
Biodegradation of Triphenyltin by 
Marine Bacteria

A Thesis Submitted to Goa University for the Award of the
Degree of

Doctor of Philosophy 
In

Microbiology K  - 7 1
- -

By

Miss Sangeeta Suresh Jadhav

Research Guide
Prof Sam] Bhosle

Goa University
Taleigao, Goa

2012



Statement

As required under the University ordinance 0.19.8 (vi), I state 

that the present thesis entitled “Biodegradation o f triphenyltin by 

marine bacteria” is my original contribution and the same has 

not been submitted on any previous occasion. To the best of my 

knowledge the present study is the first comprehensive work of 

its kind from the area mentioned. The literature related to the 

problem investigated has been cited. Due acknowledgements 

have been made wherever facilities and suggestions have been 

availed of.

Research student
Marine Corrosion and Materials Research Division

National Institute of Oceanography 
Dona Paula, Goa



Certificate

This is to certify that the thesis entitled “Biodegradation of 

triphenyltin by marine bacteria”, submitted by rftibb <§angeeta

QacUiav for the award of the degree of Doctor of Philosophy in

Microbiology is based on her original studies carried out by her under 

my supervision. The thesis or any part thereof has not been previously 

submitted for any other degree or diploma in any Universities or 

Institutions.

^ \ o f  a t y  J^ko b le .

Research Guide 

Professor,

Department of Microbiology, 

Taleigao, Goa

E v J o o t U  f U

U #  U e n  \vxcc*r p o r n l r e J

J ) * .  ( f f .  J } .  J ik o b U

Co- Guide 

Emeritus Scientist, 

CSIR-National Institute of 

Oceanography,

Dona Paula, Goa
i it „  r  c r rec 'h 'onS^(1 " th e  6

£ k ie5 r q c-< I mer



J)eclicatecl

d o

*Wb*ld* mo6t wonderful (fapa , 

( f ly  lovely (/tom ,

(find

(/tn g eb  o fm # (p f k  

tfa ta , (ffoua, Q-ii/iaan. and (fta lU u d



Acknowledgements

I am grateful to my guide Prof. Saroj Bhosle, whose help, stimulating 

suggestions and encouragement helped me throughout the whole research work 

and writing of the thesis. I am very fortunate to have her as guide who is kind, 

caring and understanding.

I am eternally indebted to my Guru, my teacher, Dr. N. B. Bhosle with whom I 

have spent nearly a decade of my life. I entered his lab as young graduate 

student and soon will be leaving with Ph .D degree, a mesmerizing and emotional 

journey for me. He has been very patient with me, has instilled in me love for 

research. His zest for science has made a deep impression on me. He has always 

encouraged me and helped me to become a keen researcher and a better human 

being. He is a true alchemist, someone who has shown me to dream big and to 

achieve it.

I am grateful to Dr. S. S. Shetye, Director, National Institute of Oceanography, 

for providing the necessary laboratory facilities to conduct research work.

I express my sincere thanks to Dr. A. C. Anil, Dr. S. S. Sawant, Mr. A. P. Selvam, 

Mr. K. Venkat, Mrs Anita Garg, Mr Shy am Naik, late Mr, N. S. Prabhu, Dr. Dattesh 

Desai, Dr. Lidita Khandeparker, Dr. Jagadish Patil, Dr. Smita Mitbavkar, Dr. 

Temjen, Mr. Kaushal Mapari, for their help and support.

I also acknowledge the help given by Dr. Solima Wahidulla for chemical 

characterization compound and interpretation of the data. I am thankful to the 

staff of Drawing section, Mr Mahale, Mr Uchil, Mr Shyam for tracing of the maps 

and spectral data.



I acknowledge the Research Fellowship (NET-LS and SRF) provided by the 

Council of Scientific and Industrial Research (CSIR), India and ENEA, Italy. A part 

of this work was supported by TBT- impacts project (European commission).

I would also like to thank the members of my Ph. D committee who monitored 

my work and also took effort in reading and providing me with valuable 

comments: Dean: Prof. G. N. Nayak, VC's Nominee: Dr. Mohandas, Head of 

Microbiology Department: ProfS. K. Dubey, Dr. Sandeep Garg, Dr. Sarita Nazreth, 

Dr. Irene Furtado.

My colleagues of the department gave me the feeling of being at home at 

work and their help during various stages of my thesis: Loreta, Ranjita, Mondher, 

Vishwas, Ram, Sahana, Preeti, Leena, Shamina, Ravi, Chetan, Sneha, Kirti, Dhiraj, 

Vinayak, Rajat, Rajneesh, Lalita, Deepti, many thanks for being so helpful and 

friendly. I would like to thank my colleagues in the Department of Microbiology: 

Teja, Trelita and Pramod and non teaching staff of Microbiology Department.

I had pleasure to supervise work of summer training student Darshana 

Bhosale, I deeply thank her for help. I would also like to thank Maddalena, 

Tasneem and Bhavana and who were in our lab as dissertation students for their 

help and friendship.

I also sincerely appreciate help and support rendered by my friends: Rakhee, 

Priya, and Rosaline, who always loved and supported me unconditionally. They 

are my pillars of my strength and their friendship will be treasured all my life.

Last, but not the least, I am very grateful for the endless love and eternal 

support of my Parents, Family and the Almighty for showering his choicest 

blessings on me.



Contents
Page

List of Abbreviations 

List of Tables 

List of Figures

Chapter 1 Introduction and literature survey 1

1.1. General introduction 2
1.2. Chemical and physical properties of TPT 4
1.3. Synthesis routes for TPT compounds 4
1.4. Analytical methods 6
1.5. Industrial applications and sources of environmental 

pollution
7

1.6. Fate of TPT compounds in environmental systems 8
1.6.1. Degradation 11
1.6.2. Bioaccumulation 12
1.6.3. Adsorption 13
1.7. Distribution and effects of TPT compounds

in various ecosystems 13
1.7.1. Phenyltins in the aquatic system 14
1.7.2. Phenyltins in sediments 17
1.7.3. Phenyltins in organisms 20
1.8. Human exposure 23
1.9. Legislative restrictions 28
1.10 Effect of OTs on microorganisms 29
1.11. Microbial degradation of organotins 35
1.12. Aims and scope of research 38

Chapter 2 Distribution of phenyltins (PT) in marine environment 
and its effect on indigenous bacteria

39

2.1. Introduction 40

2.2. Materials and methods 42
2.2.1. Sample collection 42
2.2.2. Standards and reagents 43
2.2.3. Analytical procedure 44
A) Extraction 48



i) Sediment and animal tissue 48
ii) Water samples 49
B) Derivatization 49
C) Instrumental analysis 50
2.2.4. Enumeration of Total Bacterial Count (TBC) 51
2.2.5. Enumeration of TPT-tolerant bacteria 51
2.2.6. Statistical analysis 52

2.3. Results and discussion 52
2.3.1. PTs in water 52
2.3.2. Phenyltin degradation index (PDI) for water 55
2.3.3. PTs in sediments 55
2.3.4. Phenyltin degradation index (PDI) for sediments 60
2.3.5. Phenyltins in marine fish 60
2.3.6. Phenyltins in clams 65
2.3.7. Phenyltins in shrimps and squids 67
2.3.8. Phenyltin degradation index (PDI) for animals 68
2.3.9. Tolerable daily intake and tolerable residue level 68
2.3.10. Effect of TPT on total and culturable bacteria 71
2.3.11. Relationship between TPT concentrations and

TPT-tolerant bacteria 74

Chapter 3 Isolation and characterization of TPT transforming bacteria

3.1. Introduction 79

3.2. Materials and methods 80
3.2.1. Isolation of TPT transforming bacteria 80
A) Enrichment technique 80
B) Selective screening isolation technique 81
3.2.2. Growth of bacterial cultures in BSS with 

varying concentrations of TPT
81

3.2.3. Growth of bacterial isolates in BSS supplemented 
with different media

83

3.2.4. Screening for potential TPT transforming bacteria 83
3.2.5. Characterization and identification of cultures 84

3.3. Results and discussion 86
3.3.1. Isolation and purification of the culture 86
3.3.2. Characterization and identification of the culture 90

Chapter 4 TPT transformation by Pseudomonas stutzeri SG 04 (JF 09451)

4.1. Introduction 100

4.2. Materials and methods 101
4.2.1. Culture and growth conditions 101
4.2.2. Effect of carbon sources and concentration on growth

and TPT transformation 101
4.2.3. Effect of glycerol and its concentration on growth and TPT

transformation 102



4.2.4. Effect of nitrogen sources and concentration on growth
and TPT transformation 103

4.2.5. Effect of phosphate and sodium chloride on growth
and TPT transformation 103

4.2.6. Effect of iron on growth and TPT transformation by
P. stutzeri SG 04 103

4.2.7. Effect of varying concentrations of TPT on growth and
TPT transformation 104

4.2.8. Growth kinetics and TPT transformation
by P. stutzeri SG 04 104

4.2.9. Growth of P. stutzeri SG 04 on DPT and MPT 104
4.2.10. TPT transformation studies with resting

cells and cell free supernatant 105
A) Preparation of resting cells 105
B) Preparation of cell free supernatant 105
C) Transformation studies with resting cells and cell free

supernatant 105

4.3. Results and discussion 106
4.3.1. Optimization of growth and TPT transformation 106
4.3.2. Effect of carbon sources and concentration on growth

and TPT transformation 106
4.3.3. Effect of glycerol and its concentration on growth and

TPT transformation 108
4.3.4. Effect of nitrogen sources and concentration on growth

and TPT transformation 110
4.3.5. Effect of phosphate and sodium chloride concentration 112
4.3.6. Effect of iron on growth and TPT transformation by

P. stutzeri SG 04 115
4.3.7. Effect of substrate concentration on growth and TPT

transformation by P. stutzeri SG 04 115
4.3.8. Growth kinetics of Pseudomonas stutzeri 115
4.3.9. Growth of P. stutzeri in the presence of DPT and MPT 117
4.3.10. Transformation studies with cells and cell free supernatant 119

Chapter 5 Isolation, purification and characterization of TPT transforming 
compound produced by Pseudomonas stutzeri SG 04

5.1. Introduction 122

5.2. Materials and methods 123
5.2.1. Culture and growth conditions
5.2.2. Isolation of the extracellular compound using Ci8 column 123
5.2.3. Isolation of extracellular compound using organic solvent 123
5.2.4. Determination of transformation ability of the extracts 123
a) TPT transformation with water soluble compound

using DI-MS 124
b) TPT transformation with water soluble compound and

ethyl acetate extract using GC-MS 124
5.2.5. Spectral analysis of the water soluble compound 125



A) UV-Visible absorption spectra and fluorescence spectra 125
B) Fourier Transform Infrared Analysis (FTIR) 125
C) Nuclear Magnetic Resonance Spectroscopy 125
5.2.6. Characterization of compounds in ethyl acetate and

butanol extract using ESI-MS 126

5.3. Results and discussion 126
5.3.1 Purification and transformation studies 126
a) Transformation studies with water soluble compound

using DI-MS 128
b) TPT transformation studies with water soluble compound

and ethyl acetate extract using GC-MS 128
5.3.3. Spectral analysis of water soluble compound 131
5.3.4. Characterization of compounds in ethyl acetate extract

using ESI-MS 135
5.3.5. Characterization of compounds in butanol extracts 

using ESI-MS
138

Chapter 6 Summary

Bibliography

Appendix I (Spectral data for siderophores) 

Appendix II (Publications)



List of Abbreviations

BSS= Basal salt solution medium

BSS-SG= Basal salt solution- succinate glycerol medium

BT = Butyltins

DBT= Dibutyltin

DI-MS = Direct injection port mass spectroscopy 

DPT= Diphenyltin

ESI-MS= Electro spray Ionization mass spectrometer 

FTIR= Fourier transport infrared spectrometer 

GC-MS= Gas chromatography mass spectrometer 

I MO = International Maritime Organization 

MBT= Monobutyltin 

MPT= Monophenyltin

NMR= Nuclear magnetic resonance spectrometer 

OT= Organotins

PDI= Phenyltin Degradation index 

PT= Phenyltins

SPM =Suspended particulate matter 

TBC= Total bacterial count 

TBT= Tributyltin 

TPT= Triphenyltin 

TPT-CI= Triphenyltin chloride



List of Tables

Chapter 1 Page no

Table 1.1 5
Physical and chemical properties of some TPT compounds.

Table 1.2 16
Concentration of PT compounds in water (ng Sn L"1) in different parts of the 
world.

Table 1.3 19
Concentrations of PT compounds in sediment (ng Sn g~1 dw) sampled from 
different parts of the world.

Table 1.4 24 & 25
Concentrations of PTs in organisms collected from different locations of world.

Table 1.5 31
Effect of TOT on energy-linked reactions of Escherichia coli.

Table 1.6 32
Toxic effects of TOT on microorganisms.

Chapter 2

Table 2.1 53
Distribution of MPT, DPT, TPT, and total PT and PDI in the surface waters 
collected from different stations sampled along the east and west coast of India.

Table 2.2 57
Concentration of MPT, DPT, TPT, and total PT and PDI in the different 
sediments collected from different stations on the east coast of India.

Table 2.3 58
Concentration of MPT, DPT, TPT, and total PT and PDI in the 
sediments collected from stations on the west coast of India.

Table 2.4
PT concentration in commercial marine fishes collected from the 
west coast of India.

61



Table 2.5
PTs in clams, squids and shrimps collected from the west coast of India.

66

Table 2.6 70
Estimated daily intake of PTs for humans by consumption of fish, 
clams and shrimps collected in this study.

Chapter 3

Table 3.1 82
Composition of Basal salt solution (BSS).

Table 3.2 82
Composition of BSS- succinate glycerol (BSS-SG) medium.

Table 3.3 87
Growth of bacterial isolates in the BSS medium supplemented 
with varying concentrations of TPT.

Table 3.4 88
Growth of bacterial isolates in the BSS with different carbon sources.

Table 3.5 89
Growth and transformation of TPT by bacteria isolated from marine 
sediments.

Table 3.6 91
Gram stain, and physiological and biochemical characteristics of the 
cultures.

Table 3.7 92
Relative abundances (as of total isolates) of TPT transforming bacteria 
isolated from marine sediments.

Table 3.8 94
Morphological, physiological and biochemical characteristics of 
Pseudomonas stutzeri SG 04 (JF509451).

Chapter 5

Table 5.1 137
Fragment ions observed in MS/MS spectra of phenyltin complexes present in 
ethyl acetate extract of cell free supernatant Pseudomonas stutzeri SG 04.



List of Figures

Chapter 1 Page no

Fig. 1.1
Synthesis of TPT compounds

5

Fig. 1.2
Industrial applications and sources of PTs in the environment.

9

Fig. 1.3
Fate of TPT in the aquatic environment.

10

Fig. 1.4.
Biogeochemical cycle for OTs in the environment.

15

Fig. 1.5
General sources of TPT compounds for human exposure

26

Chapter 2

Fig. 2.1 44
Map of India showing sampling locations from where surface water, sediment 
and organisms were collected.

Fig. 2.2 43
Locations of sampling sites from where surface water and sediments were 
collected from various stations in (a) Gujarat, (b) Goa, and (c) Karnataka, on 
west coast of India.

Fig. 2.3 44
Locations of sampling sites in (a) Chennai and (b) Tuticorine ports, east coast 
of India from where surface water and sediments were collected.

Fig. 2.4 45
Locations of the sampling sites in Visakhapatnam harbour, east coast of India 
from where surface sediments were collected

Fig. 2.5 64
Regional variation in PT concentration in five different fishes (1) Mackerel, (2) 
Sardines, (3) Croaker, (4) Orange fin pony fish and (5) Ribbon fish found on 
west coast of India.
Fig. 2.6 66
Regional variation in PT concentration in three clams: (1) wedge clam, (2) 
Asiatic clam and (3) inflated clam collected from different locations on the 
west coast of India



Fig. 2.7 72
Distribution of (a) Total PT (ng Sn g 1 dw), (b) TBC (cells, g'1 dw), and (c) 
TPT-tolerant bacteria (CFU g‘1 dw) in Visakhapatnam harbor.

Fig. 2.8 75
Relationship of total PT concentrations with (a) TBC and (b) and TPT-tolerant 
bacteria.

Chapter 3

Fig. 3.1 96
Neighbor-joining tree based on analysis of the 16S rDNA sequence of P. 
stutzeri and other close strains.

Chapter 4

Fig. 4.1 107
Effect of carbon sources (a) and varying concentrations sodium succinate (b) 
on growth and TPT transformation by Pseudomonas stutzeri SG 04.

Fig. 4.2 109
Effect of glycerol in combination with different carbon sources (a) and sodium 
succinate (0.2%) with varying concentration of glycerol (b) on growth and TPT 
transformation by Pseudomonas stutzeri SG 04.

Fig. 4.3 111
Effect of nitrogen sources (a) and concentration of ammonium chloride on 
growth and TPT transformation by Pseudomonas stutzeri SG 04.

Fig. 4.4 113
Effect of phosphates (a) and sodium chloride (b) on growth and TPT 
transformation by Pseudomonas stutzeri SG 04.

Fig. 4.5 114
Effect of iron (III) on growth and TPT transformation by P. stutzeri SG 04

Fig. 4.6 116
Effect of TPT concentration on growth and TPT transformation by 
Pseudomonas stutzeri SG 04.

Fig. 4.7 111
Growth and TPT transformation by Pseudomonas stutzeri SG 04.

Fig. 4.8 111
Growth of P. stutzeri SG 04 in varying concentrations of (a) DPT and (b) MPT



Fig. 4.9 120
Biotransformation of TPT by cell-free supernatant, resting cells of P. stutzeri 
SG 04, and blank dispensed in 20 mM potassium phosphate buffer (pH 7.2).

Chapter 5

Fig. 5.1 127
Spectra of water soluble fraction (a), TPT (b), water soluble fraction with TPT 
at 0 h (c) and after 4 h of incubation (d) were analysed using DI-MS.

Fig. 5.2 129
Chromatograms illustrating TPT transformation by water soluble fraction
prepared from cell free supernatant of P. stutzeri, water soluble fraction with 
TPT at 0 h (a), after 3 h (b) and 9 h of incubation (c). Standard (d) control at 0 
h (e) and 9 h of incubation (f) also depicted in inset

Fig. 5.3 130
Transformation of TPT by water soluble fraction (a) and comparison of the 
transformation ability of water soluble compound and ethyl acetate extract (b) 
isolated from culture supernatant of Pseudomonas stutzeri SG 04 grown in 
BSS-SG medium supplemented with 200 mg L‘1 TPT.

Fig. 5.4 132
Absorption spectra (a) Emission spectra when excited at 467 (b) for the water
soluble compound obtained from cell free supernatant of Pseudomons stutzeri 
SG 04.

Fig. 5.5 133
FTIR spectra of the water soluble fraction isolated from culture broth of 
Pseudomonas stutzeri SG 04 grown in BSS-SG medium supplemented with 
200 mg L'1 TPT.

Fig. 5.6 134
NMR spectra of the water soluble fraction isolated from culture broth of 
Pseudomonas stutzeri SG 04 grown in BSS SG medium supplemented 200 
mg L'1 TPT. (b), (c), and (d) are enlarged sections of (a).

Fig. 5.7 136
ESI-MS profile of ethyl acetate fraction isolated from culture broth of 
Pseudomonas stutzeri SG 04 grown in BSS-SG medium supplemented with 
200 mg L-1 TPT.

Fig. 5.8 139
ESI-MS profile of n-Butanol fraction isolated from cell free supernatant of the 
marine bacterium Pseudomonas stutzeri SG 04 grown in BSS-SG medium 
supplemented with 200 mg L‘1 TPT.

Fig 5
Proposed structures of siderophores produced by P. stutzeri SG 04

140



Annexure

Fig. A.1 174
ESI-MS/MS of siderophore with molecular mass of 600 and [M+H]+601

Fig. A.2 175
ESI-MS/MS of siderophore with molecular mass of 586 and [M+H]+at 
m/z587.3

Fig. A.3 177
ESI-MS/MS of siderophore with molecular mass of 598 and [M+H]+ at m/z 
599.3

Fig. A.4 178
ESI-MS/MS of hydroxamate siderophore with molecular mass of 645 amu



Chapter 1

Introduction and Literature Survey



Chapter 1

1.1. General introduction

The earth’s crust consists of nearly 80 elements. The elements, 

especially the metals, play a pivotal role in human life. Among several 

metals, tin (Sn) has been used for over 3000 years. This silvery, malleable 

post-transition metal is not easily oxidized in air and so, its compounds are 

used to coat other metals to prevent corrosion. The organic derivatives of 

tin are known as organotins (OTs). These are chemical compounds with 

Sn-carbon bonds. Of all the chemical compounds of tin, OTs have 

widespread use.

The estimated worldwide industrial production of OTs exceeds 

50,000 tonnes per annum. About 70% of the total production is being used 

as additives in the plastic industry, for the production of polyurethane 

foams and silicones (Bennett 1996). OTs have also been used as a 

fungicidal component in agriculture, and for timber preservation (Hoch 

2001). Some OT compounds are highly toxic and have been used as 

biocides in antifouling paints and agriculture (Champ and Seligman 1996). 

Triphenyltin (TPT) is one such OT compound used as a biocide.

TPT has a harmful effect on aquatic organisms when released into 

the environment even at trace levels (Harino et al. 1998, 2000). TPT 

pollution in aquatic systems may cause various changes in the affected 

fauna, such as thickening of shell and failure of spat in oysters (Alzieu et
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al. 1986), impotence in gastropods and neogastropods (Bryan et al. 1988; 

Gibbs et al. 1991a, CICAD 13), reduction of dogwhelk populations (Gibbs 

et al. 1991b), retardation of growth in mussels (Salazar and Salazar 1991) 

and immunological dysfunction in fish (Suzuki et al. 1992).

There are several studies (Yi et al. 2012, Ishaaya 1980, Horiguchi et 

al. 1997, Ohji et al. 2002) suggesting that following are affected due to OT 

pollution:

i. biodiversity,

ii. metabolism,

iii. reproduction capability,

iv. change of behaviour, structure and form of an ecosystem

v. environmental quality, etc.

The European Commission now considers OTs such as tributyltins 

(TBT) and TPT as priority hazardous substances in water and the 

maximum allowable concentration of OTs is proposed to be fixed at 

0.0015 pg L'1 in inland surface waters (COM 2006). The International 

Maritime Organisation (IMO) has banned use of OTs on ship hulls and in 

aquaculture since 2008. But these compounds are illegally used in many 

South Asian countries including India. As TPT is cheaper compared to 

TBT, it has replaced TBT in many industrial applications. This has given 

rise to a substantial amount of TPT pollution (Kannan et al. 1995, Kannan 

and Lee 1996). Due to extreme toxic nature and high persistence of in the 

environment, degradation of TPT compounds and their fate in environment 

is of concern.
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1.2. Chemical and physical properties of TPT

TPT consists of three phenyl molecules having a covalent bond with 

the Sn atom (Fig 1.1). The covalent bond between Sn and C remains 

stable in the presence of water, atmospheric 0 2 and heat. TPT 

compounds may be characterized by a general formula (C6H5)3Sn-X, 

where X is an anion or an anionic group, such as chloride, hydroxide and 

acetate. The physical and chemical properties of TPT compounds vary 

depending upon the X linked to the Sn molecule (Table 1.1).

TPT compounds are colourless solids with low vapour pressures (< 2 

mPa at 50°C) and stable at temperature exceeding 200 °C (Zuckerman et 

ai. 1978). These compounds are lipophilic in nature and have low water 

solubility (typically a few mg L'1 at neutral pH). Ultraviolet radiations, strong 

acids and electrophile agents may cleave the covalent bond between Sn 

and the carbon moiety. Diphenyltin (DPT) and monophenyltin MPT are 

degradation products of TPT, together called as phenyltins (PTs).

1.3. Synthesis routes for PT compounds

PT compounds can be synthesised by following methods: Grignard 

route, Wurtz route, alkyl aluminium route, and by direct synthesis (Fig. 

1.1). In first three routes, to produce PT halides involve two step reactions. 

The 1st step is a reaction of tin tetrachloride (SnCI4) with suitable reagent 

to form tetraphenyltin (Ph4Sn). In the 2nd step Ph4Sn reacts with SnCI4 in 

redistribution reaction to form PT compounds with less aryl groups, like 

Ph3SnCI, Ph2SnCI2, PhSnCI3 (Blunden and Evans 1990). PT halides can 

also be directly synthesized (Route 4) by a reaction between Sn metal or 

Sn alloys and aryl halides.
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Table 1.1
Physical and chemical properties of some TPT compounds.

T P T

acetate ch lo rid e h yd ro x id e

M o le c u la r  fo rm u la C 2oH180 2Sn C i8H 15CISn C isH 16OSn

M o le c u la r w e ig h t 409.1 385.5 367 .0

M e ltin g  point 122 - 124 °C 106 °C 122 - 1 2 3 .5 °C

S o lu b ility 9 mg L"1 (pH 5 ) 40  mg L' 1 1 mg L' 1 (pH 7 )

V a p o u r  pressure 0.047  m Pa (50°C) 0.021  mPa 0 .047  m P a(5 0 °C)

*Ref: Tomlin (1997)

G rignard (Route 1)

Wurtz (Route 2) ► R4Sn

Aluminium-alkyl

Redistribution
reaction

f^Sn  + SnCI4

R3SnCI

R2SnCI2

RSnCI3

D irect synthesis (Route 4) Sn + 2R1 --------►  R2Snl2

Where R can be phenyl, butyl, ethyl, methyl, alkyl or aryl group.

Fig. 1.1
Synthesis of TPT compounds (Blunden and Evans 1990)
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Analytical methods

Environmental analysis of TPT requires methods that are sensitive 

enough for an accurate determination at extremely low concentrations (ng 

Sn L'1). Species-selective analysis of TPT compounds is performed by 

coupled techniques based on a combination of a chromatographic 

separation technique with a sensitive and element-selective detection 

method. The most common technique is gas chromatography (GC) 

coupled with element-specific detection methods like atomic absorption 

spectrometry (GC-AAS) (Cai et al. 1993), mass spectroscopy (GC-MS) 

(Jadhav et al. 2009), microwave-induced and inductively-coupled plasma 

atomic emission spectrometry (GC-MIP-AES and GC-ICP-AES, 

respectively) or flame photometric detection (GC-FPD) (Bhosle et al. 2004 

and 2006).

For GC analysis, the polar ionic PT species need to be extracted 

from the sample matrix and converted into their fully alkylated, more 

volatile form, which can be separated with this analytical system. 

Extraction from water samples or sediment or biological samples after acid 

leaching is followed by alkylation with Grignard’s reagent. This is the most 

common approach for extracting PTs. As Grignard reagent is sensitive to 

water, samples need to be extracted with an aprotic solvent such as 

dichloromethane or hexane by using a complexation reagent like 

tropolone. Alternatively, sodium tetra ethylborate (NaBEU) can be used as 

a derivatizing agent.
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1.4. Industrial applications and sources of environmental pollution

TPT compounds are used as biocides in shipping, aquaculture 

industry. Any surface immersed in water adsorbs dissolved organic matter 

thereby leading to conditioning the surface. Conditioned surfaces are then 

colonized by microorganisms followed by macro-organisms. Attachment 

and growth of organisms on a surface is called fouling. Fouling is of 

economic concern to the shipping industries because it induces frictional 

drag on the hulls of ships thereby increasing the fuel consumption. In order 

to reduce economic losses due to fouling the ship hull is coated with 

antifouling paints containing biocide such as TBT and TPT. These biocides 

are slowly released from the hull when it comes in contact with water. The 

release of biocide prevents the settlement of fouling organisms such as 

barnacles, tubeworms etc. The OT based paints protection for 5-7 years 

and estimated to save the shipping industry some US$5.7 billion per 

annum (Rouhi 1998). This also results in annual fuel saving of 7.2 million 

tons per year (Bennett 1996).

Another major use of TPT lies as a molluscicide/ pesticide/ fungicide 

in the agricultural industry (Kannan et al. 1995). TPT has been used as a 

fungicide across the globe, to treat a variety of plants such as potatoes, 

sugar beets, peanuts and rice. There has been considerable increase in 

the amount of TPT used as a fungicide in some areas over the last 3 

decades as it is an approved pesticide for feed stock. Kannan and Lee 

(1996) reported a 3-fold increase in the usage of TPT as pesticide all over 

the world. Due to their miticidal properties, TPT compounds are also used 

in the textile, timber and paper industry (Hoch 2001).
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Di and mono OTs are used as catalyst in plastic industries. The PVC 

polymer becomes unstable under the influence of heat and light resulting 

in discolouration and embrittlement. Addition of OT compounds prevents 

this degradation process of the polymer. The major use of di and mono- 

OT compounds lies in PVC stabilisation (Hoch 2001).

PTs enter the aquatic environment directly by leaching through 

antifouling paints, through river run-off from agriculture and industrial 

waste, municipal sewage, etc (Hoch 2001, Fig. 1.2). TPT compounds may 

also enter the environment by leaching into soil and groundwater from 

consumer products containing PT compounds disposed off in landfills 

(Fent 1996a).The environmental concentration of TPT varies based on 

where, when and how the compounds were used. The application of TPT 

as a biocide and fungicide has resulted in its direct release into the water, 

with its consequent uptake and accumulation in aquatic flora and fauna.

1.5. Fate of TPT compounds in environmental systems

With the wide industrial applications, considerable amounts of TPT 

compounds have entered various ecosystems. The persistence of TPT 

compounds in polluted ecosystems is a function of physical (adsorption to 

suspended solids and sediments), chemical (chemical and photochemical 

degradation) and biological (uptake and biological degradation) removal 

mechanisms (Fig 1.3). Thus, it is important to study the distribution and the 

degradation processes of TPT compounds under natural conditions.
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Fig. 1.2

Industrial applications and sources of PTs in the environment.
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The degradation of TPT in the environment may be defined as a 

progressive loss of phenyl group from the Sn cation:

Ph3SnX -> Ph2SnX2 -^PhSnX3-^SnX3.

The removal of phenyl groups can be caused by various processes 

which include:

1. UV radiation

2. biological cleavage

3. chemical cleavage

1. Photolysis by sunlight appears to be the fastest route of degradation in 

water. But because of attenuation of sunlight with depth in the water 

column, photolysis is probably not important at greater depths in water, nor 

in sediments or soils (Hoch 2001).

2. Barnes et al. (1973) showed stepwise decomposition of TPT acetate in 

soil to DPT and MPT by bacteria capable of degrading TPT such as 

Pseudomonas aeruginosa, P. putida and Alcaligenes faecalis. The study 

demonstrated that bacteria may play an important role in TPT degradation. 

However, only a limited number of such species have been identified until 

now and little is known about the conditions required for biological 

degradation (Dubey and Roy 2003).

3. The Sn-C bond can be attacked by both nucleophile and electrophile 

reagents. For example, mineral acid, carboxylic acids and alkali metals are 

agents which are able to cleave Sn-C bonds (Hoch 2001).

1.6.1. Degradation
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The half lives of OTs in harbours and estuarine waters very from 4 -  

14 days. In soil, half life of TPT acetate has been determined to be 140 

days (Barnes et al. 1973). In sediment, the degradation rate of TPT 

compounds is substantially lower, with half lives of 1 to 5 years (Waldock 

et al. 1990). Therefore, the current problem of TPT compounds lies in 

contamination of sediments and its consequences on biota.

1.6.2. Bioaccumulation

Due to the lipophilic nature of TPT compounds, they have high 

persistence in the environment. Most studies concerning the uptake of OT 

compounds by aquatic organisms deal with TBT and TPT because of their 

extreme toxicity to several organisms. Some organisms show a 

remarkable ability to accumulate TPT compounds. Research on TPT 

accumulation by aquatic inverterbrates has been confined to molluscs 

(bivalves) and crustaceans (decapods) as these groups are important food 

resources. The reports on bioaccumulation suggest that snails are able to 

bioaccumulate with bioconcentration factor (BCF) of 32,500 as compared 

to some fishes that are able to bioaccumulate with BCF of 4100 (Yamada 

and Takayanagi 1992). Crustaceans and fish accumulate a much lower 

amount of TPT because they possess efficient enzymatic mechanisms to 

degrade TPT. The accumulation of TPT by higher trophic aquatic 

organisms proceeds through either uptake from the water alone or in 

combination with diet. Recent studies have shown that TPT accumulates 

in marine mammals like porpoises and sea birds (Iwata et al. 1995, 

Kannan et al. 1997).
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A large proportion of TPT is found to be associated with particulate 

matter, indicating that adsorption and concentration on to particulate 

matter is an important control mechanism concerning distribution and fate 

of TPT in the environment. Thus, soil and sediment serve as traps for TPT. 

Sorption is considered as one of the most important processes responsible 

for reduction of concentration and toxicity of TPT in water. 90% of DPT 

was present in the dissolved phase of sea water and 87% of TPT is 

preferentially associated with particulate matter (Fent and Hunn 1995).

Although the application of TBT and TPT in antifouling paints is now 

restricted in some countries, the question remains as to what extent TPT 

compounds have accumulated in sediments over the past few decades. 

This trapped TPT may control the extent of aqueous pollution by 

remobilisation in the future. The adsorption behaviour of TPT is important 

in determining its transport processes as well as bioavailability, especially 

to aquatic organisms (Borghi and Porte 2002).

1.6. Distribution and effects of TPT compounds in various 

ecosystems

Anthropogenic activities have led to an increase in TPT 

concentrations in water, soil, sediments and organisms. Knowledge about 

the environmental concentrations of any chemical compound is required to 

understand its effects on system. When released in the environment, PT 

compounds undergo various transport and transformation processes. This 

can be divided into two parts:

1.6.3. Adsorption
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1. The transport, mixing and transfer of TPT within environmental 

compartments (open sea, coast, shipping channels, bay and 

harbours).

2. Alteration in the structure of TPT by physicochemical and biological 

transformation reactions.

The two processes can occur simultaneously as well and can, thus, 

affect each other (Fig 1.4). Understanding these processes will help in 

understanding the behaviour and fate of TPT in the environment and its 

potential impact.

1.7.1. PTs in the aquatic system

The aquatic system is most susceptible to TPT contamination, as 

TPT is directly released into the aquatic environment by antifouling 

coatings, agricultural and municipal waste into coastal areas, marinas, 

bays and the open sea (Fig. 1.3). There are very few reports on 

contamination of water by PTs. However, results of determination of PT 

concentrations are summarised in Table 1.2. Concentrations of PTs in the 

marine environment can vary among seasons (Lee et al. 2006). In contrast 

to TBT, concentrations of which were reported to be greater in winter and 

lesser in summer (Rivaro et al. 1997), concentrations of TPT in organisms 

have been found to be greater in summer (Hung et al. 1998, 2001, Lee et 

ai. 2005). Because antifouling paints are not the only source of PTs, this 

seasonal trend of PTs might be due to their use in aquaculture nets and
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Anthropogenic source?

Fig. 1.4.

Biogeochemical cycle for OTs in the environment.

At usual environmental pH values, organotins of general formula RnSnX4_ n exist in 

aqueous solution as simple neutral hydroxides. Little is known of the effect of the anionic 

radical (X) on breakdown. In the environment, organotins usually exist as, or are 

converted to, oxides, hydroxides, carbonates or hydrated cations. As a result of 
biomethylation, methylstannanes ((CH3)nSnH4 n) may also be produced. Main reactions 

detailed are (a) bioaccumulation; (b) deposition and/or release from biota on death or 

other processes; (c) organotin degradation (biotic and/or abiotic); (d) photolytic 

degradation of organotins and resulting free radical production; (e) biomethylation; (f) 

methyltin degradation (demethylation); (g)disproportionation reactions; (h) sulphide- 

mediated disproportionation of bis(trimethyltin) sulphide (i) SnS formation; (j) formation of 

CH3I by reaction of dimethyl ft-propiothetin (DMPT) with aqueous iodide; (k) CH3I 

methylation of SnX2; (L) oxidative methylation of SnS by CH3I to form methyltin triiodide; 

(m) transmethylation between organotins and mercury. Scheme reconstructed from Gadd 

1993.
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Table 1.2
Concentration of PT compounds in water (ng Sn L'1) in different parts of 
the world.

Sam pling Location L eve ls  o f  PT co m p o u n d s R e fe ren ce

M P T  D PT T P T

Rhine, France < d.l - 223 < d .l.-15 < d.l. -41 Fent1996a

Adour basin France < d.l. to 29 (734)a Bancon -Montigny 
et al. 2004

Garrone basin 
France

0 -4 6  (434)a Bancon -Montigny 
et al. 2004

Herault river and 
tributaries

< d .l.-298 < d.l. 39 < d.l. -69 Bancon -Montigny 
et al. 2008

French Corsica 
Island

N.D-1.9 Michael et al. 2001

Mediterranean
waters

21-94 Alzieu et al. 1991

a = maximum value; <d.l.= detected but < limit of quantification

16



application of PT-containing biocides in both mariculture and agriculture 

during the summer (Hung et al. 1998; Meng et al. 2009).

Distribution of TPT species also depends on pH and salinity. At pH 8, 

approximately normal pH of seawater, the major species are TPT- 

hydroxide and TPT-carbonate (Champ and Seligman 1996). In surface 

waters, degradation products of TPT i.e. DPT and MPT are detected in 

higher concentrations compared to the parent compound (TPT). This may 

be due to photolysis and/or microbial activity in surface waters. Another 

reason may be that, TPT has low solubility compared to its degradation 

products. So the majority of MPT and DPT remain in dissolved phase 

while TPT remains adsorbed on particulate matter (Fent and Hunn 1995).

1.7.2. PTs in sediments

Ship trafficking, ship building/breaking docks, agricultural waste, 

municipal sewage are major sources of TPT contamination in the water 

column (Kannan et al 1995). TPT and its degradation products enter the 

aquatic system through run-off from land or landfill leachates (Fig 1.2).

The widespread use of PTs in antifouling paints has led to its 

increased distribution in oceanic water and in almost all the navigational 

routes. One such navigational trading route is the Suez Canal, an artificial 

sea-level waterway in Egypt, connecting the Mediterranean Sea and the 

Red Sea. It is an important trade route and allows transportation by water 

between Europe and Asia without navigation around Africa. A recent study 

by Shreadah et al. (2011) revealed that the Suez Gulf is polluted with DPT 

and other OT compounds.On an average, 1.10 pg g-1 dry wt of DPT was
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observed. Antifouling agents and industrial discharge are the main sources 

of pollution by DPT compounds in the Suez Gulf. Takada et al. (1994) 

showed that organic pollutants like TPT derived from dumped sludge are 

transported through the water column and become accumulated on the 

deep sea floor. This study also indicated that the deposits can be further 

dispersed by resuspension and transport processes. PT pollution in 

sediments of harbours and coasts has been investigated worldwide (Table 

1.3).

The observed distribution and variation in the concentrations of PTs 

are caused by different sources of contaminants. In the aquatic 

environment, TPT compounds have low solubility and mobility and they 

are adsorbed onto suspended particulate matter (SPM). The deposition of 

SPM leads to TPT scavenging in sediments, where considerable amounts 

of TPT and its degradation products can be detected. TPT is expected to 

be present in the upper 2-3 cm of the sedimentary column because of its 

recent use in aquatic systems. Nevertheless, a core collected (107 ng Sn 

g'1) from freshwater marina of Switzerland indicated presence of TPT upto 

11 cm of the sediment core in varying concentration (Fent and Hunn 

1991). Dated sediment indicates that anoxic harbour sediments are long 

term reservoirs of TPT compounds. The degradation rate of OT in 

sediments may range from 1.8 to 2.8 years (De Mora and Pelletier 1997). 

Therefore, the subject of growing concern and debate is persistence of 

OT, the transformation kinetics and their possible release from sediments. 

Presence of PT species on suspended matter or sediment makes them 

available to filter or sediment feeding organisms. Another possible 

contamination risk is resuspension and remobilisation of contaminants
18



Table 1.3

Concentrations of PT compounds in sediment (ng Sn g~1 dw) sampled 
from different parts of the world.

S am pling  Location Levels  o f PT c o m p o u n d s R efe ren ce

MPT DPT TPT

NE and SE coast Spain 8-5160 11 -419 15-236 Diez et al 2002

N German and Baltic Sea 
marinas

7-41 16-172 15-3450 Beselli et al. 2000

Cadiz coast, Spain 33 - 630 34 - 430 15-940 Gomez-Ariza etal. 1995

NE Mediterranean 
enclosures Spain

8 5840 12272 Toloso et al. 1992

Portuguese coast ND ND ND Diez et al. 2005

Off Iberian peninsula, 
Atlantic Ocean

ND - 9 ND - 9 ND - 3 Diez and Bayona 2009

Ostuchi Bay, Japan <1 - 5200 <2-690 < 2 - 3500 Harino et al. 2007

Harbours of Taiwan 
harbours

NA NA 445 - 946 Lee et al. 2006

Paranagua estuarine 
complex, Brazil.

N D - 800 ng Sn g-1 dw Santos et al. 2009

Zuari estuary, west coast 
of India

ND - 17 ND -  16. 8 N D - 12.5 Jadhav et al. 2009

Gdansk port, Poland 29-49 ND ND Radke et al. 2008

ND = undetected; NA= not analysed
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from sediments due to dredging, swirling or desorption due to life activities 

(Hoch 2001).

1.7.3. PTs in organisms

TPT is hazardous to aquatic life and has been proved to be more 

neurotoxic than TBT (Lee et al. 2006). Individual populations may vary in 

their susceptibility to TPT exposure due to different genotypes, rate of 

metabolism, ontogenic development and environmental history. TPT 

compounds are found to be potential endocrine disruptors and induce 

imposex in some prosobranch (snails) species (Horiguchi et al. 1997, 

Schulte-Oehlmann et al. 2000, Barroso et al. 2002, Santos et al. 2006). 

Laboratory experiments showed that ‘imposex’ is initiated and promoted 

by TPT at concentrations of 1 ng Sn L'1 in Japanese rock shell Thais 

clavigera (Horiguchi et al. 1997). Imposex gives rise to reproductive 

failures and, as a consequence, population decline. TPT accumulation 

levels in dogwhelks were determined to be 1000 times higher than the 

concentration of TPT in surrounding water (Gibbs and Bryan 1996). TPT 

and other OT compounds can have adverse effects on molting, growth 

and reproduction of crustaceans (Rodriguez et al. 2007). Widdows (1995) 

reported that threshold values for affecting the growth of mussels was 2 pg 

g'1 dw.

A fresh water aquarium fish (Poecilia reticulata), exposed to different 

concentration of TPT, died when the TPT concentration reached 2.2pg g'1 

fish (Tas et al. 1990). Early life stages offish are more susceptible to TPT 

pollution. A study by Jarvinen et al. (1988) reported that larvae of fathead
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minnow (Pimephales promelas) when exposed to 7.1 pg L"1 TPT 

hydroxide caused delayed hatching, reduced survival and gross 

morphological and histological alterations in the larvae. TPT was detected 

in fish in spite of not being detected in water (Harino et al. 2000). TPTs 

have degenerative effects on microsomal monoxygenase system of fish 

(Fent and Stegemann 1998). TPT can affect reproduction by suppressing 

spawning frequency and reducing the number of eggs produced by female 

medaka, Oryzias latipes (Zhang et al. 2008), or by inhibiting testicular 

development in male rockfish Sebastiscus marmoratus (Sun et al. 2011), 

TPT’s binding to retinoid X receptor (RXR) can also cause deformities of 

the eye in the Chinese sturgeon Acipenser sinenses (Hu et al. 2009). 

Apart from gastropods and fish, TPT have been reported to induce 

malformation in embryos of amphibians such as the African clawed frog 

(Xenopus tropicalis) (Yuan et al. 2011). Stab et al. (1996) reported TPT 

had more accumulation potential than TBT and was also more persistent 

in fish than TBT.

TPT accumulation in marine fauna was first reported by Takami et al. 

(1988). In general, TPTs are known to bind to amino acids, peptides lipids 

and proteins and this complexation may influence tissue distribution in 

organisms (Davies and Smith 1980, Hu et al. 2009). Additionally, 

bioaccumulation depends on other factors such as habitat, dietary uptake, 

pollutant bioavailability and biotransformation (Barron 1990). The octonol 

water partitioning coefficient of TPT is higher (log kow = 4.1) than that of 

TBT (log kow = 3.3), explaining the higher bioaccumulation potential of 

TPT. Fent and Hunn (1991) reported that TPT had a higher
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bioaccumulation potential because of rapid accumulation and slow 

elimination by metabolism. Slow metabolism and elimination may be one 

of the bases for high bioaccumulation and toxic effects observed in 

organisms.

In fishes, PT concentrations were higher in benthic species 

compared to pelagic fishes. Interestingly butyltin residues were higher in 

pelagic fishes than benthic fishes (Lee et ai. 2006, Rumengan et al. 2008). 

In predatory fishes, TPT residues were three times higher than butyltin 

residues (Fent 1996a). From the available literature, it is evident that 

accumulation of TPT in marine fishes or organisms is higher in harbour, 

reef-associated and deep sea areas compared to coastal areas (Morciilo 

et al. 1997, Lee et ai. 2006). The sediment water partition coefficient (kd) 

of TPT varies from 21 to 113X 103 L Kg'1, which indicates that TPT will be 

mostly associated with particulate matter. Therefore, transport processes 

to deep sea areas could be comparatively more important to TPT than 

TBT. As kd for TBT varies from 1 to 3 X 103 L Kg"1 which indicates TBT will 

be mostly associated with both water and particulate matter. Besides, 

deep sea fishes are long lived and tend to feed at higher trophic levels 

compared to their shallow water counterparts. This may lead to higher 

level of accumulation. Moreover, extreme conditions of the deep sea 

environment such as high pressure, low temperature and absence of 

sunlight may reduce both biotic and abiotic degradation of TPT resulting in 

longer persistence of TPT (Borghi and Porte 2002). Although the 

accumulation patterns of TPT differed with species, gastropods (Bryan et 

al. 1993), starfishes (Shim et al. 2005) and skipjack tuna (Uneo et al.
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2004) have been suggested as suitable indicators for monitoring global 

distribution of OTs in the aquatic environment. A survey of concentration of 

PTs detected in a few marine organisms is listed in Table 1.4.

Despite the high concentration of TPT compounds found in 

invertebrates, little is known about the accumulation and toxic effects of 

TPT compounds on other marine organisms. TPT affects algal cells at 5- 

15 pg L'1 and cells were totally damaged at 20 pg L'1 (Rumampuk et al. 

2004). This study showed that reproductive cells of algae were more 

sensitive than somatic cells (Rumampuk et al. 2004). TPT had adverse 

effects on the fresh water plant Lemna polyrhiza, at concentrations of 2-5 

pg L'1 (Song and Huang 2005). Due to hydrophobicity of the PT molecules 

it can easily solubilise in biological membranes and thus affect the 

organism.

1.8. Human exposure

Humans are exposed to TPT in two ways:

a) direct exposure through ingestion of contaminated food and

b) indirect exposure from use of household items (Fig. 1.5). 

There are several applications of OTs in day to day life of humans, 

besides biocidal and antifouling usage. Consumer products, such as 

textiles, packaging material of food products, preserving agents for wood 

and timber, heat and UV stabilisers of PVC, and as catalysts in the 

production of polyurethane foams generally contain OTs (Stewart and 

Thompson 1994, Fent 1996b).
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Table 1.4

Concentrations of PTs in organisms collected from different locations of 
world.

S a m p lin g
lo ca tio n

B io log ica l s am p le Levels  o f  P T  com pounds R eference

M P T D P T TP T

Baltic Sea, 
Polish coast

flatfish Platychtys flesus <d.l. <d.l. 7- 30 Albalat et al. 
2002

Porto Brandao, 
Portuguese

mussel Mytilus 
galloprovincialis

<d.l. <d.l. 16 Borroso et al. 
2004

N Norwegian 
territory

harbour porpoise 
Phococena phococena

9-32 4-40 3-11 Berge et al. 
2004

W Norwegian 
territory

harbour porpoise P. 
phococena

10-19 9.8-27 4.9-38

common seal Phoca 
vitulina

<1-7 1 -4 2 - 5

Sinriku Coast, 
Japan

Dali's porpoise 
Phocoenoides dalli

1 1 5 Yang et al. 
2007

NW
Mediterranean

deep sea fishes

Mora mora 154-34 85-20 1430-63 Borghi and 
Porte 2002

Mediterranean codling 
L. lepidion

49-22 35- 12 176-66

Risso's smooth head A. 
rostratus

<1 <1 <1

Gunther's Granadier C. 
guentheri

<1 2- 13 6- 36

Aegean Sea, 
Greece

Mediterranean mussel, 
M. galloprovincialis

ND ND 2- 201 Chandrinoue 
etal. 2007

Bearded horse mussel, 
M. barbatus

Nd ND < 10

Stripped venus, V. 
gallina

ND ND <10-30

Scallops, P. jacobeus ND ND <10

Hard clams, C. chione ND ND < 10

Contd...
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Concentrations of PTs in organisms collected from different parts of world.

Table 1.4. Contd.

S am pling
location

B io lo g ica l s am p le Levels o f P T  com pounds R eference

M PT D P T TPT

Taiwan Clam, Corbicula 
fluminea

ND <47 ND - 7.6 <6 - 69 Lee et al. 
2009

Golden apple snail, 
Pomacea canaliculata

Nd < 
166 ww

N D - 
101 ww

N D - 
1558 ww

Ostuchi Bay 
Japan

Mussel Mytilus 
galloprovincialis

<1 < 1 - 1 3 <1 - 80 Harino et al 
2007

Harbours of 
Taiwan

Reef associated fishes NA NA ND - 4861 Lee et al. 
2006

Demersal fishes NA NA 18.7-
1451

Pelagic fishes NA NA 4.7 - 3765
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Agriculture Industry

Fig. 1.5
General sources of TPT compounds for human exposure (Hoch 2001)
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Several studies have shown leaching of OTs from, siliconised 

plastic paper, polyeurythane gloves, sponges and cellophane film may 

lead to contamination of food stuff and beverages (Bancon-Montigny et al. 

2008). Several authors have clearly demonstrated contamination of 

dringking water by OT compounds from PVC materials (Impellitteri et al. 

2007). Seafood such as fish, mussels and crabs collected from polluted 

environments contain various amounts of PT compounds and humans at 

the highest level of the food chain are endangered by eating these foods.

TPT contamination in humans and toxic effects caused by them has 

not been well documented uptil to now. There have been two reports 

related to the adverse effects of TPTs on humans (Manzo et al. 1981, 

Colosio et al. 1991) via accidental exposure to TPT-based pesticides by 

farmers. These patients exhibited similar symptoms of TPT poisoning, 

including dizziness and nausea. TPT may also lead to possible impairment 

of the central nervous system and liver damage.

Kannan et al (1999) showed butyltin contamination in blood samples 

of humans. TPT may act as an unspecific, but significant inhibitor of 

human sex steroid hormone metabolism, and the inhibitory effects are 

mediated by the interaction of TPT with critical cysteine residues of the 

enzymes (Lo et al. 2003). TPT chloride reduces the erythrocyte plasma 

membrane mechanical strength and increases the extent of haemolysis 

under osmotic stress conditions (Mizta et al. 2005).
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In vitro tests have shown that TPT may cross the lipid bilayer by 

means of passive diffusion within a few minutes. This means that these 

compounds may influence not only plasma membrane integrity, but also 

interact with intracellular structures affecting various metabolic processes. 

Therefore, it is obvious that though the PT concentration required to 

perturb the plasma membrane is relatively high (micromolar range), other 

metabolic processes may become affected at much lower concentrations, 

as has been shown in various studies in vitro with a number of different 

proteins (Olzynska et al. 2005).

1.9. Legislative restrictions

In 1970’s, abnormal thickening of the shells of juvenile Pacific 

oysters was observed in Archachon bay. OTs released from antifouling 

paint was thought to be responsible for exerting the adverse effect on non

target organisms. For example the oyster industry in Archachon bay, 

France collapsed in late 1970’s. Alzieu (1991) observed a good agreement 

between enhanced OT concentrations in seawater and frequency of oyster 

shell abnormalities. Therefore, French authorities regulated use of OT- 

based paints in 1982 for vessel < 25 m. Following France, the UK 

government too prohibited use of OT-based paints on small vessels (< 

25m), and set environmental quality target concentration at 20 ng L"1. 

Later in 1990’s Australia and Japan banned the use of OT paints on 

oceanliners and aquaculture nets. Today several developed countries 

have banned complete usage of OT paints like Austria, Sweden and
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Switzerland. IMO also has banned use of OTs on ship hulls and in 

aquaculture since 2008.

Inspite of the banning or regulation of OTs in some countries, 

contamination continues in the aquatic environment and environmental 

concentrations remain high enough to warrant continued concern. 

Unfortunately OT compounds are still used in south Asian countries and 

India. There exists no legal ban on use of these compounds. In the view of 

this, continued research on elucidating pathways, kinetics and persistence 

of OTs in natural environment is required.

1.10. Effect of OTs on microorganisms

About 5% of the Sn mined each year is used for production of 

organotins, generating some 30,000 tons of OTs. The inhibitory activity of 

OTs toward microorganisms increases in order of ethyl < butyl < phenyl, 

which is attributed to lipophilicity which facilitates membrane crossing, in 

agreement to the knowledge that the toxicity of organotins is related to the 

hydrophobicity of the molecule. Triorganotins (TOT) such as TBT and TPT 

inhibit number of microbial processes. TOTs affect energy transduction, 

solute transport and retention and oxidation of substrates. Changes in 

carbohydrate-lipid complex were observed when bacterial cell 

encountered organotin molecules (Ph. Daniel et al. 2008). TOTs also act 

against chloroplast and mitochondria by causing swelling, acting as 

ionophore and by acting against ATPase. While Di-organotins (DOT)
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appears to act by binding to diothol groups on enzyme and co-factors 

(Cooney and Wurtz 1989).

The mode of action of OT compounds has been described in terms 

of hydrogen bonding with the active centers of cell constituents resulting in 

interference with normal processes. Effects of TOT on energy linked 

reactions in E. coli are summarized in Table 1.5. Since the OT complexes 

inhibit the growth of micro-organisms, it has been assumed that production 

of an enzyme being affected, hence the microbes were less able to 

metabolize the nutrients and consequently the growth ceased. Those 

enzymes that require free sulfydryl groups (-SH) for activity, appears to be 

especially susceptible to deactivation by ions of the complexs (Basu Baul 

2008).The toxic effects of TOT on microbes are summarized in Table 1.6.

In general, OT compounds are more toxic towards Gram positive 

bacteria than Gram negative bacteria but TPT-CI is equally toxic towards 

both. TPTs are known to inhibit methanogens and fermentative bacteria 

(Cooney and Wurtz 1989, Harino et al. 1997). Triphenyltin actetate (TPT- 

Ac) inhibited the nitrification by bacteria and fungi (Wurtz and Cooney 

1989). TPT inhibited light induced proton uptake in Halobacterium 

halobium (Mukhohata and Kaji 1981). A good activity MIC 3.1pg ml'1 

against Staphylococcus epidermis was noted for DPT-CI. PTs are known 

to inhibit several Gram positive bacteria like Bacillus subtilus, 

Staphlococcus aureus and several bacilli. The recommended dose for TPT 

and DPT is given as 3 pg L'1 for bactericidal action (Basu Baul 2008).
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Table 1.5

Effect of TOT on energy-linked reactions of Escherichia coli

Energy reactions Concentrations causing 50% 
inhibition of maximal activity 
(nmol mg'1 protein)

Dissipation of ApH 0.15

ATPase activity

(a) ATP hydrolase 2.5 (1.2)a

(b) ATP synthetase 2.5 (8.6)a

Oxidation of substrates > 50

(NADH, succinate, D-lactate)

Glucolysis > 50

(intracellular ATP pools)

Solute transport (amino acids)

(a) At pH 6,6 3.3

(b) At pH 7.5 > 50

Energy linked transhydrogenase 8.0

Synthesis of macromolecules

(a) Proteins 35.3 pM

(b) DNA and RNA 70.6 pM

Growth of

(a) cytocrome -sufficient cells 100 pM

(b) cytocrome -defficient cells 5 pM

(Cooney and Wurtz 1979)
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Table 1.6

Toxic effects of TOT on microorganisms

Process affected Organism Inhibition
concentration

Respiration Bacteria 0.04-1.7 pM

Photosynthesis Cyanobacteria 1 pM

Nitrogen fixation Anabaena cylindrica 1 pM

Primary productivity Microalgae 0.55-1.7 pM

Growth Microalage 0.17-8.4 pM

Energy linked reaction E. coli 0.15-1.50 pM

Growth and 
metabolism

a) Fungi 0.28-3.3 pM

b) Bacteria 0.33-16 pM

Photophosphorylation 
and ATP synthesis

Chloroplast 0.56-5 pM

ATPase activity on 
plasma membrane

Neuospora crassa 0.06 pM

ATPase activity on 
mitochondria

Neuospora crassa 0.01 pM

(Kuch 1986)



OT compounds are toxic against natural heterotrophic populations. 

A study carried out by Pettibone and Cooney (1986) suggests that 

Me2SnCI2 were toxic to microbial populations in sediments from Boston 

harbour as measured by plate counts and incorporation of 3H-thymidine. 

OTs can also affect pollution indicator organisms, pure cultures of 

Streptococcus faecalis and faecal strain of E. coli were killed by TPT-CI at 

0.84 pM concentration. Similar effects were noted on natural population of 

faecal conforms and fecal streptococci (Cooney and Wurtz 1989). 

Although, these concentrations are greater than those reported in 

environmental samples, it is pointed out that both bacteria and OT 

molecules can be concentrated on suspended particles and on sediments 

which would expose bacteria to higher concentration of OTs. In addition, in 

the aquatic environment other stressor may interact with stress caused by 

OTs (Pettibone and Cooney 1986).

Respiration and photosynthesis in spores of seaweed 

Enteromorpha intestinalis and Ulothrix flacca were inhibited by TPT-CI 

(Callow et ai. 1978). Wong et al (1982) examined the effect of OT 

compounds on growth and productivity of mixed algal flora from lake 

Ontario and 3 pure cultures Ankistrodesmus falcatus, Scenedesmus 

quadricauda and Anabaena flos-aquae. The study showed that primary 

productivity was inhibited at 0.84 nM concentration of OT, and the 

inhibition of growth at slightly lower concentration. Pavlova lutheri, 

Dunaliella tertiolecta and skeletonema costatum were inhibited at 0.17 nM 

of TBTO, and killed by 8.4 nM, death occurring within 2 days.
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OTs primarily affects chloroplast and mitochondria in algae. TBT- 

fluoride inhibited growth of diatom, Amphora coffeaeformis. The growth 

rate in the presence of TBT was directly related to the initial culture 

density, suggesting that the resistance was not due to simple exclusion of 

TBT from cell. Exposure to TBT fluoride increased the requirement of 

nitrate and silicates by the organisms (Thomas and Robinson 1987).

Studies of the effects of unsymmetrical TOT led to the conclusion 

that the total number of carbons in the R group determines antifungal 

activity rather than nature of individual group. The most effective 

compound had 9 to 12 carbons (Van der Kerk and Luijten 1954). 

Introduction of a functional group, especially a hydrophilic group, on a R 

group of OT complex reduces the antifungal activity except for DPT, DOT 

compounds are not effective. TPT-CI inhibited A. fumagatus and a 

Penicillium sp. at 7 nM. OTs induced morphological changes and melanin 

synthesis in colonies of common spoilage fungi Penicillium funiculosum, 

Phomaglomerata and Aureobasidium pullulans (Newby and Gadd 1988). 

Complexes of TPT with amino acids are toxic to Aspergillus niger and 

Helminthosporium taulosum (Mesubi et al 1988).

Effects of OT compounds were observed in 29 yeasts (Cooney et 

al. 1989). While sensitivity varied from strain to strain, the most effective 

OTs were TBT and TPT. Effective compound released potassium from 

cells, implicating the cytoplsamic membrane as a site of action. Addition of 

NaCI decreased the efflux of potassium.
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1.11. Microbial transformation of OTs

Bacteria have developed very efficient and very different 

mechanisms for tolerating OTs (Trevors et al. 1985). Often normal toxic 

levels of OT have no effect on cell growth of these tolerant organisms. The 

mechanisms responsible for the tolerance of OT by bacteria could be 

because of following reasons (Cruz et al. 2007):

1) Transformation of OTs to less toxic compounds.

2) Exclusion of OTs from cell mediated by a multidrug efflux pump.

3) Degradation/ utilization as a carbon source.

4) Bioaccumulation into cell without breaking down.

The microbial transformation of OT compounds with special 

reference to TBT and TPT are summarized in this section: Barug (1981) 

reported that Pseudomonas aeriginosa was able to degrade 40% TBT-CI 

when grown in presence of 2.5 mg L'1 TBT-CI. Pseudomonas diminuta 

isolated from polluted river, Osaka, Japan, was able to degrade 20 pg L_1 

TBT (Kawai et al. 1998). Pseudomonas aeriginosa capable of utilizing 

TBT-CI as a sole source of carbon was isolated from marine water 

samples (Roy and Bhosle 2006).

Suzuki et al. (1992) found that nearly 90% of the bacterial flora 

mostly belong to Vibrio species of natural seawater was resistant to TBT- 

CI. One of the cultures, Alteromonas sp. was found to be tolerant to 250 

nm TBT-CI (Suzuki et al. 1992). According to most of reports, OT 

resistance in bacteria is rendered by chromosomal genes (Suzuki et al. 

1994, Suzuki and Fukagawa 1995). Pseudomonas stutzeri 5MP1 isolated
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from sediments of Arcachon harbour resisted 1000 mg L'1 of TBT which 

was attributed to presence of operon TbtABM homologus to RND 

multidrug efflux pump (Jude et al. 2004). Aeromonas veronii isolated from 

estuarine environment of Portugal was able to resist 3 mM TBT (Cruz et 

ai. 2007). However, Miller et al. (1995) showed that OT resistance in 

bacteria can be plasmid mediated.

There are a very few reports on microbial transformation of TPT as 

compared to TBT. So far, only fluorescent bacteria have been known to 

degrade TPT. A study conducted on TPT acetate degradation in soil 

revealed that Pseudomonas aeriginosa, P. putida and Alcaligenes faecalis 

were responsible for degradation of TPT to DPT, MPT and inorganic Sn 

(Barnes et al. 1973). Visoottiviseth et al. (1994) isolated Pseudomonas 

putida from soil samples collected from the dockyards of Thailand. P. 

putida was able to transform 97% of TPT in minimal medium 

supplemented with glucose and 7 mg L'1 TPT.

Inoue et al. (2000) isolated Pseudomonas chlororaphis form coastal 

sediment. The culture was able to transform 47% of TPT when grown in 

minimal medium containing 40 mg L'1 TPT. Later they identified TPT 

degrading factor as suc-pyoverdine (succinic acid derivative of 

siderophore) in P. chlororaphis. (Inoue et al. 2003). Immobilized cells of P. 

chlororaphis with calcium alginate were able to adsorb and transform TPT. 

The transformation activity was influenced by temperature and pH and 

showed maximum at 30 °C and pH 8.8 (Osamu 2003).

Yet another florescent pseudomonad, Pseudomonas aeruginosa was 

able to transform nearly 50% of TPT when grown in succinate M9 medium 

with 100 pM of Fe (III) and 77 mg L'1 TPT (Sun et al. 2006). Sun and
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Zhong (2006) demonstrated that the presence of TPT -  Fe - pyochelin 

complex was instrumental in TPT degradation by P. aeroginosa. Pyochelin 

is a secondary siderophore present in culture along with pyoverdine. So 

far only siderophores like pyoverdine and pyochelin have been reported to 

be instrumental in TPT transformation process of TPT by bacteria.

Other than bacteria, few algal and fungal species have been 

reported to carry out OT degradation. Reader and Pelletier (1992) reported 

that microalgal species Skeletonema costatum is capable of degrading 

TBT at even 4 °C. Maguire (1984) demonstrated that the green algae 

Ankistrodesmus falcatus was capable of degrading TBT to DBT. 

Unicellular green algae, Chlorella vulgaris and Chlorella sp. to degrade 

TBT to DBT and MBT intracellularly with help of a TBT metabolizing 

enzyme (Tsang et a!. 1999).

Cunninghamella elegans IM 1785/21 Gp, a fungi was able to 

degrade 70% of TBT (added at 10 mg IT1), to less toxic derivatives such 

as DBT and MBT when grown over a period of 7 days in Sabouraud 

medium and M3 medium. It was also indicated involvement of cytochrome 

P-450 system in TBT debutylation by C. elegans (Bernat and Dtugonski 

2002 and 2006).

Bacteria can be used as effective tool in bioremediation processes 

as they are able to tolerate and transform at higher concentration of OT 

compounds and also transformation period is considerably reduced with 

bacteria as compared to fungi and algae. However, the process of TPT 

transformation by bacteria is poorly understood. Question is whether only 

fluorescent bacteria are capable of TPT degradation/transformation? How
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non fluorescent bacteria will degrade/ transform TPT, and whether the 

transformation is by enzymes or due to chelation process. Future research 

on TPT transformation by bacteria needs to be focused on some of these 

issues.

1.12. Aims and scope of research

Inspite of regulations, OT compounds have been nonetheless 

detected at high concentrations in water, sediment and biota from 

harbours, marinas and estuaries and even in the deep sea. The current 

problem with PT pollution lies in the contamination of sediments. This is 

particularly important because harbour sediments are regularly dredged 

and it remains unclear at present as to how and where such contaminated 

sediments should be treated. Bacteria can be used as effective tools to 

bio-remediate TPT from polluted environments. In view of this, there is a 

need to search for bacteria which can tolerate and transform TPT, 

especially at environmental concentrations present in harbours and 

marinas. So far, very few bacteria have been identified that are able to 

transform TPT (Visoottiviseth et al. 1994, Inoue et al. 2000, Sun et al. 

2006). In order to achieve these goals, the present research was planned 

with the following major objectives:

❖  Distribution of PTs (PT) in marine environment and its effect on 

indigenous bacteria

❖  Isolation and identification of TPT transforming bacteria

❖  Optimisation of growth conditions for optimal TPT transformation

❖  Isolation, purification and characterization of TPT transforming 

compound
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Chapter 2

2.1. Introduction

Until recently, investigations concerning environmental pollution by 

OTs have primarily focused on tributyltin (TBT) which is routinely used as 

biocide in antifouling paints. Contamination of water, sediments and 

organisms due to TPT has received relatively less attention. However, the 

agricultural and biocidal applications of the TPT compounds also give rise 

to a substantial amount of pollution in the aquatic environment (Yi et al. 

2012, Kannan et al. 1995). TPT enters aquatic environments via leaching 

from painted ship hulls, land runoff from agricultural waste, industrial 

usage and recreational activities (Hoch 2001). Once released into the 

aquatic environment, TPT readily gets adsorbed by bacteria and algae or 

suspended particulate matter in the water column. Subsequently, TPT gets 

incorporated into tissues of filter-feeding organisms, and eventually into 

higher organisms such as fish, birds and mammals. TPT adsorbed on 

suspended particulate matter travels down the water column where it may 

get trapped in the sedimentary column for years and get bioaccumulated 

in tissues of organisms living at the water-sediment interface (Hoch 2001, 

Cima et al. 2003).

Microbes play a significant role in nutrient cycling which is necessary 

to maintain ecosystem health (Grandlic et al. 2006). The presence of 

pollutants in the sediments may cause reduction in bacterial biomass due
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to inhibition of growth and loss of biochemical activities (Joynt et al. 2006). 

If pollutants are persistent in the environment, there is a gradual change in 

microbial community structure due to natural selection, gene exchange 

and immigration (Joynt et al. 2006). Effects of PTs on indigenous bacteria 

in the sediments are hardly known. A few earlier investigations indicate 

that PTs are conserved in sediments for a long period of time (Fent and 

Hunn 1995). The current problem of PTs lies in contamination of 

sediments. At present, it remains unclear whether PT contamination in 

sediment causes changes in native microbial population. Culturable 

fraction of sediment bacterial communities are particularly useful and 

sensitive while studying sediments contaminated with relatively low levels 

of pollutants (Grandlic et al. 2006). However, there are few laboratory 

studies which focus on toxicity of PTs. Changes in carbohydrate - lipid 

complex were observed when bacterial cells encountered OT molecules 

(Daniel et al. 2008). Boopathy and Daniels (1991) demonstrated inhibition 

of methanogenic bacteria by 0.05 mM concentrations of MPT. In another 

study by Harino et al. (1997), TPT was scarcely degraded by estuarine 

bacteria in 60 days of incubation. Furthermore, culturable bacterial counts 

reduced initially on addition of 0.025 mM MPT to the growth medium. DPT 

and TPT showed antimicrobial activity against Gram positive bacteria like 

Bacillus subtilus, Staphlococcus aureus and several bacilli (Basu Baul 

2008)

In India, PTs have been used as anti fouling agents in marine paints 

and as pesticides in agriculture. Till today no ban on the usage of TPT- 

containing compounds exists in India. However, to our knowledge, not
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much is known about the PTs concentrations in marine waters, sediments 

and animals of India. In this chapter, distribution of PTs in water, sediment, 

fishes, clams, shrimps and squids collected from the various marine 

environments of India are presented and discussed. Further the effect of 

TPT concentrations on the abundance of total and TPT-tolerant bacteria 

was evaluated.

2.2. Materials and methods

2.2.1. Sample collection

Surface water, sediment and organisms were collected from various 

stations such as Okha, Porbandar, Veraval, Jafarabad, Marmugao, 

Karwar, and Bellekeri ports on the west coast (Figs. 2.1 & 2.2), and 

Tuticorin, Chennai (Fig. 2.3) and Visakhapatnam harbours (Fig 2.4) on the 

east coast of India. Visakhapatnam harbour is one of the busiest and 

largest natural harbours on the east coast of India. Spread over area of 

300 hectares, has 24 berths and has the largest shipbuilding yard in India 

(Fig 2.4). Due to extensive ship-related activities in the Visakhapatnam 

harbour, this site was ideal to assess the effect of TPT on bacterial 

abundance.

Surface waters were collected using a clean bucket and immediately 

transferred to the onshore laboratory where sample were stored in a 

refrigerator untill further analysis. Surface sediment samples (10-15 cm) 

were collected using a van-Veen grab and transported to the laboratory in 

a portable ice box. In the laboratory, sediment samples were lyophilized,
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powdered using a ceramic mortar and pestle, sieved through 120 pm 

mesh and stored at -20 °C until analysis.

Organisms like fish, clams and shrimps were collected from fish 

markets and/or jetties at Panaji, Karwar and Mumbai (Fig. 2.1). The 

organisms were immediately stored in a portable ice box and transported 

to the laboratory. The tissues of the organisms were removed, macerated 

using mortar and pestle and then stored at -20 °C until further analysis. 

Aliquots of sediment and animal tissue samples were dried in an oven at 

40 °C for estimating dry weight.

2.2.2. Standards and reagents

Standard compounds monophenyltin (MPT), diphenyltin (DPT), 

triphenyltin (TPT) and tripropyltin (TPrT) were obtained from MERCK, 

Germany. All the compounds were of 97-98% purity. Pentyl magnesium 

bromide (Grignard reagent) was freshly prepared in the laboratory, using 

diethyl ether, Mg metal, bromopentane and resublimed iodine. Chemicals 

used for the preparation of the Grignard reagent, and silica gel were 

purchased from Sigma Chemical Co. USA. Solvents were of Analytical 

grade and were purchased from Qualigens, India.
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Fig. 2.1
Map of India showing sampling locations from where surface water, 
sediment and organisms were collected.
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Fig. 2.2
Locations of sampling sites from where surface water and sediments were 
collected from various stations in (a) Gujarat, (b) Goa, and (c) Karnataka, 
on west coast of India.
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Fig. 2.3
Locations of sampling sites in (a) Chennai and (b) Tuticorine ports, east 
coast of India from where surface water and sediments were collected.
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Fig. 2.4
Locations of the sampling sites in Visakhapatnam harbour, east coast of India from where surface sediments 
were collected.
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2.2.3. Analytical procedure

PTs were extracted from the water, sediment and animal samples 

following the method of Morabito et al. (1995). The analysis can be divided in 

3 parts:

A) Extraction

i) Sediment and animal tissue

A known quantity of the sediment or animal tissue sample (1 -  2 g) was 

transferred to a clean test tube to which 15 ml of 0.03% tropolone in 

methanol, TPrT chloride (as internal standard) equivalent to 100 ng Sn and 

1ml concentrated hydrochloric acid were added. A blank was prepared 

following the same procedure except the sediment or animal tissue. A 

standard was prepared by adding 100 pi of the standard solution containing 

MPT, DPT, TPT and TPrT (100 ng Sn each) to 15 ml of 0.03% tropolone in 

methanol. The samples, blank and standard were vortexed using a 

cyclomixer for 10 min each to extract PTs (twice) and allowed to settle for 15 

to 20 min. The supernatants were pooled together and taken in a separating 

funnel and liquid-liquid partitioning was performed twice using 15 ml of 

dichloromethane. Dichloromethane extracts were pooled and dried over 

anhydrous sodium sulphate. Iso-octane was then added as a keeper to avoid 

evaporative losses. The extracts were then reduced to 1ml using a rotary 

evaporator.
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ii) Water samples

Seawater (750 ml) was taken in a Teflon separatory funnel and 125 ml 

of 5% NaCI in deionised water were added and the sample pH was adjusted 

to 2 with concentrated HCI. The sample was spiked with internal standard 

(TPrT, 100 ng Sn) and extracted twice with 20 ml dichloromethane containing 

0.03% tropolone by shaking vigorously for 15 min. Similarly, standards and 

blanks were prepared using deionised water. For the preparation of standard, 

100 pi of MPT, DPT, and TPT (100 ng Sn each) were added to deionised 

water. The extracts were pooled together and dewatered using sodium 

sulphate and concentrated to 1ml using rotary evaporator.

B) Derivatization

Extracts (water or sediment or animal tissue) were evaporated almost to 

dryness using a gentle stream of nitrogen, and then reacted with 1M pentyl 

magnesium bromide (Grignard reagent) for a minute by shaking gently. The 

excess Grignard reagent was destroyed carefully by adding a few drops of 

deionised water and 1M sulphuric acid. The derivatised PTs were 

subsequently extracted with hexane (twice) and concentrated using a gentle 

stream of nitrogen. The derivatives were loaded onto an activated silica or 

florisil gel column (6 g). The silica or florisil was activated at 450 °C for 4 h in 

a furnace. Column was packed with either washed glass wool or cotton to 

hold the silica/florisil. Around 6 g of silica was transferred to the column using 

a funnel. It was layered with 2 g of sodium sulphate to remove any traces of
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water. The prepared column was wetted with 1 ml hexane and then the 

derivatives were loaded onto it. PTs were eluted using hexane: toluene (1:1) 

mixture and concentrated to 1ml using a gentle stream of nitrogen. The 

derivatives were then analysed by GC-MS.

C) Instrumental analysis

A GC-MS system (Shimadzu QP 2010) equipped with a gas 

chromatograph and mass spectrometer detector with electron impact 

ionization mode (70 ev) was used for the analysis of PTs. The PTs were 

separated using RESTEK Rtx- 5MS capillary column (30 m, 0.32 mm i.d. 0.25 

pm df) and selected ion monitoring (SIM) mode. One microliter of sample or 

blank or standard mixture was injected using a programmable on-column 

injector. The injector was kept at 60 °C for 1 min. Then the temperature was 

raised @100 °C min ~1 to 240 °C, and maintained at the same temperature for 

the rest of the run time. Initial column temperature was 80 °C. After 2 min, the 

oven temperature was programmed to reach 280 °C at @ 10 °C min ~1. The 

interface temperature of the MS was maintained at 280 °C and ion source 

temperature was maintained at 250 °C. Helium was used as a carrier gas (3 

ml min'1). The total run-time was 24 min. Data analysis was done by data 

processing software Shimadzu GC-MS solution Version 2.21. Quantification 

of PTs was performed by the internal standard method using TPrT as an 

internal standard. Fresh standards were prepared to obtain calibration curves. 

Procedural blanks and standards were carried out for every set of 12 

samples. The linear regression coefficient displayed a suitable correlation (i^>
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0.975). The method was validated by using. Water, sediment and'Thussel 

reference material (ENEA, Italy) under the proficiency testing programme. 

The average recovery (n= 5) for MPT, DPT and TPT was 89.17 ± 8.09%, 

86.54 ± 5.70% and 88.15 ± 4.73%, respectively. The average precision of the 

method for the PTs was 87.95 ± 6.17. These analyses showed adequate 

repeatability and precision for all the components (Relative standard deviation 

<10 %). The minimum detection concentration of PTs was 0.2 ng Sn g"1 or L"

2.2.4. Enumeration of total bacterial count (TBC)

Total bacterial counts (TBC) in the sediment samples were determined 

in triplicates using 0.05% DAPI (Aristegui and Montero 2005). Briefly, 1 g of 

wet sediment was dispensed in 9 ml of autoclaved seawater and preserved at 

4 °C with 2 % formaldehyde (final concentration) until analysis. An aliquot of 

the supernatant (2 ml) was incubated with 20 pi of 0.05% DAPI 

(fluorochrome) for 10 min in dark and then filtered through black 

polycarbonate filter paper (0.2pm). The bacterial cell counts were determined 

by counting 20 observed fields under an epifluorescence microscope (Nikon 

H600L).

2.2.5. Enumeration of TPT-tolerant bacteria

The enumeration of TPT-tolerant bacteria was done by the spread plate 

technique. Wet sediment samples were serially diluted (tenfold) and 100 pi of 

the appropriate dilution was spread plated on ZoBell marine agar plate



containing 5 mg L'1 TPT. TPT stock solution was prepared in methanol (10 

mg ml ~1). Control agar plates contained equal quantities of methanol were 

also maintained. Plates were incubated for 4 days at 28 ± 2 °C. TPT-tolerant 

bacteria were defined as those growing on agar plates containing 5 mg L~1 of 

TPT. All the bacterial analysis were done in triplicate.

2.2.6. Statistical analysis

Shapiro’s test was used to check the normality of the data. PT content 

and microbial abundance data failed the requirements for parametric analysis. 

Therefore, the non-parametric Kruskal-Wallis test was performed to evaluate 

differences across stations. P value < 0.05 was considered to be significant. 

The relationship between TPT concentration and microbial abundance (i.e., 

TBC and TPT-tolerant bacteria) was assessed using correlation analysis.

2.3. Results and discussion

2.3.1. PTs in water

The concentrations of PTs in surface water along the east and west 

coast of India are presented in Table 2.1. The highest value for PTs was 

observed at Veraval fish Jetty, Gujarat state (47 ng Sn L‘1). Similarly, the 

highest average PT concentration (42 ng Sn L'1) was also observed at 

Veraval port. This was followed by Jafarabad (36 ng Sn L 1), Okha (34 ng Sn 

L'1), Porbandar (28 ng Sn L'1), Karwar (20 ng Sn L'1), Chennai (8.4 ng Sn L~1) 

and Tuticorin (5.6 ng Sn L'1).
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Table 2.1
Distribution of MPT, DPT, TPT, and total PT and PDI in the surface waters 
collected from different stations sampled along the east and west coast of 
India.

Station M PT D PT TPT PT PDI

C h e nn a i

1. Coal Jetty 2.45 ±0.2 0.09 ±0.01 1.6 ±0.3 4 1.59
2. Entrance channel 2.04 ±0.1 0.13 ±0.01 1.30 ±0.3 3.5 1.66
3. Dry Dock 5.22 ± 0.5 0.94 ± 0.02 7.86 ± 0.5 14 0.78
4. Ore Jetty 0.75 ±0.1 6.05 ± 0.5 4.65 ±0.6 11 1.46
5. Oil Jetty 1.44 ±0.1 0.76 ±0.01 6.80 ±0.5 9 0.32

T u tico r in e

1. Coal Jetty 0.34 ± 0.02 2.21 ±0. 2 0.6 ±0.1 3 4.26
2. Oil jetty 1.9 ±0.01 0.24 ± 0.04 0.45 + 0.02 3 4.79
3. Cargo berth 0.6 ± 0.02 0.62 ± 0 .02 2.35 ±0.3 4 0.52
4. Ore berth 3.1 ±0.03 ND 6.49 ±0.5 10 0.48
5. Berth 5 2.3 ±0.2 ND 5.45 ±0.5 8 0.42
6. Naval Berth 3.1 ±0. 1 0.25 ± 0.01 3.72 ±0.2 7 0.90

G u ja ra t

1. Okha Ferry Jetty 5 ± 1 15 ±2 13 ± 1 33 1.54
2. Okha fish Jetty 12 ±2 11 ± 1 13 ±0.5 36 1.77
3. Porbandar Custom Jetty 1 ± 0.02 8 ±0.5 3 ±0.03 12 3.00
4. Porbandar Ashwmoti 
Ghat 8 ±0.5 12 ± 0.05 17 ± 3 37 1.18
5. Porbandar fish Jetty 8 ± 2 10 ±0.5 17 ± 3 35 1.06
6. Veraval fish Jetty 10 ± 2 34 ±5 3 ±0.2 47 14.67
7. Veraval back Ganar off 17 ±0.5 16 ± 2 14 ±0.4 47 2.36
8. Veraval front Ganar off 12 ± 1 12 ± 1 9 ±0.3 33 2.67
9. Jafrabad fish Jetty 12 ± 2 11 ±0.5 15 ± 2 38 1.53
10. Jafrabad light house 10 ± 1 12 ±0.5 12 ±0.5 34 1.83

K a rw a r

1. Kodibagh bridge 10.7 ±0.5 22.5 ± 0.05 10.47 ±0.5 44 3.17
2. Betkul Karwar off 2.3 ± 0.02 10 + 0.2 4 ±0.2 16 3.07
3. Betkul Fish Jetty 0.97 ± 0.03 30.2 ±0.2 15.53 ± 1 47 2.00
4. Karwar Port I 4.1 ±0. 2 0.5 ±0.05 0.4 ± 0.2 5 11.5
5. Karwar Port II 0.47 0.03 0.23 ±0.02 0.8 ±0.1 1.5 0.87
6. Karwar Fish Jetty 31 ±3 0.5 ±0.01 0.9 ±0.01 32 35
7. Bellekeri Fish jetty 5 ± 1 0.1 ±0.02 0.5 ±0.01 6 10.2
8. Bellekeri Port 3.9 ±0.1 1.9 ±0.01 3.7± 0.5 10 1.56
PT= PTs and is obtained by summing the concentration of MPT + DPT+ TPT 
PDI= PT degradation index; Concentrations are expressed in ng Sn L'1.
± indicates standard deviation; ND indicates below detection level of the analysis.

53



Chennai and Tuticorin are international ports whereas ports sampled in 

Gujarat and Karnataka states are smaller fishing harbours having small 

berthing capacity. Relatively high concentrations of PTs at Veraval fish jetty 

stations 6 and 7 (47 ng Sn L~1), and station 1 and 3 ( 35 ng Sn L'1) of Karwar, 

could be attributed to release of TPT from antifouling paints of the shipping 

vessels, and also due to slow water flushing rates within these areas of ports. 

Most of the stations had higher DPT concentration than that of TPT. This may 

be because of dephenylation of TPT in water column due to UV radiations. 

Though Chennai and Tuticorine port are subjected to lot of ship trafficking, the 

surface waters were comparatively less contaminated with PTs (3 - 14 ng Sn 

L"1). Higher water temperature, microbial activity and sedimentation rates in 

tropical waters may be responsible for lower concentration of PTs in the 

surface waters of Chennai and Tuticorine port (Table 2.1).

PTs in the surface water samples, along the coast of India ranged from 

3 to 47 ng Sn L'1 wherein west coast (5 -  47 ng Sn L~1) had comparatively 

higher levels of PTs compared to east coast (3-11 ng Sn L~1). TPT 

concentrations were found to range from undetected to 1.9 ng L“1 in seawater 

of the French Corsica Island and Japanese Otsuchi Bay (Harino et al. 1998, 

Michael et al. 2001). However, higher concentrations of TPT ranging from 21 

to 94 ng L"1 were reported from the Mediterranean waters (Alzieu 1991). 

Similarly, greater concentrations of 279 ng L‘1 of PTs were reported in Rhine 

France (Fent 1996a). One more reason for lesser concentration of TPT found 

in water as compared to MPT and DPT is that TPT have low solubility 

compared to its degradation products. Majority of MPT and DPT remains in
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dissolved phase while TPT remained adsorbed on particulate matter and get 

transported to the sediments (Yi et al 2012, Fent and Hunn 1991).

2.3.2. PT degradation index (PDI) for water

The PT degradation index (PDI) is the ratio of degradation products 

(DPT + MPT) to the parent compound TPT. PDI is a useful tool to understand 

the inputs and degradation of TPT (Diez et al. 2002). The PT degradation 

index for water samples varied from 0.32 to 14.6, with station 5 (0.32) of 

Chennai port having lowest value suggesting recent input of TPT and 

negligible degradation (Table 2.1). Station 6 of Karwar port had highest PDI 

(35) suggesting that there is effective removal of TPT either by UV photolysis, 

microbial degradation and/or fast but reversible adsorption processes. In 

tropical waters high temperature induce microbial activities, which results in 

degradation of TPT to its metabolic products such as MPT and DPT.

2.3.3. PTs in sediments

The concentrations of PTs in sediments from east coast (Chennai, 

Tuticorine and Visakhapatnam) are presented in Table 2.2, while those from 

west coast (Gujarat, Karwar, Marmugao) are presented in Table 2.3. 

Visakhapatnam harbour and Marmugao port were extensively studied on east 

and west coast, respectively.

Twenty two sediment samples from Visakhapatnam harbour were 

analysed for MPT, DPT and TPT (Table 2.2). Out of these, 14 samples were 

from inner harbour while 8 samples were from the outer harbour. Total PT
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(MPT+DPT+TPT) concentrations in these sediment samples ranged from 2 

ng Sn g 1 dw to 200 ng Sn g'1 dw. The content of MPT, DPT and TPT ranged 

from 0.84 ng Sn g'1 dw to 26 ng Sn g'1 dw, 1.45 ng Sn g"1 dw to 28.25 ng Sn 

g'1 dw, and 0.31 ng Sn g'1 dw to 145 ng Sn g~1 dw, respectively.

In the harbour, Fertilizer Wharf (station 9), H & Y jetty (station 10), East 

Quay Berth 9 (Station 4) and Boat Basin Berth (station 12) and Fishing 

harbour (station 19) were found to have high levels of TPT contamination 

(Table 2.2). Lowest concentration of PTs was found at General cargo berth 

(station 16) (Table 2.2). PT concentrations (2 -  200 ng Sn g"1 dw) indicated 

that sediments in Visakhapatnam harbour were polluted. Ship trafficking, ship 

building/breaking docks, municipal sewage and agricultural wastes are 

probable sources of PTs in the harbour.

Nineteen sediment samples were collected from Marmugao harbour, 

Goa on the west coast of India. At these stations MPT, DPT and TPT ranged 

from undetected to 10.3 ng Sn g"1 dw, undetected to 56 ng Sn g'1 dw, and 

1.31 to 645 ng Sn g'1 dw, respectively. Station 15 (Vasco bay; 6.8 ng Sn g~1 

dw) of the Marmugao harbour was least contaminated while station 17 (Goa 

shipyard; 706 ng Sn g~1 dw) which was the highly contaminated with PTs. 

Highest PTs concentration at this station was due to ship related activities. 

Marmugao harbour on the west coast of India was found to be a highly 

contaminated with PTs (Table 2.3).
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Table 2.2
Concentration of MPT, DPT, TPT, and total PT and PDI in the different 
sediments collected from different stations on the east coast of India.

Location  &  station M PT DPT TPT Z  PT PDI

C h e n n a i

1. Coal Jetty 35.6 ± 3 72.14 ±5 17 ±0.5 124 6.34
2. Entrance channel 23.71 +2 15.67 ±2 1.72 ±0.2 41 22.89
3. Dry Dock 196 ± 15 520 ± 48 2423 ± 125 3140 0.29
4. Ore Jetty 38.42 ± 4 242 ± 12 81 ±5 362 3.48
5. Oil Jetty 73 ± 10 322 ± 25 36.7 ± 3 432 10.77

T u tic o r in

1. Coal Jetty 10.23 ±0.5 5.4 ±0.2 27 ±3 43 0.58
2. Oil jetty 25.6 ± 3 21.4 ±0.4 40.22 ± 5 87 1.17
3. Cargo berth 10.16 ± 2 12.04 ±0.6 10.65 ±2 33 2.08
4. Ore berth 10.31 ±0.5 10.28 ±0.5 10.85 ±3 31 1.90
5. Berth 5 5.23 ±0.5 7.75 ±0.3 1.75 ±0.2 15 7.42
6. Naval Berth 17.42 ±3 101 ± 10 10.76 ±0.5 129 10.99

V isa kh a p a tn a m

Inner h arbour
1. East Quay Berth 1 1 ± 0.2 28 ±0.7 2 ±0.5 31 13.5
2. East Quay Berth 5 1 ±0.3 6 ±0.6 1 ±0. 2 8 5.8
3. East Quay Berth 6 ± 0.5 5 ±0.5 2 ±0.3 13 4.7
4. East Quay Berth 9 10 ±0.2 26 ± 0.7 21 ±2.1 58 1.7
5. West Quay Berth 4 14 ±0.5 13 ±0.5 11 ± 1 37 2.4
6. West Quay berth 1 8 ± 1 5 ± 1 16 ± 1 29 0.6
7. Turning Circle 12 ±0.5 9 ±0.5 12 ±0.5 33 1.7
8. Ore Berth 17 ± 1 12 ± 1 25 ± 1 54 1.2
9. Fertilizer wharf 23 ± 2 35 ±3 142 ±9 200 0.4
10. H & Y Jetty 26 ±2 16 ± 1.5 30 ±2.5 72 1.4
11. Dry Dock 9 ±2.5 4 ±0.5 30 ±5 42 0.4
12. Boat Basin Berth 16 ± 1 18 ± 1 20 ±6.4 54 1.7
13. DC jetty 3 ± 0.2 4 ±0.4 2 ±0.4 9 3.7
14. Dredger berth 1 ±0.1 22 ± 0.5 15 ± 2.5 38 1.5

Outer harbour
15. General Cargo Berth S 0.84 ±0.1 2 ±0.5 0.3 ±0.5 2 5.5
16. General Cargo Berth N 12 ± 1 9 ± 1 12 ±0.8 38 1.7
17. Container Berth 1 2 ±0.2 6 ± 1 2 ±0.1 10 3.6
18. Container Berth 2 8 ±0.5 6 ±0.4 1 ±0.2 15 16.1
19. Fishing harbour 20 ± 1 22 ± 1 145 ± 10 188 0.3
20. Turning Basin 11 ± .5 27 ±0.5 13 ±0.5 50 2.9
21. LPG Berth 7 ±0.5 3 ±0.5 1 ±0.5 11 6.7
22. Oil Berth 25 ±2.5 19 ± 2.5 45 ±5 89 1.0
Concentrations are expressed in ng Sn g"1dry weight
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Table 2.3
Concentration of MPT, DPT, TPT, and total PT and PDI in the sediments 
collected from stations on the west coast of India. __ ________ _

Location  and station M PT DPT TPT PT PDI

G u ja ra t

1. Okha ferry Jetty 3.14 ±0.2 2.22 ± 0.2 0.61 ±0.1 6 8.78
2. Okha fish Jetty
3. Porbandar custom

13.09 ±0.5 8.0 ± 1 5.0 ±0.5 26 0

Jetty 10.09 ±0.2 ND ND 10 0
4. Ashwmoti Ghat 12.92 ±0.5 49.10 ±2 37.93 ±3 100 1.63
5. Porbandar fish Jetty 1.87 ±0.2 24.54 ± 3 2.5 ± 0.5 29 10.23
6. Veraval fish Jetty 1.01 ±0.02 1.78 ±0.2 1.16 ± 0.2 4 2.40
7. Veraval back Ganar off 0.69 ± 0.2 4.94 ± 0.3 2.25 ±0.1 8 2.50
8. Veraval front Ganar off 1.01 ±0.1 1.78 ±0.1 2.5 ±0.5 5.3 1.11
9. Jafrabad fish Jetty 1.89 ±0.2 15.57 ±3 1.44 ±0.1 19 12.12
10. Jafrabad light house 1.98 ±0.1 12.49 ±2 0.54 ± 0.05 15 26.79

K a rw a r

1. Kodibagh bridge 0.49 ±0.02 28.36 ±2 1.71 ±0.2 31 16
2. Betkul Karwar off 9.75 ±0.5 30.96 ± 3 0.4 ±0.02 41 101
3. Betkul Fish Jetty 6.67 ± 0.6 64.97 ± 5 1.79 ±0.5 73,4 40
4. Karwar Port I 0.35 ±0.01 22.17 ±2 0.15 ±0.1 22.7 150
5. Karwar Port II 0.35 ± 0.03 25.2 ± 1 11.6 ± 0.5 37 2
6. Karwar Fish Jetty 0.12 ±0.1 14.5± 0.5 0.23 ± 0.02 15 64
7. Bellekeri Fish jetty 6.05 ± 0.5 49.07 ± 5 0.61 ±0.3 56 90
8. Bellekeri Minning Port 4.65 ± 0.2 64.2 ± 3 1.03 ±0.2 70 66

Marmuqao

1. Berth 1 2.64 ± 0.23 14.09 ± 0.4 85.07 ± 3 102 0.20
2. Berth 3 2.34 ±0.18 7.89 ± 0.04 26.45 ± 2 37 0.39
3. Berth 4 1.37 ±0.78 ND 73.34 ± 3 75 0.02
4. Berth 5 1.47 ±0.46 0.25 ± 0.02 6.85 ±0.5 8.6 0.25
5. Berth 8 0.64 ± 0.02 29.14 ±2 83.8 ± 5 114 0.36
6. Berth 8 ( 50m) 0.64 ± 0.04 6.14 ±0.08 76.99 ± 7 84 0.08
7. Berth 9 ND ND 11 ±2 11 0.00
8. Berth 10 4 ±0.2 5 ± 1 39 ±2 48 0.23
9. Berth 11 1.44 ±0.18 4.05 ±0.5 17.38 ±0.2 23 0.32
10. Berth 11(50 m) 0.73 ±0.01 3.52 ± 0.05 9.53 ± 0.4 14 0.44
11. Dolphin I ND 0.6 ± 0.04 1.44 ±0.01 2.04 0.42
12. Dolphin II ND 3.1 ±0.6 8.25 ±0.1 11 0.38
13. Marker buoy 6 1.18 ±0.23 10.15 ±0.18 30.02 ± 3.39 41 0.38
14. Marker buoy 7 0.55 ±0.11 4.9 ±0.16 12.04 ±0.51 17.5 0.45
15. Vasco bay ND 1.04 ±0.08 5.78 ±0.3 6.8 0.18
16. CCM 1.4 ±0.24 4.08 ±0.11 17.14 ±0.5 23 0.32
17. Goa shipyard 10.3 ±0.2 56 ±5 645 ± 15 706 0.10
18. Dona Paula Mid point ND 0.6 ± 0.03 1.31 ±0.06 1.91 0.46
19. Dona Paula ND 2.44 ± 0.33 7,7 ±0.14 10 0.32
Concentrations are expressed in ng Sn g"1dry weight
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The PT concentration in sediments varied depending on location, source 

of contamination and water exchange rates (Lee et al. 2006). The average 

concentration of PTs in sediments was highest at Chennai port (820 ng Sn g"1 

dw) followed by Marmugao (72 ng Sn g~1 dw), Bellekeri (63 ng Sn g~1 dw ), 

Tuticorin (56 ng Sn g'1), Visakhapatnam (48 ng Sn g'1 dw), Porbandar (46 ng 

Sn g'1 dw), Karwar (37 ng Sn g'1 dw), Jafarabad (17 ng Sn g'1 dw), Okha (16 

ng Sn g'1 dw) and Veraval (6 ng Sn g 1 dw) (Tables 2.2 and 2.3). Localised 

contamination of PTs was found in areas where oceanic vessel and large 

commercial ships are located/ anchored and also at places where PT from 

ships and agricultural or municipal waste are not out flushed into open water 

thereby allowing it to accumulate (Kan- Atirekalp et al. 1998, Lee et al. 2006). 

The main pathway of PTs entering into marine environment is known to be 

through leaching from antifouling paints, agricultural waste and land runoff. It 

gets adsorbed on suspended particulate matter and subsequently reaches 

sediments through sedimentation (Lee et al. 2006). The PT levels suggest 

widespread contamination thereby indicating usage of TPT in antifouling 

paints in India. Our data compares well with values reported from other 

environments (Biselli et al. 2000, Diez et al 2002, Harino et al. 2006, Lee et 

a!, 2006). Though TPT is banned in these countries the TPT levels are still 

high due to accumulation in sediments and presumably due to illegal use of 

TPT compounds (Lee et al. 2006).

In the present study, a significant positive correlation was observed 

between PTs in water and PTs in sediments for Chennai Port (R2= 0.7664, p= 

0.05). However, a similar relationship was not observed at other locations.
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Observed PT concentrations in water and sediment exceed environmental 

quality guidelines which is 1 ng Sn L~1 for water and 5 ng Sn g'1 for sediment 

(ANZECC/ARMCANZ 2000, Rodriguez et al. 2010)

2.3.4. PT degradation index (PDI) for sediments

PDI for sediments indicates fresh inputs and accumulation of TPT in the 

sediments of Marmugao and Visakapatanam ports as PDI was < 1. For 

stations in Karwar, Chennai and Tuticorin, Okha, Porbandar, Veraval and 

Jafarabad, the PDI was more > 1 suggesting active degradation of TPT by 

microbial activity (Tables 2.2 & 2.3).

2.3.5. PTs in marine fish

PTs were undetected in all the fish samples collected from Panaji fish 

market (Table 2.4). MPT ranged from 1 to 19 ng Sn g'1 dw, DPT from 

undetected to 86 ng Sn g'1 dw and TPT from 2 to 70 ng Sn g~1 dw in fishes 

collected from Karwar port (Table 2.4). Sardinella longiceps (sardine), 

Sardinella sp. (lesser sardines) Gymnosarda sp. (dogtooth tuna), Engraulis 

sp. (anchovy), Agyrosomus sp. (croaker) were among highly contaminated 

fishes collected from Karwar (91 to 134 ng Sn g"1 dw). The geometric mean 

for PTs in fishes from the Karwar port was 40 ng Sn g‘1 dw (Table 2.4).

Fishes collected from the Mumbai fish market, MPT ranged from 

undetected to 6 ng Sn g"1 dw, whereas DPT from undetected to 8 ng Sn g'1 

dw, and TPT from undetected to 35 ng Sn g'1 dw.
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Table 2.4
PT concentration in commercial marine fishes collected from the west coast 
of India.

C om m on nam e Scientific nam e M PT DPT TPT PT PDI

ng Sn/ g dw
Goa
Mackerel Rastrelliger kanagurta ND ND ND ND *

Sardine Sardinella longiceps ND ND ND ND *

Croaker Argyrosomus amoensis ND ND ND ND *

Orange fin pony fish Leiognathus bindus ND ND ND ND *

Ribbon fish Trichiurus gangeticus ND ND ND N D ie

Tounge sole Cyanoglossus macrostomus ND ND ND ND *

Mud sole Synaptura pectoralis ND ND ND ND *

Corpora Terapon jarbua ND ND ND ND *

Highfin pony fish Leiognathus leuciscus ND ND ND ND ie

Anchovy Engraulis eurystole ND ND ND ND *

Karwar
Mackerel Rastrelliger kanagurta 4.75 8.75 1.80 15.30 7.50
Sardine Sardinella longiceps 13.50 85.75 35.25 134.5 2.82
Croaker Argyrosomus amoensis 6.05 17.10 50.25 73 .40 0.46
Orange fin pony fish Leiognathus bindus 14.68 43.25 37. 50 57 .93 1.54
Ribbon fish Trichiurus gangeticus 0.65 ND 12.13 12.78 0.05
Tounge sole Cyanoglossus macrostomus 4.65 ND 19.25 23 .90 0.24
Mud sole Synaptura pectoralis 1.50 8.00 11.00 20 .50 0.86
Dogtooth tuna Gymnosarda nuda 3.85 25.12 70.25 99 .22 0.41
Frigate tuna Auxis thazard thazard 2.50 ND 5.55 8 .05 0.45
Anchovy Engraulis eurystole 18.35 20.32 52.75 91 .42 0.73
Lesser sardine Sardinella sp. 19.45 20.75 61.00 101.2 0.66

Mumbai
Mackerel Rastrelliger kanagurta ND ND ND ND *

Sardine Sardinella longiceps 5.80 8.15 12.08 26 .03 1.15
Croaker Argyrosomus amoensis ND 0.78 6.35 7 .13 0.12
Orange fin pony fish Leiognathus bindus 5.95 ND ND 5.95 *

Ribbon fish Trichiurus gangeticus 3.86 ND 34.50 38 .36 0.11
Black promfret Cyanoglossus macrostomus 1.65 3.48 15.69 20 .82 0.33
Lizard fish Synaptura pectoralis 3.25 ND ND 3.25 *

Bombay duck Gymnosarda nuda 0.75 ND 6.18 6 .93 0.12
White promfret Auxis thazard thazard 3.30 ND ND 3.30 *

Shark Engraulis eurystole 1.05 0.76 0.95 2 .76 1.91
Dori Sardinella sp. ND 0.79 7.25 8 .04 0.11
Lady fish Rastrelliger kanagurta ND 2.05 18.25 20 .30 0.11
Indian salmon Sardinella longiceps ND ND ND 0.00 *

Mandeli Argyrosomus amoensis 2.95 ND 12.25 15.20 0.24

N D : b e lo w  d e te c t io n  le v e l;  *: n o  r a t io ; V a lu e s  g iv e n  are a v e r a g e  o f  r e p lic a te  a n a ly s is .
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Trichiurus sp. (Ribbon fish) was highly contaminated with PTs followed by 

Mugil sp. (lady fish), Apolectis sp. (black promfret), Rastrelliger sp. 

(mackerel), and Cleidogona sp (mandeli) as compared to other fishes 

collected from Mumbai fish market. For the Mumbai fishes, the geometric 

mean for PTs was 5.13 ng Sn g"1 dw (Table 2.4).

As TPT is lipophilic in nature, it can easily bind with amino acids, 

peptides or proteins (Davis and Smith 1980). This complexation of TPT with 

metal binding proteins may influence tissue distribution of TPT in the 

organism e.g. fish may bioaccmulate more TPT in liver and muscle tissue 

rather than gills or skin (Borghi and Porte 2002). Additionally, bioaccumulation 

depends on habitat, dietary uptake, bioavailability and biotransformation 

(Barron 1990). In general, those organisms which actively feed on small 

fishes, cephalopods, crustaceans exhibit higher degree of contamination e.g. 

tuna. In contrast, those with specialized diet, like large fishes which 

predominantly feed on gelatinous macroplankton, had residues below 

detection levels. Sedentary fishes which feeds on zooplanktons, shows higher 

residues of PTs through the diet than through water (Borghi and Porte 2002). 

Furthermore, intraspecies and seasonal variability could be more important 

than the stress induced by exposure to different levels of pollutants (Cardwell 

et al. 1999, Gurien et al. 2007).

From available literature, it is evident that accumulation of TPT in marine 

fishes is higher in habour and deep sea areas compared to coastal areas.
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Moreover, demersal fishes (bottom- dwelling fishes) were found to be more 

prone to bioaccumulation of PTs than pelagic fishes as sediments have 

capacity to trap PTs (Hoch 2001). In our study, seasonal variation and 

spawning period were not taken into account, higher OTs levels were 

observed near harbour areas and areas near intense shipping activities. The 

animals from Karwar were mostly collected from enclosed port area with poor 

flushing system and from nearby fish jetty. Probably due to this, PT levels in 

the fishes collected from such sites were higher (Fig. 2.5).

In the present study, PTs in the fishes ranged from undetected to 134 ng 

Sn g~1 dw (Table 2.4). Albalat et al. (2002) has reported TPT (ranging from 2 -  

30 ng Sn g~1 dw) in flat fish (Platychtys flesus) collected from the Baltic Sea. 

Borghi and Porte (2002) analysed different fishes from the NW Mediterranean 

region and reported high contamination levels of PTs (up to 1500 ng Sn g'1). 

Lee et al. (2006) did extensive studies on demersal, pelagic fishes and coral 

reef associated fishes from harbours of Taiwan. The study revealed that reef 

associated (up to 4861 ng Sn g'1) and pelagic fishes (up to 3765 ng Sn g~1) 

were highly contaminated with PTs as compared to demersal fishes (upto 

1451 ng Sn g'1). Fishes from European waters (Gurein et al. 2007) are having 

lower degree of PT contamination as compared to the present study. 

Although the accumulation pattern of PTs may vary with different species, 

skipjack tuna has been suggested to be a suitable indicator for monitoring 

global distribution of PTs in the aquatic environment (Uno et al. 2004).
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Fig. 2.5
Regional variation in PT concentration in five different fishes (1) Mackerel, (2) 
Sardines, (3) Croaker, (4) Orange fin pony fish and (5) Ribbon fish found on 
west coast of India.
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2.3.6. PTs in clams

Edible clams: Donax cuneatus (wedge clam), Meretrix meretrix (Asiatic 

clam) and Meretrix casta (inflated clam) collected from the west coast of India 

(Goa. Karwar and Mumbai), were assessed for PTs. Levels of MPT, DPT and 

TPT in different clams are depicted in Table 2.5. For the Clams collected from 

Goa, Karwar, and Mumbai, the geometric mean was 279 ng Sn g'1 dw, 49 ng 

Sn g"1 dw and 62.38 ng Sn g~1 dw, respectively (Table 2.5).

Clams collected from Goa and Karwar ports were more contaminated 

than those collected from the Mumbai fish market (Fig 2.6). Though Mumbai 

is one of the busiest ports in India and also has heavy ship traffic, the major 

fish supply to the city comes from several less contaminated small ports such 

as Malvan, Ratnagiri, Devgad, etc. Probably due to this reason, concentration 

of PTs in marine organisms collected from Mumbai is less compared to those 

collected from Goa and Karwar area (Tables 2.4 & 2.5).

The concentrations of PTs in clams from the west coast of India (9-297 

ng Sn g’1 dw) are considerably higher than those reported for bivalves from 

European waters (Baroso et al. 2004, Diez et al. 2005, Chandrinou et al. 

2007). However, our values are almost comparable to those reported from 

Asian countries including Korea, Indonesia, Philippines and Taiwan (Shim et 

al. 1998 & 2005, Tanabe et al. 2000, Hong et al. 2002).
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Table 2.5
PTs in clams, squids and shrimps collected from the west coast of India.

Com m on nam e Scientific  nam e MPT DPT TPT PT PDI

Goa
Wedge clam Donax cuneatus 12.24

ng Sn g 

95.97

1 dw 

202.18 310.39 0.53
Asiatic clam Meretrix meretrix 56.13 52.25 128.87 237.25 0.84
Inflated clam Meretrix casta 32.34 75.15 190.20 297.69 0.56
Squid Loligo sp. ND ND ND ND
Solar shrimp Penaeus indicus ND ND 27.32 27.32 ND

Karw ar
Wedge clam Donax cuneatus 36.89 52.55 56.50 145.94 1.58
Asiatic hard clam Meretrix meretrix 0.96 ND 9.98 10.94 0.09
Inflated clam Meretrix casta 10.52 18.21 47.54 76.27 0.60
Squids Loligo sp. 6.56 19.52 98.23 124.31 0.26
Solar shrimp Penaeus indicus 0.55 2.11 4.85 7.50 0.54

Mumbai
Wedge clam Donax cuneatus 79.75 25.24 79.47 184.46 1.30
Asiatic clam Meretrix meretrix 19.00 ND 2.10 21.10 9.04
Inflated clams Meretrix casta ND ND 9.25 9.25 1.00
Solar shrimp Penaeus indicus 0.14 2.5 23.93 26.52 0.10

ND: below detection level; values represented are average of replicate analysis

1 2 3 1 2 3 1 2 3

Goa Karwar Mumbai

Fig. 2.6
Regional variation in PT concentration in three clams; (1) wedge clam, (2) 
Asiatic clam and (3) inflated clam collected from different locations on the 
west coast of India.
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TPT persists within the sedimentary column for years and rapidly gets 

bioaccumulated in tissues of organisms living at the water-sediment interface 

(Hoch 2001, Cima et al. 2003). Bivalves are sedentary and are fairly resistant 

to chemical contamination. As a result, they can be found living in areas 

where more sensitive species can not survive (O'Connor 2002). PTs may 

enter filter feeders like bivalves via intake of food and water. These 

compounds are released into the water during excretion and depuration 

(O'Connor 2002). A major source that could have contributed to the 

accumulation of PTs in bivalve species is desorption from sediments 

(Takahashi et al. 1999, Chandrinou et al. 2007). Clams have been reported 

as being a significant accumulator of TPT, because its levels in clams 

correlate well with TPT in sediments (Chandrinou et al. 2007). Clams could 

be used as valuable bioindicators of PT contamination (Harino et al. 2005). It 

is observed that clams are more sensitive to TPT pollution than mussels 

(Yang et al. 2005).

2.3.7. PTs in shrimps and squids

The concentration of PTs in solar shrimp and squids found on west 

coast of India was assessed (Table 2.5). In solar shrimps the PTs were 

present in lesser amounts. The concentrations of MPT varied from 

undetected to 0.5 ng Sn g'1 dw, DPT from undetected to 2.4 ng Sn g'1 dw, 

and TPT from 5 to 27 ng Sn g~1 dw. PTs could not be detected in squids 

collected from Goa. However, MPT (7 ng Sn g'1 dw), DPT (20 ng Sn g"1 dw) 

and TPT (98 ng Sn g'1 dw) were present in squids collected from Karwar.
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Gurein et al. (2007) has reported the PTs concentration of 0.6 ng Sn g'1 ww, 

in the shrimps and squids from France which are quite low compared to the 

concentrations recorded in this study. France has banned the use of PTs 

(OTs in general) since 1980’s. This could be the reason for the low PT levels 

in shrimps and squids from France.

2.3.8. PT degradation index (PDI) for animals

PDI is a useful tool to understand the metabolic tendency of the 

organisms. The PDI for most fishes was < 1, indicating their tendency to 

bioaccumulates. However, PDI values for mackerel, sardine, orange fin pony 

fish and shark were > 1 suggesting that they have better mechanisms to 

dephenylate TPT into DPT and MPT. PDI for most of the clams, shrimps and 

squids was <1, indicating bioaccumulation (Table 2.5).

2.3.9. Tolerable daily intake and tolerable residue level

Extensive monitoring studies are required to estimate human dietary 

exposure to PT compounds. As seafood consumption is an important dietary 

source of PT to humans. Tolerable daily intake (TDI) for PTs is 0.5 pg kg’1 

body weight’1 day"1 (Lee et al. 2005). So the maximum TDI for PT is 30 pg 

day’1 for a person with an average body weight of 60 kg (Kannan and 

Falandysz 1997).
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The tolerable average residue level (TARL) is defined as level of PTs in 

seafood that is tolerable for the average consumer with average weight of 60 

kg. TARL can be calculated using following equation:

TARL = (TDI x 60 kg body weight)/ average daily food consumption

The average seafood consumption in India is 10.4 g day"1 (Belfroid et al. 

2000). Therefore, TARL was 2.88 pg g'1 of seafood "1day"1 60 kg person'1. 

TARL can be used as constitutional tool to ensure health of a population, by 

comparing TARL values directly with measured residue values of PTs in 

seafood. Estimated daily intake of PTs by Indian population has not exceeded 

TDI and TARL by consumption of Fish clams and shrimps (Table 2.6). The 

results suggest that daily exposure of PTs at these concentrations may not be 

likely to cause delirious effects during a lifetime of a human. But these 

concentration levels of PTs are high enough to bring about metabolic 

changes and reproductive failures in these fishes and bivalves (Hoch 2001).
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Table 2.6
Estimated daily intake of PTs for humans by consumption of fish, clams and 
shrimps collected in this study.

Animals
Min-Max PTs in organisms 

gg Sn g-1 dw
Min- Max estimated daily intake by humans 

10.2 g“1 pg Sn 60 kg person"1day"1

Fish 0.0032-0.134 0.033 -1.366
Clams 0.0092-0.310 0.094-3.162
Shrimps 0.007 -  0.0273 0.0765 -  0.278



2.3.10. Effect of TPT on total and culturable bacteria

In Visakhapatnam harbour, the total PTs varied from 2 -  200 ng Sn g~1 dw 

(Fig. 2.7a), the total bacterial count varied from 5.72 x 106 to 9.20 x 109 cells 

g~1 dw (Fig. 2.7b). Statistically total bacterial count varied significantly across 

the stations (Kruskal- Wallis test, P= 0.00001). The lowest bacterial count was 

recorded at station 8 where ore transportation takes place (50 ng Sn g~1 dw) 

and highest was recorded at station 15 (2 ng Sn g'1 dw) where container 

ships are loaded and unloaded. Station 15 lies in the outer harbour which is 

well surrounded by the open sea. So it is presumably well flushed. This may 

be the reason for low PT concentration at this station. Stations 7, 9, 12 and 19 

with higher PT concentration showed lower bacterial abundance. Conversely, 

Stations 3, 12, 15 and 16 with lower PT concentration had higher bacterial 

abundance (Fig. 2.7b). The total bacterial counts were comparable to those 

recorded at the west coast of India, Marmagao port sediments and Mekong 

river (Suehiro et at. 2007, Nagvenkar and Ramaiah 2008) but were higher 

than those recorded for the oil fields in Mumbai port and Goa Shipyard Ltd. 

(Roy et al. 2004).

Toxicity of an OT, especially trisubstituted PT depends on 

hydrophobicity (Cooney and Wurtz 1989). Toxic effect of PT compounds are 

related to inhibition of ATP synthesis (Soracco and Pope 1982, Takeda et al. 

2009). TPT disturbs the membrane interphase whereas DPT affects the lipid 

bilayer in hydrophobic region (Mizta et al. 2005).
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Fig. 2.7
Distribution of (a) Total PT (ng Sn g '1 dw), (b) TBC (cells, g'1 dw), and (c) 
TPT-tolerant bacteria (CFU g"1 dw) in Visakhapatnam harbor.
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A study carried out by Pettibone and Cooney (1986) suggests that 

Me2SnCl2 (OT) were toxic to microbial populations in sediments from Boston 

harbour as measured by plate counts and incorporation of 3H-thymidine. A 

change in microbial community due to lead, chromium and petroleum 

hydrocarbons was reported in soils of Seymour, USA due to dumping of 

waste (Joynt et al. 2006). Alterations in the microbial community of the 

culturable fraction due to lead was recorded in moderately polluted Rush 

Lake, USA (Grandlic et al. 2006). Lead is known to reduce respiratory rates, 

and slow down degradation of substrates such as glucose, cellulose, starch, 

amino acids, etc. in the sediments (Doelman and Haanstra 1979). Reductions 

in microbial numbers were recorded from areas heavily contaminated with 

lead (Dar 1997, Ellis et al. 2001, Almeida et al. 2007). Castle et al. (2006) 

reported that organic contaminants such as naphthalene altered the microbial 

community structure (loss of phylogenetic groups) in Delaware estuary. The 

presence of heavy metals and pollutants in sediment gives rise to the 

selection process as well as to the adaptation of species either by resistance 

or mutation (Doelman and Haanstra 1979). Many pesticides like organic 

pollutants such as methyl bromide and chloropicrin are known to alter the 

microbial communities and reduce the activities of acid phosphatase, beta- 

glucosidase and arylsulfatase which help in mineralization of organic P, C and 

S, respectively and also hamper bacterial denitrification (Klose et al. 2006, 

Roux-Michollet et al. 2008). Tiwari et al. (2001) reported increased bacterial 

numbers in near shore areas of Alang (India). High metal content and low 

salinity conditions are known to be less toxic to bacteria, may be responsible
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for the increased abundance of bacteria at Alang (Sunda and Ferguson 

1983).

PT concentrations showed a significant negative relationship to the total 

bacterial count (Fig. 2.8a), indicating that bacterial abundance at different 

stations was affected by PTs present in sediments.

2.3.11. Relationship between PT concentrations and TPT-tolerant 

bacteria

The TPT-tolerant bacterial count varied significantly across the stations 

(Kruskal- Wallis test, P= 0.00000). Bacterial cell counts varied from 1 x 103 to 

1.67 x 105 cfu g~1 dw (0.02 to 18.75% of total viable count) (Fig. 2.7c), and 

from 4.43 x 103 to 2.67 X 105 cfu g'1 dw (0.04 to 12.5% of total culturable 

bacteria) in the inner and outer harbour sediments, respectively. TPT-tolerant 

bacterial abundance was highest at station 10 (1.67 X 105 cfu g~1 dw) and 

lowest at station 2 (1.00 X 103 cfu g~1 dw). Interestingly, Station 19 had lowest 

bacterial count but highest (2.67 X 105 cfu g~1 dw) TPT-tolerant bacteria (as % 

of total viable count).

The TPT-tolerant bacteria isolated from the sediments of the 

Visakhapatnam harbour, were mostly Gram-negative (see Chapter 3). 

Multidrug efflux pump in Gram-negative bacteria is known to render tolerance 

to many toxic pollutants (Jude et al. 2004).
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a y = - l.2094x + 9.0261

y = 0.8372x + 3.1453 
R2 = 0.350 n= 22, p < 0.05

Fig. 2.8
Relationship of total PT concentrations with (a) total bacterial count (TBC) 
and (b) and TPT-tolerant bacteria.
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Plasmid encoded resistance provides bacteria with efflux and bypass 

mechanisms, enzymes which catalyze transformation of pollutants to volatile 

forms or make the bacterial cell wall impermeable to the pollutant (Trevors et 

al. 1988, Nies 2003). This may be the reason for the high abundance of 

Gram-negative bacteria in the polluted environments.

It appears that due to the presence of contaminants in the marine 

environments, the natural bacterial community has undergone a change 

which may have an impact on biogeochemical cycles and the aquatic food 

web (Seget et al. 2005, Castle et al. 2006). Roy et al. (2004) reported the 

presence of 11 to 16 % of total viable bacteria, resistant to TBT chloride in the 

oil fields. Suehiro et al. (2007) reported up to 34 % of natural population 

resistant to TBTCI in Mekong River (Indo-China) wherein occurrence of TBT 

and TBT-tolerant bacteria was unrelated. They hypothesized that the 

abundance of TBT-CI resistant bacteria was not related with TBT-CI 

concentrations but with content of suspended solids containing other 

pollutants in the estuary. Similarly, Jackson et al. (2005) reported nearly 20- 

50% of viable bacteria resistant to arsenic in Pontchartrain estuary, Louisiana, 

USA.

The present study illustrates a significant positive co-relation between 

TPT-tolerant bacteria and PT concentrations in the sediments of 

Visakhapatnam harbour (Fig. 2.8b), indicating that native population of 

bacteria have undergone change due to PT pollution in the Visakhapatnam 

harbour. It is necessary to collect more data on the concentrations of TPT 

compounds, total bacteria and TPT tolerant bacteria from more stations on
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the east and west coast of India, so that effect of PTs on indigenous bacteria 

can be properly understood. An attempt was made to enrich TPT tolerant 

bacterial isolates from sediments to understand the response of the isolate to 

TPT. The details are described in the following chapter.
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Chapter 3

Isolation and c h a r a c t e r i z a t i o n  o f  triphenyltin

transforming bacteria



Chapter 3

3.1. Introduction

The catabolic activities of bacteria play a major role in transformation 

of contaminants in aquatic environments (Heinaru et al 2005). Bacteria 

produce a wide range of biomolecules which play a significant role in 

biochemical transformation of such organic compounds. Most isolation 

procedures devised for detection of biodegraders of toxic pollutants 

involve the enrichment technique (Khandeparker 2005), which help to 

eliminate unwanted species, and obtain desired bacteria. In this method, 

sample (sediment or water) is spiked with the compound of interest, and 

incubated for one or more weeks or until the organism of choice appears. 

In an alternative method, a specific environment is selected and sample is 

inoculated in the medium with the compound. The sample is incubated for 

one or more weeks and an inoculum is then transferred to a new flask of 

the same selected environment, and incubated further until the organism 

of choice appears.

In the both the methods, the bacteria transforming the compound are 

isolated in plates with medium containing the compound. Another method 

to isolate required organism is to use selective screening technique based 

on agar plates containing the selected compound. The natural sample is 

plated onto the solidified agar plates containing the toxic compound and 

incubated for three to four days. The growth of bacteria on agar plate 

indicates the presence of the required bacteria.
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In the previous chapter, we observed that PTs contamination in the 

sediments has lead to a TPT tolerant bacterial community. These PT 

tolerant bacteria can be used as an effective tool to transform PT to non 

toxic forms. Therefore, an attempt was made to isolate TPT 

degrading/transforming bacteria from polluted harbours. The present 

chapter deals with different techniques used to isolate TPT transforming 

bacteria from marine sediments collected from Sancoale shipyard (South 

Goa), Betim fish jetty (North Goa), and Visakhapatnam harbour, east coast 

of India.

3.2. Materials and methods

3.2.1. Isolation of TPT transforming bacteria

A) Enrichment technique

Enrichment was carried out by adopting two methods. In the first 

method, a sediment was collected from Sancoale ship building industrial 

area. Sediment sample (100 g) was transferred to a 500 ml beaker and 5 

mg of TPT-chloride, nitrates and phosphates were added and sample was 

thoroughly mixed. The beaker was incubated at room temperature (28 ± 2 

°C) in dark. After 30 days, 1g sediment was appropriately diluted and 

plated on ZoBell marine agar (ZMA) plates containing 100 mg L'1 of TPT, 

plates were incubated at room temperature (28 ± 2 °C) for 48 h. The 

individual colonies were collected and restreaked on ZMA plates to check 

their purity. The cultures thus obtained were maintained on ZMA slants 

containing TPT (100 mg L~1) at 4 °C.
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In the second method, enrichment was carried out by inoculating 10 

g of sediment collected from Betim fish jetty (North Goa) and 

Visakhapatnam harbour to BSS medium supplemented with TPT-chloride 

(100 mg L"1) (Table 3.1). The flask was incubated on a rotary shaker (100 

rpm) at room temperature (28 ± 2 °C) in the dark for one week. The culture 

was subcultured twice using the same but fresh medium. After obtaining 

consistent growth, 1 ml of the culture was appropriately diluted and plated 

on ZMA containing 100 mg L'1 of TPT. These plates were incubated for 48 

h at room temperature (28 ± 2 °C). Individual colonies were picked, 

purified and maintained as described above. By adopting both these 

enrichment techniques, seven bacterial cultures were isolated.

B) Selective screening isolation technique

In selective screening, sediment samples collected from Visakhapatnam 

harbour were appropriately diluted (10'1 and 10'2) and spread plated onto 

ZMA plates supplemented with 100 mg L'1 TPT. The plates were 

incubated at room temperature (28 ± 2 °C) for 48 h. Individual predominant 

colonies were picked, purified and maintained as described above. Sixteen 

bacterial cultures were isolated by following this selective screening 

technique.

3.2.2. Growth of bacterial cultures in BSS with varying 

concentrations of TPT

Bacterial isolates were grown in BSS medium with varying concentration 

of TPT-chloride (0, 25, 50, 75, and 100 mg L“1). Loopfuls of pure bacterial
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Table 3.1
Composition of Basal salt solution (BSS)

C om position p er lite r

NaCI 25.00 g
KCI 0.75 g
MgS04 7.00 g *T ra c e  M etal S o lu tion

p er lite r
NH4CI 10 g (T M S )

CaCI2 0.2 g H 3 B O 3 2.85 g

Yeast extract 0.5 g MnCI2 .7H20 180 g

K2HP04 (10%) 1.75 ml FeS04.7H20 2.49 g

KH2P04 (10%) 0.75 ml Na - Tartarate 1.77 g

Trace metal solution* 1.00 ml CuCI2 0.03 g

Distilled water 1000 ml ZnCI2 0.02 g

pH 7.50 O0 OI2 0.04 g

Sterilization 121 °C for 15 min Na2Mo04.2H20 0.02 g

(Modified from Bhosle 1981)

Table 3.2
Composition of BSS- succinate glycerol (BSS-SG) medium.

C o m p o sitio n

Sodium succinate

Glycerol

TPT

pH

P er 1000  m l

4g
1 ml 

100 mg 

7.5
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isolates were grown individually in 50 ml Erlenmeyer flasks containing 10 

ml of BSS with varying concentrations of TPT. The flasks were incubated 

on shaker (-100 rpm) at 28 ± 2 °C in the dark till visible growth was seen 

in the culture medium. These bacterial isolates were sub-cultured twice in 

the same medium before using them as inoculum for screening. Flasks 

containing 10 ml of fresh BSS medium containing varying concentrations 

of TPT-chloride were individually inoculated with 5% of the inoculum (18 h 

old) and flasks incubated on shaker as described above. Growth was 

monitored by measuring optical density at 600 nm on a spectrophotometer 

(UV-VIS 1700 Shimadzu).

3.2.3. Growth of bacterial isolates in BSS supplemented with 

different media

Bacterial cultures were grown by preparing inoculum as described 

above in BSS, BSS with 100 mg L~1 of TPT, BSS with Succinate (0.4%) 

glycerol (0.1%) and BSS with succinate (0.4%), glycerol (0.1%), and 100 

mg L'1 of TPT, individually. Growth was monitored using UV-VIS 

spectrophotometer.

3.2.4. Screening for potential TPT transforming bacteria

The selection of TPT transforming bacteria was done using BSS-SG 

medium (Table 3.2). Purified bacterial isolates were grown individually in 

50 ml Erlenmeyer flasks containing 10 ml of BSS-SG medium with shaking 

(-100 rpm) at 28 ± 2 °C in the dark till visible growth was seen in the 

culture medium. These bacterial isolates were sub-cultured twice in fresh

medium before using them as inoculum for screening. Flasks containing
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10 ml of fresh BSS-SG medium with TPT-chloride were inoculated with 5%

of pre-grown (18 h old) bacteria. Isolates were grown under the culture 

conditions as described above for 7 days and increase in optical density at 

600 nm was monitored using a UV-VIS spectrophotometer. To check for 

transformation ability, aliquots of culture broth (100 pi) were withdrawn at 0 

d and 7d following inoculation, and transferred to clean stoppered test 

tubes. The culture broth was then analysed for TPT using GC-MS-EI (70 

eV) as described in Chapter 2A.

3.2.5. Characterization and identification of cultures

The cultures consistently growing in presence of TPT (100 mg L'1) 

were examined for morphological, biochemical and physiological 

characteristics to identify the isolates upto generic level (MacFaddin 1980). 

The identification of the isolates was done using the standard techniques 

(Kreig and Holt 1994). One of the bacterial cultures designated as SG-04 

was able to transform highest amount of TPT, hence it was identified up to 

species, using 16S rDNA molecular sequencing.

Bacterial genomic DNA was isolated using technique described by

Ausubel et al. (1995). Briefly, the technique entailed the following: 5 ml of

mid- to late- log phase bacteria (grown in ZoBell marine broth) were

collected by centrifugation at 10,000 rpm at 4 °C and resuspended in a

small volume of lysis buffer (0.05 M Tris HCI pH 8.0, 0.01 M EDTA) and

SDS was added at a final concentration of 0.5%, mixed gently and

incubated for 5 min at room temperature. The mixture was sequentially

extracted with equal volumes of Tris (pH 8.0) saturated phenol, phenol-

(chloroform-isoamyl alcohol (24:1)) 1:1 and chloroform. DNA was
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precipitated by adding 1/10th volume of 1 M NaCI and 2.2 volumes of 

100% ethanol and incubated for 1 h at 20°C. The precipitated DNA, after 

centrifugation was rinsed three times with 70% ethanol, dried and 

resuspended in sterile distilled water.

The genomic DNA of the bacterial sample was used for PCR 

amplification. The 16S rDNA gene fragments were amplified by PCR using 

the universal primer 27F (50-AGAGTTTGATCCTGGCTCAG-30)

(r - . , W . ____  , (Weisburg et al. 1991). The

amplification was carried out in 25 pi reaction mixture containing DNA 

template, PCR buffer, dNTP (10 mM), MgCI2 (25 mM), the primers 27F (10 

ppm) and 1492R (10 ppm) respectively, Taq polymerase (Sigma) (2U) and 

autoclaved Milli-Q water (Millipore). The amplification was carried out for 

35 cycles of 94 °C, for 45 s, 60 °C for 45 s and 72 °C for 45 s, 72 °C for 7 

min with initial 5 min denaturation at 94 °C using a PCR-Express thermal 

cycler (Hybaid). The DNA sequences of PCR products were determined 

using a Taq Dye Deoxy terminator cycle sequence kit (Perkin-Elmer) using 

the protocol recommended by the supplier. Sequencing reaction products 

were analyzed with a model 373A automated DNA sequencer (Applied 

Biosystems). 16S rDNA sequence was compared against GenBank 

database using NCBI BLAST search. The sequences were aligned with 

ClustalX and phylogenetic analysis of the bacterial isolate was done 

constructing phylogenetic tree using MEGA 5.
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3.3. Results and discussion

3.3.1. Isolation and purification of the culture

Using enrichment and selective screening, 24 bacterial cultures were 

isolated from marine sediments collected from Sancoale shipbuilding yard 

(South Goa), Betim Fish Jetty (North Goa) and Visakhapatnam harbour. 

Isolated bacterial cultures were tested for their ability to grow or transform 

various concentration of TPT (0, 25, 50, 75 and 100 mg L'1) in BSS 

medium (Table 3.3).

The growth of bacterial cultures was slow and minimal in BSS 

medium supplemented with 25 and 50 mg L'1 of TPT. Only 4 cultures (SG 

01, SG 04, SV 04, and SV 14) showed visible turbidity when grown with 75 

and 100 mg L'1 of TPT. Hence additional carbon sources in the form of 

sodium succinate and glycerol were used in BSS medium to boost the 

growth of the bacteria (Table 3.4), and the medium was designated as 

BSS-SG. The successive transfers of bacterial cultures in BSS-SG 

medium supplemented with TPT produced better growth, therefore BSS- 

SG medium supplemented with 100 mg L'1 of TPT was used for the 

screening of the bacterial cultures. Out of twenty 24 isolates, 17 were able 

to grow and transform TPT to varying extents (5- 65%), while the rest 

isolates did not transform TPT but were able to tolerate TPT. One of the 

isolates designated, as SG 04 showed maximum transformation (65%) of 

TPT (Table 3.5).
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Table 3.3

Growth of bacterial isolates in the BSS medium supplemented with varying 
concentrations of TPT.

Iso late C o n cen tra tio n s  o f T P T  used in th e  B SS m edium  (m g  L '1)

0 25 50 75 100

SG 01 + + + ++ + + + + + +

SG 02 + + + + + + +

SG 03 + + + + + + +

SG 04 + + + + + +++ + + +

SV01 + + + ++ +

SV 02 + + + + + + +

SV 03 + + + + + + +

SV 04 + ++ + + +++ + + +

SV 05 + + + + + + +

SV 06 + + + + + + +

SV 07 + + + + + + +

SV 08 + + + + +

SV 10 + + + + + + +

SV 11 + ++ + + + +

SV 12 + + + ++ + +

SV 13 + + + + + + +

SV 14 + ++ + + ++ + +++

SV 15 + ++ ++ + +

SV 16 +■ + + + + + +

SV 17 + ++ + + + +

SV 18 + + + + + + +

SV 19 + + + + + + +

SV 20 + + + ++ + +

SV 21 + + + + + + +

=Bacterial cultures isolated from Goa; SV= Bacterial cultures isolated from
Visakhapatnam.
+ = indicates minimal growth; ++ = indicates moderate growth; +++ = indicates high 
growth
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Table 3.4

Growth of bacterial isolates in the BSS with different carbon sources.

Iso la te BSS + Y .E B SS + TP T B S S -S G B SS-SG +

Control 0.104 0.350 0.110 0.380
SG 01 0.234 0.429 0.595 0.625
SG 02 0.237 0.447 0.615 0.747
SG 03 0.218 0.452 0.545 0.652
SG 04 0.23 0.48 0.578 0.868

SV01 0.232 0.442 0.52 0.68
SV 02 0.216 0.418 0.502 0.642

SV 03 0.272 0.526 0.595 0.618
SV 04 0.28 0.48 0.565 0.626

SV 05 0.285 0.485 0.585 0.659

SV 06 0.209 0.413 0.54 0.645

SV 07 0.232 0.323 0.495 0.614

SV 08 0.372 0.479 0.56 0.613

SV 10 0.262 0.382 0.595 0.679

SV 11 0.232 0.404 0.525 0.582

SV 12 0.27 0.42 0.51 0.485

SV 13 0.234 0.433 0.57 0.645

SV 14 0.258 0.415 0.535 0.692

SV 15 0.22 0.44 0.52 0.672

SV 16 0.278 0.484 0.562 0.622

SV 17 0.25 0.45 0.505 0.585

SV 18 0.23 0.4 0.495 0.556

SV 19 0.235 0.434 0.45 0.51

SV 20 0.26 0.46 0.475 0.51

SV 21 0.23 0.365 0.425 0.485

Growth measured at optical density 600 nm; Y.E = yeast extract (0.01%)
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Table 3.5

Growth and transformation of TPT by bacteria isolated from marine 
sediments.

Iso la te C u ltu re  O D  at 600 nm  
a fte r  7 days

%  o f T P T  
transfo rm ation

SG 01 0.163 5
SG 02 0.464 30

SG 03 0.353 7

SG 04 0.551 65

SV01 0.501 5

SV 02 0.417 12

SV 03 0.408 8

SV 04 0.405 0

SV 05 0.199 5

SV 06 0.455 5

SV 07 0.516 15

SV 08 0.370 12

SV 10 0.202 0

SV11 0.517 12

SV 12 0.434 7

SV 13 0.439 10

SV 14 0.462 35

SV 15 0.169 0

SV 16 0.192 0

SV 17 0.561 5

SV 18 0.256 0

SV 19 0.399 12

SV 20 0.375 0

SV 21 0.339 10
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3.3.2. Characterization and identification of the culture

Genus assignment of the isolates was based on characteristics such 

as Gram’s reaction, cellular morphology, physiological and biochemical 

tests (Table 3.6). Gram-negative, slightly curved rods, which were motile, 

catalase and oxidase positive were identified as Pseudomonas sp. Gram

negative, curved rods, which were facultative anaerobes with fermentative 

and respiratory metabolism and oxidase and catalase positive, were 

grouped as Vibrio sp. Isolates which were Gram-negative and oxidase

negative, motile, did not contain endospores, grew in the presence and 

absence of oxygen and showed respiratory and fermentative metabolism 

were identified as Enterobacter sp.

Among Gram-positive organisms, Bacillus sp. was dominant. 

Bacillus cultures are spore-forming, heat-resistant straight rods, that are 

motile, oxidase and catalase positive, and facultative anaerobes. Gram

positive cocci were identified as Staphylococus and Streptococcus. The 

major difference in both the genera is that Streptococcus is catalase 

positive while Staphylococcus is catalase negative.

Among all the isolates identified it was found that Pseudomonas sp. 

were predominant and accounted for 48% of the total bacterial isolates 

(Table 3.7). This was followed by Bacillus (24%), Vibrio (12%), 

Staphyolococcus (8%), Streptococcus (4%) and Enterobacter (4%). The 

permeable architecture of cell membrane in Gram-negative bacteria allows 

the mobilization of metal ions (Cruz et al. 2007). Moreover, presence of 

multidrug efflux pumps in these bacteria makes them more resistant to 

metals and pollutants compared to Gram-positive bacteria (Jude et al. 

2004).
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Table 3.6
Gram stain, and physiological and biochemical characteristics of the cultures.

Iso late
G ram
stain

M orphology M otility
O xid
-ase

C ata
-lase

H L test G eiatin  
O F hydrolysis

Starch
hydrolysis Genus identified

SG 01 - rods + + + - - - + Pseudomonas
SG 02 - rods + + + - - - + Pseudomonas
SG 03 - rods + + + - - - + Pseudomonas
SG 04 - rods + + + + + - + Pseudomonas
SV 01 + rods - + + + + + + Bacillus
SV 02 + rods - + + + + - + Bacillus
SV 03 + rods - + + + + + + Bacillus
SV 04 + cocci - + + - + - - Streptococcus
SV 05 - rods + + + + - - - Vibrio
SV 06 + rods - - + + + + + Bacillus
SV 07 - Coco bacilli + + - - + - Vibrio
SV 08 - Coccobacilli + - + - - - - Pseudomonas
SV 10 - rods + + + - - - - Pseudomonas
SV 11 - coccobacilli + + + + - - Enterobacter
SV 12 + rods - - + + + - - Bacillus
SV 13 + rods - - + + + - - Bacillus
SV 14 - rods + + + + - - + Pseudomonas
SV 15 - coccobacilli + + + + + - - Vibrio
SV 16 - coccobacilli + + + + + - - Vibrio
SV 17 - rods + + + - - - + Pseudomonas
SV 18 + cocci - - + + - + + Staphylococcus
SV 19 + cocci - - + + - + - Staphylococcus
SV 20 - coccobacilli + + + + + - - Enterobacter
SV 21 - rods + + + _ _ - + Pseudomonas
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Table 3.7
Relative abundances (as of total isolates) of TPT transforming bacteria 
isolated from marine sediments.

B a c te r ia A b u n d a n c e  o f  b a c te r ia  (%)

Pseudomonas 48

Bacillus 24

Vibrio 12

Staphylococcus 8

Streptococcus 4

Enterobacter 4
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Most (81%) of the isolates belonging to Pseudomonas genus were able 

to transform TPT. One of the Pseudomonas isolate, designated as SG-04 

was able to degrade ~ 65 % of TPT (Table 3.5) and was hence selected for 

further studies. When isolated, the colonies of the culture SG 04 were 

adherent, with characteristic wrinkled appearance and reddish brown color. 

After repeated subcultures, the colonies became smooth, butyrous and pale 

in colour. The culture showed presence of enzymes such as amylase, 

oxidase and catalase. It was gelatinase negative but showed strong 

denitrification activity (Table 3.8). Based on these characteristics isolate was 

identified as P. stutzeri (Lalucat et al. 2006).

The 16S rRNA partial gene sequencing of the culture SG 04 showed 

following sequence.

CTTGCTCCA TGA TTCAGCGGCGGACGGGTGAGTAATGCCTAGGA
ATCTGCCTGGTAGTGGGGGACAACGTTTCGAAAGGAACGCTAAT
ACCGCATACGTCCTACGGGAGAAAGTGGGGGATCTTCGGACCTC
A CGCTA TCA GA TGA GCCTA GGTCGGA TTAGCTA GTTGGTGA GGTA
AAGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGAT
CA G TGA CACTGGAA CTGAAACA CGG TCCAAACTCCTACGGGA GGC

A GCAGTGGGGAA TA TTGGA CAA TGGGCGAAAGCCTGA TCCA GCCA
TGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTTAAGTT
GGGGAGGAGGGCAATTTAGTTAATTCCTTGCTTGTTTTGGCCTTTCCCA
AACAAAAAAACCCCCGGGTATATTTCGGGCGCCCCACCCCCCGGGTA
TAAACAAAGGGGGG
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Table 3.8
Morphological, physiological and biochemical characteristics of the isolate 
SG 04

T e s ts R e s u lts

Color Off white
Shape Rods
Flagella Lateral flagella
Gram stain Gram - ve
Motility +

Oxidsae +

Catalase +

Hugh-Leifson’s test Facultative anaerobe

Spore staining -
Gelatin hydrolysis -
Starch hydrolysis +

Nitrate reduction +

Methyl red +

Vogus Proskure -
Urease -
H2S production -

Simmon’s citrate +

Lysine -
O-nitrophenyl, 13- galactosidase -

Glucose +

Lactose -

Arabinose -

Xylose -

Maltose +

Sucrose +

Fructose +

Sorbitol -

Dulcitol -

SG 04 identified as Pseudomonas stutzeri

'+’ indicates positive test and negative test
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Furthermore, the 16S rRNA gene of the strain SG 04 was partially 

sequenced to complement species identity through morphological, 

biochemical and physiological tests. The sequence had been submitted to the 

NCBI GenBank (Accession no. JF509451.1). Subsequently, NCBI-BLAST 

tool was used for checking sequence similarity. The strain SG 04 strain was 

found to be closely related to other species of Pseudomonas genera. The 

phylogenetic relationships among different species of pseudomonas were 

evaluated by drawing phylogenetic tree using a neighbor-joining algorithm in 

MEGA5 (Tamura et al. 2011). Thus, morphological, biochemical, 

physiological and partial sequencing of 16S rRNA region identified SG 04 as 

a strain of Pseudomonas stutzeri.

Pseudomonas stutzeri is a ubiquitous bacterium in environment (both in 

water and sediment) with a high degree of physiological and genetic 

adaptability. It is present in different natural environments. P. stutzeri is 

involved in environmentally important metabolic activities (Lalucat et al. 

2006) .  Members of this species can metabolize a wide range of organic 

substrates, including environmental contaminants like naphthalene, carbon 

tetrachloride etc. (Lalucat et al. 2006). They can be also be used as model 

denitrifier in marine environments. P. stutzeri strains have been widely 

studied as a model for natural transformation processes (Sikorski et al. 1998, 

2002; Lorenz and Sikorski 2000).
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Fig. 3.1
Neighbor-joining tree based on analysis of the 16S rRNA partial gene 
sequence of P. stutzeri and other close strains.
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Marine strains of P. stutzeri are located in the water column and in 

sediment. The most relevant strains studied in detail are ZoBell, AN10, NF13, 

MT-1 and HTA208. The ZoBell strain was isolated from the water column of 

the Pacific Ocean, and studied as a model denitrifier in marine environments. 

AN10 was isolated from polluted Mediterranean marine sediment and studied 

as a naphthalene degrader. NF13 isolated from a sample taken at 2,500- to 

2,600-m depth in the Galapagos rift from near a hydrothermal vent and 

studied as a strain that oxidizes sulfur chemolithotrophically and strains MT-1 

and HTA208 were isolated from deep-sea samples taken at the Mariana 

Trench at 10,897-m depth.

P. stutzeri strain isolated from black sea was able to oxidize thiosulphate 

to tetrathionate (Laiucat et al 2006). P. stutzeri 5MP1 is a tributyltin-resistant 

strain (MIC 1,000 mg liter"1) isolated from the sediment of Arcachon Harbor 

(France) (Jude et al. 1996). Tributyltin resistance was found to be associated 

with the presence of the operon tbtABM. It is a member of the resistance- 

nodulation-cell division efflux pump family (Jude et al. 2004).

TPT transformations have been reported so far by only by fluorescent by 

Pseudomonas sps. Visoottiviseth et al. (1994) isolated Pseudomonas putida 

no. C from soil samples collected from the dockyards of Thailand. P. putida 

was able to transform 97% of TPT in minimal medium supplemented with 

glucose and 7 mg L"1 TPT. Inoue et al. (2000) isolated Pseudomonas
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chlororaphis CNR 15 form a coastal sediment that was able to transform 47% 

of TPT when grown in a minimal medium containing 40 mg L~1 TPT. Yet 

another fluorescent pseudomonad, Pseudomonas aeruginosa CGMCC 1.860 

was able to transform nearly 50% of TPT when grown in succinate M9 

medium with 77 mg L"1 TPT (Sun et al. 2006). In the present study, a non- 

fluorescent Pseudomonas spp. was obtained which transforms ~ 65% of TPT 

when grown in BSS-SG medium with 100 mg L'1 TPT. To best of our 

knowledge, this is first report of the non-fluorescent Pseudomonas carrying 

out the transformation of TPT. Because of this novelty, the culture SG-04 was 

selected for further studies described in the subsequent chapters.
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Chapter 4

TPT transformation by P s e u d o m o n a s  s t u t z e r i

S G  04 (JF 509451)
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Chapter 4

4.1. Introduction

Interest in the microbial biotransformation/biodegradation of 

pollutants has intensified in the recent past to find sustainable ways to 

clean up the contaminated environments. Bioremediation and 

biotransformation methods utilize microbial catabolic diversity to degrade, 

transform or accumulate a huge range of compounds such as 

hydrocarbons, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated 

biphenyls (PCB’s) xenobiotics, etc. (Alexander 1999). Major 

methodological breakthroughs in recent years have enabled detailed 

analyses of indigenous microorganisms providing insights into key 

biotransformative pathways and the ability of organisms to adapt to 

changing environmental conditions (Shah and Dahanukar 2011).

The development of bioremediation technologies and

biotransformation processes have thrown light in understanding the 

relative importance of different pathways and regulatory networks for 

specific compounds (Vossoughi et al. 2005). Biotransformation is routinely 

measured by applying analytical tools to the laboratory techniques using 

pure cultures. Measurements of biodegradability include cell growth, 

substrate loss, and production of both - intermediary metabolites and final 

metabolic end products.

Biotransformation of TPT, a ubiquitous pollutant in the environment, 

has been reported using bacteria. However, only fluorescent 

pseudomonads have been identified to carry out microbial transformation
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of TPT with the help of siderophores like - pyoverdine and pyochelin 

(Inoue et al. 2000 and 2003, Sun et al. 2006, Sun and Zhong 2006). While 

these investigations revealed that fluorescent pseudomonads play an 

important role in TPT transformation, little is known about the potential of 

other bacteria to transform TPT.

In the previous chapter, TPT transforming bacteria were isolated from 

the coastal sediments. Of these, one isolate identified as non -fluorescent 

Pseudomonas stutzeri SG 04 was able to transform ~ 65% TPT. In the 

present chapter, the effect of different parameters on growth and TPT 

transformation by Pseudomonas stutzeri SG 04 are presented and 

discussed.

4.2. Materials and methods

4.2.1. Culture and growth conditions

Pseudomonas stutzeri SG 04 was grown at 28 ± 2 °C for 72 h in BSS 

medium supplemented with TPT as carbon source. The composition of the 

medium is given in Chapter 3 (Table 3.2).

4.2.2. Effect of carbon sources and concentration on growth and TPT 

transformation

The effect of carbon source on TPT transformation was studied using 

BSS medium supplemented with 100 mg L'1 of TPT and 0.4% of either 

sodium succinate (SS), sodium citrate (SC), glucose (Glu), maltose (Mai), 

sucrose (Sue), or fructose (Fru) as the carbon and energy source. Sodium 

succinate concentration in the growth medium was varied from 0 to 1% in
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order to evaluate the influence of carbon concentration on TPT

transformation. The BSS medium (10 ml) was inoculated with 0.5 ml of 18 

h old culture of P. stutzeri (sub cultured twice in same medium) in 

Erlenmeyer flasks (50 ml). The culture was grown on a rotary shaker 

(~100 rpm) in the dark at 28 ± 2 °C for 72 h. A sub-sample was removed at 

0 h and 72 h following inoculation for growth (optical density at 600 nm) 

and TPT content analysis. Culture (100 pi) broth was taken in a clean test 

tube and analysed for TPT concentrations following the method described 

in Chapter 2.

4.2.3. Effect of glycerol and its concentration on growth and TPT 

transformation

In order to check effect of glycerol, Pseudomonas stutzeri was grown 

in BSS supplemented 0.1% glycerol with 0.2% of either sodium succinate 

(SS), sodium citrate (SC), glucose (Glu), maltose (Mai), sucrose (Sue), 

fructose (Fru) or glycerol (Gly) and 100 mg L'1 TPT were added. Sodium 

succinate with varying concentration of glycerol (0 -  0.25%) in the growth 

medium was used to evaluate the effect of glycerol concentration on 

growth and TPT transformation. The culture was grown at 28 ± 2 °C for 72 

h, following which growth and TPT transformation were measured at 0 and 

72 h as described previous Chapters.
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4.2.4. Effect of nitrogen sources and concentration on growth and 

TPT transformation

BSS medium supplemented with 100 mg L~1 TPT, 0.2% sodium 

succinate, 0.1% glycerol (hereafter called as BSS-SG medium) and 0.01% 

nitrogen as ammonium chloride, ammonium sulphate, sodium nitrate, 

potassium nitrate or urea was used to assess the effect of nitrogen source 

on TPT transformation. The nitrogen (as ammonium chloride) 

concentration in the growth medium was varied from 0 to 0.2%. The 

culture was grown as described above. Growth and TPT transformation 

were measured at 0 and 72 h using the methods described previous 

Chapters.

4.2.5. Effect of phosphate and sodium chloride on growth and TPT 

transformation

The BSS-SG medium was supplemented with various concentrations 

of di-potassium hydrogen phosphate and potassium di-hydrogen 

phosphate (phosphate concentration 0-0.2%) individually, to assess the 

effect of phosphate on growth and TPT transformation. Sodium chloride 

concentration in BSS-SG medium was varied individually between 0-4% 

to assess its effect on growth and TPT transformation. The culture was 

grown and growth and TPT transformation was measured as described in 

previous Chapters

4.2.6. Effect of iron on growth and TPT transformation

Fe (III) is known to affect TPT transformation by pseudomonades. In 

order to check this, P. stutzeri was grown in BSS-SG medium with varying
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concentrations of Fe+3 (0, 10, 50, 100 pM). Samples were analysed at 0 

and 72 h of incubation.

4.2.7. Effect of varying concentrations of TPT on growth and TPT 

transformation

P. stutzeri was grown in optimized BSS-SG medium supplemented 

with various concentrations of TPT (0 -  500 mg L'1) individually. The 

culture was grown at 28 ± 2°C for 72 h. The culture was grown as 

described above. Growth and TPT transformation were measured at 0 and 

72 h as described in previous chapters.

4.2.8. Growth kinetics and TPT transformation by P. stutzeri SG 04

The culture P. stutzeri was grown in optimized BSS-SG medium 

containing 200 mg L'1 TPT at 28 ± 2 °C on a rotary shaker (-100 rpm). At 

regular intervals, 5 ml aliquots were removed, and growth was monitored 

by measuring optical density at 600 nm and TPT analysis was carried out 

using the method described in previous Chapters. Growth was monitored 

until the culture reached the stationary growth phase.

4.2.9. Growth of the culture P. stutzeri SG 04 on DPT and MPT

P. stutzeri was grown in optimized BSS-SG medium supplemented 

with varying concentration of DPT and MPT (0, 50, 200 mg L'1) 

individually, and growth was monitored at regular intervals as described 

above.
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4.2.10. TPT transformation studies with resting cells and cell free 

supernatant of Pseudomonas stutzeri SG 04

A) Preparation of resting cells

Pseudomonas stutzeri SG 04 was grown in 100 ml of optimized BSS- 

SG medium supplemented with 200 mg L'1 of TPT. After 24 h of incubation 

the cells were harvested at 10,000 rpm, for 20 min at 4 °C. The pellet of 

cells was washed twice with 20 mM potassium phosphate buffer (pH 7.2) 

and resuspended in 5 ml of the same buffer so as to obtain a final optical 

density of 2.5 at 600 nm.

B) Preparation of cell free supernatant

For preparing cell free supernatant, Pseudomonas stutzeri SG 04 

was grown in 100 ml of optimized BSS-SG medium as above for 72 h. 

Culture medium was made cell free by centrifugation (at 4 °C, 10000 rpm, 

20 min) and filtered through membrane filter (pore size: 0.22 pm, 

Millipore).

C) Transformation studies with resting cells and cell free supernatant

Resting cells suspension (5 ml), cell free supernatant (5 ml) and 

blank (5 ml of 20 mM potassium phosphate buffer (pH 7.2) were taken in 

glass vial and spiked with TPT (final concentration 200 mg L'1). Flasks 

containing reaction mixtures were incubated at 35 °C for 72 h in water 

bath, and 100 pi of reaction mixtures were analysed at 0 and 72 h for TPT 

and its transformation products as described above.
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4.3. Results and discussion

4.3.1. Optimization of growth conditions for TPT transformation by 

Pseudomonas stutzeri SG 04

To elucidate the optimal growth medium composition for maximum 

TPT transformation, the various factors influencing TPT transformation 

were assessed.

4.3.2. Effect of carbon sources and concentration on growth and TPT 

transformation

Pseudomonas stutzeri SG 04 transformed TPT while growing on 

different carbon sources. Sodium succinate (SS) was found to be the most 

efficient carbon source for TPT transformation, whereas sucrose (Sue) and 

fructose (Fru) did not. Although, maltose (Mai) and sucrose (Sue) 

supported high growth (OD at 600 nm) but could transform only 20% of 

TPT in the medium. Though sodium succinate did not support high growth, 

it transformed nearly 65 % of TPT. Sodium succinate is known to enhance 

TPT transformation in fluorescent pseudomonads (Inoue et al. 2000, Sun 

et al. 2006). Using TPT as sole source of carbon, P. stutzeri was able to 

transform nearly 40% of TPT but growth was slow (Fig. 4.1a). The 

apparent variation in growth and TPT transformation were probably due to 

the differences in uptake and metabolism of substrate by the organism. In 

nutrient-rich medium like ZoBell marine broth, P. stutzeri did not show any 

transformation of TPT.
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Fig. 4.1
Effect of carbon sources (a) and varying concentrations sodium succinate 
(b) on growth and TPT transformation by Pseudomonas stutzeri SG 04.
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On varying concentrations of sodium succinate from 0 to 1% in the 

BSS-SG medium, growth increased with increasing concentration of 

sodium succinate in the medium up to 0.2 % and nearly 80% of TPT was 

transformed in the medium with 0.2% sodium succinate (Fig. 4.1b). TPT 

transformation declined sharply when > 0.4% concentration was used. At 

concentrations > 0.2%, sodium succinate precipitated in the medium 

forming crystals. Sodium succinate 0.2% concentration was found to be 

the best carbon source for TPT transformation

4.3.3. Effect of glycerol and its concentration on growth and TPT 

transformation

Glycerol helps in osmotic balance and appears to enhance TPT 

transformation by bacteria in presence of suitable carbon sources (Ben- 

Amtoz and Avron 1973). In order to check this, we added 0.1% of glycerol 

and 100 mg L'1 TPT to BSS supplemented with 0.2% of carbon sources. 

(Fig. 4.2a). As such, glycerol alone did not affect TPT transformation but in 

combination with glucose, sodium citrate and maltose, it enhanced the 

TPT transformation. Transformation of TPT by sodium succinate, in 

presence of glycerol, was enhanced by 5 to 10%, addition of glycerol also 

helped in homogenous growth of the culture. Earlier research on 

Pseudomonas suggests that sodium succinate helps in siderophore 

production but causes pH digression above 7.5 which is not desirable for 

growth of Pseudomonas, which is why glycerol is added to take care of pH 

fluctuations (Saharan et al. 2010).
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Further, concentration of glycerol in the medium was optimized. 

Glycerol did not affect the growth of P. stutzeri SG 04 at tested 

concentrations (0 to 0.25%), but TPT transformation was negatively 

affected at glycerol concentration higher than 0.1% (Fig 4.2b). Thus 0.2% 

sodium succinate with 0.1% glycerol was used in the optimized media for 

further experiments.

4.3.4. Effect of nitrogen sources and concentration on growth and 

TPT transformation

Pseudomonas stutzeri SG 04 produced a relatively higher amount 

of TPT transformation when the growth medium was supplemented with 

ammonium chloride (82%) and low transformation when potassium nitrate 

(35%) was used as nitrogen source (Fig. 4.3a). Ammonium chloride and 

potassium nitrate resulted in different amounts of growth and TPT 

transformation indicating different uptake mechanisms for similar inorganic 

nitrogen sources. When grown on ammonium chloride, ammonium 

sulphate and sodium nitrate P. stutzeri SG 04 produced lesser growth but 

higher TPT transformation (65-85%). However, potassium nitrate 

produced comparatively higher growth but less TPT transformation. 

Though urea is an organic nitrogen source, it produced both good growth 

and higher TPT transformation (75%). This is in accordance with the 

observation that some bacteria show profuse growth on organic nitrogen 

source (D’Souza 2004).
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TPT transformation by Pseudomonas stutzeri SG 04 increased with 

increasing concentration of ammonium chloride up to 0.1%. Concentration 

> 0.1% lowered TPT transformation in the medium (Fig. 4.3b). Hence 

0.1% ammonium chloride in the BSS-SG medium was used in further 

experiments.

4.3.5. Effect of phosphate and sodium chloride concentration

The presence of phosphate in the growth medium did not seem to 

affect TPT transformation by Pseudomonas stutzeri SG 04 in the range of 

0 to 0.2% (Fig. 4.4a). The growth of the culture increased with increasing 

phosphate concentration. Hence, growth medium with 100 mg L' 1 of 

phosphate was used in later experiments. A study conducted by Sing and 

Joshi (1991) revealed that revealed that phosphate ions were needed for 

the bioaccumulation of TBT into Escherichia coli cells. In contrast, 

Yamaoka et al. (2002) reported that presence of phosphates actually 

lowered the TPT transformation by pyoverdines extracted from P. 

chlororaphis.

Pseudomonas stutzeri SG 04, when grown in varying concentrations 

(0 to 4%) of sodium chloride, growth increased with increase in NaCI 

(2.5%). However, further increase in NaCI concentration reduced growth in 

P. stutzeri SG 04 (Fig. 4.4b).

4.3.6. Effect of iron on growth and TPT transformation

Iron (III) at tested concentrations (0, 10, 50, and 100 pm) did not 

affect the TPT transformation by P. stutzeri SG 04 (Fig. 4.5).
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Effect of iron (ill) on growth and TPT transformation by P. stutzeri SG 04.
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However growth was relatively less at 100 pM FeCI3. Iron is known to play 

a key role in TPT transformation by P. chlororaphis and P. aeriginosa 

(inoue et al. 2000, Sun et al. 2006). Siderophores called pyoverdine and 

pyochelin were instrumental in enhancing TPT transformation by bacteria. 

In our study, transformation of TPT by P. stutzeri SG 04 does not need 

presence of iron.

4.3.7. Effect of substrate concentration on growth and TPT 

transformation

Pseudomonas stutzeri SG 04 was able to tolerate TPT up to 500 mg 

L"1 in the BSS-SG medium (Fig. 4.6). The growth (OD at 600 nm) of the 

culture increased with increasing TPT concentration in the medium from 0 

to 200 mg L' 1 TPT, indicating that presence of TPT in some way favors the 

growth of the culture. At 200 mg L' 1 TPT concentration in growth medium, 

P. stutzeri transformed nearly 82 ± 5% of TPT present in the medium with 

optimum growth. Hence this concentration was chosen for further studies.

4.3.8. Growth kinetics of Pseudomonas stutzeri SG 04

The growth of Pseudomonas stutzeri SG 04 and TPT transforming 

potential in optimized BSS supplemented with succinate (0.2%), glycerol 

(0 .1 %), ammonium chloride (0 .1 %), phosphates (0 .1 %), sodium chloride 

(2.5%), and 200 mg L~1 TPT (0.02%) was monitored over a period of 72 h 

(Fig. 4.7). During the incubation period, the culture had short lag phase of 

around 3 h with a slight decrease in turbidity. The culture grows rapidly in 

log phase (3-18 h) and reaches the stationary phase at around 18 h, 

followed by a decrease in growth. TPT was rapidly biotransformed in the
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first 24 h, then gradually over the incubation period. Total reduction in TPT 

concentration was 82 ± 5% over the 72 h period of incubation.

The transformation products, DPT (50 mg) and MPT (20 mg) were 

detected within 24 h of incubation, however reaction was not 

stoichiometric. This may be because DPT and MPT were simultaneously 

transformed from the medium as their concentrations declined at the end 

of 72 h, while there was only 5% transformation in control containing BSS- 

SG medium with 200 mg L' 1 TPT, indicating that TPT was transformed by 

the bacterial culture. Further, P. stutzeri SG 04 also showed better 

capability to degrade and tolerate TPT as compared to other fluorescent 

pseudomonads. For example, P. putida which was able to degrade 97 % 

of TPT in 24 h when grown in minimal medium containing glucose and 7 

mg L' 1 of TPT (Visoottiviseth et al. 1994), P. chlororaphis was able to 

degrade 47% of TPT when grown in succinate glycerol medium containing 

40 mg L' 1 of TPT (Inoue et al. 2000), and P. aeruginosa was able to 

degrade nearly 50% of TPT when grown in succinate M9 medium with 77 

mg L' 1 of TPT (Sun et al. 2006).

4.3.9. Growth of P. stutzeri SG 04 in the presence of DPT and MPT

P. stutzeri SG 04 was grown in BSS-SG medium in presence of DPT 

and MPT as substrates in order to know how effectively this bacterium can 

use the transformation products of TPT. P. stutzeri SG 04 was grown in 

three different concentrations: 0, 50 and 200 mg L' 1 of DPT and MPT, 

individually (Figs. 4.8a and b). At 0 mg L' 1 DPT, there was a short log 

phase ( 6  h). Then, the culture went into stationary phase. When the 

culture was grown with 50 mg L' 1 DPT, the log phase extended up to 60 h
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Fig. 4.8
Growth of P. stutzeri SG 04 in varying concentrations of (a) DPT and (b) 
MPT.
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then stationary phase followed. The isolate grew very well in presence of 

200 mg L"1 of DPT. Though the lag phase extended up to 21 h, there was 

a sharp increase in growth between 21 to 42 h, then the growth declined 

gradually (Fig. 4.8a). From this experiment, it is evident that, P. stutzeri SG 

04 is able to utilize DPT degradation product of TPT.

In presence of 50 mg L' 1 MPT in growth medium, there was fair 

amount of growth compared to 0 mg L' 1 MPT (Fig. 4.8b). There was lag 

phase till 6  h and then the culture went into the log phase (24 h), later 

followed by the stationary phase till 48 h. Flowever, growth of P. stutzeri 

SG 04 was inhibited by 200 mg L' 1 MPT in the growth medium indicating 

that a high concentration of MPT in growth medium was toxic to P. stutzeri 

SG 04. Boopathy and Daniel (1991) illustrated that MPT is highly toxic to 

methanogenic bacteria compared to TPT.

4.3.10. Transformation studies with cells and cell free supernatant

The resting cells showed slight changes in TPT concentrations 

(11%). In contrast, the cell free supernatant showed 60 ± 5 % of TPT 

transformation over the 72 h period of incubation (Fig 4.9). This indicates 

that, the bacterium secretes a factor in the medium which is responsible 

for TPT transformation. Similar observations were reported by Inoue et al. 

(2000) and Sun et al. (2006) where TPT transforming factor was produced 

by P. chlororaphis and P. aeruginosa, extracellularly in the medium. An 

attempt was made to isolate, purify and characterize TPT transforming 

compound, which is described in following chapter.
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Fig. 4.9
Biotransformation of TPT by cell-free supernatant, resting cells of P. 
stutzeri SG 04, and blank dispensed in 20 mM potassium phosphate buffer 
(pH 7.2).
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Chapter 5

Isolation, purification and characterization 

of TPT transforming compound(s) produced 

by P s e u d o m o n a s  s t u t z e r i  S G  04
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Chapter 5

5.1. Introduction

The use of OT compounds in the environment is constantly 

increasing with increased technology and progress in scientific research. 

These compounds are recalcitrant, as Sn-C bonds are stable and hence 

they are difficult to degrade or decompose naturally. While chemical 

methods treating wastes might serve the purpose to some level, the 

problem on disposal off the treated waste and chemical by-products still 

persist (Shah and Dahanukar 2011). As an alternative, indigenous 

microorganisms could be simulated or specially enriched and added to the 

site to degrade, transform these organometallic compounds to non-toxic 

products (Vossoughi et al. 2005). Such process on optimization and study 

of the mechanism involved will prove to be useful for application in 

bioremediation of such sediments.

In the previous chapter, we described the optimization of growth 

condition for optimal TPT transformation by Pseudomonas, stutzeri. 

Further, it was also observed that culture supernatant gave maximum TPT 

transformation reflecting the presence of a metabolite involved in TPT 

transformation. The isolation, purification and characterization of this 

compound(s) from the supernatant was therefore undertaken using 

different techniques, and are compiled in this chapter.
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5.2. Materials and methods

5.2.1. Culture and growth conditions

Pseudomonas stutzeri SG 04 was grown at 28 ± 2 °C on a shaker 

(100 rpm) for 72 h in optimized BSS-SG medium with 200 mg L~1 TPT as 

described in Chapter 4.

5.2.2. Isolation of the extracellular compound using C18 column

Pseudomonas stutzeri SG 04 was grown in optimized BSS-SG 

medium for 72 h as described in previous Chapter. The medium was 

centrifuged (1 0 , 0 0 0  rpm for 1 0  min) and filtered through 0 . 2  pm filter 

paper. Cell free supernatant (50 ml) was loaded onto column containing 

0.5 g of C is material (Partsil 40 ODS-3) which was conditioned using 

methanol and water, and eluted from the column with 20 ml of 50% 

methanol (vol/vol). Eluate was concentrated to 5 ml using rotary- 

evaporator. The extract was further lyophilized and stored at -20 °C. The 

solidified material was treated with methanol to isolate methanol soluble 

fraction and remaining material was dissolved in water to get water soluble 

fraction.

5.2.3. Isolation of extracellular compound using organic solvent

The cell free supernatant prepared as above, was extracted first with 

equal volume of ethyl acetate (twice) and then with butanol. Both the 

extracts were concentrated using rotary evaporator and then freeze dried 

using lyophilizer and stored at -20 C.
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a) TPT Transformation with methanol and water soluble fraction 

using DI-MS

A known quantity of methanol and water soluble fraction (5 mg) was 

transferred to clean vials. To each vial 1 ml Milli-Q-water and TPT (200 mg 

L' 1 final concentration) were added and vials were incubated for 4 h at 28 ± 

2 °C. Changes in TPT concentrations were recorded at 0 and 4 h by direct 

injection port -  Mass spectrometry (DI-MS). The ion source temperature 

was kept at 300 °C and 5 pi of mixture was directly injected into MS via a 

probe. Methanol soluble compound did not transform TPT, so this fraction 

was not used for further studies.

b) TPT Transformation with water soluble fraction and ethyl acetate 

extract using GC-MS

A known quantity (5 mg) of the water soluble fraction and ethyl 

acetate extract was dissolved separately in 1ml of phosphate buffer (pH 

7.2) in a stoppered glass vial and TPT (final concentration 200 mg L'1) was 

added. This reaction mixture was incubated for 12 h in a water bath 

maintained at 35 °C. At known time periods, 100 pi of reaction mixture was 

withdrawn. The transformation of TPT to DPT and MPT was determined 

by GC-MS following method described in Chapter 2.

5.2.4. Determination of transformation ability of the extracts
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A) UV-Visible absorption spectra and fluorescence spectra

The UV-Visible absorption spectrum was obtained on UV-Visible 

spectrophotometer (UV-VIS 1700, Shimadzu). Aqueous solution of the water 

soluble fraction (1 mg ml'1) was scanned from 190 to 800 nm using 1 cm cell. 

Fluorescence emission spectrum was obtained on spectrofluorophotometer 

(RF-5301-PC, Shimadzu). The sample (1 mg ml'1) was excited at 467 nm 

using 1 cm cell.

B) Fourier Transform Infrared Analysis (FTIR)

Infrared spectrum was obtained using KBr technique. KBr pellets were 

prepared by carefully grinding mixture of 2  mg of water soluble fraction with 

about 200 mg of dry KBr. Major structural groups of the compound were 

detected using Fourier transform infrared spectroscopy (FTIR 820I-PC, 

shimadzu). Infrared spectra were recorded in a range from 4000- 400 cm"1.

C) Nuclear Magnetic Resonance Spectroscopy

1H and 13C nuclear magnetic resonance (NMR) spectra were obtained at 

ambient temperature with water soluble compound ( 2 0  mg) dissolved in D2O 

(0.75 ml) in NMR tubes. A Bruker Avance-300 spectrometer was used in the 

Fourier pulsed transform mode with complete proton decoupling for 13C. For 

1H, operation was at 300 MHz and 13C at 75 MHz. TMS was used as internal 

reference. The values are given in 5 for proton NMR and ppm for 13C NMR.

5.2.4. Spectral analysis of the water soluble compound
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5.2.5. Characterization of compounds in ethyl acetate and n- 

butanol extract using ESI-MS/MS

Ethyl acetate and butanol extract were analysed by electrospray 

ionization mass spectroscopy (ESI-MS). Positive QTOF mass spectra 

were acquired using a QTOF-XL MS/MS, Applied Biosystem instrument 

equipped with the MDS Sciex Analyst software (Concord Ontario, 

Canada). Sample solutions in methanol were introduced onto the ion 

source at a constant flow rate of 1 0  pi min' 1 using an integrated syringe 

pump. Instrument was operated in positive ionization modes with the 

following settings: nebulizer gas (N2) 28 (arbitary units); curtain gas (N2) 18 

(arbitary units); ion spray voltage 5500 V, declustering potential 60.0; 

focusing potential 300 V; declustering potential 2 15; collision gas (CAD) 3 

(arbitary units). Full scan data acquisition was performed, scanning from 

m/z 0-1000 in the profile mode and using a cycle time of 1 second. MS/MS 

were recorded at different collision energies in the range of 10-40 V so as 

to obtain optimum fragmentation as evidenced by the decrease in the 

intensity of molecular ion signal. The identity of compounds was based on 

the fragmentation pattern observed and comparison with those of 

authenthic standard cinnamic acid derivatives.

5.3. Results and discussion

5.3.1. TPT transformation with water soluble compound using DI-MS

TPT transformation with water soluble compound was studied using 

DI-MS. Methanol soluble compound did not transform TPT, so this fraction 

was not used for further studies. Fig 5.1a and 5.1b shows scans of water
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Fig. 5.1
Direct injection- MS (DI-MS) profile of water soluble fraction (a), TPT 

(b), water soluble fraction with TPT at 0 h (c) and after 4 h of 

incubation (d) were analysed for transformation studies.
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soluble compound and pure TPT compound respectively. Fig 5.1c shows 

Scan at 0 h when TPT is just added to the water soluble compound. This 

scan indicates presence of TPT in the form of a hump at 1 to 2 min. After 4 

h of incubation, reduction in TPT peak was detected by DI-MS (Fig 5.1 d). 

This study confirmed that water soluble extract was capable of TPT 

transformation hence transformation studies using GC- MS were carried 

out.

5.3.2. TPT transformation with water soluble compound and ethyl 

acetate extract using GC-MS.

The purification through the column yielded 11 mg of water soluble 

compound. Chromatographs of water soluble compound with TPT at 0, 3 

and 9 h, control at 0 and 9 h and the standard are shown in Fig. 5.2. 

Reaction mixture containing 5 mg of water soluble compound transformed 

70% of TPT within 6  h followed by gradual decrease in TPT concentration. 

(Fig. 5.3a). At the end of 12 h incubation period, water soluble compound 

was able to transform 8 8 % of TPT. Interestingly, 70 mg DPT and 40 mg 

MPT were detected at 3 h and their concentration decreased after 6  h of 

incubation. The ethyl acetate extract prepared from P. stutzeri also 

showed transformation ability similar to that observed with the water 

soluble compound with water soluble compound (Fig 5. 3b). This indicates 

either the products are utilized, further degraded, complexed or 

evaporated (Inoue et al 2 0 0 0 ).
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Fig. 5.2
GC-MS chromatograms illustrating TPT transformation by water soluble 

fraction prepared from cell free supernatant of P. stutzeri, water soluble 
fraction with TPT at 0 h (a), after 3 h (b) and 9 h of incubation (c). Standard 
(d) control at 0 h (e) and 9 h of incubation (f) also depicted as inset
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b)

Fig. 5.3
Transformation of TPT by water soluble fraction (a) and comparison of the 

transformation ability of water soluble compound and ethyl acetate extract 

(b) isolated from culture supernatant of Pseudomonas stutzeri SG 04 

grown in BSS-SG medium supplemented with 200 mg L' 1 TPT.
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5.3.3. Spectral characterization of water soluble compound

The spectral signature for water soluble compound(s) was recorded 

by UV-Visible, fluorescence, IR, and NMR spectroscopy. UV-Visible 

absorption spectra of water soluble compound showed a peak at 2 1 2  nm 

(Fig.5.4a). The fluorescence spectra of Water soluble compound exhibited 

emission at 525 nm when excited at 467 nm (Fig. 5.4b).

FTIR spectra of water soluble compound showed broad -OH/NFI 

stretching bands extended at 3441 cm' 1 (Fig. 5.5). This signal is merged 

with -CFI starching of-C H 2 and CFI3 at ~ 2910 • cm"1. Absorption at 1107 

cm"1 is due to -OH stretching. Presence of hydroxymates was indicated at

1643 cm"1 coupled with 3368 cm"1. C-C bonding was observed at 616 cm"

1

NMR spectra showed strong aromatic absorption due to phenyl 

groups evident in the region 5 7.0 - 7.8 (Fig. 5.6). Acetyl methyl is 

observed as sharp singlet at 5 2.132. Aliphatic -CH 3 (methyl) and -CH 2 

(methylene) shows NMR absorption between 5 0.8 -  1.1 and 5 1.2 -  1.8 

respectively.

The spectral data indicated that the compound had a hydroxymate 

group. Such hydroxymate compounds are known to be produced by 

Pseudomonas sp. as iron chelating siderophores. Such siderophores are 

reported to play a role in the cleavage of Sn-C bond leading to phenyltin 

transformation (Inoue et al 2003, Sun and Zhong 2006)
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Fig. 5.4
Absorption spectra (a) Emission spectra when excited at 467 (b) for 

the water soluble compound obtained from cell free supernatant of 

Pseudomons stutzeri SG 04.
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FTIR spectra of the water soluble fraction isolated from culture broth of Pseudomonas stutzeri SG 04 grown in BSS-
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NMR spectra of the water soluble fraction isolated from culture broth of Pseudomonas stutzeri SG 04 grown in BSS
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5.3.4. Chemical characterization of ethyl acetate extracts using ESI- 

MS/MS

ESI-MS/MS is important technique to analyze the biological mixtures 

without prior purification (Rosenberg et al 2003). A particular advantage with 

this technique is that, it does not require any particular sample pretreatment 

other than the dissolution of the sample in a suitable solvent, and that 

samples can be introduced directly. ESI-MS is thus perfectly suited for the 

characterization of the elemental species actually present in aqueous 

solution, provided that these species can be transferred to the gas phase 

without alteration of their speciation. ESI-MS is able to positively identify 

unknown or to confirm the presence of known species based on the 

molecular mass even when authentic reference compounds are not available.

ESI-MS profile of ethyl acetate extracts isolated from culture broth of 

Pseudomonas stutzeri SG 04 is shown in Fig 5.7. Ethyl acetate fraction 

showed complex of TPT oxide or hydroxide with lenolenic acid (Table 5.1). 

These oxides must be reacting with the carboxylic acids as such linolenic acid 

produced by the strain leading to transformation of TPT. Data also indicates 

the presence of TPT esters of succinic or tartaric acids and fragments of 

siderophores formed by condensation of succinic or tartaric acids with 

cadaverine/ putrescine (NCH2CH2CH2CH2N) unit. Interestingly, ethyl acetate 

extracts of the cell free supernatant also confirmed the presence of fragment 

ion which are complexes of siderophores and DPT (Table 5.1).
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ESI-MS profile of ethyl acetate fraction isolated from culture broth of Pseudomonas stutzeri SG 04 grown in BSS-
SG medium supplemented with 200 mg L-1 TPT.

1 3 6



Table 5.1

Fragment ions observed in MS/MS spectra of phenyltin complexes present in ethyl acetate extract of cell free supernatant 
Pseudomonas stutzeri SG 04.

Fig no 5.7 P recursor ion/ 

[M + Cation] 

(m /z)

Fragm ents in the M S/M S spectrum Proposed structure  o r ion

1 597 348.9 [Ph3Sn], 251 [tartaric. cadervine]+ [Ph3Sn-0-C0-(CH0H)2-C0-NH-(CH2)5-NH-0H]+H+
2 553 350.98 [Ph3Sn+], 201[succinyl. Cadervine]+ Ph3Sn-0-C0-(CH2)2-C0-NH-(CH)2-NH2
3 403 272.9 [M+-[00(CH2)2-C00CH3]+ Ph2Sn+-0-C0-(CH2)2-C0-0CH3
4 629 351. 98 [Ph3Sn+], 278 [lenolenic acidf Ph3Sn-0- C18H30
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Further to understand nature of the siderophores, the culture supernatants 

were extracted with n butanol and subjected to ESI-MS analysis

5.3.5. Chemical characterization of butanol extracts using ESi-MS

The butanol extract showed the presence of uncomplexed 

siderophores (Fig. 5.8). Further investigations showed that the formation of 

siderophores occures only when culture was grown in presence of succinate 

and glycerol (BSS-SG), while no siderophores were produced in BSS 

medium. It was also noted that presence of TPT, the siderophores production 

was slightly enhanced. Further, siderophores were also produced in the 

presence of iron. Such alleviation of siderophores is reported as they complex 

with other type of metals (Sun et al. 2006). It is reported that in 

Pseudomonas, during growth on TPT, siderophores production is enhanced 

as TPT complexes with siderophores (Inoue et al. 2003, Sun et al 2006). It 

was interesting to note that, this culture produced 5 different hydroxymate 

siderophores (Fig.5.9). Further analysis revealed that 2 of these siderophores 

are hydroxymate siderophores E and D2, the other three showed features not 

yet reported in the literature. The structures of these have been identified as 

given in Fig. 5.9 and spectral data are presented in Annexure (Fig. 6.1 to 6.4)
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ESI-MS profile of n-Butanol fraction isolated from cell free supernatant of the marine bacterium Pseudomonas stutzeri SG 
04 grown in BSS-SG medium supplemented with 200 mg L' 1 TPT.
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Our studies indicate that the transformation of TPT by the isolate 

Pseudomonas stutzeri SG 04 is a co-metabolic reaction. The culture 

need additional carbon source for growth and production of chelating 

compounds. The siderophores produced play a role as chelators which 

support the cleavage of Sn-C bond. The cleavage of Sn-C is known to be 

occurring due to neucleophilic attack of chelating agent (Sun and Zhong 

2006). The mechanism of cleavage is brought about by hydroxyl ion 

generated in the complexing reaction. Such hydroxyl ions produced have 

to be close to the polarised form of Sn-C bond to manifest the breakdown 

of this bond. Researchers have reported such a mechanism brought 

about by P. aeriginosa through the siderophores complex with iron and 

TPT (Sun and Zhong 2006).

The present work was carried out essentially to understand the 

mechanism of TPT transformation by non fluorescent bacteria. During the 

course of studies a non fluorescent bacterium identified as Pseudomonas 

stutzeri SG 04 was isolated. The isolate was also found to produce 5 

hydroxymate type of siderophores, among which three were novel as 

they have not been reported so far. These siderophores were identified 

with molecular mass of 598, 645, and 759 amu (Fig 5.9).

Pseudomonas stutzeri SG 04 also depicts a similar mechanism of 

TPT transformation using chelating agent as siderophores (Inoue et al. 

2003, Sun and Zhong 2006). Besides as evident from fragments 

observed in the ethyl acetate extract (Fig 5.7 and Table 5.1), TPT also 

forms a complex with lenolenic acid which is carboxylic acid of biological 

origin. Carboxylic acids are known to cleave the Sn-C bond of TPT (Hoch
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2001, Chauhan et al 2008). Lenolenic acid produced by the culture must 

be forming a complex with TPT and later cleaves the Sn-C bond.

Pseudomonas stutzeri SG 04 is known to be rich in C i 8 fatty acids 

(Lalucat et al 2006). Changes in fatty acid composition during TBT 

transformation by fungus Cunninghamella elegans was observed by 

Bernat and Dlugonski (2006). They showed that fatty acid unsaturation 

index was decreased and the conversion of stearic acid (18:0) to oleic 

acid (18:1n9) was significantly inhibited in the presence of TBT, 

concluding that biotransformation of TBT is associated with modulation of 

fatty acids composition. Similar observation were made in yeast 

Saccharomyces cerevisiae and Kocuria varians (Gram positive coccus) 

when exposed to 2,4-dichlorophenoxyacetic acid and chlorophenols, 

respectively (Dercova et al 2005, Viegas et al. 2005)

Based on our data, we propose two mechanisms of TPT 

transformation by Pseudomonas stutzeri SG 04:

1. Siderophores produced by the culture form complexes with 

the TPT leading to cleavage of Sn-C bond. Complexations 

of TPT with siderophores have already been demonstrated 

by a few workers (Inoue et al 2003, Sun and Zhong 2006).

2. Lenolenic acid produced by the culture complexes with 

TPT results in cleavage of the Sn- C bond. TPT 

transformation with lenolenic acid, a biological carboxylic 

acid has not hither to reported.
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In earlier chapter we found that transformation of TPT to DPT and 

MPT by Pseudomonas stutzeri SG 04 is not stoichiometric. However 

presence of these two mechanisms of transformation may be responsible 

for such anomaly. Further work on molecular mechanism will throw light 

on the reaction occurring during the transformation.
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Chapter 6

Sum m ary
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Summary

4 Triphenyltins (TPT) have become ubiquitous pollutant in marine 

environment. These compounds are used as biocide in antifouling 

coatings which are mainly used in shipping and aquaculture 

industries and as fungicide or miticide in agriculture, wood and 

paper industry. Though TPT derivatives are extremely effective as 

biocide, these compounds effects biodiversity, metabolism, 

reproduction capability, changes of behavior, structure and form of 

an ecosystem by exerting adverse non-target organisms such as 

planktons, oysters, gastropods, fishes, etc. In the present study, 

phenyltins (PTs) in water, sediment and marine organisms were 

analysed. The effect of PT pollution on indigenous bacterial 

abundance and TPT tolerant bacteria were assessed in harbour 

sediments. Further TPT transforming bacteria were enriched and 

isolated from sediment samples and studied for their

biotransforming potential.

4 The levels of PT contamination in water, sediment, marine fishes, 

clams, and shrimps were investigated. Surface water and sediment 

were collected from Okha, Porbandar, Veraval, Jafarabad, 

Marmugao, Karwar on the west coast and Tuticorine Chennai and 

Visakhapatnam on the east coast. Most of the samples were 

contaminated with PTs. Lower degree of contamination is observed
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in the water column (3 - 47 ng Sn '1) compared to sediments (2 - 

3140 ng Sn g~1 dw). Port sediments have accumulated a greater 

amount of PTs due to extensive shipping activities. The 

International Maritime Organization (IMO) has banned use of TPT 

on ship hulls in 2008. In India, there are no water and sediment 

quality guidelines with respect to TPT or any other legislation 

prohibiting the use of PT based antifouling paints on ship hulls. 

According to environment quality standards the concentration of 

TPT should not exceed 1- 2 ng Sn L'1 in seawater and 5 ng g"1 for 

sediment. The TPT concentrations found in Indian waters and 

sediments exceed these values, indicating that sampled ports were 

substantially contaminated with PTs. A few edible marine 

organisms were collected from jetties and ports of Goa, Mumbai 

and Karwar. Our data suggests that these marine organisms have 

accumulated PTs. Fishes, shrimps and squids (undetected -  134 

ng Sn g'1 dw) were comparatively less contaminated than bivalves 

( 9 - 3 1 0  ng Sn g'1 dw). Fishes collected from Karwar were having 

higher concentrations of PTs compared to Mumbai. In Goa PTs 

were undetected in fishes. Clams collected from Goa state were 

more contaminated compared to Karwar and Mumbai. Agricultural 

and industrial waste through river runoff may be major source of PT 

contamination in bivalves. Though the concentration of PTs in 

fishes and bivalves did not exceed TARL values, the greater PTs 

levels can cause physical and metabolic damage to these 

organisms. Observed PT concentrations (2 -  200 ng Sn g'1 dw) in
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the Visakhapatnam harbour sediments influenced bacterial 

abundance in these sediment samples as was evident from 

significant inverse relationships between the PTs with TBC (r= 

0.719, p < 0.01). In order to overcome the impact of PT 

contamination, bacteria have developed some defense

mechanisms was evident from a strong positive relationship 

between PTs and TPT- tolerant bacteria (R2= 0.561, p < 0.05).

4 Twenty four bacterial cultures capable of transforming TPT were 

isolated using dilution plate and enrichment technique.

Pseudomonas and Bacillus followed by Vibrio, Staphylococcus, 

Streptococcus, and Enterobacter were the most abundant TPT- 

transforming bacteria in the sediment samples collected from 

Sancoale shipbuilding, Betim fish jetty and Visakhapatanam 

harbour. One of the isolates, SG 04 transformed highest amount of 

TPT (65%). On the basis of biochemical tests and 16S rDNA 

molecular sequencing, bacterial isolate SG 04 was identified as 

Pseudomonas stutzeri, Gene bank, ID: JF 509451. TPT 

transformation by non fluorescent bacterium has not been reported 

so far, hence selected for further studies on TPT transformation.

4 The optimum culture conditions for Pseudomonas stutzeri SG 04 to 

give maximum transformation were determined. P. stutzeri SG 04 

was able to grow and transform TPT on tested carbon sources in 

varying amounts. Sodium succinate with 0.2% transformed ~ 80%
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of TPT in the medium. Addition of 0.1% glycerol with sodium 

succinate to the medium helped in homogenous growth of the 

culture. Ammonium chloride with 0.1% concentration gave 

maximum transformation compared to other tested nitrogen 

sources. Phosphates at 0.1% and sodium chloride at 2.5 % gave 

maximum TPT transformation. Iron (III) did not affect the TPT 

transformation by P. stutzeri SG 04 however growth was affected. 

The culture was able to tolerate 0 -  500 mg L~1 TPT, however, 

maximum growth and transformation was seen at 200 mg L'1 TPT. 

P. stutzeri SG 04 when grown optimized BSS-SG medium, 

transformed 82 ± 5 %. TPT within 72 h of period of incubation. P. 

stutzeri SG 04 was also able grow in varying concentrations of DPT 

and MPT (0 to 200 mg L'1) indicating that culture can also utilize the 

transformation products of TPT. However, the culture was able to 

tolerate 200 mg L'1 of DPT, but MPT at 200 mg IT1 inhibited the 

growth of culture. The cell free supernatant obtained from P. 

stutzeri SG 04 was able to transform ~ 65% of TPT in 48 h as 

compared to cells (12%). This experiment illustrated that TPT 

transforming factor is a extracellular compound.

4 The cell free supernatant of Pseudomonas stutzeri SG 04 was 

passed through C-is column and water soluble compound was 

obtained. DI-MS analysis of water soluble compound revealed 

presence of TPT transforming compound as reduction in TPT was 

observed within 4 h of incubation. Alternatively, ethyl acetate
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extract were also prepared from cell free supernatant. Both water 

soluble compound and ethyl acetate extract were able to transform 

88 and 84% TPT, respectively. The spectral analysis of water 

soluble compound revealed presence of hydroxymate groups. Such 

hydroxymate groups present in siderophores which are 

instrumental in cleavage of Sn -  C bonds of TPT. The chemical 

characterization of ethyl acetate extracts using ESI-MS showed 

presence of fragment ion which are complexes of siderophores unit 

(NCH2CH2CH2CH2N) and TPT, siderophores and DPT. The butanol 

extracts confirmed the presence of 5 different hydroxymate 

siderophores. Siderophores were produced only in presence of 

succinate glycerol in the medium. Out of these five, two were 

proferoximine E and D2 and other three siderophores with 

molecular mass of 598, 645, and 759 amu have not yet been 

reported in the literature. The siderophores produced by bacteria 

play a role as chelators which support the cleavage of Sn-C bond. 

The cleavage of Sn-C is known to be occurring due to neucleophilic 

attack of chelating agent. Interestingly, fragments of lenolenic acid 

with TPT were also seen in ethyl acetate extracts of P. stutzeri SG 

04. Lenolenic acid was produced both in BSS and BSS-SG 

medium. Lenolenic is a carboxylic acid, these acids are known to 

form complexes with TPT and help in cleavage of Sn-C bond.
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Scope for Future research

The present work directed essentially to understand TPT 

transformation by non fluorescent bacteria has resulted in isolation of 

non fluorescent bacteria identified as Pseudomonas stutzeri SG 04. 

The transformation of TPT by the isolate Pseudomonas stutzeri is a co- 

metabolic reaction. Our data suggests that siderophores and lenolenic 

acid produced by the culture helps in TPT transformation. Further 

research on molecular mechanism will throw light on the reaction 

occurring during the transformation of TPT.

150



Bibliography

151



Bibliography

Albalat A, Potrykus J, Pempkowiak J, Porte C (2002) Assessment of 

organotin pollution along the Polish coast (Baltic Sea) by using mussels 

and fish as sentinel organisms. Chemosphere 47: 165-171.

Alexander M (1999) Biodegradation and bioremediation. 2nd edn. 

Academic Press, San Diego, pp 453-4.

Almeida A, Cunha A, Fernandes S, Sobra L, Fernanda P, Alcantar F 

(2007) Copper effects on bacterial activity of estuarine silty sediments. 

Estuar Coast Shelf Sci 73: 743-752.

Alzieu C (1996) Biological effects of tributyltin on marine organisms. In: de 

Mora SJ (ed), Tributyltin: Case study of an environmental contaminant. 

Cambridge University Press, Cambridge, pp 167-211.

Alzieu C (2000) Environmental impact of TBT: the French experience. Sci 

Total Environ 258: 99-102.

Alzieu C, Michel P, Tolosa I, Bacci E, Mee I, Readman JW (1991) 

Organotin compounds in Mediterranean: a continuing cause for concern. 

Mar Environ Res 32: 261-270.

Antizar-Ladislao B (2008) Environmental levels, toxicity and human 

exposure to tributyltin (TBT)-contaminated marine environment. A review. 

Environ Int 34: 298-304.

ANZECC/ARMCANZ (2000) Australian and New Zealand guidelines for 

fresh and marine water quality. Australian and New Zealand Environment 

and Conservation Council/Agriculture and Resource Management Council 

of Australia and New Zealand, Canberra.

152



Aristegui J, Montero M (2005) Temporal and spatial changes in plankton 

respiration and biomass in the Canary Island region: the effect of 
mesoscale variability. J Mar Syst 54: 65-82.

Ausubel F, Brent R, Kingston R, Moore D, Siedman J, Smith J, Struhl K 

(1995) Short Protocols in Molecular Biology. Wiley, pp 2.11-2.12.

Baggi G, Barbieri P, Galli E, Tollari S (1987) Isolation of a Pseudomonas 

stutzeri strain that degrades ortho-xylene. Appl Environ Microbiol 53: 

2129-2132.

Bancon-Montigny C, Lespes G, Potin-Gautier M (2004) Organotin survey 

in the Adour Garonne basin. Water Res 38: 933-946.

Bancon-Montigny C, Seidel J, Brissaud F, Elbaz-Poulichet F (2008) 

Organotins in a medium-size Mediterranean basin (the Herault River) J 

Environ Monitor 10: 638-647.

Barnes R, Bull A, Poller R (1973) Studies on the persistence of the 

organotin fungicide fentin acetate (triphenyltin-acetate) in the soil and on 

surfaces exposed to light. Pestic Sci 4: 305-317.

Barron M (1990) Bioconcentration. Will water born organic chemicals 

accumulate in aquatic animals? Environ Sci Technol 24: 1612.

Barroso C, Mendo S, Moreira M (2004) Organotin contamination in the 

mussel Mytilus galloprovincialis from Portuguese coastal waters. Mar 

Pollut Bull 8: 1145-1167.

Barroso C, Moreira M (2002) Spatial and temporal changes of TBT 

pollution along the Portuguese coast: inefficacy of the EEC directive 

89/677. Mar Pollut Bull 44: 480^86.

153



Barug D (1981) Microbial degradation of bis(tributyltin)oxide. 
Chemosphere 10: 1145-1154.

Basu Baul T (2008) Antimicrobial activity of organotin(IV) compounds: a 
review. Appl organometal chem 22: 195-204

Beaumont A, Newman P (1986) Low levels of tributyltin reduce growth of 

marine micro-algae. Mar Pollut Bull 17: 457-461.

Belfroid A, Purperhart M, Ariese F (2000) Organotin levels in seafood. Mar 

Pollut Bull 40: 226-232.

Ben-Amotz A, Avron M (1973) The role of glycerol in the osmotic 

regulation of the halophilic alga Dunaliella parva. Plant Physiol 51: 875- 

878.

Bennett R (1996) Industrial manufacture and application of tributyltin 

compounds. In: de Mora SJ (ed), Tributyltin: a case study of an 

environmental contaminant. Cambridge Environmental Chemistry Series. 

Cambridge University Press, Cambridge, pp 21-61.

Berge J, Brevik E, Bjorge A, Folsvik N, Gabrielsen G, Wolkers H (2004) 

Organotins in marine mammals and seabirds from Norwegian territory. J 

Environ Monitor 6: 108-112.

Bernat P, Dtugonski J (2002) Degradation of tributyltin by the filamentous 

fungus Cunninghamella elegans, with involvement of cytochrome P-450. 

Biotech Lett 24: 1971- 1974.

Bernat P, Jerzy Dlugonski J (2006) Tributyltin chloride interactions with 

fatty acids composition and degradation ability of the filamentous fungus 

Cunninghamella elegans. Int Biodeter Biodegrad 

doi: 10.1016/j.ibiod.2006.12.004

154



Bhosle N, Garg A, Harji R, Jadhav S, Sawant S, Venkat K, Anil AC (2006) 

Butyltins in the sediments of Kochi and Mumbai harbours, west coast of 
India. Environ Int 32: 252-258.

Bhosle NB (1981) Microbial degradation of petroleum hydrocarbon. PhD 
Thesis. University of Mumbai, India.

Bhosle NB, Garg A, Jadhav S, Harji R, Sawant S, Venkat K, Anil AC 

(2004) Butyltins in water, biofilm and sediments of the west coast of India. 

Chemosphere 57: 897-907.

Biselli S, Bester K, Huhnerfuss H, Fent K (2000) Concentrations of the 

antifouling compound Irgarol 1051 and of organotins in water and 

sediments of German North and Baltic Sea Marinas. Mar Pollut Bull 40: 

233-243.

Blunden S, Evans C (1990) Organotin compounds. In. Hutzinger O (ed), 

The handbook of environmental Chemistry. Vol 3, Part E, Anthropogenic 

compounds. Springer, Berlin, pp 1-44.

Boopathy R, Daniels L (1991) Pattern of organotin inhibition of 

methanogenic bacteria. Appl Environ Microbiol 57: 1189-1193.

Borghi V, Porte C (2002) Organotin pollution in deep-sea fish from the 

Northwestern Mediterranean. Environ Sci Technol 36: 4224-4228.

Bryan G, Gibbs P, Burt G (1998) A comparison of the effectiveness of 

tributyltin chloride and five other organotin compounds in promoting 

development of imposex in dogwhelk, Nucella lapillus. J Mar Biol Assoc 

68: 733-744.

Bryan GW, Burt GR, Gibbs PE, Pascoe PL (1993) Nassarius reticulatus 

(Nassariidae: Gastropoda) as an indicator of tributyltin pollution before and 

after TBT restrictions. J Mar Biol Assoc 73: 913-929.

155



Cai Y, Rapsomanikis S, Andreae M (1993) Determinination of butyltin 

compounds in sediments using gas chromatography atomic absorption 

spectrometry; comparison of sodium tertahydroborate and sodium 

tertaethylborate derivatisation methods. Anal Chim Acta 274: 243-251.

Calllow M., Millner P, Evans L (1978) Organotin resistance in green 

seaweeds. In: Proc. Ninth Int'k Seaweed Symposium (A. Jensen and J.R. 

Stein, eds.), pp. 191-197, Science Press, Princeton, NJ.

Cardwell R, Keithly J, Simmonds J (1999) Tributyltin in U.S. market bought 

fish seafood and assessment of human health risk. Hum Ecol Risk Assess 

5: 317-335.

Castle D, Montgomery M, Kirchman D (2006) Effects of naphthalene on 

microbial community composition in the Delaware estuary. FEMS 

Microbiol Ecol 56: 55-63.

CCME (1992) Canadian water quality guidelines: Canadian Council of 

Ministers of the Environment. Appendix X, pp X-1-X-12.

Champ M, Seligman P (1996) An introduction to organotin compounds and 

their use in antifouling coatings. In: Champ MA, Seligman PF (eds), 

Organotin environmental fate and effects. Chapman and Hall, London, pp 

1-25.

Chandrinou S, Stasinakis A, Thomaidis N, Nikolaou A, Wegener J (2007) 

Distribution of organotin compounds in the bivalves of the Aegean Sea, 

Greece. Environ Int 33: 226-232.

Chauhan A, Mishra S, Sharma R, Srivastava R (1999): Cleavage of tin- 

Aryl bond(S) by Monohalocarboxylic Acids: The Steric Factor Role, 

Synthesis and Reactivity in Inorganic and Metal-Organic Chemistry, 29: 

255-264

156



CICAD 13 (1999) Concise international chemical assessment document 

on triphenyltin compounds. WHO, Geneva.

Cima F, Craig P, Harrington C (2003) Organotin compounds in the 

environment. In: Craig PJ (ed), Organometallic compounds in the 

environment. John Willey & Sons, Chichester, pp 101-149.

COM final. Commission of European Communites (2006), COM (2006) 
398 final.

Cooney J, Pettibone G (1986) Metals and microbes in toxicity testing. 

Toxic Assess. 1:487-499.

Cooney J, Wuertz S (1989) Toxic effects of tin compounds on 

microorganisms. J Ind Microbiol 4: 375-402.

Colosio C, Tomasini M, Cairoli S, Foa V, Minoia C, Marinovich M, Galli C 

(1991) Occupational triphenyltin acetate poisoning: a case report. Br J Ind 

Med 48:136-139.

Cooney J, Wuterz S (1989) Toxic effects of tin compounds on 

microorganisms. J Ind Microbiol 4:375-402.

Cruz A, Caetano T, Suzuki S, Mendo S (2007) Aeromonas veronii, a 

tributyltin (TBT)-degrading bacterium isolated from an estuarine 

environment, Ria de Aveiro in Portugal. Mar Environ Res 64: 639-650.

D’Souza F (2004) Study on bacterial exopolysaccharides and their role in 

adhesion and corrosion. Ph.D. thesis. Goa University.

Daniel P, Picart P, Bendria L, Sockalingum G, Adt I, Charrier T, Durand M, 

Ergan F, Manfait M, Thouand G (2008) Effects of toxic organotin

157



compounds on bacteria investigated by Micro-Raman Spectroscopy, Spec 
Lett 41: 19-28.

Dar G (1997) Impact of lead and sewage sludge on soil microbial biomass 

and carbon and nitrogen mineralization. Bull Environ Contam Toxicol 58: 

234-240.

Davies R, Smith P (1980) Recent advances in organotin chemistry. J Adv 

Inorg Chem Radiochem 23: 1-185

De Mora S, Pelletier E (1997) Environmental tributyltin research: past, 

present and future. Environ Sci Technol. 18: 1169-1177

Diez S, Albalos M, Bayona J (2002) Organotin contamination in sediments 

from the Western Mediterranean enclosures following 10 years of TBT 

regulation. Water Res 36: 905-918.

Diez S, Bayona J (2009) Butyltin occurrence and risk assessment in the 

sediments of the Iberian Peninsula. J Environ Manage 90: S25 -S30.

Diez S, Lacorte S, Viana P, Barcelo D, Bayona J (2005) Survey of 

organotin compounds in rivers and coastal environments in Portugal 

1999-2000. Environ Pollut 136: 525-536.

Doelman P, Haanstra L (1979) Effects of lead on the soil bacterial 

microflora. Soil Biol Biochem 11: 487-491.

Dowson P, Bubb J, Lester J (1993) Temporal distribution of organotins in 

the aquatic environment: five years after the 1987 UK retail began on TBT- 

based antifouling paints. Mar Pollut Bull 26: 487-494.

Dubey S, Roy U (2003) Biodegradation of tributyltins (organotins) by 

marine bacteria. Appl Organometal Chem 17: 3-8.

158



Dybas M, Tatara G, Criddle C (1995) Localization and characterization of 
the carbon-tetrachloride transformation activity of Pseudomonas sp. strain 
KC. Appl Environ Microbiol 61: 758-762.

Elgethun K, Neumann C, Blake P (2000) Butyltins in shellfish, finfish, 

water and sediment from the Coos Bay estuary, Oregon, USA. 
Chemosphere 41: 953-964.

Ellis R, Neish B, Trett M, Best J, Weightman A, Morgan P, Fry C (2001) A 

comparison of microbial and meiofaunal community analyses for 

determining impact of heavy metal contamination. J Microbiol Meth 45: 
171-185.

Evans S, Birchenough A, Brancato M (2000) The TBT ban: out of the 

frying pan into the fire? Mar Pollut Bull 40: 204-211.

Evans S, Hawkins S, Porter J, Samosir A (1994) Recovery of dogwhelk 

populations on the isle of Cumbrae, Scotland following legislation limiting 

the use of TBT as an antifoulant. Mar Pollut Bull 28: 15-17.

Fargasova A, Kizlink J (1996) Effect of organotin compounds on the 

growth of the freshwater alga Scenedesmus quadricauda. Ecotoxic 

Environ Safety 34: 156-159.

Felsenstein J (1985) Confidence limits on phylogenies: an approach using 

the bootstrap. Evolution 39: 783-791.

Fent K (1996a) Ecotoxicology of organotin compounds. Crit Rev Toxicol 

26: 3-117.

Fent K (1996b) Organotin compounds in municipal wastewater and 

sewage sludge: contamination, fate in treatment process and 

ecotoxicological consequences. Sci Total Environ 185:151-159.

159



Fent K, Hunn J (1991) Phenyltins in water, sediment, and biota of 
freshwater marinas. Environ Sci Technol 25: 956-963.

Fent K, Hunn J (1995) Organotins in freshwater harbors and rivers: 

temporal distribution, annual trends and fate. Environ Toxicol Chem 14: 
1123-1132.

Fent K, Meier W (1994) Effects of triphenyltin on fish early life stages. Arch 
Environ Contam Toxicol 27: 224-231.

Fent K, Woodin B, Stegemann J (1998) Effects of triphenyltin and other 

organotins on hepatic monooxygenase system in fish. Comp Biochem 
Physiol C 121: 277-288.

Gadd G (1993) Microbial formation and transformation of organometallic 

and organometalloid compounds. FEMS Microbiol Reviews 11: 297-316

Garg A, Bhosle NB (2005) Butyltin compounds in the oyster, Saccostrea 

cucculata, from the west coat of India. Bull Environ Contam Toxicol 75: 

982-988.

Garg A, Meena R, Jadhav S, Bhosle NB (2011) Distribution of butyltins in 

the waters and sediments along the coast of India. Mar Pollut Bull 62: 423- 
431.

Gibbs P, Bryan G (1996) Reproductive failure in the gastropod Nucella 

lapillus associated with imposex caused by tributyltin pollution: a review. 

In: Champ MA, Seligman PF (eds), Organotin-environmental fate and 

effects. London: Chapman & Hall, pp 259-281.

Gibbs P, Pascoe P, Bryan G (1991a) Tributyltin-induced imposex in 

stenoglossan gastropods: pathological effects on the female reproductive 

system. Comp Biochem Physiol 100C: 231-235.

160



Gibbs P, Pascoe P, Bryan G (1991b) TBT-induced imposex in the 

dogwhelk, Nucella lapillus: geographical uniformity of the response and 

effects. Mar Environ Res 32: 1-5.

Gomez-Ariza J, Beltran R, Morales E, Giraldez I, Ruiz-Benitez M (1995) 

Acid extraction treatment of sediment samples for organotin speciation, 

occurrence of butyltin and phenyltin compounds on the Cadiz coast, south
west Spain. Appl Organomet Chem 9: 51-64.

Gomez-Ariza J, Santos M, Morales E, Giraldez I, Sanchez-Rodas DN, 

Vieira N, Kemp J, Boon J, Tjabbes C (2006) Organotin contamination in 

the Atlantic Ocean off the Iberian Peninsula in relation to shipping. 
Chemosphere 64: 1100-1108.

Grandlic J, Geib I, Pilon R, Sandrin T (2006) Lead pollution in a large, 

prairie- pothole lake (Rush Lake, Wl, USA): Effects on abundance and 

community structure of indigenous sediment bacteria. Environ Pollut 144: 

119-126.

Gurein T, Sirot V, Volatier J, Leblanc J (2007) Organotin levels in seafood 

and its implications for health risk in high-seafood consumers. Sci Total 

Environ 388: 66-67.

Harino H, Fukushima M, Kawai S (2000) Accumulation of butyltin and 

phenyltin compounds in various fish species. Arch Environ Contam Toxicol 

39: 13-19.

Harino H, Fukushima M, Kurokawa Y, Kawai S (1997) Susceptibility of 

bacterial populations to organotin compounds and microbial degradation of 

organotin compounds in environmental water. Environ Pollut 98: 157-162.

Harino H, Fukushima M, Yamamoto Y, Kawai S, Miyazaki N (1998) 

Organotin compounds in water, sediment, and biological samples from the 

Port of Osaka, Japan. Arch Environ Contam Toxicol 35: 558-564.

161



Harino H, O’Hara S, Burt G, Chesman B, Langston W (2005) 

Accumulation of butyltin compounds in benthic biota of the Mersey 
Estuary. Mar Pollut Bull 50: 222-225.

Harino H, Yamamoto Y, Eguchi S, Kawai S, Kurokawa Y, Ara, T, Ohji M, 

Okamura H, Miyazaki N (2007) Concentrations of antifouling biocides in 

sediment and mussel samples collected from Otsuchi Bay, Japan. Arch 

Environ Contam Toxicol 52: 179-188.

Heinaru E, Merimaa M, Viggor S, Lehiste M, Leito I, Truu J, Heinaru A 

(2005) Biodegradation efficiency of functionally important populations 

selected for bioaugmentation in phenol- and oil-polluted area. FEMS 
Microbiol Ecol 51: 363-373.

Hoch M (2001) Organotin compounds in the environment—an overview. 

Appl Geochem 16: 719-743.

Hong H, Takahashi S, Yoon Min B, Tanabe S (2002) Butyltin residues in 

blue mussels (Mytilus edulis) and arkshells (Scapharca broughtonii) 

collected from Korean coastal waters. Environ Pollut 117: 475-486.

Horiguchi T, Shiraishi H, Shimizu M, Morita M (1997) Effects of triphenyltin 

chloride and five other organotin compounds on the development of 

imposex in the rock shell, Thais clavigera. Environ Pollut 95: 85-91.

Hu J, Zhang Z, Wei Q, Zhen H, Zhao Y, Peng H, Wan Y, Giesy J, Li L, 

Zhang B, (2009) Malformations of the endangered Chinese sturgeon, 

Acipenser sinensis, and its causal agent. Proc Natl Acad Sci USA 106: 

9339-9344.

Hung C, Lee T, Liao T (1998) Determination of butyltins and phenyltins in 

oysters and fishes from Taiwan coastal waters. Environ Pollut 102: 197- 

203.

162



Hung C, Hsu W, Mang P, Chuang A (2001) Organotins and imposex in the 

rock shell, Thais clavigera, from oyster mariculture areas in Taiwan. 
Environ Pollut 112: 145-152.

Impellitteri C, Evans O, Ravel B (2007) Speciation of organotins in 

polyvinyl chloride pipe via X-ray absorption spectroscopy and in leachates 

using GC-PFPD after derivatisation. J Environ Monit 9: 358-365.

Inoue H, Takimura O, Fuse H, Murakami K, Kamimura K, Yamaoka Y 

(2000) Degradation of triphenyltin by a fluorescent pseudomonad. Appl 
Environ Microbiol 66: 3492-3498.

Inoue H, Takimura O, Kawaguchi K, Nitoda T, Fuse H, Murakami K, 

Yamaoka Y (2003) Tin-carbon cleavage of organotin compounds by 

pyoverdine from Pseudomonas chlororaphis. Appl Environ Microbiol 69: 

878-883.

Ishaaya I, Yablonsk S, Ascher K, Casida J (1980) Triphenyl and 

tetraphenyl derivatives of group V elements as inhibitors of growth and 

digestive enzymes of Tribolium confusum and Tribolium castaneum 

larvae. Pest Biochem Physiol 13: 164-168.

Iwata H, Tanabe S, Mizuno T, Tatsukawa R (1995) High accumulation of 

toxic butyltins in marine mammals from Japanese coastal waters. Environ 

Sci Technol 29: 2959-2962.

Jackson CR, Harrison KG, Dugas SL (2005) Enumeration and 

characterization of culturable arsenate resistant bacteria in a large estuary. 

Syst Appl Microbiol 28: 727-734.

Jadhav S, Bhosle N, Massanisso P, Morabito R (2009) Organotins in the 

sediments of the Zuari estuary, west coast of India. J Environ Manag 90: 

S4-S7.

163



Jarvinen A, Tanner D, Kline E, Knuth M (1988) Acute and chronic toxicity 

of triphenyltin hydroxide to fathead minnows (Pimephales promelas) 

following brief or continuous exposure. Environ Pollut 52: 289-301.

Joynt J, Bischoff M, Turco R, Konopka A, Nakatsu C (2006) Microbial 

community analysis of soils contaminated with lead, chromium and 
petroleum hydrocarbons. Microb Ecol 51: 201-219.

Jude F, Arpin C, Brachet-Castang C, Capdepuy M, Caumette P, Quentin 

C (2004) TbtABM, a multidrug efflux pump associated with tributyltin 

resistance in Pseudomonas stutzeri. FEMS Microbiol Lett 232: 7-14.

Jude F, Lascourreges J, Capdepuy M, Quentin C, Caumette P (1996) 

Evaluation of tributyltin resistance in marine sediment bacteria. Can J 
Microbiol 42: 525-532.

Kan-Atireklap S, Yen N, Tanabe S, Subramanian AN (1998) Butyltin 

compounds and organochlorine residues in green mussel (Perna viridis L.) 

from India. Toxicol Environ Chem 67: 409-424

Kannan K, Falandysz J (1997) Butyltin residues in sediment, fish, fish

eating birds, harbor porpoise and human tissues from the Polish coast of 

the Baltic Sea. Mar Pollut Bull 34: 203-207.

Kannan K, Lee R (1996) Triphenyltin and its degradation products in 

foliage and soils from sprayed pecan orchards and in fish from adjacent 

ponds. Environ Toxicol Chem 15: 1492-1499.

Kannan K, Senthilkumar K, Giesy J (1999). Occurrence of butyltin 

compounds in human blood. Environ Sci Technol 33: 1776-1779.

164



Kannan K, Tanabe S, Iwata H, Tatsukawa R (1995) Butyltins in muscle 

and liver of fish collected from certain Asian and Oceanian countries. 
Environ Pollut 90: 279-290.

Kannan K, Tanabe S, Tatsukawa R (1995) Phenyltins residues in horse 

shoe crabs, Tachypleus tridentatus from Japanese coastal waters. 

Chemosphere 30: 925-932.

Kawai S, Kurokawa, H Harino, M Fukushima (1998) Degradation of 
tributyltin by a bacterial strain isolated from polluted river water. Environ 

Pollut 102: 259-263.

Khandeparker R (2005) Studies on alkalophilic and thermophilic xylanases 

from marine bacteria. Ph.D. thesis. Goa University.

Kline E, Jarvinen A, Knuth M (1989) Acute toxicity of triphenyltin hydroxide 

to three cladoceran species. Environ Pollut 56: 11-17.

Klose S, Acosta-Martinez V, Ajwaa H (2006) Microbial community 

composition and enzyme activities in a sandy loam soil after fumigation 

with methyl bromide or alternative biocides. Soil Biol Biochem 38: 1243- 

1254.

Krieg N, Holt J (1984) Bergey’s manual of systematic bacteriology. Vol 1. 

Williams and Wilkins, Baltimore, USA, pp 140-309.

Kuch P (1986) Survey of antifouling paints at boatyard and shipyard. 

Proceedings of the ocean 86, Organotin symposium. Marine Technology 

Society Washington DC, vol 4 pp 1114-1116.

Lalucat J, Bennasar A, Bosch R, Garcia-Valdes E, Palleroni NJ (2006) 

Biology of Pseudomonas stutzeri. Microbiol Mol Biol Rev 70: 510-547.

165



Law R, Blake S, Jones B, Rogan E (1998) Organotin compounds in liver 

tissue of harbour porpoises (Phocoena phocoena) and grey seals 

{Halichoerus grypus) from the coastal waters of England and Wales. Mar 
Pollut Bull 36:214-247.

Lee C, Hsieh C, Tien C (2006) Factors influencing organotin distribution in 

different marine environmental compartments and their potential health 
risk. Chemosphere 65: 547-559.

Lee C, Wang T, Hsieh C, Tien C (2005) Organotin contamination in fishes 

with different living pattern and its implications for human health risk in 

Taiwan. Environ Pollut 137: 198-208.

Lee, C, Jhuang Y, Liu L, Hsieh C, Chen C, Tien C (2009) The major 

source and impact of phenyltin contamination on freshwater aquaculture 

clam Corbicula fluminea and wild golden apple snail Pomacea 

canaliculata. Environ Chem 6: 341-349.

Lo S, Allera A, Albers P, Heimbrecht J, Jantzen E, Klingmuller D, 

Steckelbroeck S (2003) Dithioerythritol (DTE) prevents inhibitory effects of 

triphenyltin (TPT) on the key enzymes of the human sex steroid hormone 

metabolism J Steroid Biochem Mol Biol 84: 569-576.

Lorenz G, Sikorski J (2000) The potential for intraspecific horizontal gene 

exchange by natural genetic transformation: sexual isolation among 

genomovars of Pseudomonas stutzeri. Microbiology 146: 3081-3090.

MacFaddin J (1980) Biochemical tests for identification of medical 

bacteria. 2nd ed. Williams & Wilkins, Baltimore, USA.

Maguire R, Wong P, Rhamey J (1984) Accumulation and metabolism of 

tri-n-butyltin cation by a green algae, Ankistrodesmus falcutus. Can J 

Aquat Sci 41: 537-540.

166



Manzo L, Richelmi P, Sabbioni E, Pietra R, Bono F, Guardia L (1981) 

Poisoning by triphenyltin acetate. Report of two cases and determination 

of tin in blood and urine by neutron activation analysis. Clin Toxicol 18: 
1343-1353.

Meng P, Lin J, Liu L (2009) Aquatic organotin pollution in Taiwan. J. 
Environ Manage 90: S8-S15.

Mesubi M, Eke U, Bamgboye T (1988) Synthesis, structural and biocidal 

activity studies of triorganotin (IV) compounds of some N-protected amino- 
acids. Appl Organomet Chem. 2: 121-127.

Meyer J, Abdallah A (1980) The siderochromes of non-fluorescent 

Pseudomonads —production of nocardamine by Pseudomonas stutzeri. J 

Gen Microbiol 118:125-129.

Meyer J, Geoffroy V, Baida N, Gardan L, Izard D, Lemanceau P, Achouak 

W, Palleroni J (2002) Siderophore typing, a powerful tool for the 

identification of fluorescent and nonfluorescent pseudomonads. Appl 

Environ Microbiol 68:2747-2753.

Michel P, Averty B, Andral B, Chiffoleau J, Calgani F (2001) Tributyltin 

along the coasts of Corsica (Western Mediterranean): a persistent 

problem. Mar Pollut Bull 42: 1128-1132.

Miszta A, Gabrielska J, Przestalski S Langner M (2005) The effect of 

phenyltin chlorides on osmotically induced erythrocyte haemolysis. Appl 

Organometal Chem 19: 736-741.

Morabito R, Chiavarini S, Cremisini C (1995) GC-MS for the speciation of 

organotin compounds in environmental samples. In: Quevauviller, PH, 

Maier EA, Griepink B (eds), Quality assurance for environmental analysis. 

Elsevier Science, Amsterdam, pp 435-464.

167



Morcillo Y, Borghi V, Porte C (1997) Survey of organotin compounds in the 

Western Mediterranean using molluscs and fish as sentinel organisms. 
Arch Environ Contam Toxicol 32: 198-203.

Mukohata, Y, Y. Kaji. (1981) Light-induced membranepotential increase, 

ATP synthesis, and proton uptake in Halobacterium halobium RlmR 

Catalyzed by Halorhodopsin: Effects of N,N'-dicyclohexylcarbodiimide 
triphenyltin chloride and 3,5 -  di - tert -  buty I- 4 -

hydroxybenzylidenemalonon\tn\e (SF6847). Arch Biochem Biophys. 206: 
72-76.

Nagvenkar G, Ramaiah N (2008) Abundance of sewage-pollution indicator 

and human pathogenic bacteria in a tropical estuarine complex. Environ 

Monitor Assess 155: 245-256.

Newby P, Gadd G (1988) Morphological response of some common 

spoilage fungi towards triorganotin compounds. In: The biological 

alkylation of heavy elements. (Craig, P.J. and F. Glocking eds.) Royal Soc 

Chem London pp. 164-167.

Nies D (2003) Efflux mediated heavy metal resistance in prokaryotes. 

FEMS Microbiol Rev 27: 313-339.

O'Connor T (2002) National distribution of chemical concentrations in 

mussels and oysters in the USA. Mar Environ Res 53: 117-43.

Ohji M, Arai T, Miyazaki N (2002) Effects of tributyltin exposure in the 

embryonic stage on sex ratio and survival rate in the caprellid amphipod 

Caprella danilevskii. Mar Ecol Prog Ser235: 171-176.

Olzynska A, Przybylo M, Gabrielska J, Trela Z, Przestalski S, Langner M 

(2005) Di- and tri-phenyltin chlorides transfer across a model lipid bilayer. 

Appl Organomet Chem 19: 1073-1078.

168



Osamu T, Hiroyuki I, Hiroyuki F, M Katsuji M, Yukiho Y, Masato A (2003) 

Adsorption and Degradation of Triphenyltin by Pseudomonas chiororaphis 

Immobilized in Alginate Beads. J Japan Soc Water Environ 26: 713-717

Piotrowska-Segete Z, Cycon M, Kozdroz J (2005) Metal-tolerant bacteria 
occurring in heavily polluted soil and mine. Appl Soil Ecol 28: 237-247.

Radke B, Leczynski L, Wasik A, Namiesnik J, Bolalek J (2008) The 

content of butyl- and phenyltin derivatives in the sediment from the Port of 

Gdansk. Chemosphere 73: 407-414.

Rajendran R, Tao H, Miyazaki A, Ramesh R, Ramachandran S (2001) 

Determination of butyl-, octyl- and tributylmonomethyltin compounds in a 

marine environment (Bay of Bengal, India) using gas chromatography 

inductively coupled plasma mass spectrometry. J Environ Monitor 3: 627- 

634.

Reader S, Pelletier E (1992) Biosorption and degradation of butyltin 

compounds by the marine diatom Skeletonema costatum and the 

associated bacterial community at low temperature. Bull Environ Contam 

Toxicol 48: 599-607.

Rivaro P, Frache R, Leardi R (1997) Seasonal variations in levels of 

butyltin compounds in mussel tissues sampled in an oil port. 

Chemosphere 34: 99-106.

Rodriguez E, Medesani D, Fingerman M (2007) Endocrine disruption in 

crustaceans due to pollutants: a review. Comp. Biochem. Physiol. Part A: 

Mol Integr Physiol 146: 661-671.

Rodriguez J, Solaun O, Larreta J, Segarra M, Franco J, Alonso J, Sariego 

C, Valencia V, Borja A (2010) Baseline of butyltin pollution in coastal 

sediments within the Basque Country (northern Spain), in 2007-2008. Mar 

Pollut Bull 60: 139-151.

169



Rosenberg E (2003) The potential of organic (electrospray- and 

atmospheric pressure chemical ionisation) mass spectrometric techniques 

coupled to liquid-phase separation for speciation analysis. J Chromat A 

1000: 841-889

Rossello-Mora R, Lalucat J, Garcia-Valdes E (1994) Comparative 

biochemical and genetic analysis of naphthalene degradation among 

Pseudomonas stutzeri strains. Appl Environ Microbiol 60: 966-972.

Rouhi A (1998) The queeeze of tributyltin. Chem Eng News 27: 41—42.

Roux-Michollet D, Czarnes S, Adam B, Berry D, Commeaux C N, 

Guillaumaud N, Le Roux X, Clays-Josserand A (2008) Effects of steam 

disinfestation on community structure, abundance and activity of 

heterotrophic, denitrifying and nitrifying bacteria in an organic farming soil. 

Soil Biol Biochem 48: 1836-1845.

Roy U, Bhosle S (2006) Microbial transformation of tributyltin chloride by 

Pseudomonas aeruginosa strain USS25 NCIM-5224. Appl Organometal 

Chem 20: 5-11.

Roy U, Dubey S, Bhosle S (2004) Tributyltin chloride-utilizing bacteria from 

marine ecosystem of west coast of India. Curr Sci 86: 702-705.

Rumampuk N, Grevo G, Rumengan I, Ohji M, Arai T, Miyazaki N (2004). 

Effects of triphenyltin exposure on red alga Eucheuma denticulatam. 

Coastal marine science 29: 81- 84.

Rumengan I, Ohji M, Arai T, Harino H., Arifin Z, Miyazaki N (2008) 

Contamination status of butyltin compounds in Indonesian coastal waters. 

Coastal Mar Sci 32: 116-126.

170



Saharan K, Sarma M, Roesti A, Prakash A, Johri B, Aragno M, Bisaria V, 

Sahai V (2010) Cell growth and metabolites produced by fluorescent 

pseudomonad R62 in modified chemically defined medium. World 
Academy of Science, Engineering and Technology 67.

Saitou N, Nei M (1987) The neighbor-joining method: A new method for 

reconstructing phylogenetic trees. Mol Biol Evol 4: 406-425.

Salazar M, Salazar S (1991) Assessing site-specific effects of TBT 

contamination with mussel growth rates. Mar Environ Res 32: 131-150.

Santos M, Enes P, Reis-Henriques M, Kuballa J, Castro L, Vieira M (2009) 

Organotin levels in seafood from Portuguese markets and the risk for 

consumers. Chemosphere 75: 661-666.

Santos D, Araujo I, Machado E, Carvalho-Filho M, Fernandez M, Marchi 

M, Godoi A (2009) Organotin compounds in the Paranagua Estuarine 

Complex, Parana, Brazil: Evaluation of biological effects, surface sediment 

and suspended particulate matter. Mar Pollut Bull 58: 1922-1952.

Schulte-Oehlmann U, Tillmann M, Marked B, Oehlmann J, Watermann B, 

Scherf S (2000) Effects of endocrine disruptors on prosobranch snails 

(Mollusca: Gastropoda) in the laboratory. Part II. Triphenyltin as a xeno- 

androgen Ecotoxicology. 9: 399-412.

Shah J, Dahanukar N (2011) Bioremediation of organometallic compounds 

by bacterial degradation. Indian J Microbiol DOI 10.1007/s12088-011- 

0223-1

Shim W, Oh J, Kahng S, Shim J, Lee S (1998) Accumulation of tributyl- 

and triphenyltin compounds in Pacific oyster, Crassostrea gigas, from the 

Chinhae Bay System, Korea. Arch Environ Contam Toxicol 35: 41-47.

171



Shim W, Yim U, Kim N, Hong S, Oh J, Jeon J (2005) Accumulation of 

butyl- and phenyltin compounds in starfish and bivalves from the coastal 

environment of Korea. Environ Pollut 133: 48SM199.

Shreadah M, Said T, Ghani S, Ahmed A (2011) Distribution of different 

organotin and organolead compounds in sediment of Suez Gulf. J Environ 
Protect 2: 545-554.

Sikorski J, Graupner M, Lorenz G, Wackernagel W (1998) Natural genetic 

transformation of Pseudomonas stutzeri in a non-sterile soil. Microbiology 

144: 569-576.

Sikorski J, Mohle M, Wackernagel W (2002) Identification of complex 

composition, strong strain diversity and directional selection in local 

Pseudomonas stutzeri populations from marine sediment and soils. 

Environ Microbiol 4: 465-476.

Singh K, Joshi L (1991) Analysis of organotin uptake in Escherichia coli K- 

12 Ecotoxicol. Environ. Safety, 21: 235-239

Sonak S, Pangam P, Giriyan A, Hawaldar K (2009) Implications of the ban 

on organotins for protection of global coastal and marine ecology. Environ 

Management 90: S96-S108.

Song Z, Huang G (2005) Toxic effect of triphenyltin on Lemna polyrhiza. 

Appl Organometal Chem 19: 807-810.

Soracco R, Pope D (1983) Bacteriostatic and bactericidal modes of action 

of bis (tributyltin)oxide on Legionella pneumophila. Appl Environ Microbiol 

45: 48-57.

Stab J, Traas T, Stroomberg G, Kesteren J, Leonards P, Hattum B, 

Brinkman T, Cofino W (1996) Determination of organotin compounds in

172



foodweb of a shallow freshwater lake in the Netherlands. Arch Environ 
Contam Toxicol 31: 319-328.

Stewart C, Thompson J (1994) Extensive butyltin contamination in 

southwestern coastal British Columbia, Canada. Mar Pollut Bull 28: 601- 
606.

Sudaryanto A, Takahashi S, Iwata H, Tanabe S, Ismail A (2004) 

Contamination of butyltin compounds in Malaysian marine environments. 
Environ Pollut 130: 347-358.

Suehiro F, Mochizuki H, Nakamura S, Iwata H, Kobayashi T, Tanabe S, 

Fujimori Y, Nishimura, Tuyen B, Tana T, Suzuki S (2007) Occurrence of 

tributyltin (TBT) - resistant bacteria is not related to TBT pollution in 

Mekong river and coastal sediment: With a hypothesis of selective 

pressure from suspended solid. Chemosphere 68: 1459-1464.

Sun G, Zhong J (2006) Mechanism of augmentation of organotin 

decomposition by ferripyochelin: formation of hydroxyl radical and 

organotin-pyochelin-iron ternary complex. Appl Environ Microbiol 72: 

7264-7269.

Sun G, Zhou W, Zhong J (2006) Organotin decomposition by pyochelin, 

secreted by Pseudomonas aeruginosa even in an iron-sufficient 

environment. Appl Environ Microbiol 72: 6411-6413.

Sun L, Zhang J, Zuo Z, Chen Y, Wang X, Huang X, Wang C (2011) 
Influence of triphenyltin exposure on the hypothalamus-pituitary-gonad 

axis in male Sebastiscus marmoratus. Aquat Toxicol 104: 263-26.

Sunda W, Ferguson R (1983) Sensitivity of natural bacterial communities 

to addition of copper and or cupric ion activity: a bio assay of copper 

complexation in seawater. In: Weag RG, Doyle PS, Burten DT, Goldberg 

ED (eds) Trace metals in the sea. Plenum Press, New York, pp 871-891.

173



Suzuki S, Fukagawa T (1995) Tributyltin-resistant marine bacteria: a 

summary of recent work. J Ind Microbiol 14: 154-158.

Suzuki S, Fukagawa T, Takama K (1992) Occurrence of tributyltin-tolerant 
bacteria in tributyltin- or cadmium-containing seawater. Appl Environ 

Microbiol 58: 3410-3412.

Takada H, Farrington J, Botherner M, Johnson C, Tripp B (1994) 

Transport of sludge derived organic pollutants to deep sea sediments at 

deep water dump sites. Environ Sci Technol 28: 1062-1072.

Takahashi S, Mukai H, Tanabe S, Sakayama K, Miyazaki N, Masuno FI 

(1999) Butyltins residue in livers of humans and wild terrestrial mammals 

and in plastic products. Environ Pollut 106: 213-218.

Takami K, Okumura H, Yamasaki FI, Nakamoto M ( 1988) Determination of 

triphenyltin and tributyltin compounds in fish and shellfish by capillary GC. 

Bunseki Kagaku 37: 449- 455.

Takeda M, Ikeda C, Shimabukuro K, Yoshida M, Yokoyama K (2009) 

Mechanism of inhibition of the V-Type molecular motor by tributyltin 

chloride. Biophys J 96: 1210-1217.

Tanabe S, Maricar S, Prudente Kan-Atireklap S, Subramanian A (2000) 

Mussel watch: marine pollution monitoring of butyltins and organochlorines 

in coastal waters of Thailand, Philippines and India. Ocean Coast Manage 

43: 819-839.

Tas J, Opperhuizen A, Seinen W (1990) Uptake and elimination kinetics of 

triphenyltin by two fish species. Toxicol Environ Chem 28: 129-141.

Tewari A, Joshi H, Trivedi R, Shravankumar V, Raghubathan C, 

Khambathy Y, Kotiwar O, Mandal S (2001) The effect of ship scrapping

174



industry and its associated waste on the biomass production and 

biodiversity of biota in in situ condition at Alang. Mar Pollut Bull 42: 462- 

469.

Thomas T, Robinson M (1987) Initial characterization of the mechanisms 
responsible for the tolerance of Amphora coffeaeformis to copper and 

tributyltin. Bot. Mar.30: 47-53.

Tolosa L, Merlini N, Bertrand M, Bayona J, Albaiges J (1992) Occurrence 

and fate of tributyl- and triphenyltin compounds in western Mediterranean 

coastal enclosures. Environ Toxicol Chem 11: 145-155.

Tomlin C (1997) The pesticide manual, 11th edn. Surrey, British Crop 

Protection Council; Cambridge, The Royal Society of Chemistry, pp 1606.

Trevors J, Oddie K, Belliveau B (1985) Metal resistance in bacteria 

(Environmental; transformation; genetics; plasmid; toxic; metal-tolerant; 

metal-sensitive). FEMS Microbiol 32:39-54.

Trevors J (1998) Bacterial biodiversity in soil with an emphasis on 

chemically contaminated soils. Water Air Soil Pollut 101: 45-67.

Tsang C, Lau P, Tam N, Wong Y (1999) Biodegradation capacity of 

tributyltin by two Chlorella species. Environ Pollut 105: 289-297.

Ueno D, Inoue S, Takahashi S, Ikeda K, Tanaka H, Subramanian A, 

Fillmann G, Lam P, Zheng J, Muchtar M, Prudente M, Chung K, Tanabe S 

(2004) Global pollution monitoring of butyltin compounds using skipjack 

tuna as a bioindicator. Environ Pollut 127: 1-12.

UK (1989) Water and the environment, London, UK Department of the 

Environment, Circular no. 7/89, pp 26.

175



Van der Kerk G, Luijten J (1954) Investigations on organo-tin compounds. 

III. The biocidal properties of organo-tin compounds. J Appl Chem 4: 314- 
319.

Visoottiviseth P, Kruawan K, Bhumiratana A, Wilairat P ( 1995) Isolation of 
bacterial culture capable of degrading triphenyltin pesticides. Appl 

Organomet Chem 9: 1-9.

Vossoughi M, Moslehi P, Alemzadeh I (2005) Some investigation on 

bioremediation of sediment in Persian Gulf Coast. Int J Eng 18: 45-53.

Waldock M, Thain J, Smith D, Milton S (1990) The degradation of TBT in 

estuarine sediments. Proc. 3rd int. organotin symposium, Monaco, pp 46- 
49.

Weisburg W, Barns S, Pelletier D, Lane D (1991) 16S ribosomal DNA 

amplification for phylogenetic study. J Bacteriol 173: 697-703.

Widdows J, Donkin P, Brinsley M, Evans S, Salkeld P, Franklin A, Law R, 

Waldock M (1995) Scope for growth and contaminant levels in North Sea 

mussels (Mytilus edulis). Mar Ecol Prog Ser 127: 131-148.

Wong P, Chau Y, Kramer O, Bengert G (I982) Structure-toxicity 

relationship of tin compounds on algae. Can J Fish Aquat Sci 39: 483-488.

Yamada H, Takayanagi K (1992) Bioconcentration and elimination of bis 

(tributyltin) oxide (TBTO) and triphenyltin chloride (TPTC) in several 

marine fish species. Water Res 26: 1589-1595.

Yamaoka Y, Inoue H, Osamu T (2002) Degradation of dibutyltin in sea 

water by pyoverdins isolated from Pseudomonas chlororaphis. Appl 

Organomet Chem 16: 665-668.

176



Yang J, Harino H, Miyazaki N (2007) Transplacental transfer of phenyltins 

from a pregnant Dali’s porpoise (Phocoenoides dalli) to her foetus. 
Chemosphere 67: 244-249.

Yang R, Zhou Q, Jiang G (2005) Butyltins in the marine clam Mya 

arenaria: An evaluation of its suitability for monitoring butyltin pollution. 

Chemosphere 63: 1-8.

Yi A, Leung K, Lam M, Lee J, Giesy J (2012) Review of measured 

concentrations of triphenyltin compounds in marine ecosystems and meta

analysis of their risks to humans and the environment. Chemosphere 89: 

1015-1025

Yuan J, Zhang X, Yu L, Sun Z, Zhu P, Wang X, Shi H (2011) Stage- 

specific malformations and phenotypic changes induced in embryos of 
amphibian (Xenopus tropicalis) by triphenyltin. Ecotoxicol Environ Saf 74: 

1960-1966.

Zhang Z, Hu J, Zhen H, Wu X, Huang C (2008) Reproductive inhibition 

and transgenerational toxicity of triphenyltin on medaka (Oryzias latipes) at 

environmentally relevant levels. Environ Sci Technol 42: 8133-8139.

Zuckerman J, Reisdorf R, Ellis H, Wilkinson R ( 1978) Organotins in 

biology and environment. In: Brinckman FE, Bellama JM (eds), 

Organometals and organometalloids occurrence and fate in the 

environment. Am Chem Soc No 82 Washington DC ACS symposium, pp 

388- 422.

177



Annexure

178



Annexure I

In the present study, Pseudomonas stutzeri produced 5 

hydroxamate siderophores. Of these, hydroxamate siderophores E and D2 

have been reported earlier. Remaining three are new siderophores not yet 

reported in the literature. These 3 siderophores were identified. Cyclic 

proferrioxamines E and D2 were produced by the marine bacterium 

Pseudomonas stutzeri SG 04. The fragmentation observed in the ESI- 

MS/MS of pseudomolecular ions at m/z 601 and m/z 587 are well in 

agreement with the reported data for nocardamine proferrioxamines E, 

previously isolated from various strains of bacteria such as Nocardia sp., 

Pseudomonas stutzeri, and Streptomyces hygroscopicus var. geldanus 

and proferrioxamine D2 (Meyer and Abdallah 1980, Meyer et al 2002). 

Fragmentation pattern observed for the hydroxamate siderophore in the 

ESI-MS/MS (Fig. A.1) with pseudompolecular ion at [M+H]+ 601 revealed 

the presence of three succinyl (COCH2CH2CO) and three 

cadaverine(NCFl2CFl2CH2CH2CH2N) moieties in proferrioxamines E. The 

fragmentation observed for desmethylenyl derivative of nocardamine, 

proferrioxamines D2, showed that it contained the same succinyl amides 

as norcardamine but there was a C4 putrescine (NCH2CH2CH2CH2N) 

unit also suggestive of the structure as shown in Fig. A.2 and well in 

agreement with the fragmentation observed.

The third desferroxamine siderophore identified had a molecular 

mass of 598 amu as evident from the pseudomolecular ion at m/z 599.3.
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Fig. A.1
ESl-MS/MS of siderophore with molecular mass of 600 and [M+H]+601.
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m/z, amu
Fig. A.2
ESI-MS/MS of siderophore with molecular mass of 586 and [M+H]+at m/z587.3
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Its fragmentation pattern was similar to that of nocardamine but, with 

one of the succinyl group was a succinyl amide (NHCOCH2CH2CONH) i.e. 

out of three cadaverine units present in nocardamine 1 cadaverine unit was 

present with an NH group at both ends i.e, it is dehydroxy derivative with one 

succinyl amino hydroxyl amino pentane unit replaced by succinyl amido- 

diamino hexane unit. Thus the structure assigned along with the 

fragmentation observed is as shown in Fig.A.3. This molecule has not been 

reported as yet.

The fourth siderophores had molecular mass of 645 amu as evident 

from pseudomoleeular ion at 645 m/z. This molecule is similar to 

Desferrioxamine B but has an additional C-terminal succinyl group and the N- 

terminal end of the molecule and contains a succinylamino-N-acyl 

hydroxyaminobutane. So far there no reports of this hydroxamate in the 

literature (Fig. A.4).

The 5th siderophores had molecular mass of 759 amu as evident from 

pseudomoleeular ion at 645 m/z. The molecular mass of this hydroxamate is 

higher than the molecular mass of hydroxamate of molecular mass 645 amu 

by 114 amu (atomic mass units) This indicates that the two molecules are 

similar but its N-terminal end is a succinylamido propane diamine. This 

hydroxamate molecule aiso is not yet reported in the literature (Fig. A,5).
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Fig. A.3
ESI-MS/MS of siderophore with molecular mass of 598 and [M+H]+ at m/z 599.3.
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Fig. A.4
ESI-MS/MS of hydroxamate siderophore with molecular mass of 645 amu.

184



ESI-MS/MS of hydroxamate siderophore with molecular mass of 759 amu.
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Abstract Twenty-two surface sediment samples were col
lected from Visakhapatnam harbour, east coast of India, and 
anahsed for monophenyltin (MPT), diphenyltin (DPT), 
rnphenyltin (TPT), total bacteria, and TPT tolerant bacteria. 
Concentrations of MPT, DPT and TPT varied between 1-26, 
3—28. and 0.31-145 ng Sn g 1 dry wt, respectively. Phenyl- 
tin concentrations were influenced by ship related activities, 
agricultural waste and sewage. These phenyltin concentra
tions indicate sediments are contaminated. Abundance of TPT 
tolerant bacteria was strongly influenced by the levels of 
phenyltins.

Keywords Phenyltins • Phenyltin degradation index ■ 
Total bacteria] count • Culturable bacteria ■
TPT tolerant bacteria

Until recently, investigations concerning environmental 
pollution by organotins have primarily focused on tribu- 
tyltins (TBT) which is used as biocide in antifouling paints. 
Contamination of water and sediments by triphenyltin 
TPT) as biocide has received relatively less attention. 
However, the agricultural and biocidal application of TPT 
compounds probably gives rise to significant amount of 
pollution in aquatic environment (Kannan et al. 1995). TPT 
enters ecosystem via leaching from painted ship hull, land 
runoff from agricultural waste, industrial usage and

S. S. Jadhav (S3) • V. Krishnamurthy • S. Sawant 
Marine Corrosion and Material Research Division, National 
Institute of Oceanography, Dona Paula 403004, Goa, India 
e-mail: sjadhav@nio.org; sangeeta.jadhav@gmail.com

y N. Bhosle
Department of Microbiology, Goa University,
Taleigao Plateau 403206, Goa, India

recreational activities. Phenyltins are often found in har
bours, estuaries and sites where shipping and recreational 
activities take place (Jadhav et al. 2009). The use of TPT 
has not been as strictly regulated as TBT, but it is 
acknowledged to produce similar levels of toxicity (Hoch 
2001). Phenyltins are equally toxic and has higher bioac
cumulation potential than TBT (Kannan et al. 1995), and is 
subjected to lower rate of metabolism than TBT. Like TBT, 
they are endocrine disruptors and cause imposex in gas
tropods (Horiguchi et al. 1997). The effects of phenyltins 
on invertebrates are well documented (Ishaaya et al. 1980).

It is a well known fact that microbes play significant role 
in nutrient cycling which is necessary to maintain ecosys
tem health (Grandlic et al. 2006). The presence of pollu
tants in the sediments may cause reduction in bacterial 
biomass due to inhibition of growth and loss of biochem
ical activities. If the pollutants are persistent in the envi
ronment, there is a gradual change in microbial community 
structure due to natural selection, gene exchange and 
immigration (Joynt et al. 2006). Effects of phenyltins on 
indigenous bacteria in the sediments are hardly known. 
Changes in carbohydrate—lipid complex were observed 
when bacterial cell encountered organotin molecules (Ph. 
Daniel et al. 2008). Boopathy and Daniels (1991) demon
strated inhibition of methanogenic bacteria by MPT at 
concentrations <0.05 mM. In another study, TPT was 
scarcely degraded by estuarine bacteria in 60 days of 
incubation and culturable bacterial counts reduced initially 
on addition of 0.025 mM of MPT (Harino et al. 1997). 
Microscopic staining technique and plate count technique 
are used to estimate total and culturable bacterial count, 
respectively. Culturable fraction of sediment bacteria] 
communities are particularly useful and sensitive while 
studying sediments contaminated with relatively low levels 
of pollutants (Grandlic et al. 2006).
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in a t io n .  In  v ie w  o f  th is ,  a base lin e  m o n ito r in g  s tu d y  w a s  c o n d u c te d  in  o rd e r  to  e s ta b lis h  th e  le ve ls  o f  
o rg a n o tin s  in  e d ib le  m a r in e  fishes, b iv a lv e s , s h r im p s , sq u id s  a n d  c rabs  c o lle c te d  f ro m  M u m b a i,  Goa 
a n d  K a rw a r  o n  th e  w e s t  coast o f  In d ia . A t  th e s e  lo c a tio n s  average  o rg a n o tin  c o n c e n tra t io n  fo u n d  in  fishes , 
c la m s , s h r im p s ,  s q u id s  a n d  crabs w a s  108, 8 5 2 , 179 , 7 0  a n d  8 9  n g S n g  ’ d w ,  re s p e c tiv e ly . In  a l l th e  s a m 
p le s  b u ty l t in s  d o m in a te d  o ve r p h e n y lt in s .  T h e  le v e ls  o f  o rg a n o tin s  su g g e s t th a t  a l l th e  o rg a n is m s  w e re  
c o n ta m in a te d  w i t h  o rg a n o tin s  an d  th e ir  c o n s u m p t io n  m a y  pose h e a lth  p ro b le m s  to  h um ans .

©  2011 E ls e v ie r  L td . A ll r ig h ts  re se rve d .

Industrial use of organotins such as butyltins (BTs) and phenyl- 
: ns PTs has increased several folds during the last two decades. 
:Ts and PTs are synthetic, multipurpose chemicals, which have 
:een extensively used as stabilizers in the manufacture of poly-vi- 
:yl chloride (PVC) (Blunden et al., 1984; Hoch, 2001), biocides in 
Hriculture (Champ and Seligman, 1996) and as fungicides in wood 
treservatives (Bennett, 1996). Organotins (OTs), especially the tri- 
cutyltin (TBT) and triphenyltin (TPT)-containing paints are very 
rifective antifouling agents and provide protection from fouling 
a ship hulls for almost 3-5 years (Hoch, 2001). However, TBT is 
vghly toxic and can cause high larval mortality, shell deformation, 
etardation of cell growth, imposex etc. in oysters, gastropods and 
tiler invertebrates due to its endocrine disrupting properties 
V : -46). OTs get bioaccumulated in higher organisms such 

a fishes, clams, oysters, etc. TBT at 100 ngl." 1 or even at lower con
centration can cause lethal effects on the immune system of fish, 
-end can suppress the normal functioning of the immune system 
rf mammals (Kannan et al., 1995). Irritation of skin and respiratory 
tract, vomiting and headache on inhalation are some of the ob
served effects of OTs in humans. OTs especially the BTs, are known 
:o affect viability of thymocytes (lymphocytes produced by thy
mus, an endocrine gland) and natural killer cells (lymphocytes) 
m blood which play an important role in human immunity against 
tumor and virally-infected cells in human bodies (Kannan et al., 

.-i: and Hoch, 2001). TBT and DBT have also known to disturb 
the functions of mitochondria (Antizar-Ladislao, 2008). At present,

• Corresponding author. Tel.: +91 832 2450 537; fax: +91 832 2450 615.
: -: .r a d d r e s s e s :  sangceta.jadhav@ gmail.com. siadhav@ nio.org (S. Jadhav).
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scarce information on OTs contamination in biota, collected from 
Indian waters is available (Bhosle et a!., 2004). The present study 
was planned to assess OTs contamination levels in edible marine 
organisms collected from the fish markets of Goa, Karwar and 
Mumbai, the west coast of India.

The sampling locations, Goa (15.5°N, 73.9°E), Karwar (14.8°N, 
74. IT )  and Mumbai (18.97°N, 72.82°E) are located along west 
coast of India (Fig. 1). Goa has an approximately 105 km long 
coastline and it produces about 90,000 tons of marine catch every 
year. It is one of the important centers on the west coast of India 
where intense fishing activities are carried out. Karwar has seven 
islands in its proximity. Fishing is done in near shore and offshore 
waters and as well as in the waters of the islands. The annual fish 
catch of Karwar is around 36,000 tonnes, Mumbai coast is about 
140 km long. Mumbai, is among busiest harbours on the west coast 
of India is known for industrial pollution. The fishes, clams, crabs 
and squids and shrimps were collected in May 2007 from local fish 
markets of Goa, Karwar and Mumbai, stored in ice boxes and 
immediately transported to the laboratory. In the laboratory sam
ples were stored at -20  °C until analysis.

OTs were extracted from the animal samples by using Grignard’s 
reagent(Morabito ct al., 1995; Jadhav et al., 2009). Animal tissue was 
ground in Teflon mortor and pestle. A known quantity of the animal 
tissue sample (1-2 g) was transferred to a clean test tube to which 
15 ml of 0.03% tropolone in methanol, w ith tripropyltin chloride 
(TPrT) as an internal standard, vortexed for 10 min. After the mix
ture settles, the supernatant was taken in a separating funnel and li
quid-liquid partitioning was performed twice with 15 ml of 
dichloromethane. Dichloromethane extracts were pooled and dried
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W a te r  a n d  s u r fa c e  s e d im e n t s a m p le s  w e re  a n a ly z e d  fo r  b u ty l t in s  (TB T , DBT, M B T ) f ro m  v a r io u s  p o r ts  
J[inS a lo n g  th e  e a s t a n d  w e s t  co a s t o f  In d ia .  T h e  to ta l  b u t y l t in  (T B ) in  w a te r  sa m p le s  v a r ie d  b e tw e e n  ~ 1 .7
ns a n d  3 4 2 n g S n l  1, w h e re a s  fo r  s e d im e n ts  i t  v a r ie d  b e tw e e n  b e lo w  d e te c t io n  l im i t  to  148 61  n g S n g  1

) =nr d r y  w e ig h t  o f  s e d im e n t.  O n  an  a v e ra g e  C h e n n a i p o r t  re c o rd e d  th e  h ig h e s t  le v e l o f  b u ty lt in s  in  th e  s e d i
m e n ts  w h i le  P a ra d ip  re c o rd e d  th e  h ig h e s t  le v e l o f  b u ty l in s  in  th e  w a te rs . A  fa ir ly  g o o d  r e la t io n s h ip  
b e tw e e n  th e  TB  in  th e  s e d im e n t a n d  o v e r ly in g  w a te r  sa m p le s , as w e l l  as b e tw e e n  o rg a n ic  c a rb o n  a n d  
TB, im p l ic a te s  th e  im p o r ta n c e  o f  a d s o rp t io n /d e s o rp t io n  p ro ce ss  in  c o n t r o l l in g  th e  le ve ls  o f  TB T  in  th e s e  
p o r t  a reas. In  In d ia  th e  d a ta  o n  o r g a n o t in  p o l lu t io n  is  v e ry  sp a rse ; m o s t  o f  th e  p o r t  areas h a v e  b e e n  s u r 
v e y e d  fo r  b u t y l t in s  f o r  th e  f i r s t  t im e  d u r in g  th is  s tu d y .

©  2 0 1 0  E ls e v ie r  L td . A ll r ig h ts  re se rve d .

Tiie use of Tributyltin (TBT) in antifouling paints increased, 
ui nly due to its longer durability, high efficiency and reasonable 

especially to control the fouling on recreational, commercial 
7~d naval ships and boats. Due to the widespread usage of organo- 
t a s  an antifouling agent in boat paints, TBT is a common con
taminant of the aquatic environment. TBT toxicity is known to 
a. e the following effects such as reduced growth and reproduc- 

f :m in organisms, can influence shell fishery, harm algal photosyn- 
mais, decrease spat formation, cell malformation and imposex.

Once released from antifouling paints, TBT is rapidly absorbed 
: . arganic material such as bacteria and algae or suspended parti- 
: in the water (Luan et al., 2006; Blanca, 2008). Subsequently it  
: readily incorporated into tissue of filter feeding organisms and 
e.entually, higher organisms such as fish, water birds and mam
mals where it accumulates (Berg et al., 2004; Ohji et al., 2007;

: ernhol et al., 2009). Under favorable conditions TBT de
gasses through successive dealkylation to produce dibutyltin 
DBT), monobutyltin (MBT) and ultimately to inorganic tin, via 
TV radiation, warmer temperature and biological activity, w ith 
mo ogical activity being o f greater importance. At TBT contami
nated sites, water samples may show a low presence o f TBT; how
ever. because of bioaccumulation, animal tissue or sediment w ill 
sho ,v much higher concentrations. TBT has been classified as a per- 
nstent organic pollutant due to its persistent nature and bioaccu- 
muiative potential (Bangkedphol et al., 2009). The adsorption of 
ET to sediment is reversible and contaminated sediment can act 

se a long term source of dissolved phase contamination to the 
overlying water column. Wide distribution, high hydrophobicity

Corresponding author. Tel.: +91 8322450202; fax: +91 832450602 .
■ i-na il a d d re s s : anita@ nio.org ( A  Garg).

and persistence of organotin compounds have raised concerns 
about their bioaccumulation and its potential biomagnifications 
in the food web and its adverse effects to human health and 
environment.

The International Maritime Organization (IMO) has totally pro
hibited the usage of these compounds in antifouling paint formula
tion (Sonak et al., 2009; Blanca, 2008; Rodriguez et al„ 2010). 
Nevertheless, the present restriction w ill unfortunately not imme
diately remove TBT, owing to its hydrophobicity and persistence 
in sediments, organotins w ill probably cause problems long after 
they have been banned, remaining a matter of concern and requir
ing monitoring for years to come (Bortoli et al., 2003; Blanca, 2008; 
Bangkedphol et al., 2009; Mukherjee et al., 2009). Monitoring of TBT 
in developing nations is limited and in most areas the use o f TBT is 
yet to be regulated and there is virtually no data on the antifouling 
biocides in  the marine environment (Mukherjee et al, 2009). In 
India TBT compounds have been used in antifouling paints and 
there is no ban as yet on the usage of TBT in antifouling paints. 
There are very few studies on the distribution of butyltins in water 
and sediments (Rajendran et al., 2001; Bhosle et al., 2004, 2006; 
Sonak et al., 2009: Meena et al., 2009; Garg et al., 2010).

The objective of this study focuses on the concentration of the 
antifoulant TBT and its degradation products, dibutyltin (DBT) 
and monobutyltin (MBT), in the waters and sediments from five 
ports along the east coast (Kolkata, Paradip, Vishakhapatnam, 
Chennai and Tuticorin, Fig. 1) and six ports along the west coast 
(Okha, Porbandar, Veraval, Jafrabad, Marmugao and Karwar, 
Fig. 2) of India affected by different intensities of maritime traffic.

Surface sediment samples were collected using a Van Veen 
grab, and transported to the laboratory using a portable icebox. 
In the laboratory, the samples were lyophilized, powdered and 
sieved through 120 pm mesh and stored at -20  °C until analysis.

7 -:-?26X/$ -  see fro n t m a tte r  ©  2010 Elsevier Ltd. A ll r igh ts  reserved. 
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Seasonal Variation in Organotins in the Waters of the Dona Paula 
Bay, West Coast of India
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A b s tra c t  Surface seawaters from the Dona Paula Bay, 
,ere collected at weekly intervals during March 2007 to 

March 2008, and analyzed for butyltins (BT) such as tri- 
Myltin (TBT), dibutyltin (DBT), monobutyltin (MBT) 
.sing a GC-MS system. The mean concentrations of TBT, 
DBT, MBT and total BT varied from <1-37, 4—19, 6-28 
..'id 21-84 ng Sn L 1, respectively. Highest levels of BTs 
.sere recorded during May followed by April 2007 and 
March 2007 probably because the shipping and tourism 
activities are very high during these months.

Keywords TBT • DBT ■ MBT - West coast of India

Organotins have been used as active agents in wide range 
jf applications including stabilizers in the PVC industry, 
clastic additives, industrial catalysts, insecticides, fungi
cides, bactericides, wood preservatives and antifouling 
taints (Hoch 2001; Bhosle 2006). These tributyltin (TBT) 
containing antifouling paints are highly effective in con
trolling fouling on industrially useful surfaces. These paints 
are the main source of organotins in coastal waters. When 
released into water, organotins, especially TBTs are highly 
toxic even at few ng L 1 to non-target organisms (Alzieu 

; Bhosle 2007). Exposure to Organotins can cause 
growth reduction in mussels (Salazar and Salazar 1991), 
larval mortality (Tanabe et al. 2000; Zhou et al. 2003), 
shell thickening in oysters (Alzieu et al. 1986), imposex in 
gastropods and snails (Law et al. 1998; Zhou et al. 2003;

R . M .  M e e n a  (£3) • A .  G a rg  ■ S . J a d h a v  
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Evans et al. 2000; Gomez-Ariza et al. 2006) and immu
nological dysfunction in fishes (Zhou et al. 2003). The 
usage of TBT-based antifouling paints is estimated to save 
the shipping industry about 6 billion dollars per annum, 
and also results in annual fuel saving of 7 million tones per 
year (Bhosle 2007).

In India, TBT containing paints are used to control 
fouling on the hull of ships, and there is no control on the 
usage of organotins. Despite this, little is known about the 
distribution of organotins in waters of India (Rajendran 
et al. 2001; Bhosle et al. 2004). In view of this, the present 
study was carried out to assess the seasonal variation of 
butyltins (BT) in the seawaters of Dona Paula Bay, west 
coast of India.

Materials and Methods

The sampling station, Dona Paula Bay (15°27'N, 73°N, 
48'E) is located along the west coast of India (Fig. 1), and 
is situated very close to the Marmugoa harbour. Surface 
seawater ( ~  1 m) was collected at weekly intervals using a 
clean polycarbonate-sampling bottle. The samples were 
transported to the nearby laboratory, and processed 
immediately as described below.

Monobutyltin (MBT), dibutyltin (DBT), TBT and 
Tropolone were purchased from Aldrich (USA); all the 
compounds were of 95%-98% purity. Tripropyltin chloride 
(TPrTCL, 98%) was obtained from Merck (Germany), and 
was used as internal standard. Flurosil, diethyl ether, Mg 
metal, bromopentane were purchased from Sigma. Pentyl 
magnesium bromide (Grignard reagent) was freshly pre
pared in the laboratory. All other chemicals were analytical 
grade and were purchased from Qualigens, India. Standard 
solutions of the BT were prepared in methanol.

<  S p r in g e r
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:ep;esents
2-ari e s tu a ry
i ts :  to a s t  o f  In d ia

In d u s tr ia l use o f  o rg a n o tin s  such  as b u ty l t in s  a n d  p h e n y lt in s  has in c re a s e d  se ve ra l fo ld s  d u r in g  th e  la s t 
tw o  decades. B u ty lt in s  a n d  p h e n y lt in s  a re  s y n th e t ic ,  m u lt ip u rp o s e  c h e m ic a ls , w h ic h  have  b ee n  e x te n 
s iv e ly  u sed  in  m a r in e  a n t ifo u i in g  p a in ts . T h e y  have  b ee n  k n o w n  to  be  e x t re m e ly  p o is o n o u s  to  m o llu s c  
f is h e ry  re sou rces  (o y s te rs , c la m s, e tc .). C o n ta m in a t io n  o f  Z u a r i e s tu a ry  s e d im e n ts  w a s  assessed b y  
q u a n tita t iv e  d e te rm in a t io n  o f  b u ty lt in s  a n d  p h e n y lt in s  b y  u s in g  G C -M S  u s in g  th e  e le c tro n  io n iz a t io n  
m o d e . B u ty lt in s  p re d o m in a te d  in  th e  w h o le  a re a  o v e r  p h e n y lt in s .  B u ty l t in s  c o n t r ib u te d  a b o u t 7 0 -9 0 %  o f  
th e  o rg a n o tin s  in  g e n e ra l. T h e  c o n c e n tra t io n  o f  b u ty lt in s  in  s e d im e n ts  ra n g e d  f ro m  2 0  to  7621 n g  S n /g . 
T h e  c o n c e n tra t io n  o f  p h e n y lt in s  in  s e d im e n ts  ra n g e d  f ro m  0  to  4 6  n g  S n /g . D e g ra d a tio n  in d ic e s  fo r  
b u ty lt in s  a n d  p h e n y lt in s  w e re  c a lc u la te d . T h e  B u ty l t in  d e g ra d a tio n  in d e x  (B D I)  f o r  th e  Z u a r i s e d im e n ts  
ra n g e d  f ro m  0  to  2 .7  in d ic a t in g  a lo t  o f  f re s h  in p u t  o f  b u ty lt in s  in  th e  e s tu a ry  a n d  a lo w e r  d e g ra d a tio n  
ra te . T he  p h e n y lt in  d e g ra d a tio n  in d e x  (P h D I)  ra n g e d  f ro m  1 to  10 im p ly in g  t h a t  d if fe re n t  p rocesses w e re  
p re v a le n t a t d i f fe r e n t  s ta tio n s . T h e  o b s e rv e d  o rg a n o tin  le ve ls  in  th e  Z u a r i e s tu a ry  in d ic a te  so m e  h ig h ly  
lo c a liz e d  areas o f  c o n ta m in a t io n  w h ic h  a re  s e ve re  e n o u g h  to  cause h a r m fu l e ffe c ts  o n  m a r in e  f lo ra  a n d  
fau n a . T h e re fo re , th e re  is  a n ee d  to  re g u la te  th e  use o f  b u ty lt in s  a n d  p h e n y lt in s  as b io c id e s  in  m a r in e  
a n t ifo u l in g  p a in ts .

©  2 0 0 8  E ls e v ie r  L td . A l l  r ig h ts  re se rve d .

1 Introduction

Organotin compounds such as tributyltin (TBT) and triphenyltin T iT) are toxic to many organisms. Due to this toxicity, they are 
widely incorporated in antifouling paints to control biofouling on 
industrially important structures. However, when released into 
.varer, organotin compounds are also often highly toxic to non- 
target organisms. For example, TBT at a few nanograms per liter can 
:=.;e larval mortality, deformation of shells, and reduced repro- 
dncdon in gastropods (Cheung et al„ 2003; Hoch, 2001). Therefore, 
t is essential to monitor the levels of organotin in areas subjected 

:o shipping activities.In India, organotin compounds are used as antifouling paints to 
-annol growth of fouling organisms on commercial and naval 
hips, and other industrial structures that use sea water. To the best - f  our knowledge, there is no legal ban on the use of TBT/TPhT 
lased antifouling paints in India. Moreover, not much is known about the levels of organotins in marine waters, sediments a n d  

organisms collected from coastal environments of India (Rajendran 
: U ■: 01; Bhosle et al., 2004, 2005).

Corresponding author: Tel.: + 9 1  8 3 2  2450376.
E - 'n a i l  a d d r e s s e s :  sjadhav@ nio.org, sangeeta.jadhav@ gmail.com (S. Jadhav).

0 0 1 -1 7 9 7 ,$  -  s e e  fr o n t  m a tte r  ©  2 0 0 8  E lse v ie r  Ltd. A ll r ig h ts  r e se r v e d .
' b,. :.1016J.jenvriMn.2008.08.015

The Zuari estuary is located on the west coast of India, and is 
used for ore transport, and navigation of small recreational ships 
and fishing boats from hinterland to Marmagoa harbour. Along the 
Zuari estuary, there are small jetties and wharfs that are used for 
berthing of small fishing vessels and barges. There are also some 
small workshops located on the banks of the river that are involved 
in repair, maintenance and construction of small ships and barges. 
River banks are covered w ith mangroves. Mangroves support 
several flora and fauna and serve as nursery grounds as well as 
nutrient sources to economically and ecologically important 
organisms such as prawn fishes and many other vertebrates. 
Therefore, the Zuari estuary is a sensitive ecosystem, and may be 
subjected to organotin contamination due to shipping activities. 
The main purpose of the present study was to evaluate organotin 
contamination in sediments of the Zuari estuary.

2. Materials and methods

2.1 Standards and reagents

Standard compounds monobutyltin (MBT), dibutyltin (DBT), 
tributyltin (TBT), monophenyltin (MPhT), diphenyltin (DPhT), tr i
phenyltin (TPhT) and Tripropyltin (TPrT) were obtained from 
MERCK, Germany. All the compounds were of 97-98% purity. Pentyl

http://www.elsevier.com/locate/jenvman
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.•tract

\irface sediment samples were collected from various locations in the Mumbai and Kochi harbours, west coast o f India, to assess the presence 
-jtyltin compounds. Tributyltin (TEST) and dibutyltin (DEST) varied from 16 to 16,816 ng/g dry wt. and from undetected to 469 ng/g dry w t„ 
cctnely, of the sediment in Kochi harbour. In Mumbai harbour, the values of TBT and DBT ranged between 4.5 and 1193 ng/g dry wt. and 

/- : undetected to 131 ng/g dry wt. o f the sediments, respectively. The concentrations o f both TBT and DBT showed strong seasonal variation 
p: cublv due to the effect o f tides and currents. Nevertheless, the levels o f butyltin compounds were generally higher at sites influenced by 
sh.-ping activities such as navigation, dry dock and ship-building activities. The presence o f DBT indicates the abiotic or microbiological 
dc.-adaiion of TBT. Compared to TBT, DBT was relatively less abundant, suggesting either fresh inputs o f TBT and/or less degradation o f TBT. 
Tr. concentrations o f TBT showed significant positive relationships with organic carbon and lipid, implying that both lipophilic and ionic 
trc.-cctions were probably involved in controlling the abundance o f TBT at these sediments. The observed levels o f butyltin compounds are much 
hy cr than those required to induce toxic effects on marine organisms, suggesting that these sediments were contaminated with butyltin 
cocTiumds.
7 Z 05 Elsevier Ltd. A ll rights reserved.
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I. Introduction

Organotin compounds are used as bactericides, fungicides, 
nsecncides, heat and light stabilizers for polyvinyl chloride 

arc as catalyst in silicones and polyurethane foams (Hoch, 
i. Organotins, especially those with three alkyl groups 

cztached to the tin atom, such as tributyltin (TBT) and 
©Phenyltin (TPT), exhibit biocidal activity against a wide 
zmge of organisms. Because of this, TBT and TPT are used as 
-'tifouling agents in marine paints. They are the most effective 
-tifouling paints ever devised for use on boat and ship hulls to 

"jtrol the growth of fouling organisms such as barnacles, 
. iters, mussels and algae. The use of TBT-based paints 
oped the shipping industry to reduce the maintenance cost by 
• SS 5.7 billion and also to save 7.2 million tonnes of fuel

Z orre.'ponding author.
Z-.iij/; address: b h o s le @ d a ry a .n io .o rg  (N .B . B hosle ).

TO 5 - see front matter © 2005 Elsevier Ltd. All rights reserved.
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annually (Rouhi, 1998; Bennett, 1996; Evans et ah, 2000). In 
addition to the economic gains, TBT usage in the shipping 
industry also offered some indirect environmental benefits such 
as reduced production of greenhouse gases (Bennett, 1996; 
Evans et ah, 2000). The consumption of TBT has increased 
several folds during the last two decades because of industrial 
applications and its use as an antifouling agent. Its use, 
especially as an antifoulant, has resulted in high concentrations 
of TBT in the water column, sediments and tissues of marine 
organisms, thereby causing contamination of aquatic and 
marine environments (Hoch, 2001). In the early 1980s, the 
first environmental impact of TBT was noticed in Arcachon 
Bay, France, where the oyster fishery had nearly collapsed 
(Alzieu, 2000). At about the same time, the decline in 
population of dogwhelk Nucella lapillus in southwest England 
was attributed to TBT contamination (Bry an et al., 1986). From 
laboratory and environmental monitoring studies, it was 
realized that TBT is highly toxic to non-target organisms.

http://www.sciencedirect.com
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Abstract

Biofilm, fish, oyster, mussel, dam, surface seawater, suspended particulate matter (SPM), and sediment samples were 
collected from marine and/or estuarine waters of the west coast of India. These samples were analysed for butyltin 
derivatives such as dibutyltin (DBT) and tributyltin (TBT). The concentrations DBT plus TBT varied between 2.4 
and 8.3, 163 and 363 ng/1, 5 and 2853 ng/gdrywt in the SPM, seawater and sediment samples, respectively, of the 
Marmugao harbour. The values of DBT plus TBT ranged between 0.60 and 29, 123 and 242 ng/1 and 1.4 and 65 
ng/gdrywt in SPM, water and sediment samples, respectively, collected from the Mandovi estuary. In the Dona Paula 
Bay the DBT plus TBT varied from 10 to 89 ng/1 in surface seawater, and TBT from 10 to 513 ng/g in biofilm samples. 
For the coastal sediment samples the concentration of DBT plus TBT ranged between 36 and 133 ng/gdrywt of sed
iment. For the animal samples the DBT plus TBT ranged between 58 and 825 ng/gdrywt of the tissue. Mussel tissues 
contained the highest amount of DBT plus TBT (825 ng/gdrywt tissue), whereas highest TBT concentration was 
recorded in the oyster (732 ng/gdrywt). TBT was generally the most abundant butyltin compound in most of the sam
ples suggesting fresh inputs and/or less degradation of TBT. A wide range of the observed butyltin concentrations sug
gests the presence of localized areas of contamination. Leaching of tributyltin-containing antifouling paints from the 
ocean going ships, fishing and recreational boats, barges, and the inputs of TBT from the Goa shipyard and dry dock 
facility situated in the harbour are the probable sources of the DBT and TBT in the samples of the west coast of India. 
Higher levels of TBT were observed in biofilm relative to that in the surrounding seawater. When fed on TBT conta
minated biofilm of the diatom Navicula subinflcita, butyltin concentrations in the clam Paphici malabarica increased over 
the period of feeding suggesting the importance of biofilm in the transfer of butyltins to higher group of organisms.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Surfaces immersed in marine waters adsorb dissolved 
organic matter thereby conditioning the surfaces. Condi-

C o r r e s p o n d in g  a u th o r .  T e l. :  + 9 1  83 2  2 4 5 0  4 5 0 ; fa x :  + 91  

832 2 4 5 0  6 0 2 /0 3 .

tioned surfaces are then colonized by microorganisms 
followed by macro-organisms. Attachment and growth 
of organisms on a surface is called fouling. Fouling is 
of economic concern to the shipping industries because 
it induces frictional drag on the hulls of ships thereby 
increasing the fuel consumption. In order to reduce eco
nomic losses due to fouling the ship hull is coated with

0045-6535/$ - see front m atter © 2004 Elsevier Ltd. All rights reserved,
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