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Mandovi estuary has a prolific population of heterotrophic bacteria due to the influx of nutrients including nitrate and 

organic hydrocarbons. Seasonal sampling at various locations along the estuary was carried out to isolate nitrate reducing 

and denitrifying bacteria capable of hexadecane utilization. Total viable counts of nitrate utilizing bacteria showed variations 

with seasonal changes. It ranged from 103-106 cfu/mL on nitrate reduction medium and 101-105 cfu/ml on minimal media 

containing hexadecane as the sole carbon source. Highest bacterial counts were obtained during the monsoons. 22% of 

bacteria capable of hexadecane utilization were nitrate reducing and 12% were denitrifying. 29% of the hexadecane utilizing 

cultures isolated during the monsoons exhibited nitrate reducing activity. However, seasonal variations did not affect the 

frequency of the denitrifying hexadecane utilizers  
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Introduction 
 Denitrification is the sequential reduction of nitrogen 

oxides mediated by heterotrophic organisms via a 

facultative respiratory process when oxygen is limited
1
. 

Flexible denitrifiers play a crucial role in the cycling of 

nitrogen in the aquatic environment and are particularly 

significant in estuaries where they help regulate 

nitrogen transport to the oceans
2,3

 and maintain the 

integrity of the ecosystem by preventing 

eutrophication
4
. Their prevalence in oil and petroleum 

contaminated sites
5
 have opened fresh avenues in 

bioremediation studies
3,6

. 

 Reports have indicated that denitrification activity 

is found to be higher in nutrient rich systems
7
 such as 

the Mandovi estuary. This tropical estuary acts as a 

sink for nutrients from adjacent agricultural lands and 

settlements
8
 and has stimulated constant interest in 

biological research
7,9,10,11

. Abundant availability of 

organic compounds including hydrocarbons
12

 within 

the Mandovi estuary creates ideal niches for 

heterotrophic bacteria. Further, the constant oxygenic 

fluxes
13

 and increased availability of nitrate
14

 present 

favourable conditions for denitrification
7 

thereby 

stimulating the proliferation of denitrifying bacteria.  

 The coastline of Goa is highly vulnerable to oil 

pollution
15,16

 and greatly influences the dynamics 

within the estuarine systems through constant tidal 

action
13

. Seasonal variations in the occurrence of 

indigenous nitrate reducing and denitrifying bacteria 

from eco-niches along the Mandovi estuary were 

examined. The constant exposure of such 

autochthonous bacteria to hydrocarbons results 

subsequently in their adaptive responses to the 

organic compounds. Present study was focussed on 

isolating nitrate reducing and denitrifying bacteria 

capable of utilizing hexadecane in order to understand 

their role in mitigating petroleum pollution control.  
 

Materials and Methods 

Sampling area 

 The Mandovi estuary is fed by the two main tributaries 

of River Mandovi that traverses the entire breadth of the 

state, is fringed on with side by luxuriant mangroves, 

covers an area of 29 km
2
 and is 5 m deep and 50 km long

13
. 

It serves as a water route efficiently accommodating a 

heavy movement of barges, boats and passenger ferries 

besides several water sports and fishing activities. Water 

and sediment samples were seasonally collected in the 

months of May (pre-monsoon), September (monsoon) and 

January (post-monsoon) from 4 stations (Fig. 1): Panjim 
________ 

*Corresponding author 



INDIAN J. MAR. SCI., VOL. 42, NO. 5, SEPTEMBER 2013 

 

 

588 

jetty, Panjim (A); Mangrove ecosystem in the backwaters 

of River Mandovi, Merces (B); Ribandar jetty, Ribandar 

(C); Mangrove ecosystem along River Mandovi, Ribandar 

(D). The physical parameters of temperature and pH of the 

water and sediment samples were noted. The salinity and 

conductivity of the water samples were analysed using a 

conductivity meter (Eutech COND 610). 
 

Determination of total viable counts (TVC) for nitrate 

reducing bacteria 

 Appropriate dilutions of the samples using sterile 

aged sea water were plated on  

a) Nutrient rich medium: Nitrate Reduction Medium 

(NRM)
17

 

b) Minimal nutrient media containing 0.2% hexadecane 

as sole carbon source: Mineral Salts Medium 

(MSM)
18

 and Modified Basal Medium (BM)
19

 

 The plates were incubated at 28°C and the colonies 

were counted using a digital colony counter (Toshiba).  

Isolation and purification of predominant hexadecane 

utilizing isolates 

 Predominant colonies were picked up from the 

hexadecane containing plates and purified by repeated 

sub-culturing. Pure cultures were maintained on slants 

of NRM and denitrification medium (DM)
20

 at 4°C 

and regularly sub-cultured. 
 

Screening of hexadecane utilizing isolates for denitrification 

activity  

 Each purified hexadecane utilizing isolate was 

screened for nitrate reducing and denitrification 

activity in the presence and absence of hexadecane 

(0.2%) by standard nitrate reduction test using  

α-naphthylamine, sulphanilic acid and zinc dust
21

. 

Denitrification was confirmed by gas bubble formation 

in NRM broth containing inverted Durham tubes
22

 and 

by streaking on plates containing modified bromothymol 

blue (BTB) medium
20

 for blue halo formation
11

. 
 

Results and Discussion 
Physicochemical analysis of samples 

 Mandovi estuary is subjected to 3 distinct  

seasons: pre-monsoon (February-May), monsoon (June-

September) and post-monsoon (October-January) which 

influences its hydrological and physicochemical 

properties
23

. Physicochemical parameters of the samples 

(A, B, C, D) were tested and it was found that the pH of 

the samples ranged from 6.6 to 8.1 (Table 1). Sarma  

 
 

Fig.1—Map illustrating sampling sites along Mandovi estuary in Goa located on the West Coast of India 

Table 1—Physicochemical variations of the samples 
       

Sr. No Season Sample pH Temperature (°C) Salinity (%) Conductivity (mS/cm) 
       

A 8.0 31 27.3 42.3 

B 7.6 30 - - 

C 7.6 32 22.8 36.1 
1 Pre-monsoon 

D 8.1 32 - - 
       

A 7.2 27 3.5 6.52 

B 6.6 28 - - 

C 7 27 0.3 0.465 
2 Monsoon 

D 7.5 28 - - 
       

A 8.1 27 25.6 40.3 

B 7.5 27 - - 

C 7.8 27 21.3 34.1 3 Post-monsoon 

D 8.1 27 - - 
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et al, 2001
24

 have reported a regulation of pH in estuaries 

on account of various inherent biological processes and 

soil water interactions. On the other hand, the temperature 

was noted to vary with the seasons with 27-28°C recorded 

during the monsoon and post monsoon period and 30-

32°C observed during the summer. Temperature is 

reported to be relative to the prevailing atmospheric 

temperature at the sampling sites
25

.  

 The salinity was found to be (21-27%) during the 

dry months and minimal (0-3.5%) during the 

monsoons. There was a distinct difference in salinity 

at sampling site A (27.3 % pre-monsoon and 25.6% 

post-monsoon) and C (22.8% pre-monsoon and 

21.3% post-monsoon) located 6 km and 10 km 

upstream from the mouth of the river respectively. 

Conductivity of the samples was directly proportional 

to the corresponding salinity values. Seasonal 

variations in salinity were prominent in comparison to 

other parameters and corroborate with earlier 

reports
8,23

 that implicate a vertical stratification of the 

water column during the monsoons due to the 

formation of a salt wedge that causes freshwater to 

dominate in the estuary. During the dry season, the 

water remains well mixed and marine dominated
13

.  
 

Total viable bacterial counts  

 Samples were plated on NRM, a medium specific for 

enrichment of nitrate reducing bacteria
17

. TVC obtained 

on NRM (Fig. 2) indicate the presence of these bacteria 

throughout the year at all sampling sites with counts 

ranging from 10
3
-10

6 
cfu/mL. Further, the counts were 

found to show variations with seasons. It was interesting 

to note that the TVC was found to be higher upstream of 

the river particularly during the monsoons than at the 

mouth of the river. This may be attributed to the land 

run-offs from the 1150 km
2
 catchment area of the 

estuary
23

 disseminated by the monsoons
8
. It was 

observed that the TVC at all the sites showed variations 

during the different seasons. At site A, the counts 

decreased with decreasing temperature with the highest 

counts obtained during pre-monsoon (3×10
4
 cfu/mL), 

followed by monsoon (10
4
 cfu/mL), and post-monsoon 

(3×10
3
 cfu/mL) seasons, while at point B, the counts 

increased from pre-monsoon (2×10
4 

cfu/mL) to 

monsoon (2×10
5 

cfu/mL) seasons, with highest counts 

obtained during post-monsoon (8×10
5 

cfu/mL) period. 

At site C, maximum counts were during pre-monsoons 

(9×10
4 

cfu/mL), while in sample D, the maximum 

counts were found to be during the monsoons  

(3×10
5 
cfu/mL).  

 

 However, relatively higher counts approaching  

10
6
 cfu/mL were observed from samples collected from 

the mangrove affluent site B during the post-monsoon 

period. This site is located in the backwaters of the river 

and is less susceptible to tidal action. The nutrients and 

contaminants entering the system are trapped and 

accumulated by the thick mangrove vegetation in this 

region thereby resulting in a constant yet prolific 

microbial population. Interestingly, this site is situated in 

 
 

Fig.2—Total viable counts of bacteria on different media 
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close proximity to an active petrol pump and therefore, 

prone to contamination with petroleum products. These 

results suggest that the indigenous bacteria have learnt to 

flourish despite the presence of hydrocarbon pollutants 

and in high probability may have devised a means to 

utilize or transform the petroleum products. To 

understand the ability of these organisms to break down 

petroleum compounds, hexadecane was taken as a 

model compound
26

.  

 Samples were plated on MSM and BM with 0.2% 

hexadecane as the sole carbon source. Viable counts 

on MSM ranged from 8×10
1
-2×10

5
 cfu/mL and on 

BM from 3×10
3
-3×10

5 
cfu/mL. It was observed that 

the counts were highest during the monsoons. This 

may be explained by taking into account the dilution 

factor of the rains that reduces the toxicity of the 

pollutants and the inflow of additional nutrients that 

together create favourable conditions for the 

proliferation of hydrocarbon utilizing bacteria. It was 

noted that the sampling sites in mangrove ecosystems 

showed higher counts on MSM and BM, with highest 

counts of ≥10
5
 cfu/mL obtained from samples 

collected from the mangrove flourished site B during 

the post-monsoon season. It was noted that the 

isolates lost the ability to utilize the hydrocarbon after 

continuous sub-culturing on NRM. However, the 

ability was retained on continuous sub-culturing on a 

minimal medium. Results reflect that over the time of 

exposure to the hydrocarbons, the indigenous bacteria 

adapted themselves by adjusting their metabolic 

pathways and acquiring the ability to break down and 

utilize these compounds. Loss of this trait on removal 

of the hydrocarbon is indicative of the inducible mode 

of hydrocarbon breakdown. Such metabolic pathways 

expressed in microorganisms are reported to be 

mediated by extrachromosomal genes like the TOL 

and NAH
27

 plasmids (for degradation of toluene and 

naphthalene respectively). Loss of the plasmids by 

repeated sub-culture to rich media devoid of the 

hydrocarbon is an expression of adaptability by the 

bacteria intervened by mutations and gene transfers
28

.  
 

Occurrence of hexadecane utilizing nitrate reducing and 

denitrifying bacteria 

 Taking into consideration that the sampling sites 

have a high nitrate load and harbours a large  

number of nitrate enriched bacteria, the predominant 

isolates from BM and MSM plates were purified and 

screened for nitrate reducing and denitrification 

activity by the methods
11

 described by Ramesh 

2005
22

, Norris and Ribbons 1971
24

 and Takaya et al. 

2003
20

. It was interesting to note that 64% of the 

denitrifying bacteria were isolated on BM  

while the remaining 36% were isolated on MSM. 

Interestingly, also, the viable counts noted on the two 

minimal media showed significant variations with 

higher counts obtained on BM (ranging from  

3×10
3
-3×10

5
 cfu/mL) as compared to MSM (ranging 

from 8×10
1
-2×10

5 
cfu/mL). Analysis of both media 

shows that BM medium differs from MSM in the 

following ways: 1) KNO3 is the sole nitrogen source 

in BM while NH4NO3 in MSM; 2) the concentration 

of nitrate in BM is 0.4% and only 0.1% in MSM. 

High nitrate concentration in BM provides 

opportunity for the indigenous bacteria to utilize 

KNO3 as a source of both assimilatory and 

dissimilatory pathways and therefore is a suitable 

medium for the isolation of denitrifying bacteria.  

 Out of the total 92 hexadecane utilizing colonies 

that were screened, 22% reduced nitrate to nitrite 

(nitrate reducing) while 12% were denitrifiers. Fig. 3 

 
 

Fig. 3—Nitrate reducing and denitrifying activity shown by bacterial isolates utilizing hexadecane 
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elucidates the seasonal distribution of nitrate reducing 

and denitrifying bacteria among the hexadecane 

utilizing isolates obtained from the samples of the 

Mandovi estuary. 29% of the hexadecane utilizing 

cultures isolated during the monsoons exhibited 

nitrate reducing activity. Also, most of the 

denitrifying hexadecane utilizers were isolated during 

the monsoon and post-monsoon seasons while their 

population dwindled considerably in summer. 

Proliferation of nitrate reducers among these isolates 

may be attributed to the increased availability of 

nitrate during the wet season brought down by the 

force of the monsoons. From earlier studies
29

 it is 

apparent that the estuary harnesses maximum 

nutrients during the monsoons in comparison to 

summer as a consequence of land run-offs. This 

includes the profuse influx of nitrates from mining 

activities
30

, surrounding paddy fields due to rampant 

use of nitrogen base fertilizers
29

 and atmospheric 

precipitation
23

. Maya et al. 2011
8
 reported that nitrate 

makes up 73% of the dissolved inorganic nitrogen 

(DIN) in the monsoons. Furthermore, with the 

increase in salinity nitrate concentrations 

proportionately reduces
31

 and this may be one  

of the reasons for the low isolation of denitrifying  

and nitrate reducing hexadecane utilizers in the 

summer season.  

 Interestingly, seasonal variations did not 

significantly affect the occurrence of denitrifying 

hexadecane utilizing bacteria; however, the sampling 

location played a considerable role in their counts. 

Sample-wise distribution depicts the abundance of 

denitrifiers and nitrate reducers among the 

hexadecane utilizing population in the mangrove 

ecosystem at site B. 29% of the isolates from this 

ecosystem were nitrate reducing and 16% were 

denitrifying. It was observed that the hexadecane 

utilizing isolates obtained from the jetty at point C 

showed an 18% predominance of denitrifying 

bacteria. These results suggest a functional role of the 

nitrate reducing and denitrifying population in the 

degradation of hydrocarbons in these ecosystems. 

Bacterial population of a given ecosystem is 

subjective to the characteristics of that system and 

their distribution is an indication of the nutrient 

availability in those areas
32

. Proliferation of 

denitrifiers around areas prone to hydrocarbon 

contamination like jetties and petrol pumps suggests 

that due to constant exposure
33

, these organisms may 

have developed mechanisms to utilize or transform 

the hydrocarbons. Previous findings have indicated 

the role of denitrifying bacteria in the degradation of 

various hydrocarbons including hexadecane
19

. Bonin 

(1994)
5
 report that denitrification occurs unaffected 

even in heavily contaminated sites (31 g kg
-1

) 

receiving massive petroleum inputs. Accordingly,  

the isolates obtained in the current study exhibited 

denitrification activity even in the presence of 

hexadecane.  

 This study clearly depicts the prolific dominance of 

nitrate utilizing bacteria in the Mandovi estuary and 

also demonstrates the ability of these indigenous 

microorganisms to utilize hexadecane as the sole 

carbon source and reduce nitrate in the presence of the 

hydrocarbon. Dynamics within the estuary conditions 

a potential model useful for bioremediation studies 

and future work on the denitrifying isolates will throw 

light on the significance of denitrification in the 

mitigation of petroleum induced water pollution.  
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