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ABSTRACT 
 

Biogenic sulphide production by Sulphate reducing bacteria (SRB) is a major threat because of its toxicity, 

corrosiveness, plugging oil-reservoir and potential health hazards. Present study reports effect of different 

concentrations (20, 40 and 60 mM) of three nitrates (NaNO3, NH4NO3 and KNO3) on a marine SRBs consortium. 

Suppression of sulphide production was observed to be concentration and time dependent. Inhibition of sulphide 

production was noticed after 28 days (at 20 mM) and 14 days (at 40 mM and 60 mM) of incubation. Potassium nitrate 

resulted faster and greater effectiveness at 40 and 60 mM than other nitrates. At the lowest concentration (20 mM) 

ammonium nitrate showed better efficiency. After 63 days a maximum of 48.86 % of sulphide inhibition could be 

achieved by using 60 mM potassium nitrate. Hence, this nitrate can be successfully applied as a efficient, economic and 

environmentally safe method for rapid and long term inhibition of sulphide production by marine SRBs. 

 

KEY WORDS: sulphate reducing bacteria; sulphide production; nitrate; sulphide control 

 

INTRODUCTION 

 

Sulphate-reducing bacteria (SRB) are group of 

anaerobes present in most natural waters including 

fresh, brackish and seawater, and most soils and 

sediments that are capable of anaerobic respiration 

utilizing a variety of oxidized compounds of sulphur as 

electron acceptor
7, 9

. In anaerobic systems, SRB use 

sulphate as a hydrogen acceptor and reduce it to 

sulphites (SO3
2-

) and ultimately to sulphides (S2
-
) and 

H2S. Hydrogen sulphide is highly toxic and creates 

serious problems, such as deterioration of water quality 

and potential hazard to human health like intestinal 

discomfort, diarrhoea and dehydration
27

. In marine 

system, sulphide is a serious concern because of its 

odour, toxicity, corrosiveness, ability to form insoluble 

metal-sulphide precipitates that may lead to plugging 

oil-reservoir and deterioration of oil and gas quality, 

crude oil souring, pitting corrosion of iron and steel 

pipelines and tanks, etc
4, 6, 9, 11, 16, 18, 19

. To prevent 

sulphide production many methods such as, membrane 

filtration, coagulation, adsorption, ion exchange, 

precipitation or the use of broad-spectrum oxidizing 

and non-oxidizing biocides can be used but these have 

lots of limitations like high cost, low efficiency and 

ineffectiveness can also be toxic
2, 10, 11, 19, 22, 23

. 

Processes for control of sulphide production, as well as 

other activities of SRB, are needed from both an 

economic and environmental perspective. Therefore, 

commonly used methods have now been replaced by 

nitrate application as more successful, rapid, stable and 

environmental safe method
4
. 

 

Thermodynamically, the microbial reduction of nitrate 

to nitrite, nitrogen, or ammonia provides more Gibbs 

free energy than the reduction of sulphate
18

, and nitrate 

can be a preferred as electron acceptor when both 

anions are potentially available. If both the ions 

(sulphate and nitrate) are present, they are not 

simultaneously reduced, one precede and prevent the 

reduction of other
13

. According to Hubert and 

Voordouw
15

 when nitrate is injected into oil reservoirs, 

it changes the microbial community of SRB in the 

subsurface to one enriched in nitrate-reducing bacteria 

(NRB) and nitrate-reducing sulphide-oxidizing bacteria 

(NR-SOB) that oxidize H2S/Sulphide directly. Thus 

nitrate may provide a competitive advantage for NRB 

and NR-SOB over SRB during competition for 

available electron donors (common substrate), but this 

mechanism is believed to be valid only in carbon 

limited system
3, 7, 9, 11, 15, 26

. Unlike other electron 

acceptors, nitrate is readily soluble in water and does 

not form precipitates
18

. The intermediates of nitrate 

reduction (nitrous oxide, nitric oxide) and biological 

oxidation of sulphide to sulphate and sulphur by NR-

SRB increases the ambient redox potential, thus 

providing prolonged inhibition of sulphide production
4, 

8
.
 
The addition of high nitrate concentrations resulting 

in absence of sulphide and excess reduction of added 

nitrate to nitrous oxide, nitrite and ammonia raise the 

redox potential contributes to long-term prevention of 

sulphide production
1, 15

. Agricultural effluent 

containing nitrate fertiliser can enter in SRB 

contaminated region and oil fields and control the 

sulphate reduction more cheaply
11

. Nemati et al.
20

 and 

Davidova et al.
8 

have reported that presence of nitrate 
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had some effect on the rate of sulphate reduction and 

subsequent addition of sufficient nitrate caused the 

sulphide content to negligible levels with increased 

numbers of NRB. The transient inhibition of sulphides 

production was also observed with low nitrate levels
17

. 

According to Dunsmore et al.
9 

in oil fields continuous 

addition of sodium and calcium nitrate could decrease 

the sulphate reduction rates and nitrate reduction 

occurred. Bødtker et al.
3 

has studied the comparative 

effect of biocide and nitrate at Statfjord oil Weld for 

controlling the sulphide production and after 6 months, 

found that nitrate was more effective than biocide. 

In the present paper we report the effectiveness of three 

important nitrates of sodium, potassium and 

ammonium for biogenic sulphide production with 

respect to their concentration, doses and incubation 

time using three native marine SRB isolates. The 

findings may help to control microbial sulphide 

pollution.  

 

MATERIALS AND METHODS 

 

Source of organisms 

Two SRBs designated as PPS-1 and PPS-2 were 

isolated from sediment samples collected from 

fertiliser berth and iron-ore handling berth using a 

Peterson’s grab sampler and another one (PPW-3) 

isolated  from bottom water sample of Fertiliser Berth 

at depth of approximate 10 meter using Niskin water 

sampler (Partex Aqua Trap) at Paradip Port harbour, 

Odisha coast.  

 

Isolation  

Isolation was done after enrichment in a SRB selective 

media
12

. BOD bottles with air tight cap with sterilized 

SRB broth were used. Approximate 1 gm of sediment 

or 5 ml of water sample were inoculated and the bottles 

were filled with medium leaving no air after capping.  

Bottles were incubated at 37
0
C, in dark without 

shaking. After one-two weeks, the media turned black 

indicating growth of SRBs. 

 

Media composition 

The selective medium was prepared according to 

Bultin et al.
5
, Postgate

21
 and Haouari et al.

12
 with slight 

variation. The composition per litre is as follows: 

(NH4)2SO4 3.0 g, MgSO4 1.5 g, NH4Cl 1.0 g, K2HPO4 

0.65 g, CaCl2.2H2O 0.08 g, (NH4)2Fe(SO4)26H2O 0.01 

g, Na-acetate 5.1 g (carbon source), Yeast extract 0.2 g, 

Trace element (from Stock) 1.5 ml, Riboflavin (from 

stock) 1.0 ml, Resazurin 0.002 g, NaCl 20.0 g. pH of 

the medium was adjusted to7.2-7.5 by adding 1N 

NaOH drop wise. 

 

Stock solution composition of trace element and 

vitamin (g/litre):  

MnCl2 1.0, CoCl2 1.0, NiCl2 0.2, CuSO4 0.1, ZnSO4 

0.1, H2BO3 0.1.  

Stock solution of Riboflavin solution was prepared by 

adding 2.5 mg of Riboflavin powder in sterilized 

distilled water and the volume was made up to 1000 

ml. 

 

Preparation of pure culture 

Two subcultures were done from the enriched SRB 

culture prior to purification. During subculture 1ml of 

mixed culture was inoculated to the gas passing bottles 

containing SRB selective medium and then flushed 

with CO2 gas and incubated. Pure culture was done on 

SRB-agar medium (SRB selective broth+2% agar) by 

spread plate followed by two subsequent single colony 

streaking on plates. All inoculated plates were 

incubated inside anaerobic jar containing aero gas 

disposable packs and flushed with CO2.   

 

Physical and Biochemical characterisation 

Morphological and biochemical characterisations were 

done for each isolate following standard method as 

described by Holt et al.
14

  

 

Experiment with different nitrates 

Each of the three pure isolates was grown separately 

for 500 ml broth culture and after 2 week of incubation, 

growth estimations at weekly interval were done by 

microscopic cell count using a haemocytometer. To 

study the effect of different nitrates a homogeneous 

mix consortium was prepared by mixing PPS-1, PPS-2 

and PPW-3 in 1:1:1 ratio. 5 ml from this mixed 

consortium was used as inoculums in each 

experimental bottle containing different nitrates 

(NaNO3, NH4NO3 and KNO3) in varying 

concentrations (20, 40 and 60 mM) in the same media 

with sodium acetate as carbon source. Each experiment 

and control was done in triplicate and incubated 

anaerobically at 37
0
C in dark up to 10 weeks. The 

production of Sulphide was measured at weekly 

intervals by total harvest.   

 

Sulphide estimation 

Estimation of sulphide was done by titrimatric method 

for most of the samples
24

. Samples containing very low 

sulphide concentration were estimated 

spectrophotometrically
25

. 

 

RESULTS AND DISCUSSION 

 

All isolated strains were Gram negative and two of 

them were non-motile. Shape of PPS-1, PPS-2 and 

PPW-3 strains were curved rod, cocci and rod to 

ellipsoidal respectively. All these strains were citrate, 

catalase and oxidase positive and were able to produce 

sulphide. Results of various carbohydrate utilization 

tests have been presented (Table 1). From the above 

characterization, it is concluded that the isolates PPS-1, 

PPS-2 and PPW-3 are having close resemblance with 

the genus Desulfovibrio, Desulfococcus and 

Desulfobulbus respectively according to Bergey’s 

manual of   determinative bacteriology
14

. 
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Table 1: Results of morphological and biochemical tests of the three SRB isolates. 

 

Sl. No. Morphology studies PPS-1 PPS-2 PPW-3 

1 Gram staining -ve -ve -ve 

2 Shape Curved rod Cocci Rod to ellipsoidal 

3 Motility +ve -ve -ve 

Biochemical studies 

4 Indole - - - 

5 Methyl Red - - - 

6 Voges-Proskauer - - - 

7 Citrate utilization + + + 

8 Urease - - - 

9 Nitrate reduction - - - 

10 
H2S production/+ Gas 

production 
+ + + 

11 Catalase test + + + 

12 Oxidase test + + + 

Carbohydrate utilization test 

13 Glucose + + + 

14 Adonitol - +
n
 +

n
 

15 Arabinose - + + 

16 Lactose - + - 

17 Sorbitol - + + 

18 Mannitol - - + 

19 Rhamnose - - - 

20 Sucrose + + + 

NOTE: n = Not completely utilized, + = Utilized completely, - = Not utilized, +ve = Positive, -ve = Negative 

 

The broth culture of these isolates became blackish 

with characteristic rotten egg smell indicating 

production of sulphide and H2S after two weeks of 

incubation of SRB strains. After 28
th

 day of incubation 

a sharp growth of SRBs were observed. In this 

experiment 35
th

 to 50
th

 day could be demarcated as a 

stationary phase for the SRBs. Then the growth rate of 

SRB fell down gradually, may be due to deficiency of 

nutrient and accumulation of bacterial waste and 

sulphide precipitates in the medium. The growth 

features of SRB satisfied well with the general 

characteristics of bacterial growth curve (Graph 1). 

 

By applying 20, 40 and 60 mM nitrates of sodium, 

ammonium and potassium, it was observed that the 

concentration of sulphide production in the culture 

media was reduced as compared to control culture, but 

according to bacterial growth kinetics, sulphide 

production was gradually increased from lag phase to 

logarithmic phase. After reaching the stationary phase 

bacterial sulphide production was decreased rapidly 

because of bacterial growth.  This decline phase (43-63 

days) became ceased due probably to accumulation of 

by products and nutrient deficiency in the closed 

system. In this phase inhibition of sulphide production 

by the above 3 nitrates was according to their 

concentration label i.e. 20 mM < 40 mM < 60 mM. 

From this study, we can get an overall idea about 

effectiveness and controlling capability of nitrates 

according to their concentration and incubation time, 

which was clearly observed from the Graph 2. 

 

To show the comparative effect of different nitrates of 

same concentrations used for controlling the biogenic 

sulphide production by SRB, some comparisons were 

made as described below (Graph 4, 5 and 6). 

 

By the addition of 20 mM of above nitrates the 

inhibition of sulphide production is detected from 28
th

 

day of incubation and the process was found to be slow 

and less effective. However, the maximum inhibition 

rate was found within 49-63 days and then remains 

constant. Among these, ammonium nitrate has slightly 

better effect on the sulphide production than other two 

nitrates (Graph 3).  

 

Among 40 mM of the above nitrates, it was observed 

that effectiveness of controlling sulphide production is 

started from 14
th

 day and increased with increasing 

incubation time. The inhibition rate seemed to be 

higher at 42-49 days. A constant phase was observed 

between 56-63days. All 40 mM nitrates have nearly 

equal impact on sulphide production where as 

Potassium nitrate is slightly more effective when used 

for a longer period (Graph 4). 

 

With 60 mM nitrate, sulphide production was found to 

start from 14
th

 day of incubation which gradually 

increased up to 63 days. Among all 60 mM nitrate, 
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potassium nitrate had remarkable effectiveness to 

control sulphide production than other in less time 

duration (Graph 5). 

 

From this experiment, it was found that all three 

nitrates have the tendency to inhibit the biogenic 

sulphide production by SRBs.  The average 

effectiveness of these nitrates depends on the solution 

concentration i.e. 60 mM > 40 mM > 20 mM and 

incubation time i.e. 14 < 21 < 28 < 35 < 42 < 49 < 56 < 

63 days. 

 

Reduction percentage of sulphide production was 

compared by considering both concentration and 

incubation period of nitrates. Effectiveness (13-17% 

inhibition) of 20 mM concentration achieved after 63 

days was also obtained with 40 mM and 60 mM of 

nitrates in 35-42 days and 21-35 days respectively 

(Line 1 and 2 of Figure 6). Similarly, effectiveness (27-

31% inhibition) of 40 mM of nitrates after 63 days 

incubation was achieved by 42-49 days when 60 mM 

was used (Line 3 and 4 of Graph 6).

 

Graph 1: Growth pattern of the mixed SRB strains        Graph 2:  Inhibition of sulphide production by 
by taking sodium acetate as carbon source             different nitrates concentration with respect to     

                                                                                       control. 

 

 
 
 

Graph 3: Comparison between 20 mM of three   Graphs 4: Comparison between 40 mM of three 

different nitrates.     different nitrates. 
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Graph 5: Comparison between 60 mM of three                   Graph 6: Inhibition percentage of sulphide production 

                                 different nitrates 

 

   
  

CONCLUSION 

 

Using 20 mM sodium, potassium or ammonium nitrate, 

it was possible to inhibit sulphide production by SRBs 

after 28
th

 day of incubation reaching maximum 13.19 

to17.09 % of inhibition. With 40 and 60 mM, the 

effectiveness started from 14
th

 day and increased up to 

27.82 to 30.86 % of inhibition in maximum incubation 

time. For 60 mM concentration decrease in sulphide 

production occurred gradually till 63 days reaching 

maximum 46.79 to 48.86 % of inhibition. 

 

Among 60 mM concentration of different nitrates, 

potassium nitrate had remarkable effectiveness to 

control sulphide production than sodium and 

ammonium. For using less concentration (20 mM), 

ammonium nitrate shows the better efficiency in 

controlling sulphide over a long period of incubation. 

From this experiment, it was found that all these three 

nitrates have the tendency to inhibit the biogenic 

sulphide production by SRBs. It was also observed that 

average effectiveness of these nitrates depends on their 

concentration level in the solution (60 mM > 40 mM > 

20 mM) and incubation time (14 < 21< 28 < 35 < 42 < 

49 < 56 < 63 days). If reduction percentage of sulphide 

production was considered by taking into account both 

concentration and incubation time, it was observed that 

a definite amount of effectiveness can be obtained by 

taking higher concentration of nitrate for lesser 

incubation period or lesser concentration for higher 

incubation period. Inhibition efficiency of high 

concentration of nitrate can be achieved by prolonged 

use of low concentration of nitrate. Hence, low 

concentration of nitrates can be used for long period to 

achieve the effectiveness over sulphide generation like 

higher concentration of nitrate, which is economical. 

Finally, all the three nitrates are found to be effective in 

controlling sulphide production by SRB, but higher 

concentration like 60 mM could be useful for 

prolonged inhibition, where as 20 mM and 40 mM 

have short term inhibition effect. So nitrate can be 

applied as more successful, rapid, long term inhibition 

and environmental safe method and have great 

advantages over other commonly used techniques for 

controlling sulphide production by SRB. 
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