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ABSTRACT 

The physico-chemical characteristics of the water samples collected from Western India Shipyard 

Ltd., of Murmugao port trust and Goa shipyard Ltd., in Goa region were determined. The total 

viable counts of bacteria determined on Zobell marine agar, and Mineral salt medium agar 

containing 0.1mM tributyltin chloride ranged from 28.4 - 41.6x106 in ZMA and 58 – 81 x 102 in MSM 

agar with 0.1mM TBTC. Two amongst the 32 bacterial isolates were isolated, purified and screened 

for TBTC tolerance studies. The bacterial strain which tolerated 7mM TBTC and showed prominent 

growth in MSM with 5 mM TBTC was grouped under Alcaligenes sp. The other isolate which 

tolerated 5mM TBTC and showed prominent growth in MSM with 3mM TBTC was grouped under 

Pseudomonas sp. The identity of the most potent TBTC resistant strain Alcaligenes sp. swo was 

confirmed through 16s rDNA sequence. This strain will be promising in the bioremediation of TBTC 

contaminated marine environment of Goa.  
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INTRODUCTION 

Tributyl tin (TBT) is most commonly used as a 

biocide in marine anti-fouling paints, preservatives 

(Paper, textiles, leather and wood), industrial 

biocide, stabilizers in PVC, anti-yellowing agents in 

plastics and as slimicides in cooling towers. It is 

highly toxic, bio-accumulative and persistent 

chemical that damages the immune and reproductive 

systems of aquatic life. Its use over the last 35 years 

has spread TBT far and wide, making it a ubiquitous 

contaminant accumulating several thousand folds in 

sediments and surface microlayer (5, 6). It is 

reported that coastal waters of most Asian countries 

are worst affected by the persistent organic 

pollutants (1, 12). Sampling sites used in this study 

are the Western India Shipyard Ltd., (W.I.S.L) in 

Murmagao Port Trust Harbour (MPT) and Goa 

Shipyard Ltd., (GSL) in Vasco-da-gama, in Goa. 

W.I.S.L and GSL are the biggest shipyards in the 

west coast of India and hence a potential source of 

TBTC contamination. There has been no report on 

screening and characterization of highly potent 

organotin tolerant bacterial strains from coastal 

environment of Goa. We report here the Isolation 
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and biological characterization of Tributyltin 

chloride resistant bacterial isolates Alcaligenes sp. 

Swo (strain Sd) and Pseudomonas fluorescens (strain 

Sp) from marine waters of Goa. 

Materials and methods 

Collection and  Physiochemical analysis of 
environmental samples 
 

Surface water samples were collected from different 

sampling sites of WISL in MPT and GISL in 

Vadem, Vasco-Da-Gama, Goa as per standard 

procedures (10, 11) (Fig.1). The physicochemical 

characteristics of the water samples were 

determined in terms of temperature, pH, salinity, 

alkalinity, organic and inorganic (Nitrate, Nitrite 

and Phosphate) content following the standard 

protocol of (7,9) (Table-1).   

Viability, Screening, Growth  and TBTC 
tolerance study of bacteria isolates.  
 
Viable count for the marine water samples were 

determined by spread platting 0.1ml of the serially 

diluted sample on Zobell marine agar (ZMA) and 

Mineral salt medium agar (MSMA) containing 

0.1mM TBTC and a ZMA plate without TBTC as a 

control and determined in terms of colony forming 

units/mL (cfu/mL) (Table-2). Screening was carried 

out by sub culturing the isolates initially grown in 

MSM agar with 0.5mM TBTC on MSM agar with 

2mM TBTC.  Growth was determined by 

inoculating 5% of overnight grown cultures in 

Minimal salts medium with 3mM and 5mM TBTC 

in terms of optical density at 600nm 

calorimetrically. TBTC tolerance was determined in 

terms of protein content by Lowry’s method in 

varying concentrations of TBTC. 

Maintenance and Identification of TBTC 
resistant bacterial isolate 

Both the isolates were maintained in MSM 

with 3 and 5mM TBTC. Biochemical tests for these 

strains i.e. Sd and Sp were done as per Cruickshank 

et al. (1972) and identified as per Bergey's Manual 

of Systemic Bacteriology (16)  

RESULT AND DISCUSSION 

The water samples collected from WISL and GSL 

showed pH ranging from 7.8 -8.0, temperature 

28.00C-28.70C, salinity 28.4 - 31.87‰, alkalinity 68 

– 70 mgL-1, organic content 178 - 368 mgL-1, 

Phosphate 0.672-1.12 µmolL-1, Nitrate 2.98-3.98 

µmol L-1and Nitrite 0.58-0.84 µmolL-1l (Table-1). 

With reference to above physicochemical 

characteristic, the concentration of nitrate was high 

at most of the places during monsoon and post 

monsoon attributed to land run-off during monsoon. 

The phosphate and nitrate content of the water 

sample of WISL was higher than GSL. Where as 

the nitrite content of WISL was similar to GSL.  

This clearly indicated that nutrient content of 

estuarine water is higher than open sea. this in turn 

causes changes in the salinity, alkalinity, 

temperature, organic and inorganic nutrients. 

The total viable count of water samples from 

WISL showed that 11- 48.9% and 10.6 – 18.2 % of 

the isolates of GSL were resistant to 0.1mM TBTC 

when incubated on ZMA. It was surprising to note 

that the viable counts in MSM agar with 0.1mM 

TBTC was 100% compared to the control without 

TBTC, further the counts dropped with the 
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increasing TBTC concentration (Table.2). Since 

tributyltin is present in these estuarine econiches in 

appreciable amount, bacterial strains which can 

tolerate and degrade them get enriched. Therefore 

several TBTC degrading bacterial strains are 

abundant in these eco-niches (17). These studies 

have shown that bacterial flora of WISL are more 

resistant than GSL due to the fact that W.I.S.L 

receives both cargo and passenger ships for repair 

and construction, which is the due reason for high 

level of tolerance. This is evident from similar 

findings which state that the antifouling in ship 

paints, shipyards, harbours is considered to be the 

prime source of TBT in the marine ecosystem (8,9).  

The predominant bacterial isolates which 

were growing well on MSM with 2-5mM TBTC  

after subsequent sub-culturing, were selected for 

further studies. As the aim of the study was to 

screen for a bacterial isolate which has inherent 

capability to resist and degrade TBTC, all the 

bacterial isolates were sub-cultured with increasing 

concentration of TBTC (0.5mM to 5mM). Most of 

the bacterial isolate could not grow in presence of 

higher concentration of TBTC (2mM) due to 

cellular toxicity and inhibitory effect on metabolic 

process. Out of forty-six isolates two bacterial 

strains namely Sd and Sp showed consistent good 

growth in presence of 2mM , 3mM and 5mMTBTC 

as final concentration in MSM broth after 48hr 

incubation.  

Growth behavior of isolate Sd and Sp in 

MSM with TBTC showed no lag and exponential 

log of 12hrs and 8hrs respectively (Fig.2). TBTC 

tolerance study by protein estimations revealed that 

strain Sd could tolerate 7mM TBTC and grow well 

at 5 mM TBTC whereas the strain Sp could tolerate 

5 mM TBTC and grow well at 3 mM TBTC (Fig.3). 

Although Singh (1987) and White, et al. (1999) 

have reported the range of microbial resistance up 

to 0.07mM for different organotin compounds, but 

bacteria utilizing TBTC as sole source of carbon has 

not been reported so far.  The Alkaligenes sp. 

swo.strains Sd and Pseudomonas fluorescens strain 

Sp are the first to be reported from this region (13). 

Initially the colony characters of the two 

bacterial isolates revealed that Sd and Sp formed 

cream coloured colony that turned brown after 

48hrs of incubation. The Gram’s characters  

revealed both the isolates to be gram –ve long and 

short rod. Biochemical tests and carbohydrate 

fermentation tests performed as per Bergey's 

Manual of Systemic Bacteriology enabled to reveal 

Strain Sd as Alcaligenes sp. and Strain Sp as 

Pseudomonas fluorescens (16). The identity of the 

potent strains Sd was confirmed by 16S rDNA gene 

amplification by polymerase chain reaction (PCR) 

using  Eubacterial forward primer, F’ 341 -CCT 

ACG GGA GGC AGC AG and reverse primer R’ 

1387- GCC CGG GAA CGT ATT CAC CG of 

Escherichia coli 16S rRNA sequence. Phylogenetic 

analyses using the BLAST program showed that 

strain Sd belonged to the gamma subdivision of the 

phylum Proteobacteria and that it was closely 

related to the genus Alkaligenes sp.swo. (14). Two 

strains such as Pseudomonas aeruginosa USS25W 

and Pseudomonas aeruginosa PA01 were used as 

standard for comparison. taxonomic phenogram 

showed similarity among the isolates, which have 
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been grouped as Alkaligenes sp. swo. (Fig.4) 

(3,5,6). Organotins are thus pollutants of 

anthropogenic origin. They make their way from a 

variety of industrial and agricultural sources into 

aquatic ecosystems, where they can be concentrated 

up to 10,000-fold in the surface microlayer (2,4). 

Ecotoxicological effects of tributyltins include 

morphological and reproductive aberrations and 

metabolic disruption in a variety of non-target 

organisms, including shellfish and finfish. They can 

be bio-accumulated in microorganisms, which are at 

the base of the food web, and from there into higher 

organisms. Though microorganisms have been 

shown to bioremediate heavy metal and aromatic 

hydrocarbon of polluted sites, but bioremediation of 

tributyltin contaminated sites mediated by microbes 

is far away from real large scale commercial 

process, since very little work has been done to 

explore the exact biochemical mechanism of 

tributyltin biodegradation and genes involved in the 

process. This highly potent Alkaligenes sp. swo 

(strain Sd) which tolerated 7mM TBTC and grew 

very well in 5mM TBTC, could be really very 

promising in the bioremediation of tributyltin 

contaminated marine and estuarine environment of 

Goa in west coast of India. 
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Sampling site 

 
pH 

 
Temp. 

 
Salinity 

 
Alkalinity 

 
Organic 
content 

 
Inorganic content 

  
 

    
Phosphate Nitrate Nitrite 

WISL 
Over berth  

8.0 
28 oC 31.87 ‰ 70 mgL-1   288 mgL-1 1.12 µmolL-1 

3.84 
µmolL-1 

0.82 
µmolL-1 

Berth wall  
8.0 

28 oC 31.87 ‰ 69 mgL-1  368 mgL-1 1.02 µmolL-1 
3.85 

µmolL-1 
0.84 

µmolL-1 
Near ship 7.8 

 
28.4 oC 28.40 ‰ 69 mgL-1 178 mgL-1 0.672 µmolL-1 

2.98 
µmolL-1 

0.58 
µmolL-1 

GSL 
Near ship 7.9 

 
28.7 oC 31.65 ‰ 68 mgL-1 196 mgL-1 0.724 µmolL-1 

3.88 
µmolL-1 

0.78 
µmolL-1 

Near paint yard 7.88 
 

28 oC 31.05 ‰ 70 mgL-1 218 mgL-1 0.712 µmolL-1 
3.98 

µmolL-1 
0.82 

µmolL-1 
 

Table-1: Physicochemical characteristics of water samples 
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SAMPLING SITES 
 WISL GSL 

Over  berth Berth wall Near ship Near ship Near paint 
yard 

Latitude 15º27’628’N 15º27’628’N 15º27’628’N 15º27’703’N 15º27’703’N 

Longitude 73º49’842’E 73º49’842’E 73º49’842’E 73º49’985’E 73º49’985’E 
Viable counts  (cfux106cells/mL) ± se   

ZMA 
(Control) 

28.6±.3 34.6±.6 42.3±.3 41.6±.6 48±.2 

ZMA+0.1mM 
TBTC 

41.6±.1 38.9±.2 28.4±1 37.6±.4 40.6±.5 

Viable counts  (cfux102cells/mL) ± se  
in MSMA 
(Control) 

- - - - - 

MSMA+0.1m
M TBTC 

80±2 81±2 71±.4 58±.1 68±.8 

MSMA+0.5m
M TBTC 

2 5 4 6 15 

MSMA+1.0m
M TBTC 

2 3 - 2 7 

MSMA+2.0m
M TBTC 

- 6 - - 4 

MSMA+3.0m
M TBTC 

- 3 - - 1 

MSMA+5.0m
M TBTC 

- 1 - - 1 

MSMA+7.0m
M TBTC 

- 1 - - - 

TBTC tolerant 
isolates 

 Sd   Sp 

 

Table-2 Viable count and Screening of Tributyltin tolerant bacterial isolates

Fig. 1.  Map showing sampling sites for 

collection of Tributyltin tolerant marine 

bacterial isolates. 
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