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Tributyltin (TBT) is one of the most toxic anthropogenic compounds introduced into the aquatic environ-
ment. It has a relatively high affinity for particulate matter, providing a direct and potentially persistence
route of entry into benthic sediments. To understand TBT behavior, computational programs are an
exceptionally helpful tool for modeling and prediction. EPISuite program was used for evaluation of
the prediction data including fate, persistence and toxicity from the partition coefficient values. Without
experimental data, the model is useful for prediction but is essentially a default model. A site specific
assessment is possible by measuring the partition coefficients and entering the experimental values
obtained into the model. This paper describes the results of a study undertaken to determine the partition
coefficients and the effect of various parameters on such partition coefficients. The octanol–water parti-
tion coefficient (Kow) was determined by the OECD shake-flask method, with the logarithm values
obtained ranging from 3.9 to 4.9 depending on salinity. The sediment–water partition coefficient (Kd)
was determined by ASTM method of generating Freundlich adsorption isotherms, the obtained values
ranged from 88 to 4909 L kg�1 depending on sediment properties, salinity, pH, and temperature. The
experimental partition coefficient Kow and Koc (calculated from Kd) were used as input data into the pre-
diction program to provide accurate values for the natural samples in situ. The experimental prediction
showed lower toxicity than the default model, but represent actual toxicity and accumulation at the nat-
ural site. Moreover, the environmental fate was significantly different when the experimental values and
the default values were compared.

Crown Copyright � 2009 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Tributyltin is one of the most toxic anthropogenic compounds
introduced into the aquatic environment. It has been widely used
mainly as antifouling paints and wood preservatives due to its
biocidal property (Hoang et al., 1982; Rudel, 2003). Its production
increased significantly in the 1950s which raised the level of TBT in
the environment. Due to the persistent nature and bioaccumula-
tive potential, TBT has been classified as a persistent organic
pollutant (Langston and Pope, 1995) which also has a high toxicity
towards organisms (Antizar-Ladislao, 2008). The usage of TBT and
its derivatives has drawn concern about the potential damage to
organisms and mammals in ecosystems. Following a recommenda-
tion by the International Maritime Organization (IMO, 2002), its
application as an antifouling paints is now regulated in most coun-
tries. Nevertheless, TBT is still present in many aquatic systems at
concentrations that cause adverse physiological effects on both
009 Published by Elsevier Ltd. All r
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organisms and mammals (Antizar-Ladislao, 2008). Therefore, the
determination of partition coefficients and also the adsorption
behavior are vital to verify the environmental fate and toxicity of
TBT. The adsorption behavior of TBT in solid-water system has
been investigated in terms of the solid-water partition coefficient,
Kd (ASTM, 2001; Mackay, 2001). The partition coefficient Kd is
found to fit the Freundlich equation depending on TBT concentra-
tion (Langston and Pope, 1995). The Kd values reported vary from
10�1 to 106 L kg�1 depending on the conditions and method
(Dowson et al., 1993; Langston and Pope, 1995; Burton et al.,
2004, 2006). Moreover, partitioning of TBT, DBT and MBT by
in situ solid/pore-water were determined at different depths at
south-east Queensland, Australia. The partitioning, Kd and Koc were
varied at different estuarine sediment profile (Burton et al., 2005).
The most comprehensive standard method published that was
found suitable for this work in determining Kd is ASTM E1195-
01. Quantification of the partition coefficient in the previous re-
ports was not carried out precisely according to this standard
method. Variations included for example, the use of dried or frozen
sediment, the degree of water purity used, the ratio of solid:water
ights reserved.

http://dx.doi.org/10.1016/j.chemosphere.2009.09.046
mailto:sornnarin.bangkedphol@strath.ac.uk
http://www.sciencedirect.com/science/journal/00456535
http://www.elsevier.com/locate/chemosphere


S. Bangkedphol et al. / Chemosphere 77 (2009) 1326–1332 1327
for the experiments or the equilibrium time used. Moreover differ-
ence in the partition behavior of TBT reported in the literatures
indicates variation of the partition coefficient as a function of salin-
ity (Hoch, 2004). Previous studies on the effect of salinity have not
covered the full salinity range and therefore interpretation may be
erroneous as the effect of salinity is a parabolic curve (Harris and
Cleary, 1987; Unger, 1988). Thus when the complete range is ob-
served it leads to a contradiction of findings of relationships be-
tween Kd and salinity.

The influence of pH on Kow is extensively reported (Tsuda et al.,
1990; Avery et al., 1993; Arnold et al., 1998; White et al., 1999;
Looser et al., 2000) but only one report also described the effect
of salinity on Kow. However, again the complete salinity range
was not studied (Burton et al., 2004). In addition, partition coeffi-
cients of TBT are often only presented without the prediction of
environmental fate, persistence and toxicity using the experimen-
tal partition coefficient values obtained to create accurate predic-
tion values for each natural site.

Therefore, in this study, the experimental partition coefficients
were derived based on standard methods. The variations of parti-
tion coefficients were investigated as a function of TBT concentra-
tion, time, solid:water ratio, pH, salinity, sediment type and
temperature. Subsequently, the coefficients obtained from the
experiments and program calculations from EPISuite (V4.0) were
compared (EPA, 2009). Also the environmental fate, toxicity and
persistence were predicted using the experimental partition coeffi-
cients as the input for the program to create a more accurate model
for a specific site.
2. Materials and methods

2.1. Chemicals and instruments

All reagents were used without additional purification. The ana-
lytical standard, tributyltin chloride (96% purity), tropolone (98%
purity) and hexylmagnesium bromide solution (2 M in diethyl
ether) were obtained from Aldrich (Steinheim, Germany). Triethyl-
tin chloride (98% purity) was purchased from VWR International
Inc (West Chester, USA) and was used as an internal standard. All
solvents were HPLC grade obtained from Merck (Darmstadt, Ger-
many). All reagents used were of analytical grade. The PerkinElmer
model 785A UV/VIS HPLC system (Waltham, Massachusetts, USA)
was equipped with 20 lL injection loop. All HPLC tubing parts
were replaced with polyether ether ketone (PEEK) components.
The chromatographic column used was an ultra cyano column
(5 lm, 250 mm � 4.6 mm i.d., Restek, UK). The powder X-ray Dif-
fractometer (XRD) was carried on a Philips PW 1830 system (Alme-
lo, Netherlands).
2.2. Sample collection

Sediment and water samples were collected from potentially
polluted areas. The samples were collected in March 2008 at Bowl-
ing Basin and Port Dundas, Glasgow, UK. The study area is part of
the Forth and Clyde Canal system which had been a main water-
way between the west and east coast of Scotland. While boat activ-
ity is still present at Bowling Basin, Port Dundas has been inactive
for many years and is no longer part of the canal network. In this
study, samples collected from Bowling Basin were used to deter-
mine the partition coefficients and subsequently predict the
behavior of TBT in the natural environment. Potentially uncontam-
inated sandy samples were collected from the Clyde River (taken
six miles upstream from Glasgow) to study and compare the
adsorption behavior of TBT.
All sediment samples were collected from the surface layer at
the top 15 cm of the solid profile using a dredge sampler and
passed through a 2 mm sieve before storage in polyethylene bags.
Surface water samples were collected and stored in polypropylene
bottles. The samples were kept refrigerated and analyzed within
3 d.

2.3. Octanol–water partition coefficient (Kow) of TBT

The Kow was determined by following the OECD guideline 107
(shaking flask method) at constant temperature, 20 �C (OECD,
1995). The method allows the user to select the TBT concentration
in octanol and the ratios of octanol–water; however, a balance be-
tween these parameters is strictly required. The volume ratios be-
tween octanol and water studied were 1:1, 1:2 and 2:1. The Log
Kow value was obtained from the average results (n = 3) of each ra-
tio, where the results varied by less than ±0.3 units, which was
achieved by maintaining the concentration of TBT dissolved in
the octanol less than 300 lg mL�1. The effect of salinity on Kow

was studied. The salinity of the water was estimated using stan-
dard methods for the examination of water and wastewater which
converts the conductivity measured into salinity (practical salinity
units; psu) (APHA, 1999). Freshwater salinity is usually less than
0.5 psu, brackish or estuarine water is between 0.5 psu and
17 psu, and ocean salinity is between 32 psu and 37 psu (APHA,
1999). In addition, the Kow value of the canal water sample from
Bowling Basin was investigated.

For TBT analysis, 0.2% NaCl was added to a 10 mL aliquot of the
aqueous phase, and then extracted at pH 1.7 with 0.05% tropolone
in hexane. TBT was quantified using normal phase HPLC on cyano-
propyl column with hexane containing 5% THF and 0.03% acetic
acid at flow rate 0.8 mL min�1 (Bangkedphol et al., 2008). The
amounts of TBT in organic phases were determined by subtraction
from the total amount of TBT in the system (300 lg mL�1). Then,
the results were compared to the Kow value from the computa-
tional program (default value).

2.4. Sediment characterization and TBT contamination

The sediment was characterized by pH, total organic carbon
(TOC), moisture content, and particle size distribution. TOC and
moisture content of the sediments were determined based on
ASTM standard D2974-87 (ASTM, 2000). The carbonate content
of sediment was assessed using the method from Horvath (Horvath
et al., 2005). This simple method initially determines the presence
of carbonates by the addition of HCl and confirms the presence of
CO2 by observation of the bubbles produced. Particle size distribu-
tion of the sediment was carried out using specific gravity mea-
surements by hydrometer based on ASTM standard D422-63
(ASTM, 2002). The clay minerals in sediments were identified by
XRD technique. The initial TBT concentration in sediments was
determined from 5 g sample, on a dry weight basis. In water
samples the initial concentration was determined from a 500 mL
sample. The samples were extracted and analysed using NPHPLC
method (Bangkedphol et al., 2008).

2.5. Solid-water partition coefficient (Kd) of TBT

The adsorption of pollutants from water to sediment is based on
the Freundlich equation (EPA, 1999; ASTM, 2001; Mackay, 2001).
Kd values of TBT were determined by ASTM standard E1195-01
to measure TBT adsorption behavior (ASTM, 2001). This involves
4 main steps. Firstly, in accordance with the standard method, ra-
tios between the solid:water were optimized when the volume of
water was fixed at 20 mL. The amounts of sediment used were 0.1,
0.2 and 0.4 g which represent 1:200, 1:100 and 1:50 sediment to
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Fig. 1. Log Kow of TBT in water of various salinities.
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water ratio, respectively. The concentrations of TBT in water were
40, 80, 120, 160, 200, 240 and 300 lg mL�1. Secondly, the working
range and highest concentration of TBT in water that was consid-
ered to follow the Freundlich adsorption isotherm was determined.
Then, the adsorption times were varied from 15 min to 24 h at
20 �C using the highest concentration of TBT to achieve the equilib-
rium time, which was then set for the subsequent experiments. Fi-
nally, the Kd value was investigated by varying the TBT
concentration in water and shaking at the equilibrium time. In
addition, the standard method for Kd determination also requires
specific Type IV reagent water, that is water of conductivity less
than 5 lS cm�1, electro-resistivity less than 0.2 ohm cm, and pH
range from 5.0 to 8.0 (ASTM, 2008). The Kd value using natural
water from Bowling basin was also examined and compared with
the Kd value from Type IV water.

The major parameters that influence Kd studied in this work
indicate TBT adsorption behavior and fate in the natural environ-
ment. This understanding leads to more efficient modeling and
remediation processes. The parameters studied were sediment
type, pH, salinity and temperature in the range where they practi-
cally occur in natural conditions. Sediment from Bowling Basin was
used, and also sediment from the other two areas from the Forth
and Clyde Canal, UK were considered and compared for sediment
type variation. The salinities were studied at 0, 15, 32, 50 and
100 psu which represented the range of salinities from freshwater
to greater than full strength seawater. The salinity of Type IV water
was adjusted by adding KCl because potassium is absorbed in
water better than NaCl (APHA, 1999). Water at various pH values
(4, 5, 6, 7 and 8) was obtained by adjustment with 0.1 M HCl or
0.1 M NaOH. The pH of water was measured before and after the
experiment. The study temperatures were varied from 20 to
50 �C using incubator shaker.

Koc, the organic carbon partition coefficient, was calculated from
the obtained experimental Kd value as presented in Eq. (1) (ASTM,
2001; Mackay, 2001). Then, the results were compared to the Koc

value from the computational program (i.e. the default value).

Koc ¼
Kd

%OC
� 100 ð1Þ
3. Results and discussion

3.1. Octanol–water partition coefficient (Kow)

TBT contamination in the environment has the potential for bio-
accumulation. To predict the possible accumulation of TBT in
organisms, the dimensionless octanol–water partition coefficient
(Kow) is used. Octanol represents lipids because of its similar car-
bon to oxygen ratio. The octanol–water partition coefficient is a
measurement of the lipophilicity of a substance. Kow value is de-
fined by Eq. (2) (OECD, 1995).

Kow ¼
Concentration in octanol ðlg=mL�1Þ
Concentration in water ðlg=mL�1Þ

ð2Þ

The Log Kow values obtained from the experimental and default
values are 3.95 ± 0.05 and 4.70, respectively. This shows a disparity
in the experimental values and the values given from the compu-
tational model. Because the default values were estimated from
the properties of TBT without accounting for local environmental
conditions, the potentially influencing parameters were studied
in an attempt to explain the difference of Log Kow. Salinity affects
water solubility and causes ‘‘salting out”, which can change the
Kow value (Rydberg et al., 2004). Therefore, the Kow value was
examined in artificial water at various salinities, and also in the
natural water from the site. The results are presented in Fig. 1.
The results show the relationship between salinity of water and
Log Kow. Increased salinity resulted in higher Log Kow values. Great-
er salinity is therefore likely to lead to higher accumulation of TBT
within the lipid of organisms. The water from Bowling Basin, the
salinity of which was 0.2 psu gave a similar Log Kow value to syn-
thetic water at 0.2 psu.

3.2. Solid-water partition coefficient (Kd)

The solid (soil and sediment)-water partition coefficient (Kd) is
of paramount importance in order to predict the behavior and
mobility of pollutants within the environment. The Kd value is
determined as a plot of the Freundlich equation and yields the fol-
lowing linear relationship:

Qe ¼ KdC1=n
e ð3Þ

Log Q e ¼ 1=n Log Ce þ Log Kd ð4Þ

where Qe (mg kg�1) and Ce (mg L�1) denote the sorbed and aqueous
concentration at equilibrium, respectively.

The Eq. (4) is the Log plot of Eq. (3). A single point Kd value has
been used and reported but this results in poor accuracy (Langston
and Pope, 1995). The Kd value obtained from a slope is also used as
presented in Eq. (3) this assumes that n is equal to 1 (Langston and
Pope, 1995; Hoch et al., 2002, 2003; Burton et al., 2004; Keenan
et al., 2008). The Kd value in the current study was obtained from
intercept of a log plot of the Freundlich equation to improve the
correlation coefficient and assess the actual adsorption behavior
of TBT.

The appropriate sediment–water ratio was investigated in
accordance with the standard procedure to obtain the maximum
adsorption of TBT concentration that fitted the Freundlich equation
(ASTM, 2001). The sediments from Bowling Basin were selected be-
cause the site is still active, with contamination present (Bangked-
phol et al., 2008) and therefore the prediction will be applicable.
Following Eq. (4), the working concentration range of TBT in water
was decided for Kd identification (ASTM, 2001). At 20 �C, the sam-
ples were shaken for 24 h to reach the equilibrium and the results
are presented in Fig. 2a.

Fig. 2a shows that the sediment–water ratio at 1:200 gave the
maximum capacity of TBT on the sediments. The highest concen-
tration of TBT tested in water (300 lg mL�1) for sediment–water
(1:200) was ignored as the adsorption behavior did not fit the Fre-
undlich adsorption isotherm. Log Kd can be identified by the inter-
cept on the y-axis of the Log plot in Fig. 2a. Under these conditions,
the Log Kd of TBT for the Bowling sediments was 3.64. The
maximum TBT concentration in water from the experiment with
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Table 1
Properties of the sediment from the three study sites.

Sediment
sample

pH Moisture
content (%)a

TOC (%) Particle size analysis (%)

Sand Silt Clay

Bowling Basin 8.0 3.23 12.1 7.67 63.5 28.8
Port Dundas 8.0 2.85 17.4 17.4 53.0 29.6
Clyde River 7.5 0.37 1.21 79.5 0.97 19.5

a Wet sample moisture content required for recalculation to dry basis.
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sediment–water (1:200) was used to determine the equilibrium
time. Time scales were varied from 15 min to 24 h. The results
are presented in Fig. 2b. This figure shows that the adsorption of
TBT on the sediment was almost steady after 6 h. Therefore, the
shaking time was fixed at 12 h. The optimum conditions so estab-
lished were used in subsequent studies on the influence of other
parameters on the partition coefficient Kd.
3.3. The effect of sediment properties, salinity, pH and temperature on
Kd

The quality of water affects the adsorption of TBT on sediment.
The Log Kd values were 3.64 for Type IV water and 3.34 L kg�1 for
water taken from the Bowling Basin. The lower Log Kd in the natu-
ral water is possibly due to the pH (pH 8) and salinity (0.2 psu)
which were different from the Type IV water at pH 7.0 and zero
salinity. Therefore, the effects of these parameters on the adsorp-
tion behavior were studied. The results were input into the model-
ing program with the new values obtained providing a more
accurate assessment for the natural conditions in terms of the tox-
icity, persistence and fate of TBT.
3.3.1. Effect of sediment properties
The characteristics of the sediments collected are presented in

Table 1. The sediment samples were also tested for carbonate
which proved negative. Therefore, the total organic carbon is con-
sidered similar to the organic matter in sediment (ASTM, 2000).

The isotherms of TBT on sediments were obtained at the opti-
mum condition for the adsorption i.e. a sediment–water ratio of
1:200 and 12 h shaking time. The results from adsorption isotherm
show that the Log Kd of sediments from Bowling Basin, Port
Dundas and the Clyde River were 3.64, 3.48 and 1.95, respectively.
The sediments from Clyde River which contains considerably less
organic carbon than the other sites had the lowest Log Kd. The re-
sult supports previous findings that organic matter in sediment in-
creases the adsorption of TBT (Unger, 1988). Conversely, even
though the organic carbon content in Bowling Basin sediments
was lower than in Port Dundas, a higher Log Kd was found. It is pos-
sible that this phenomenon could be explained by the types and
proportions of clay minerals present. Therefore the clay minerals
in the three sediment samples were identified by XRD. Results of
semi-quantitative analysis of the clay minerals are presented as
relative intensity ratios of kaolinite/illite/quartz. The 2h of the main
peak of montmorillonite, kaolinite, illite, quartz are 5.89, 14.05,
16.93 and 26.65, respectively. Montmorillonite in the Forth and
Clyde Canal samples was below the limit of detection. The relative
intensity ratio (kaolinite/illite/quartz) of clay minerals in sedi-
ments from Bowling Basin, Port Dundas and the Clyde River were
1/3.0/1.5, 1/2.8/0.8 and 1/1.8/3.8, respectively. Generally, the affin-
ities of the sorbents for TBT at pH 8 are reported to be in the order
of kaolinite < kaolinite-illite mixture < montmorillonite � illite
(Hoch et al., 2002). In addition, low adsorption affinity of kaolinite
was supported by the hydrogen bonding in the structure. Hydro-
gen bonds keep the structure relatively rigid and prevent the
entering atom or molecule being adsorbed on the kaolinite struc-
ture (O’Neill, 1998). The Bowling Basin sediment appears to con-
tain the highest proportion of illite, therefore this can explain
why it showed a greater Log Kd even though it contained lower or-
ganic carbon content than the sediment from Port Dundas.

In general, organic carbon is believed to be a major factor to
predict the adsorption behavior of TBT on sediment. However, this
study demonstrates that the clay minerals are also important. In
samples with similar organic carbon content, the nature of the clay
minerals present may strongly affect TBT sorption behavior.

3.3.2. Effect of salinity
The effect of salinity was studied on the Bowling Basin sedi-

ments with water at various salinities. The salinity range was var-
ied from 0 to 100 psu. Following the Eq. (4), The Kd values at
various salinities of water were investigated. The results are shown
in Fig. 3.

Fig. 3 shows that adsorption was greatest in freshwater, de-
creased at low and intermediate salinities, and then increased
again at high salinities. This could be explained by the capacity
of TBT to show characteristics of both metal ions and hydrophobic
properties with respect to partitioning. It is typical of hydrophobic
compounds that the adsorption of TBT increases with salinity be-
cause of ‘‘salting out” (Harris and Cleary, 1987). However, at low
salinity the decreasing of TBT adsorption is more consistent with
the behavior of metal cations (Unger, 1988). At higher salinities,
more competition for adsorption sites by cations, in this case K+,
led to less negatively charged particulate matter and resulted in
decreased adsorption.

3.3.3. Effect of pH
The pH is an important factor in controlling the partitioning

of butyltin compounds, since this parameter not only affects the
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surface properties of the clays but also the aquatic chemistry of the
organotin species (Hoch et al., 2002). Varying the pH of the system
was achieved by addition of acid or base (0.1 M) (Burton et al.,
2004). The effect of pH on Kd was studied for the Bowling Basin
sediments with water at various pH. The pH of water was mea-
sured before and after the adsorption experiment to confirm that
it was constant. The variation of Log Kd values are presented in
Fig. 4.

The results show the highest adsorption of TBT occurs at
approximately pH 7. The finding was support by Said-Pullicino
and Vella, 2005 who demonstrate the highest adsorption of TBT
on municipal solid waste at pH 6.7 (Said-Pullicino and Vella,
2005). There are two main reasons as to why this should occur:

1. The pKa of TBT is approximately 6.51 depending on the exper-
imental conditions (Fent and Looser, 1995). At pH < pKa, cations
are formed as the predominant species in water, when pH > pKa
the neutral hydroxo-complex TBTOH dominates as shown in Eq.
(5).
3.62
0 10 20 30 40 50 60

Temperature (oC)

Fig. 5. Relationship between Log Kd (from Freundlich adsorption isotherm; n = 3,
SD < 0.0004%) and temperature of water.
TBTþ � nH2O$ TBTOHþHþ pKa ¼ 6:51 ð5Þ

2. The zero point of charge (pHzpc) is the pH at which the surface
exhibits a neutral net electrical charge. The pHzpc of clay min-
erals including kaolinite, illite, montmorillonite is approxi-
mately 4 (Hoch et al., 2003). Thus, raising the pH over 4
increases the negative charge on the surface of the clay miner-
als. In contrast, these clays exhibit a positive charge at pH < 4.
Therefore, the adsorption zone is in the range of pH 6–7 and this
gives the highest adsorption of TBT on sediment surface. At pH
7, number of cationic species exist are sufficient to bind with
negative charge clay surface. Therefore, this suggests that elec-
trostatic attraction is the driving force for adsorption between
the negative charged clay surface and the positive charged
TBT molecules. Additionally, both cationic and neutral hydroxo-
tin species are presented at pH 6.5 ([TBT+] = [TBTOH]) which
neutral species can adsorb on the organic matter in sediment.
Then partitioning at pH 6.5 was high but still lower than at
pH 7.

3.3.4. Effect of temperature
The effect of temperature was studied on the Bowling Basin

sediments with water at various temperatures. The study temper-
atures were varied from 20 to 50 �C using an incubator shaker. The
results are shown in Fig. 5.

The adsorption of TBT on sediment slightly increases at higher
temperature. This can be clarified in that the adsorption of
atoms/molecules on surfaces and interlayers of sorbents is related
to the Gibb’s surface free energy (Bajpai and Vishwakarma, 2003).
Increasing temperatures reduce the surface tension of water (Rin-
ker et al., 1994), which then lowers the surface free energy (Ip and
Toguri, 1994). These lead to increased adsorption on the sediment
surface.

3.4. Prediction of environmental fate, persistence and toxicity

The experimental values of Log Koc and Log Kow calculated by
the Eqs. (1) and (2), respectively, were compared to calculation val-
ues from EPISuite, as presented in Table 2.

Table 2 shows the considerable difference between experimen-
tal values obtained and the values given from the computational
model, the EPISuite program underestimates Koc but overestimates
Kow. The program calculation uses only the inherent chemical and
physical properties of TBT and does not account for local environ-
mental conditions. The different coefficients lead to dissimilar pre-
dictions of environmental fate, persistence and toxicity.
Subsequently, the experimental values of Koc and Kow were entered
into the program to create a more accurate prediction based on
natural conditions.

A comparison of the prediction data, using both the input from
the experiment and default values, is presented in Table 2 (see bold
font). These include considerable difference between predicted



Table 2
The partition coefficients and comparison of the predictions obtained using experiment and default values as the input for the EPISuite program.

Parameter Log Kd

(L kg�1)
Koc = Kd � 100/%OC
(L kg�1)

Log Koc

(L kg�1)
Log Kow Partitioninga (%)/half-lifea (h) Toxicity in fisha (lg mL�1)

Air Water Solid LC50
c (14 d) ChVd (30 d)

Bowling Basin:
experimental

3.34b 18 087 (%OC = 12.1) 4.26 (Koc = 18 197) 4.15 b (Kow = 14 125) 1.98/6 22.3/208 75.7/1870 3.37 0.39

EPISuite program:
default

Not available 12 023 4.08 (Koc = 12 023) 4.70 (Kow = 50 118) 3.65/6 33.9/208 62.4/1870 1.11 0.13

a The prediction data using Koc and Kow as the input values.
b The experimental partition coefficients obtained from Bowling Basin’s sediment and water.
c Lethal concentration 50 is the concentration of a material that will kill 50% of the test subjects.
d Chronic value is the geometric mean of the lower and upper chronic limits.

S. Bangkedphol et al. / Chemosphere 77 (2009) 1326–1332 1331
environmental fate and toxicity of TBT depending on whether
experimental or default input values were used, but the persis-
tence (half-life) was no different because the experimental Koc

and Kow input values affect mainly on the partitioning behavior cal-
culated by EPISuite. Whereas, half-life of TBT in natural conditions
is depend on the surrounding biological and physical properties.
The experimental prediction showed lower toxicity than the de-
fault model for Bowling Basin but this represents the actual toxic-
ity and accumulation at the natural site. Moreover, the
environmental fate in term of partitioning for TBT was very differ-
ent for the experimental values compared to the default values ob-
tained. The percent partitioning to solid was increased. It appears
therefore that bioaccumulation might be greater in mud-dwelling
bottom feeding fish than the program predicates.

The default model is useful as a general indicator of environ-
mental fate and toxicity. However, results based on experimental
data differ greatly from those predicted by EPISuite. Therefore,
experimentally-derived parameters (Koc and Kow) are necessary
for site-specific investigations. This can help with an understand-
ing of real behavior of TBT in a local area and provide more effec-
tive remediation solutions.

One of the most significant findings of this work is the underes-
timate of Koc in the computational model as presented in Table 2. If
the computational calculation in default mode is used in decision-
making, there may be a danger that the solids are not properly
treated and remediated. This could lead to more widespread con-
tamination through environmental transport pathways, risk
maybe magnified, and subsequent costs of remediation maybe in-
creased. It is thus clear that the default model, although useful as a
general indicator of TBT behavior, is imprecise when applied to a
specific site and thus cannot replace experimentation.

4. Conclusions

From default prediction of EPISuite, the partitioning coefficients
were calculated from the inherent chemical and physical proper-
ties of TBT but did not account for the site-specific environmental
conditions. Therefore, Kow, Kd and Koc were derived by experiment.
Experimental values can estimate the actual toxicity, accumulation
at a specific site. The variations of partition coefficients were stud-
ied by Freundlich adsorption isotherms. The Kd values were de-
pended on the following:

(i) Organic carbon and clay mineral content which refers to the
sorption behavior.

(ii) Salinity, TBT showed characteristics of both metal ions and
hydrophobic properties with respect to partitioning. The
sorption was greatest in freshwater and decrease at low
and intermediate salinities indicate that bioavailability is
enhanced in the marine environment. Then the Kd increased
again at high salinities but at values not typically experi-
enced in the environment (100 psu).
(iii) pH, the highest TBT adsorption of this study was at pH7 due
to the charge contained on clay surfaces and dominant spe-
cies of TBT.

(iv) Temperature, the adsorption of TBT on sediment slightly
increases at higher temperature due to the reduction of sur-
face tension and Gibb’s surface free energy.

It could be concluded that modeling based on chemical and
physical properties although a useful tool should never replace
realistic experimentation. In this instance it is inappropriate for
scientists to move entirely away from laboratory testing toward
computational models.
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