are seriously affected by 

the sulfide generated by SRB [9, 10, 1, 11]. Activities in the oil and gas production involve 
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the extraction of large amounts of water which are often injected back into the reservoir; 
secondary recovery, to maintain reservoir pressure as high as possible. During this 

operation, one of the main steps consists of biocide treatment against sulphate reducing 

bacteria (SRB) which is the well-known microorganism within the oilfield whose metabolic 

(respiration) product is H2S [12]. 

In efforts to reduce the risk of formation damage and corrosion downhole, the industry uses 

biocides to control bacteria levels that can contribute to these damages. There are several 

types of biocide chemical commercially available for oil and gas application; the most 

common types used are Tetrakis Hydroxylmethyl Phosphonium Sulphate (THPS) and 

Gluteraldehyde (GLUT). A favoured benefit to THPS is that it is considered degradable and 

non-bioaccumulative in the environment. Therefore it is extremely important to evaluate 

biocide chemicals prior to start-up of any system [13]. Produced water is largely seen as 

contaminated water. And as such, considering that biocides generally inhibit the growth of 

SRBs, this study tries to compare the performance of two different commercial biocides in 

reducing the contamination of the produced water. 

One of the simplest ways to measure the effect of a biocide on microorganism is by 

determining the Minimal Inhibitory Concentration (MIC) which just prevents growth in a 

suitable medium. Thus, the present study is aimed to compare the sensitivity of SRB from 

oilfield produce water to commercial biocides (THPS and GLUT) using the turbidity method. 

 

2. MATERIALS AND METHODS 

2.1 Culture Medium (Postgate C Medium) 

Postgate C medium was prepared according to the chemical composition shown in Table 1. 

All the ingredients were mixed together with 1litre of distilled water and stirred for 30 

minutes. The pH was adjusted to 7.5 before autoclaved at 121
o
C for 15 minutes. The medium 

was then sparged with nitrogen gas for approximately one hour to remove oxygen from it. 

 

Table 1: Composition of Postgate C bacterial medium (Postgate, 1984) 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2   Physicochemical Analyses of the Produced Water 

Physicochemical parameters such as pH, electrical conductivity, salinity, total petroleum 

hydrocarbon (TPH), sulphate concentration were determined using pH meter, EC1 meter 

(Accepta Boiler Water Test Kit) Metrohm Titrator, Fourier transform Infrared Spectrometer 

and Sensidyne Nephelometer respectively. Determination of other chemical parameters of 

Produce water: Such as Total Dissolved Solids, Hardness, Salinity, Chlorides, Sulphite, 

Phosphate, Electrical Conductivity, Alkalinity, were done according to the individual 

procedures from Accepta Boiler Water Test Kit Manual. 

S/N Ingredients Concentration (g/l) 

1 Sodium Lactate 6.0 

2 Na2SO4 4.5 

3 NH4Cl 1.0 

4 Yeast Extract 1.0 

5 KH2PO4 0.5 

6 C6H5Na3O7.2H2O 0.3 

7 CaCl2.6H2O 0.06 

8 MgSO4.7H2O 0.06 

9 FeSO4.7H2O 0.004 
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2.3. Enumeration of SRB using Most Probable Number (MPN) 

The produced water was inoculated into a serum bottle containing 9ml of Postgate C 

medium, the bottle was incubated at 30℃ for 2 days. After SRB growth was observed in the 

medium, 1ml of the bacterial growth was inoculated into a serum bottle containing Postgate 

C medium. The number of bacteria present in 1ml was determined by triplicate extinction 

serial dilution; 12 serum bottles were arranged in sets of 3, A, B, C of four (4) successive 

dilutions (3x4). The bottles were incubated for 10 days and the numbers of bottles with 

positive growth were counted and the MPN of microorganisms was determined using the 

MPN table for a three-replicate design from the Food and Drugs Administration Bacterial 

Analytical Manual. 

 

2.4. Biocide Test Procedure 
The freshly prepared Postgate C medium was dispensed into (4) 10ml serum bottles. 0.1ml of 

the produced water was inoculated into the 4 serum bottles containing the Postgate C medium 

and the bottles were incubated at 30
o
C for 4 days. The formation of black precipitate and a 

rotten egg smell in the medium indicated the presence/growth of SRB. 

Fresh Postgate C medium was dispensed into 33 serum bottles, 16 of the serum bottles were 

inoculated with THPS biocide while another 16 bottles were inoculated with GLUT biocide 

at different concentrations (4 bottles each dosed at 50ppm, 100ppm, 150ppm and 200ppm) 

respectively and the last bottle (control) was inoculated with 1ml of distilled water. The 

bottles were autoclaved at 121
o
C for 15mins. 1ml from the serum bottles already containing 

SRB growth was inoculated into the 32 bottles containing the biocides at different 

concentrations. The effect of the biocide on SRB was determined by measuring the turbidity 

of culture absorbance at a wavelength of 600nm using a UV spectrophotometer at 1 day 

interval for 4 days. The efficiency of the biocide was calculated using the formula:   

 

𝐸% =  
𝑈𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 − 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑

𝑈𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑
 × 100% 

 

3. RESULTS AND DISCUSSION 

The Physicochemical properties of produced water vary considerably depending on the 

geographical location of the field, the geological formation with which the produced water 

has been in contact for thousands of years and the type of hydrocarbon product being 

produced. Physicochemical analysis of produced water as recorded in table 2 revealed that it 

was a very good source for SRB due to the sulphate contents (1795 mg/l).  

 

Table 2: Physicochemical properties of the produced water sample 
PARAMETERS         VALUE 

pH (mg/l)  6.58 

Temperature (
o
C) 27 

Alkalinity (mg/l) Nil 

BOD (mg/l) 674 

Specific Gravity 1.0854 
Electrical Conductivity (μs/cm) 2620.0 

Resistivity (Ohm m) 0.0784 

Total Dissolved Solids (mg/l) 1258.5 

Hardness (mg/l) 25053.2 
Total Petroleum Hydrocarbon (mg/l) 117 

Total Soluble Solids (mg/l) 3348 

Salinity (mg/l) 1300.6 
Chlorides (mg/l) 204.50 
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Sulphate (mg/l) 1795.00 
Phosphate (mg/l) 18.00 

 

3.1. Enumeration of SRB from the produced water using the MPN Method. 

Table 4.2 shows the MPN and average turbidity reading for both sulphate-reducing bacterial 

strains present in Postgate C media using the Most Probable Number (MPN) bacterial 

enumeration method. 

 

Table 3: Bacterial growth observation for MPN of SRB in Produce Water 

Sample: Produce Water                                              Test: MPN of SRB 

Treatment Dosage:  Nil 

Final changes in Bottles after 28 days 

 Dilution 1 (10
1
) Dilution 2 (10

2
) Dilution 3 (10

3
) Dilution 4 (10

4
) 

Replica 1 Bottles + + + - 

Replica 2 Bottles + + + - 

Replica 3 Bottles + + - - 

Counts skipped 3 2 0 

NB: ’+’ means growth and ’-’ means no growth  Colour change: Light yellow/Beige to Black 

 

The results below were calculated from the Most Probable Number table using the findings in 

the tables above; 

 

Table 4: MPN of SRB in Produce Water 

Water Sample MPN of Bacterial SRB 

(bacterial/ml) 

Turbidity 

(Absorbance) 

Produce Water 9.5 x 10
3
 0.419 

 

 
Figure.1: Evidence of SRB Growth and Metabolism in the Postgate’s C Bacterial media 

 

3.2. Turbidity of Produce water treatment with Biocide 

The Figures 4.2 and 4.4 show the average turbidity reading for sulphate-reducing bacterial 

strains present in the produced water treatment with THPS and GLUT biocide at different 

treatment rates over different time interval and the temperature set for growth was 30°C 

throughout the experiment. In order to get reliable growth pattern of SRB, turbidity test was 

on a daily basis for a period of 4 days.  

In Figure 4.3, black colour of the medium and rotten egg smell is the indicator of the SRB 

growth within 1 to 3 days after the injection of SRB seed into the THPS treated medium, 

which was observed in the treatment dosage of 50ppm (Figure 4.3). The bacterostatic and 
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bactericidal activities of the biocide THPS on the SRB was confirmed by the decreased 

number of turbidity over time for the different treatment dosages of 100ppm, 150ppm and 

200ppm of the biocide.  

The bactericidal activity identified in the graph showed a drastic decreasing pattern of the 

turbidity figures recorded in treatment rate of 100ppm to 200ppm of the THPS biocide. On 

the final day of the experiment, the turbidity in the bacterial media recorded the lowest at 

0.197, 0.029, 0.013and 0.012 Abs for 50ppm, 100ppm, 150ppm and 200ppm respectively. 

The bactericidal activity of the biocide GLUT on the SRB was confirmed by the drastic 

decreased number of turbidity over time for the different treatment dosages of the biocide 

(Figure 4.4). Inhibition of SRB growth occurred at a concentration of 50ppm. On the final 

day of the experiment, the turbidity in the bacterial media recorded the lowest at 0.029, 0.019, 

0.008 and 0.004 Abs for 50ppm, 100ppm, 150ppm and 200ppm respectively. 

 

Figure 2: Activity of THPS Biocide on the SRB at different treatment rates with 

different time interval 

  

 

 
Figure 3: Bacterostatic and bactericidal activities of the biocide THPS on the SRB at 

different treatment rates and different time interval after 4 days incubation. 

y = 0.001x + 0.195
R² = 0.267

y = -0.038x + 0.183
R² = 0.979

y = -0.044x + 0.168
R² = 0.917

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 1 2 3 4 5

A
b

so
rb

a
n

ce
 (

6
0
0
n

m
)

Time Interval (day)

50

100

150

200

Control

https://dx.doi.org/10.26808/rs.ed.i10v1.03


DOI : https://dx.doi.org/10.26808/rs.ed.i10v1.03 
International Journal of Emerging Trends in Engineering and Development         Issue 10, Vol.1 (Dec 19-Jan 20) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 

©2020 RS Publication, rspublicationhouse@gmail.com Page 26 

 

 

 
Figure 4: Activity of GLUT Biocide on the SRB at different treatment rates with 

different time interval 

 
Figure 5: Bacterostatic and bactericidal activities of the biocide GLUT on the SRB at 

different treatment rates and different time interval after 4 days incubation. 

 

3.3. The Efficiencies (E %) of Biocides against SRB 

Table 5: Efficiency (%) of the THPS biocides against SRB 

Treatment Rate/Dosage 

(ppm) 

Time Intervals (Day) 

0 1 2 3 4 

50 0 -3 -4 -4 -3 

100 0 32 44 62 85 

150 0 45 57 91 93 

200 0 47 59 89 94 

Control 0 0 0 0 0 
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Table 6: Efficiency (%) of the GLUT biocides against SRB 

Treatment Rate/Dosage 

(ppm) 

Time Intervals (Day) 

0 1 2 3 4 

50 0 41 50 62 85 

100 0 45 50 67 90 

150 0 61 83 96 96 

200 0 63 85 96 98 

Control 0 0 0 0 0 

  

 

3.4. DISCUSSION 

Physicochemical analysis of the sampled produce water as recorded in table 2 revealed that it 

was a very good source for SRB due to the sulphate contents (1795mg/l). 

SRB are present in most soils and water, but are outnumbered by other types of microbes 

except in special environments. Consequently, enrichment of the needed environments with 

these bacteria is usually necessary before isolation [14] and enumeration is attempted. On the 

other hand the presence of reducing agent in culture medium makes isolation a much less 

formidable task [15]. Postgate medium C is a multipurpose medium for detecting and 

culturing strains of Sulphate Reducing Bacteria (SRB), including Desulfovibrio and 

Desulfotomaculun. This medium consists of different chemical composition and the results 

interpreted that the chemical composition in the medium enhances the growth of SRB. 

Moreover, the medium has a carbon source, which is lactic acid and highly recommended for 

the cultivation of SRB, while the presence of iron (Ferrum) in the medium is an essential 

component which is responsible for assisting the microbial activity of SRB. Dennis and Julia 

[16] stated that iron sulphides (FeS) are one of the main characteristic products related to 

MIC. In a way to reduce the delay that is inherent in the API testing methods we have 

adopted a simple and rapid technique for studying the effect of a biocide on SRB by 

measuring the inhibition of  SRB and Sulphate reduction, thus, the turbidity method 

developed by Sharma et al. [17]. 

Tentatively, broth will become turbid due to the presence and growth of SRB in liquid culture 

[18]. The more turbid is the medium, the higher number of SRB present in the medium. 

Postgate [15] stated that the characteristic of unpleasant rotten egg smell from hydrogen 

sulphide and black coloured solution are mainly due to the evidence of SRB growth and its 

metabolism in the medium. Therefore, the turbidity measurement gives enough quantitative 

information which is needed in predicting the growth of SRB. The precipitate in medium C 

aids growth of tactophilic strains. This medium is recommended for long term storage of 

strain. So for diagnostic purposes media often prescribed are those which contain about 0.5% 

of a ferrous salt. This forms a black precipitate of FeS when sulfide is formed, so blacking of 

the medium as a whole, or the zone round a colony, is an evidence for bacterial sulfate 

reduction [19]. 

Table 4 shows the MPN and average turbidity reading for sulphate-reducing bacterial strains 

present in Postgate C media using the Most Probable Number (MPN) bacterial enumeration 

method. 

Biocide treatment rate of 50ppm were used as lower range as this interval is recommended 

for biocides with potential off-shore applications [20]. Inhibition of SRB growth did not 

occurred at a concentration of 50ppm for THPS biocide (Fig 3) but was observed for 

glutaraldehyde biocide (Fig 5). The effect of a biocide on a cell is normally dependant on its 
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concentration and it can be seen from the slight increase and levelling off of Å600 at 50ppm 

that glutaraldehyde is bacteriostatic at this concentration while THPS was observed to be 

bacteriostatic at 100ppm. However, at 100ppm the decrease in Å600 reflects a bactericidal 

action with cell lysis for the glutaraldehyde.  

Knowledge of the respiratory activity of SRB in the presence of an inhibitor is essential as 

most of their destructive properties are caused by their respiration of sulphate to sulphide. 

Figure 5 shows clearly that whilst 50ppm glutaraldehyde inhibits SRB growth, sulphate 

reduction still occurs at a reduced rate. Complete inhibition of sulphide production is only 

achieved at a glutaraldehyde concentration of 100ppm. SRB growth was still observed at 

50ppm of THPS but at 100ppm THPS inhibits SRB growth, though sulphate reduction still 

occured at a reduced rate. 

Due to the economic losses as well as environmental health and safety hazards caused by the 

activity of stabilized mixed culture containing sulfate reducing bacteria, in many industrial 

sectors such as the oil and gas industry, it was important to minimize the risks resulting from 

SRB activity. These bacteria are mainly sulfate reducers, and their growth frequently causes 

severe corrosion problems in oil well pipes. One of the simplest ways to measure the effect of 

biocides on an organism is by determining the Minimal Inhibitory Concentration (MIC) 

which just prevents growth in a suitable medium. The antibacterial agent is serially diluted in 

the medium or applied at different treatment rates and standardized inocula of the test 

strain/growth are added. After incubation for a predetermined growth, the cultures are 

examined and the MIC for the biocide is detected [17]. The MIC of microbicides and 

bacteriostatic substances are usually governed by the nature of the medium in which the 

substance is tested and also by the size of the inocula. Iron salts can increase the apparent 

resistance of cultures to inhibitors, and in case of Desulfovibrio species the presence or 

absence of NaCl may influence inhibition (example a quaternary biocide) [21].  

In the present work the effect of tested biocides on a cell is normally dependent on its 

concentration and it's can be seen from the slight increase and levelling of Å600 at growth of 

SRB was depressed by 50ppm of the commercial glutaraldehyde rather than 100ppm of the 

THPS. The results in tables 5 and 6 showed the biocidal activity and biocidal efficiencies and 

recorded that up to 90% for commercial GLUT and up to 85% for commercial THPS at 

100ppm. The cell membrane of microorganisms is composed of several lipids and protein 

layers arranged together in a specific arrangement called the bilayer (or multi-layer 

lipoprotein structure). The presence of the lipids as a building unit in the cell membrane 

attains them their hydrophobic feature [21]. The selective permeability of the lipoprotein 

membrane represents the main function, which control the biological reaction in the cell. 

Hence any factor influences that permeability causes a great damage to the microorganisms, 

which leads it to die. 

 

4. CONCLUSION 

This research extends our knowledge on the effects of two different commercial biocides on 

the SRB growth pattern, while proffering a faster means of determining SRB presence. Thus, 

a very rapid method for detecting SRB presence and effects of biocides on their population 

was adopted in this study. This is in a bid to reduce the delay that is inherent in the API 

testing methods.  This simple and rapid technique measures the inhibition of SRB and 

sulphate reduction based on turbidity values of culture media. Hence, the growth of SRB was 

observed to be depressed significantly using 50ppm  and 100ppm of the commercial GLUT 

and THPS respectively.  

The method has significant potential for application in SRB monitoring and biocides 

performance evaluation in the oil and gas sector. 
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