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Biofilm, fish, oyster, mussel, and clams were collected from the Dona Paula 
Bay, west coast of India. These samples were analysed for butyltin derivatives. 
In the Dona Paula Bay, total butyltins varied from 21 to 89 ng/l (nanograms 
per litre) in surface sea water and from 10 to 822 ng/g (nanograms per gram) 
in biofilm samples. In the animal samples, total butyltins ranged between 58 
and 825 ng/g dry wt (weight) of the tissue. Mussel tissues contained the high
est amount of total butyltins (825 ng/g dry wt tissue), whereas highest TBT 
(tributyltin) concentration was recorded in the oyster (732 ng/g dry wt). 

Higher butyltin levels relative to those in the surrounding sea water were 
observed in biofilm. When fed on TBT-contaminated biofilm of the diatom 
Navicvla subinflata, butyltin concentrations in the clam Paphia mahbarica in
creased over the period of feeding, suggesting the importance of biofilm in the 
transfer of butyltins to the higher group of organisms. TBT was generally the 
most abundant butyltin compound in most of the samples, suggesting fresh in
puts of butyltin compounds and/or less degradation of TBT. A wide range of 
the observed total butyltin concentrations suggests the presence of localized 
areas of contamination. Leaching of TBT-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 adjacent har
bour are the probable sources of butyltin in the samples of the Dona Paula Bay. 

Introduction 

With the development of industry and agriculture, organotins, especially TBT 
(tributyltin) compounds, are used in a wide range of applications including sta
bilizers in the polyvinyl chloride industry, plastic additives, industrial 
catalysts, insecticides, fungicides, bactericides, wood preservatives, and anti-
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fouling paints (Hoch 2001; Hwang, Kahng, and Lee 1999). More and more pub
lic attention is being focused on the possibility of their environmental effects 
due to rapid increase in the anthropogenic sources. Fouling is of economic con
cern to the shipping industries because it induces frictional drags on the hulls of 
the ships, thereby increasing fuel consumption. 

In order to reduce economic losses due to fouling, ship hull is coated with 
antifouling paints containing toxic chemicals. The most commonly used anti-
fouling compound is TBT (Champ and Seligman 1996). TBT-containing 
copolymer paints are effective in controlling biofouling for over a period of five 
years. Thus, due to its durability, high efficiency, and reasonable cost, the usage 
of TBT in antifouling paint has increased during the past two decades. The us
age of TBT-based antifouling paints is estimated to save the shipping industry 
about 5.7 billion dollars per annum (Rouhi 1998). This also results in annual fuel 
saving of 7.2 million tonnes per year (Bennett 1996). As an antifouling paint ad
ditive, it is used exclusively on the ship and boat hulls, sewage pipe systems, 
docks, fishnets, and buoys to prevent the growth and attachment of barnacles, 
mussels, tube worms, algae, and other marine fouling organisms. 

Although the use of TBT offers several economic benefits, it is highly toxic 
to non-target organisms. Such large-scale utilization of TBT has resulted in the 
occurrence and high abundance of TBT and other organotins in many aquatic 
and marine environments (Champ 2000; Hoch 2001). Even at very low concen
tration (<10 ng/l [nanograms per litre]), TBT can have several detrimental 
effects on non-target organisms, including high larval mortality, severe malfor
mation of shells and reduced reproduction in oysters (Alzieu 2000, Alzieu, 
Michel, Tolosa, et al. 1991), imposex in dogwhelk populations (Evans, 
Birchenough, and Brancato 2000; Law, Blake, Jones, et al. 1998), and growth re
tardation in mussels (Salazar and Salazar 1991) and microalgae (Beaumont and 
Newman 1986). Because of these environmental effects, many countries have 
formulated laws to control the usage of TBT. 

The first regulatory and legislative risk management actions for the usage 
of TBT were adopted by France in 1982, followed by UK in 1985. These actions 
were based on an assessment of the impacts of TBT on the decrease in oyster 
fisheries in harbours and coastal waters of France and UK. In 1980, concurrent 
with some of the early findings in Europe, the US Navy began to evaluate the 
potential use and environmental risk of TBT antifouling coatings. By mid-1980s, 
results of these efforts led to an increasing concern on potential environmental 
damage to sensitive US coastal habitats, which forced the US government to re
duce/ban the usage of TBT on smaller (<25 m [metres] length) boats and ships 
that spend most of their time in harbours and coastal waters. 

TBT probably is one of the most toxic compounds to be introduced deliber
ately into the marine environment by man (Goldberg 1986). Industrial waste 
waters and river run-off are additional sources of TBT compounds in the coastal 
waters. However, it is the usage of TBT as an antifouling biocide on ships and 
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boats, which is of major concern in harbour and coastal areas. This is evident 
from the studies carried out in Europe and the US, which indicate higher levels 
of TBT in harbours and estuarine and coastal waters (Mec and Flower 1991). 

In India, TBT compounds have been used as antifouling agents in marine 
paints and there is no ban on the usage of these paints. There are few studies on 
the distribution of butyltin residues in marine fishes (Kannan, Tanabe, Iwata, et 
ah 1995), marine mammals (Tanabe, Prudente, Mizuno, et ah 1998), green mus
sels (Kan-Atirekalp, Yen, Tanabe, et ah 1998), and water and sediment samples 
collected from the east coast of India (Rajendran, Tao, Miyazaki, et ah 2001). To 
our knowledge, not much is known about the organotin concentrations in ma
rine waters of the south Asian region in general and in Indian waters in 
particular (Bhosle, Garg, Jadhav, et ah 2004). In this paper, we present compila
tion of the results of the survey of butyltins in biofilm, sea water, fish, oyster, 
mussel, and clam collected from the Dona Paula Bay, west coast of India. 

Materials and methods 

Collection of samples 

For the collection of biofilm, metal panels were deployed in the marine waters 
of Dona Paula Bay and retrieved at an interval of one-week. At the time of 
biofilm sampling, sea water samples were also collected using Niskin water 
samplers (5 litre capacity) at a depth of approximately 1 m from the sampling 
location. 

In order to assess the role of biofilm as a vehicle for transfer of TBT to 
higher group of organisms, the fouling diatom Navicula subinflata was grown in 
f/2 media in the laboratory under continuous illumination, by adding known 
quantity of TBT, over a period of 10 days. The biofilm developed was collected 
and used to feed the clam Paphia malabarica (Bhosle, Garg, Jadhav, et ah 2004). 

Fish, mussel, oyster, and clam samples were collected from local fishermen 
at Dona Paula Bay. Tissues were removed and stored at -20 °C until analysis. 
For the seasonal variation of TBT in oyster, samples were collected once in a 
month from the Dona Paula Bay. 

Analysis 

In order to analyse total butyltins from sea water, unfiltered sea water samples 
were extracted following the method described by Matthias and Bellama (1986). 
A suitable aliquot of sea water sample (750 ml [millilitres]) was transferred to a 
clean teflon separatory funnel and 20 ml of dichloromethane, 15 ml of six per cent 
(w/v (weight/volume)) aqueous sodium borohydride and 100 µl (microlitres) 
containing 129 ng (nanograms) of the internal standard TPrT (tripropyltin 
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chloride) were added and the organotin compounds extracted. The organic lay
ers were collected, dried using anhydrous sodium sulphate, filtered through 
Whatman filter paper, reduced to 100 µl using dry nitrogen gas, and analysed 
by gas chromatography (Bhosle, Garg, Jadhav, et al. 2004). 

Butyltin compounds from the biofilm, fish, mussel, and clam samples were 
extracted following the procedure described by Bhosle, Garg, Jadhav, et al. 
(2004). To each sample, 10 ml of 0.1% sodium hydroxide in methanol was added 
followed by 129 ng of TPrT as an internal standard. The samples were vortexed 
for 1 h (hour) to extract butyltin compounds. Then 5 ml hexane and 100 milli
grams sodium borohydride were added to the samples and the reaction mixture 
was vortexed for 15 minutes. Hexane layer containing the derivatized com
pounds was siphoned out with a Pasteur pipette, dried over anhydrous sodium 
sulphate, concentrated to 100 µl using a gentle stream of nitrogen, and analysed 
by gas chromatography. TBT, DBT (dibutyltin), and TPrT were processed as 
above and used as standard reference. 

Bioaccumulation of tributyltin in biofilm 

Biofilms are abundant in near shore and harbour waters and serve as an impor
tant source of nutrients to filter feeding organisms. In view of this, biofilm 
development on metal surfaces immersed in the surface waters of Dona Paula 
Bay was analysed for TBT so as to understand its role in bioaccumulation and 
transport to higher group of animals. 

In sea water, the DBT concentration varied from not detected to 33.1 ng/1 
and the TBT concentration ranged from 10.13 to 88.93 ng/1 (Table 1). For 
biofilm, samples concentrations of both DBT and TBT showed large variations 
and ranged from not detected to 488 ng/1 and from 9.9 to 513 ng/1, respectively. 
There appears to be a close correspondence between the concentration of sea 
water and that found in biofilm samples, which was evident from a positive re
lationship between the TBT concentrations in sea water and biofilm. This 
suggests that biofilm has the potential to accumulate toxic compounds like 
organotins. 

Role of biofilm in transformation of tributyltin 

Biofilm or microfouling material is rich in proteins, carbohydrates, and lipids 
and, therefore, a useful nutrient source to higher group of organisms. Thus, an 
experiment was carried out to assess the role of biofilm as a vehicle for TBT 
transfer to higher group of organisms such as the clam P. malabarica. Biofilm of 
the diatom N. subinflata contaminated with TBT (1912 ± 162 ng/250 ml of the 
biofilm material) was used to feed clam P. malabarica over a period of 24 h. Dur
ing this period, clam samples were removed at 0, 0.5, 6, and 24 h. These 
samples were then analysed for TBT compounds. At 0 h, 123 ng/g of TBT 
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- Not detected 

and 306 ng/g of DBT were present in clams used for the feeding experi
ments. 

The concentrations of TBT and DBT in the clam tissues increased as a func
tion of the feeding period (Figure 1). Highest concentrations of DBT (782 ng/ 
g) and TBT (687 ng/g) in the clam tissues were recorded at 24 h of the feeding 
period. This indicates that the biofilms have the potential to play an important 
role in the accumulation and transfer of TBT to higher group of organisms. 
Biofilms are also known to play an important role in the settlement and 
metamorphosis of larvae of economically important organisms such as oyster 
and mussels. TBT-contaminated biofilms are known to inhibit the attachment 
and settlement of oyster larvae (Labare, Coon, Matthias, et al. 1997). Therefore, 
TBT-contaminated biofilms have a strong influence on the shellfish production. 

Biofilm 1 28 February 2001 489 + 87 10 ± 2 
2 01 March 2001 32 ± 8 333 ± 42 

3 31 March 2001 54 ± 2 147 ± 21 

4 27 November 2001 29 ± 1 54 ± 3 

5 08 December 2001 26 ± 18 75 ± 4 
6 19 December 2001 15 58 ± 11 
7 15 January 2003 79 ± 18 105 

8 21 January 2003 129 ± 94 120 ± 6 
9 27 January 2003 132 ± 4 513 ± 93 

10 31 January 2003 168 118 ± 4 

11 03 February 2003 61 ± 7 171 

12 10 February 2003 64 ± 17 84 ± 7 

13 17 February 2003 49 ± 14 109 ± 9 
14 07 March 2003 134 52 ± 3 

15 10 March 2003 - 92 
Water 1 09 January 2003 - 89 ± 13 

2 15 January 2003 9 ± 3 21 ± 4 
3 21 January 2003 6 ± 1 43 ± 0 
4 23 January 2003 11 10 
5 28 January 2003 - 41 ± 2 
6 31 January 2003 - 35 ± 8 
7 03 February 03 6 ± 3 25 ± 3 
8 10 February 2003 9 27 
9 07 March 2003 33 ± 1 17 ± 3 

10 10 March 2003 - 45 ± 1 

Table 1 Butyltin compounds in biofilm and water samples from Dona Paula Bay 

Sampling Butyltin compounds (ng/g dry wt) 

Sample number Sampling date DBT TBT 
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Figure 1 Bioaccumulation of DBT andTBT in the clam Paphia ma/abarica when fed withTBT-contami-
nated biofilm of the diatom NavicNla sNbinflata 

Tributylt in compounds in fish, mussel, oyster, and clam 

TBT was detected in all the fish samples and the concentration varied from 58 
to 96 ng/g dry wt (Table 2). The total butyltins in fish samples varied from 58 
to 230 ng/g dry wt. In the clam P. malabarica, both DBT (215 ng/g dry wt) and 
TBT (64 ng/g dry wt) were present. Total butyltin compounds showed strong 
temporal variation in the oyster Saccostrea cucculata and varied from 169 to 732 
ng/g dry wt. Green mussel Perm viriciis showed relatively higher concentrations 
of DBT (358 ng/g dry wt) and TBT (467 ng/g dry wt). Mussel, clam, and fish 
Mugil species showed high concentrations of butyltins, with DBT being particu
larly abundant in these animals. 

Presence of DBT also indicated that abiotic and/or biotic degradation proc
esses of TBT were occurring in these animals. Thus, TBT is progressively 
dealkylated and detoxified in these animals, resulting in the formation of less 
toxic DBT. 

The observed values of butyltin compounds in these animals compare well 
with those reported by others. For example, Shawky and Emons (1998) reported 
27-202 ng/g of wet wt of fish tissue collected from the German North Sea and 
the River Elbe. The concentrations of butyltins observed in the fish samples of 
present study also compare well with those reported by Kannan, Tanabe, Iwata, 
et al. (1995). However, fish butyltin values recorded in our study are relatively 
higher than those reported for the fish of the Gulf region (de Mora, Fowler, and 
Cassi 2003). Pereira, Wade, Hostettler, et al. (1999) reported that the total butyltin 
concentrations in the clam Polamocorbula amurensis collected from the San 
Francisco Bay varied from 152 to 307 ng/g. 



Similarly, TBT concentrations ranging from 120 to 420 ng/g in mussels 
Mytilus galloprovincialis and from 51 to 320 ng/g in clams Tapees decussates col
lected from the Alexandria harbour were recorded (Abd-Allah 1995). TBT 
values ranging from 34 to 4000 ng/g were recorded in Crassostrea gigas collected 
from 13 locations in the coastal waters of California, USA (Stephenson 1991). In 
the C. gigas collected from the Gulf of Mexico, the TBT levels varied from 49 to 
3559 ng/g (Wade, Garcia-Romero, and Brooks 1991). TBT concentrations re
corded during this study suggest that TBT compounds are bio-concentrated in 
these animals. 

TBT at 100 ng/1 or even at lower concentrations can have toxic effect on 
the immune system of fish, and can suppress the normal functioning of immune 
system of mammals (Kannan, Tanabe, Iwata, et al. 1995). In view of this, the 
consumption of TBT-contaminated fish and shellfish may be a matter of great 
concern for the human health. Furthermore, at levels lower than 10 ng/1 in ma
rine gastropods, TBT has endocrine-disrupting properties (Fent 1996). 
Concentrations of TBT in the sampled locations on the west coast of India are 
higher than the threshold levels required to induce imposition of male charac
teristics in females (imposex) (Smith and McVeagh 1991) and shell thickening in 
the oyster species (Alzieu, Michel, Tolosa, et al. 1991). The phenomenon of 
imposex has previously been reported to occur in gastropod samples collected 
from the west coast of India (Vishwakiran and Anil 1999), and the present study 

Oyster 
Saccostrea cucculta 20 November 2000 - 732 ± 98 

S. cucculata 02 Feburuary 2001 88 ± 8 261 ± 6 

S. cucculata 16 April 2001 53 ± 18 177 ± 17 
S. cucculala 01 May 2001 50 ± 6 148 ± 33 
S. cucculala 21 May 2001 56 ± 1 171 ± 18 

S. cucculala 16 November 2001 45 ± 7 124 ± 22 

Fish 

Johnius sp. 10 March 2003 - 84 ± 12 
Rastrelliger sp. 10 March 2003 - 86 ± 13 
Sardinclla sp. 10 March 2003 - 58 ± 14 
Sillago sp. 09 March 2003 - 60 ± 12 
Mugil sp. 10 March 2003 134 ± 3 96 ± 3 

Clam 

Paphia malabarica 10 March 2003 215 + 46 64 + 7 

Mussel 
Perna viridis 01 January 2003 358 467 

- Not detected 
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Table 2 Butyl t in c o m p o u n d s in the animal samples collected from D o n a Paula Bay 

Butyltin compounds ( n g / g dry wt) 

Animal Sampling date DBT TBT 
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confirms the presence of butyltins in the locations sampled along the west coast 
of India. 

Seasonal variation of tributylt in compounds in oyster 
Saccostrea cucculata 

Seasonal changes in the concentrations of butyltin compounds were studied in 
the oyster S. cucculata over a period of 15 months (Garg and Bhosle, in press). 
Concentrations of TBT and DBT ranged between 25 and 368 ng/g dry wt and 
between 33 and 87 ng/g dry wt, respectively (Table 3). Generally the concentra
tions of both TBT and DBT increased from late May 1999 until March 2000. 
Thereafter, the values of TBT and DBT decreased marginally with the exception 
of the value observed for the month of April 2000. Concentrations of butyltin 
compounds were generally high in winter and summer (November to May) and 
low during the monsoon period (June to September). TBT was the most abun
dant constituent (38%-100%) of total butyltins. Relatively higher TBT 
concentrations were observed during winter (December) and early summer 
(March), while lower concentrations were observed in late summer (April/May) 
and monsoon periods (June/September). 

Poor growth and spawning are generally observed during monsoon pe
riod (June/September). Thus, low levels of TBT were associated with poor 
growth condition period. This indicates some correspondence between the 

Table 3 Seasonal variation in butyltin compounds in oyster Saccostrea cucculata from Dona 

Paula Bay during May 1999 to July 2000 

May 1999 43 ± 5 3 8 + 3 81 1.10 
June 1999 42 ± 5 25 ± 1 67 1.62 
July 1999 44 ± 8 43 ± 2 87 1.02 
August 1999 49 ± 3 55 I 5 105 0.90 
September 1999 34 ± 4 118 ± 15 152 0.28 

October 1999 62 ± 2 138 ± 6 200 0.44 
November 1999 64 ± 7 248 ± 17 312 0.25 
December 1999 HO ± 5 285 ± 3 365 0.28 

January 2000 70 ± 11 209 ± 5 279 0.33 
February 2000 88 ± 12 223 ± 5 311 0.39 

March 2000 - 368 ± 2 368 -
April 2000 55 ± 5 107 ± 15 163 0.51 
May 2000 57 ± 2 233 ± 8 290 0.24 

June 2000 67 ± 11 161 ± 13 228 0.41 

July 2000 59 ± 5 173 + 17 233 0.34 

- Not detected 

Sampl ing 

period 

Butyltin compounds (ng/g) 

DBT TBT Total DBT/TBT 



440 N B Bhosle 

abundance of butyltin compounds and growth and development. However, 
ship traffic in the adjacent Marmugao harbour as well as in the Bay is at a mini
mum during the monsoon season (June/September) and starts increasing from 
October and is generally high for the winter (November to February) and sum
mer (March to May) periods. Similarly, the traffic of recreational boats at the 
study site increases from October to May. Therefore, increase in the intensity of 
ship traffic also compares well with an increase in TBT abundance in the oyster. 
This suggests the role of ship traffic in controlling TBT concentrations in the oys
ter. 

In order to predict if the contamination is recent or not, it is useful to calcu
late butyltin degradation index. An estimation of the fate of TBT can be obtained 
by calculating the ratio of the degradation product DBT and the parent com
pound TBT. The DBT/TBT ratio or the degradation index is shown in Table 3. 
For most of the study period, the DBT/TBT ratio is less than 1, indicating recent 
inputs of TBT. These values also suggest that the degradation process is very 
slow in these animals. Relatively higher DBT/TBT ratios in May, June, and July 
may indicate that abiotic or biotic degradation processes of TBT were occurring 
in oyster tissues. 

Conclusion 

TBT and DBT were detected in sea water, biofilm, and animal samples collected 
from the Dona Paula Bay, west coast of India. Biofilms have the ability to accu
mulate butyltins and transfer these compounds to higher group of organisms, 
which may have direct implications for the shellfishery. Substantial contamina
tion of fish, oyster, mussel, and clams may pose a threat to human health. The 
observed TBT levels are similar to those recorded from many other harbours of 
Europe and the US. This preliminary data suggest that the study area is con
taminated with TBT and there is a need for more detailed investigation. 
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