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Abstract  

Surface sediment samples were analyzed for organotins namely tributyltin (TBT), dibutyltin 

and monobutyltin from six areas located in the Gulf of Ca´diz (14 stations), Spain. The total 

butyltin ranged between undetected and 1,580 ng Sn g-1. TBT generally prevailed in most of 

the samples, suggesting fresh inputs of butyltin compounds and/or less degradation of TBT. 

The observed levels of butyltins at several sites are much higher than that required to induce 

toxic effect on marine organisms, suggesting that these sediments are polluted with butyltin 

compounds. The clam Ruditapes philippinarum was used for studying bioaccumulation of 

butyltins by exposing them to contaminated sediments from the Gulf of Ca´diz over a period 

of 28 days under laboratory conditions. Biota-sediment accumulation factor (BSAF) ranged 

from 0.44 to 3.99.  
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Introduction 

Sediments are known sinks for contaminants in the environment. It is well known that 

sediments can adsorb persistent and toxic chemicals at concentrations much higher than in 

the water column. Butyltin compounds belong to the group of organotins, which are 

compounds containing at least one bond between tin and carbon. Thus, this matrix in 

sediments can be regarded as the ultimate sink for organotins and a possible source for 

resuspension in water and bioavailability to organisms (Garg and Bhosle 2005). Tributyltin 

(TBT) based antifouling paints are in use on 70% of the worlds commercial ships (Lee et al. 

2006). The ecotoxicological effects of TBT in aquatic systems have been noted since the 

1970s and have been well documented which include gastropod imposex, mussel larvae 

mortality and oyster shell malformation at very low concentrations (Lee et al. 2006; Blanca 

2008). There are no detailed studies on the effects of TBT on humans as yet (Bortoli et al. 

2003) though TBT has been detected in human blood (Kannan et al. 1995) and marine food 

has been reported as an important route for human exposure. Based on immune function 

studies, a tolerable daily intake (TDI) value for TBT of 0.25 µg (kg bw)-1 day -1 was 

established (Blanca 2008) and this TDI value has been adopted by the World Health 

Organization (Blanca 2008). Due to these environmental concerns, the first regulatory and 

legislative control on the use of TBT was adopted in France in 1982 followed by UK in 1987 

and USA in 1988 (Evans et al. 2000). The prohibition of the use of TBT compounds was set 

by the International Convention on the Control of Harmful Anti-fouling Systems on Ships of 

the International Maritime Organization (IMO) and the European Commission Parliament 

adopted the Regulation 782/2003 on the prohibition of organic compounds on ship (Blanca 

2008). 

In the case of the Spanish regulation, the Royal Decree 995/2000 established the sum of 

organotin species in waste water discharge to continental surface waters must be lower than 

20 ng l -1, but no legislation for seawater samples has yet been approved (Blanca 2008). Most 

of the control measures introduced since then involved banning the use of TBT in marine 

paints for boats of<25 m length. Such regulatory control has been instrumental in reducing 

the levels of TBT in marine environments of France, UK and USA (Blanca 2008). To tackle 

the problem better, the International Maritime Organization has proposed the complete 

prohibition of these compounds in antifouling paint formulation after 2008 (IMO 2003). 

Nevertheless, owing to its hydrophobicity and persistence in sediments, organotins will 

probably cause problems long after they have been banned, remaining a matter of concern 

and requiring monitoring for years to come (Blanca 2008; Bortoli et al. 2003). Much is 



known about the impacts of TBT on aquatic organisms (Blanca 2008), however, little is 

known about actually bioavailable organotin concentrations in the sediment and its impact on 

sediment dwelling organisms. The bioavailability of organotins can be studied by 

bioconcentration and bioaccumulation experiments. 

The objectives of this study were to determine the content of the antifoulant TBT and its 

degradation products, dibutyltin (DBT) and monobutyltin (MBT), in coastal sediment of six 

areas located along the Gulf of Ca´diz (Spain), affected by different intensities of maritime 

traffic and determine the bioaccumulation of organotin in Ruditapes philippinarum after 28 

days of exposition to contaminated sediments of the Gulf of Ca´diz.  

Although TBT is the most toxic, its lesser toxic derivatives DBT and MBT are also measured 

to assess total butyltins. Occurrence of these compounds in the environment has been related 

to the degradation of TBT caused by microbial activity and/or photochemical reactions 

(Blanca 2008). 

 

Materials and methods 

 

Study area and sample collection 

 

Fourteen surface sediment samples were collected from six areas along the Gulf of Cadiz, 

Spain, during May 2006 (Fig. 1). These areas include harbours with intense maritime traffic 

(stations 2, 4, 8, 10), fishery ports (6, 9, 11), industrial areas with discharging effluents (12, 

13, 14), channels (1, 5) and areas without any maritime activities (14, 10).  

Sediment samples were collected with a 0.025 m2 Van Veen grab and transferred in a cooler 

to the laboratory, where they were maintained at 4ºC in the dark for no longer than two 

weeks, until their use in sediment toxicity test following the method as described earlier in 

DelValls et al. (1998) and Riba et al. (2003). 

 

Bioaccumulation test  

 

Clams (Ruditapes philippinarum) were obtained from an aquaculture farm and maintained in 

our laboratory under controlled conditions in tanks with continuous water flow through 

system for 10 days for acclimatization before conducting the test.  

 



The wet sediment sample from some stations of the Gulf of Ca´diz was first sieved through a 

0.5 mm mesh sieve to get rid of all big particles present in the sediment. The sediment was 

put into aquarium in 1:4 ratios with clean filtered sea water (0.7 lm) and allowed to stay for 

24 h with aeration, before further use. For control experiment, sediment from a clean site (10) 

was used to compare results with the contaminated sediments. The organisms were 

transferred to the aquariums and the laboratory conditions were controlled, the temperature 

was kept at 19 ± 1°C and the natural photoperiod was maintained. The bioassays were 

performed in duplicate. The clams were exposed for a period of 28 days to sediments of eight 

stations (1, 2, 3, 8, 9, 10, 11, 13) and the mortality was registered each day. On completion of 

exposure days, the tissue samples were collected, frozen, lyophilised, and stored at -20°C 

until analysis. Organotin analyses for the tissues were carried out following the method of 

Bortoli et al. (2003) and Morabito et al. (1995) using Grignards reagent. 

 

Analytical procedure 

 

The analytical procedure for samples processing was adapted from Morabito et al. (1995) 

using Grignards reagent. Samples were analyzed by GC/MS following the method of Bortoli 

et al. (2003).   Lyophilized and sieved (120 μm mesh) sediment samples (1 g) and lyophilized 

clams (200 mg) were spiked with internal standard tripropyltin and extracted twice for 15 

minutes with 15 ml of 0.03% of Tropolone solution in methanol and 1 ml of concentrated 

HCl by vortexing. The extracts were centrifuged for 10 minutes and liquid-liquid- extracted 

twice in a separating funnel with 15 ml of dichloromethane (CH2Cl2) and 100 ml of 5% NaCl 

in deionised water, (to avoid the formation of emulsion). The organic phase separated was 

dewatered with sodium sulphate and diluted with 1 ml of Isooctane and then reduced to 

almost dryness under a stream of nitrogen and treated with the derivatising agent 

pentylmagnesium bromide (Grignards reagent) for 5 minutes at room temperature. The 

excess Grignards reactant was destroyed by carefully adding, drop-by-drop 2 ml of deionised 

water. The derivatised butyltins were subsequently extracted twice with 2 ml of n-hexane and 

5 ml of 1 M sulphuric acid. Then as a clean up step, the sample was reduced to 0.5 ml under a 

stream of nitrogen, and eluted with 10 ml of 1:1 hexane-toluene through a 6 g column of 

activated silica gel. The eluate was finally evaporated to 0.5 ml under gentle stream of 

nitrogen and analyzed with GCMS. Sets of blanks and standards were also processed 

following the same method as for samples. Separation and quantification of butyltin 



compounds were performed by GCMS (QP2010). 1μl of standard and samples were injected 

onto the GCMS.  

Sediment samples were analysed for total organic carbon (TOC) by the method of El Rayis 

(1985), by titration of acidified samples. Sediment grain size was analysed by using a laser 

particle size Fristch (model Analysette 22) following the method reported by Riba et al. 

(2003). 

 

Statistical analysis 

 

A simple regression analysis was carried out to assess the relationships between various 

parameters  using the Excel software program loaded on the personal computer. 

 

Results and discussion  

 

Distribution of butyltins in sediments 

 

The levels of TBT, DBT and MBT varied from undetected to 573 ng Sn g-1, undetected to 

439 ng Sn g-1, undetected to 797 ng Sn g-1 dry weight of sediment along the Gulf of Cádiz 

(Table 1). Stations 2, 3, 4, 6, 8 and 11 are all harbour areas which experience various 

maritime activities (including fishing) where were observed the highest levels of butyltin 

contamination.  Stations 12, 13 and 14 are close to large industrial areas and the release of 

industrial effluents could be the cause of high levels of butyltins. The TBT concentration was 

highest at station 2 while the station 11 had the maximun concentration of TB. 

Out of the three butyltin species, TBT generally prevailed over DBT and MBT except at 

station 11 (Table 1), where MBT was predominant contributing 50% to total butyltin. This 

indicates the occurrence of old butyltin pollution, since the level of TBT degradation product 

is considerable (DBT (Sn): 439, MBT (Sn): 797 ng g-1 d w), while the parent compound was 

relatively at low level (TBT (Sn): 344 ng g-1 d w). DBT + MBT concentrations in this sample 

were 3 fold higher than TBT suggesting TBT concentrations decreasing with time until 

degradation.  

The TBT concentration decreased significantly in stations far from potential source areas of 

ports, industry and maritime traffic. Station 5 is away from harbour area and lower levels of 

TBT were detected, wherein no butyltins were detected at station 7 and 10.  



On the other hand, the stations located in surrounding areas of the ports presented lower 

values of these compounds mainly associated with the higher hydrodynamic conditions 

presents in them. These include stations 1 and 9 which have small fishing ports which are 

used for the purpose of berthing small fishing vessels and hence the levels of butyltins 

recorded are lower as compared to the other stations.  Station 2 was the only site without any 

detectable DBT and MBT but with a high TBT concentration, indicating possible recent 

inputs of TBT and/or very slow degradation of TBT at this site. 

The levels of TBT detected along the Gulf of Cádiz  are consistent with those reported by 

Gomez-Ariza et al. (1998)    in SW Spain (TBT: 1.1–130 ng Sn g-1 d.w.) and Diez et al. 

(2002)   in SW and N-SW coasts of Spain (TBT: 124–18722 ng g-1 d.w.). Other areas of the 

Iberian Peninsula also show similar values as studied by  Quevauviller et al. (1989)   in the 

Sado Estuarine System, western Portugal (TBT: 12–520 ng g-1 d.w.) and by Gabrielides et al. 

(1990)   (TBT: 35–975 ng Sn g-1 d.w.), and Tolosa et al. (1992)   (TBT: 9260 ng g-1 d.w.) in 

the Mediterranean region. The study of the levels of TBT in other European countries shows 

different values amongst locations: Chiavarini et al. (2003) in the North West Sicilian coast 

in Italy (TBT: 3–27 ng Sn g -1 dw), Jacobsen (2000) in Danish harbours and marinas (TBT: 

100–5,000 ng Sn g -1 dw) and Scrimshaw et al. (2005) in the river Thames in United 

Kingdom (TBT: 1–60 ng Sn g -1 dw). In comparison with the ecosystems reported by these 

authors, the butyltin levels in the sediments along the Gulf of Cádiz  suggest a relatively 

lower contamination in general. 

The quantitative importance of TBT degradation can be evaluated following a TBT 

degradation index.   Butyltin degradation index (BDI) (Table 1) is calculated as 
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BDI < 1 indicates recent input of TBT. In the Gulf of Cádiz, the BDI calculated ranged from 

0.2 – 3.59 in the sediments (Table 1). Five of the sediment samples (3, 4, 6, 12, 14) showed 

BDI < 1 indicating fresh TBT inputs or may also be attributed to very slow degradation. 

These areas include harbours and industrial zones, suggesting release of TBT from large 

shipping vessels and through industrial effluents released into the system.   

The Australian sediment quality guidelines reported for TBT are 5 ng g-1 and 70 ng g-1 for 

low and high trigger values (ANZECC/ARMCANZ 2000). Along the Gulf of Cádiz, out of 

the 14 sediment samples from the six  areas, TBT was not detected in 2 samples (10 and 14) 



and only 4 samples contained TBT concentration less than the high trigger value (5, 8, 9 and 

13), while 8 of the samples contained TBT levels much higher than the high trigger value. 

Therefore the sediments from these stations are highly contaminated and may pose a threat to 

benthic biota like high larval mortality, several malformations of shells and reduced 

reproduction in oysters (Alzieu et al. 1991), imposex in dogwhelk populations (Evans et al. 

2000), growth retardation in mussels (Salazar and Salazar 1991) and microalgae (Beaumont 

and Newman 1986). The degradation of butyltin in the aquatic system is via dealkylation by 

UV photolysis and microbial degradation (Rajendran et al. 2001) and takes place in following 

steps, TBT  DBT  MBT  inorganic tin. But recent evidence for direct inputs of DBT 

and MBT into the aquatic system has been reported (Hooch 2001) as a result of leaching from 

PVC materials.  This spatial TBT distribution pattern may indicate the influence of in situ 

bacterial decomposition, tides and current movements in the study area. 

TBT exhibits both lipophilic and ionic properties. This means TBT levels will be influenced 

by the concentrations of organic carbon (Blanca 2008). The organic carbon for the Gulf of 

Cádiz sediments ranged between 0.01 - 2.501 % (Table 1), and showed a significant positive 

correlation with total butyltin (n = 13 r = 0.715, p < 0.1)   

 

Bioaccumulation in clams Ruditapes philippinarum. 

 

Organotin concentrations in clams, after 28 days exposure to sediments are reported in Table 

2. TBT, DBT and MBT were observed in all the samples, and varied from 67 – 346 ng Sn g-1, 

26 - 245 ng Sn g-1 and 27 - 246 ng Sn. g-1 dry weight of tissue. TBT, DBT and MBT 

bioaccumulation in clams was highest for the station 11 (346, 245 and 246 ng Sn. g-1) and 

lowest for the station 1 (67, 26, 27 ng Sn. g-1 dry weight), after 28 days exposure to 

contaminated sediment. DBT and MBT were detected in high level suggesting the 

degradation of TBT by the clams because of bioaccumulation. These metabolism results 

could be well supported by the works of Bhosle et al. (2004), where in a laboratory feeding 

experiment conducted over a period of 24 hours showed the metabolism of TBT to DBT and 

the levels of DBT higher than that of TBT. 

The biota-sediment accumulation factor (BSAF) ratio is defined as the ratio between the 

concentration of TBT in tissue and the concentration of TBT in sediment. High 

bioaccumulation values for TBT are generally characteristic of species with high TBT uptake 

or low rate of metabolic conversion and elimination. Based on this information, it can be 

concluded that TBT bioaccumulation factors for benthic organisms are generally high 



(Langston and Burt 1991). For clams, the BSAF varied from 0.15 to 3.99 at various stations 

in the case of clams after 28 days of exposure to the sediments (Table 2). These BSAF values 

for the clams are similar to those reported by other authors from  

similar laboratory experiments conducted. Langston and Burt (1991) reported BSAF value of 

7.5 for the clam Scrobicularia plana and TBT research for Harbor Island by ESI reported 

BSAF value of 0.49 for the clam Macoma nasuta (ESI 1999). The BSAF in clams was higher 

for stations showing lower TBT concentrations and vice versa. Similar results have been 

observed and explained in EPA report (1999) by Salazar, stating that at higher TBT 

concentrations in the sediment, its bioaccumulation in organisms is reduced as a result of 

stress on the test organisms caused by the presence of elevated TBT concentration sediments 

and by laboratory holding conditions. He proposed that the values of TBT concentration at 

which bioaccumulation is reduced can be used as an indicator of sublethal effects, such as 

growth or reproductive impairment. The clams exposed to sediments with higher 

concentration of organotins showed higher level of uptake. This is also evident from a 

significantly positive relationship between TB in the sediment and TB in clams after 

exposure to sediments (n = 8, r = 0.938, P < 0.001). 

The bioaccumulation results in our study are comparable to TBT from field samples reported 

by other authors for bivalves. For example, TBT concentrations ranging from 120to420 ng Sn 

g -1 in mussels Mytilus galloprovincialis and 51–320 ng Sn g -1 in clams Tapes decussata 

collected from the Alexandria harbour (Egypt) was recorded by Abd-Allah (1995) and 

Ruditapes decussatus with TBT concentrations in clams exposed for 60 days to TBT in 

sediments of 0.8 lgSn g -1 (Coelho et al. 2002).  

TBT values ranging from 34 to 4,000 ng Sn g -1 were recorded in Crassostrea gigas collected 

from 13 locations in the coastal waters of California (Stephenson 1991). Whereas, for the 

Crassostrea gigas collected from the Gulf of Mexico the TBT levels varied from 49 to 3,559 

ng Sn g -1 (Wade et al. 1990). From the west coast of India, for Saccostrea cucculata TBT 

level varied from 25 to 368 ng Sn g -1 and DBT from 33 to 87 ng Sn g -1 between 1999 and 

2000, (Garg and Bhosle 2005), and for Paphia malabarica (TBT: 64 ng Sn g -1 and DBT: 215 

ng Sn g -1), Perna viridis (TBT: 467 ng Sn g -1 and DBT: 358 ng Sn g -1) and Saccostrea 

cucculata (TBT: 124–732 and DBT: 45–88 ng Sn g -1) were recorded by Bhosle et al. (2004). 

Although the organotin accumulation pattern varies for different species of bivalves, 

Ruditapes philippinarum can be used as a bioindicator for monitoring organotins in aquatic 

environment for its great capacity of accumulation and metabolism of organotin compounds. 



Moreover, Ruditapes philippinarum is a clam of commercial importance and is cultivated as 

an important food source in many parts of Asia, Europe and America (Delado et al. 2003). 

 

 

Conclusions 

 

The wide use of organotin compounds (such as TBT) during the past years in several 

activities has recently been banned as antifouling paint by the OMI due to its toxic effects on 

several organisms. Nevertheless, its accumulation on the sediments located in the affected 

areas is still noticeable. The environmental concern about these compounds has considerably 

increased due to the high concentration registered in many shipyards and considers further 

studies. Within the Gulf of Ca´diz, the levels of BT have been studied in different sites and 

indicate that the sediments are contaminated by organotins due to several sources. The 

highest concentrations of BT were found in fishing ports and marinas with relevant fishing 

activities due to antifouling paints. Moreover, other sources of BT contamination are 

suggested to be caused by the effluents of the intense industrial activities carried out in some 

of the studied sites. Nevertheless, in some of these sites the concentration of the degradation 

products of TBT (DBT and MBT) is higher than the possible new inputs, what indicates that 

it is being degraded with time. The high levels of BT reported are enough to pose 

ecotoxicological risk to benthic biota. Clam Ruditapes philippinarum showed to be a good 

bioindicator as these organisms are able to bioaccumulate and metabolize TBT and could 

therefore result in its biomagnification through the food chain. The TBT accumulated in high 

levels by these clams indicates that its consumption may have potential health risk.  

This is the first report on organotin contamination in the Gulf of Ca´diz and, therefore, further 

monitoring studies with this and other organisms able to accumulate TBT are highly 

recommended.  
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Fig. 1 Map of the Gulf of Ca´diz, SW Spain, showing the locations of the sampling stations. 

1, 2 refers to the stations located in the Guadiana estuary and 3, 4 and 5 to those in Huelva. 

The stations located in the bay of Ca´diz are 8, 9 and 10 that is the sediment used as 

reference. 11 is the station in the port of Barbate and 12, 13 and 14 are located in the bay of 

Algeciras 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Table 1 Organotin compounds TBT, DBT, MBT, TB (total butyltin) (ng Sn g-1 d w), BDI 

(butyltin degradation index), TOC (%) (total organic carbon) and fine sediment <63 µm (%), 

assessed along the Gulf of Cadiz during May 2006. (ND: not detected) 

 

Stations TBT DBT MBT TB BDI TOC  Fines 

1 153 ± 10 ND ND 153 - 1.529 59 
2 573 ± 22 ND ND 573 - 0.905 68.9 
3 340 ± 11 53 ± 6 70 ± 10 465 0.36 2.709 88.3 
4 171 ± 8 17 ± 0 26 ± 2 214 0.25 1.438 60.7 
5 81 ± 5 ND ND 81 - 0.096 37.7 
6 290 ± 13 23 ± 2 36 ± 5 349 0.20 1.150 79.2 
7 ND ND ND - - 0.067 7.8 
8 57 ± 7 46 ± 5 120 ± 8 223 1.77 0.189 45.6 
9 48 ± 7 40 ± 1 55 ± 2 143 1.98 1.206 68.9 
10 ND ND ND - - 0.028 6.5 
11 344 ± 15 439 ± 24 797 ± 35 1580 3.59 2.025 80.6 
12 390 ± 12 69 ± 10 88 ± 3 547 0.40 2.292 81.2 
13 17 ± 2 13 ± 0 30 ± 0 60 2.53 2.501 76.2 
14 258 ± 11 72 ± 3 119 ± 8 449 0.74 2.467 76.4 

ND - not detected



 

Table 2 Organotin uptake (ng Sn g -1 dw) and biota-sediment accumulation factor (BSAF) in 

the clam Ruditapes philippinarum after a period of 28 days exposure to contaminated 

sediments collected in the Gulf of Ca´diz 

 

Stations TBT DBT MBT BSAF 

1 67.3 26.5 27.2 0.44 

2 85.6 86.5 87.3 0.15 

3 196.4 92.5 93.3 0.58 

8 81.6 143.2 70.7 1.43 

9 100.5 51.3 46.0 2.09 

10 8.1 4.2 10.4 - 

11 346.7 245.5 246.3 1.01 

13 67.8 47.4 66.5 3.99 

 

 

 

  

 


