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
Abstract. This research studied the amounts of butyltins in sea water and sediment along the Songkhla 

Old-Town coast. The samples of water and sediment were collected from five survey sites, including the 

Songkhla Ferry Port, port opposite Songkhla Police Saving Cooperative Limited, port of Hlang Phrarham, 

port at the Hub Ho Hin Rice Mill and the port next to the Lake Inn Hotel. Water samples were prepared by 

liquid-liquid extraction and the sediment samples were prepared by methanol-acid digestion. The amounts of 

butyltins were analyzed by GC-MS and the analysis results of sea water samples did not show any butyltin 

contamination in any of the samples. The amount of tributyltin in the sediment did not exceed the accepted 

values and the highest composition of the butyltins in the sediment was tributyltin (37-56%) and the lowest 

was dibutyltin (14-33%). High concentrations of butyltins in the sediment were detected at the locations of 

commercial vessel harbors and had intensive boating activity in the past. Contamination by butyltins may 

exist for a long time because butyltins do not decay rapidly. To our knowledge, this is the first surveillance of 

butyltins along the Songkhla Old-Town coast and it is necessary to avoid serious pollution problems in the 

largest fishery area of Songkhla Province in the future.  
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1. Introduction  

Butyltins (BTs) are the compounds of the organotins species found in the environment. The harmful 

effects of tributyltin (TBT) are mainly due to anthopogenic activities [1]-[3]. Previously, the chemical was 

widely found in antifouling paints [1], [4] which leached from the paints into the commercial harbors [5]. In 

some areas, the potential source of BTs in the aquatic systems was municipal wastewater [2], [6]. 

Contamination by BTs was the most toxic agent in contaminated seafood for human consumption [2], [7] or 

the food chain [2]-[8]. The use of TBT in antifouling paints was banned in the late 1980s on ships less than 

25 m in total length in Europe, USA, Canada, Australia, New Zealand, Japan, and Hong Kong and a global 

ban on the use of TBT was enforced in 2003 [9].  

In Thailand, Songkhla Lake is a natural water resource area in Songkhla Province. Testing for BTs has 

been done since 1995 [7], [10]-[12]. The amount of BTs in the sediment did not exceed the accepted values 

but the effect of TBT contamination was a concern since imposex was found in 4.7% of the neogastropods 

[11].  

Songkhla Old-Town coast is in the western area of Songkhla municipality. The location of Songkhla 

Old-Town is part of the Songkhla Lake area and connects with the Gulf of Thailand. TBT concentration in 

the Songkhla Old-Town coast may be influenced by many sources from municipal activities and marine 
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transportation because it consists of dense water transportation, ports, and municipal activities [13]. The 

surrounding areas of Songkhla Old-Town coast are surrounded by local fisheries, shrimp ponds, agriculture 

and farms, factories, and tourist resorts [14], [15]. In addition, the estuary of Songkhla Lake is included in 

the shipping activities and marine transportation of Songkhla Port [13]. The accumulation was the cause of 

marine organism imposex in the past and butyltins degrade slowly in the marine environment. Rapid 

development of the municipality may have imposed potential risk for considerable contamination by toxic 

BTs along the Songkhla Old-Town coast. Surveillance of the BTs along the Songkhla Old-Town coast is 

necessary to avoid serious pollution problems in the future. Thus the present work aims to determine the type 

of BTs and present the current contamination levels of BTs in surface sediment and sea water samples at five 

transportation and fishery ports along the coastal area. 

2. Materials and Methods 

2.1. Sampling Location and Preparation 

Sampling was carried out in April 2016. Sediment and sea water samples were collected from five ports 

along the coastal area of Songkhla Old-Town, including the Songkhla Ferry Port, port opposite Songkhla 

Police Saving Cooperative Limited, port of Hlang Phrarham, port of the Hub Ho Hin Rice Mill and the port 

next to the Lake Inn Hotel (Fig. 1). Surface sediment samples were collected with an Eckman-Burge grab 

sampler and 37% formaldehyde solution was added. Sea water samples were collected by grab sampling in 

plastic polycarbonate bottles. Hydrochloric acid solution was used to clean the bottles before use. All 

samples were kept in cooler box with ice and stored at 4 °C until extraction. Methanol–acid digestion 

(methanol:acetic acid [1:3]) and sonication were used in the extraction of all sediment samples. Liquid-liquid 

extraction (hexane and hydrochloric acid solution) and rotary evaporator were used in the extraction of all 

sea water samples.  

All samples were analyzed with a gas chromatography-mass spectrophotometry (Trace GC Ultra/ISQMS, 

Thermo Scientific) with a moving needle type injection system. A TR5-MS capillary column (Thermo Fisher 

Scientific 30-m length × 0.32-mm ID., 0.25 µm film thickness) was used. The column oven temperature was 

programmed from 100 °C (5 min hold) to 300 °C (5 min hold) at the rate of 20 °C min
-1

. The injector and 

detector temperatures were kept at 250 °C and 200 °C, respectively. Helium gas was used as the carrier gas 

at a flow rate of 1.0 mL min
-1

. For quantification of the BTs, a butyltin chloride calibration mixture was 

purchased from RESTEK and the calculated limits for detections of TBT, dibutyltin (DBT) and 

monobutyltin (MBT) were 2 ng g
-1

, 3 ng g
-1

 and 3 ng g
-1

, respectively. 

3. Results and Discussion 

A previous study reported the concentration of TBT in the sediment samples of Songkhla Lake in 1995 

as 36 ng g
-1

 dry weight [10] and in 2012 the concentration of TBT in the sediment of the estuary of Songkhla 

Lake was found to be 90 ng g
-1

 dry weight [12].  

The present study analyzed BT compounds including TBT, DBT and MBT in the sea water and sediment 

samples collected from the coastal areas of Songkhla Old-Town. The results of the analysis of sea water 

samples did not show any BT contamination in any of the samples. Further, the results by Inductively Couple 

Plasma-Optical Emission Spectrometer (ICP-OES) were confirmed and elemental tin was not found in any 

of the seawater samples. Therefore, if we compare with the standard values prescribed by the law of 

Thailand, the amount of BTs in the sea water does not exceed the standard values (Thailand Coastal Water 

Quality Standard for TBT in the sea water 10 ng L
-1

).  

TBT and BTs in the coastal sediments of Songkhla Old-Town coast varied widely from location 1 to 

location 5 (Fig. 2), that ranged 70-139 ng g
-1

 for TBT, 20-100 ng g
-1

 for DBT and 50-90 ng g
-1

 for MBT. 

None of the locations exceeded the critical level of 2.5 µg g
-1

 dry weight which is the level that can pose a 

threat to the growing rate of living organisms [12].  

A high concentration of TBT (139 ng g
-1

) and a high level of BTs (251 ng g
-1

) (∑BTs = TBT + DBT + 

MBT) were detected at location 4 (Port of Hub Ho Hin Rice Mill). In the past, the Port of the Hub Ho Hin 

Rice Mill was a commercial vessel harbor and it had intensive boating activity. At the present, it is a museum 
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and tourist attraction and there is no heavy traffic as in the past. Contamination by BTs at location 4 may 

have existed for a long time because the BTs decay slowly. Location 1 (Songkhla Ferry Port) is located close 

to the estuary of Songkhla Lake and it has intensive transportation activity. This location showed the lowest 

levels of TBT at 71 ng g
-1

. Locations 2, 3 and 5 are small ports for small fishing boats and waterfront 

communities. Sometimes the surrounding areas of locations 2, 3, 4 and 5 are areas for mooring of large sea 

vessels. At the time of the survey, these locations did not appear to have measurable concentrations of tin in 

the sea water. 

 
Location GPS (Lat-Lon) Code 

Songkhla Ferry Port 7°13.133 Ń 100°34.771 É Location 1 

Port opposite Songkhla Police Saving Cooperative Limited 7°12.797 Ń 100°34.913 É Location 2 

Port of Hlang Phrarham 7°12.292 Ń 100°35.168 É Location 3 

Port of Hub Ho Hin Rice Mill 7°11.894 Ń 100°35.291 É Location 4 

Port next to the Lake Inn Hotel 7°11.498 Ń 100°35.383 É Location 5 

Fig. 1: Map showing sampling locations of sediment and sea water along Songkhla Old-Town coast 

 
Fig. 2: Butyltins in sediments collected from Songkhla Lake and coastal areas of Songkhla Old-Town 

The percentages of TBT in the total BTs ranged from 37% to 56%. DBT and MBT were in the 

percentage ranges of 14% to 33% and 21% to 36%, respectively. The composition of BT derivatives in the 

sediment was in the order of TBT>MBT>DBT. The percentages of TBT, DBT and MBT were on the 

average, 48%, 26% and 26% of BTs, respectively. Figure 3 illustrates the compositions of TBT, DBT and 

MBT detected in the surface sediment samples from location 1 to location 5.  

A previous study by Ophithakorn et al. (2014) forecasted in a pictorial model that the shipping activities 

and marine transportation might be the causes of contamination by TBT at the Songkhla Old-Town coast 
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because there were many transportation and fishery ports and the level of TBT in the sediment had a 

tendency to increase from 1995 in this area. Hajisamoh (2013) reported that the major TBT contamination 

along the coastal areas of southern Thailand was possibly due to the antifouling paints used on the hull of 

seafaring vessels and medium to large fishing boats. In contrast, the contamination from water transportation 

is presently not a major cause. The ban of TBT in antifouling paints has been an important factor in avoiding 

the contamination by BTs in sea water and controlling the small amounts of BTs in the sediment, but 

continuous monitoring of BTs is needed for surveillance of other sources. 

 
Fig. 3: Compositions of butyltin compounds in the sediment of Songkhla Old-Town coast 

4. Conclusions 

The coastal sediments along Songkhla Old-Town were contaminated by BTs at a wide variety of 

concentration levels. TBT, which is the most toxic form of BT, was detected in a low concentration in a 

location near the estuary of Songkhla Lake. The sea water samples did not show any BT contamination in 

any of the samples and the amount of TBT in the sediment samples did not exceed the accepted values. The 

concentrations of butyltin compounds varied widely along the coast but the major composition of the BTs 

was TBT. Thus continuous monitoring and investigating the sources of BTs are needed in this area of the 

coastal sediment and sea water to determine the contamination of BTs to avoid problems in the fishing areas 

in the future. 
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