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Validation of analytical method for determination of
tributyltin (TBT) in soils and bottom sediments
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Abstract: Tributyltin (TBT) belongs to the group of persistent pollutants harming the marine environment. It is a danger to many aqu-
atic organisms, especially those inhabiting seabed sediments. TBT was used mainly in production of antifouling paints ap-
plied on ship's hulls. Currently, it is prohibited to use most products containing TBT [6; 8; 16].

The objective of this study was to confirm applicability of the method for determining the levels of tributyltin compounds in
soils and bottom sediments which remains in accordance with the HELCOM recommendations [11]. In Poland, there is no suf-
ficient data on the levels of TBT concentrations in the Baltic Sea, which is why it is so important to monitor these compounds
in the seabed sediments, where they tend to accumulate.
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Streszczenie: Tributylocyna (TBT) zaliczana jest do trwatych zanieczyszczen $rodowiska morskiego. Zagraza wielu organizmom wodnym,
zwiaszcza bytujacym w osadach dennych. TBT wykorzystywana byta gtéwnie do produkdji farb przeciwporostowych uzywanych
do malowania kadtubow statkow. Obecnie stosowanie wiekszosci srodkéw zawierajacych TBT zostato zabronione [6; 8;16].

Celem przeprowadzonej walidacji byto potwierdzenie mozliwosci stosowania metody oznaczania zawartosci tributylocyny
w osadach dennych i gruntach zgodnej z zaleceniami HELCOM [11]. W Polsce brakuje wystarczajgcych danych o poziomach
stezen TBT w Battyku, dlatego tak wazne jest monitorowanie tych zwigzkéw w osadach dennych, w ktérych sie kumuluja.

Stowa kluczowe:tributylocyna, osad denny, grunt, chromatografia gazowa, Morze Battyckie

Introduction servative, an additive to cotton textiles. It found application in
factories producing wood pulp and paper, in tanneries and in

Tributyltin (TBT) (C,H,),SnX is an organic-metallic compound breweries. Paints that used to be applied on the ship hulls were

containing three Sn-C bonds, where X is an anion, e.g. Cl". The
X group has no significant influence on the compound's prop-
erties, however the alkyl chain length is of great importance
when it comes to the compound's toxicity [3; 7; 9].

Tributyltin is considered to be the most toxic of all organotin
compounds, and its usage in the majority of products is forbid-
den. It used to be employed primarily as an active substance in
biocides and pesticides. It was also an ingredient of antifoul-
ing paints used on ship hulls, as well as serving as a wood pre-

protecting them against getting colonized by various aquatic
organisms. The ships were more streamlined, burnt less fuel,
and less time had to be devoted to their maintenance in the
shipyards. Unfortunately, what was not taken into account was
the paints’impact on the environment [3; 6; 14; 15].

The organotin compounds are heavily accumulated in the sea-
bed sediments. This is related to the risk of polluting the water
environment, and their toxicimpact on the benthic organisms.
That is why the level of accumulation and the adverse effects
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these compounds have on various organism in the food chain
need to be examined [6; 7; 15].

TBT causes both chronic and acute poisoning of most sensi-
tive aquatic organisms, such as zooplankton and molluscs [8].
It causes hormonal disturbances, physiological changes, and
problems with reproduction of the organisms [1; 4; 12; 14].

Tributyltin degrades quite rapidly in the marine environment,
butitadsorbs onto the sediment particles, where the degrada-
tion processes are much slower, and may even take many years
[8]. The highest levels of the compound's concentration in the
environmental samples were found in the bottom sediments
taken from the shipyard basins [4; 8].

The ban on using the products containing organotin compounds
was an important action from the point of view of environmental
protection. However, it is necessary to continue to monitor them,
track their further fate, and estimate the threats they pose [5; 8;16].

The Member States of the European Union, includingalso Poland,
need to prevent deterioration of the surface waters, as well as take
all necessary measures to achieve and maintain a good ecologi-
cal status and potential, and a good chemical status of the surface
water and groundwater, which has been included in, and con-
firmed by the recommendations of the Water Framework Direc-
tive [20]. Transposition of the WFD rules into the Polish national
legislation took place primarily due to adoption of the Water Law
with its implementing acts. One such act is the Regulation of the
Minister of Environment of 21 November 2013 (Journal of Laws
of 2013, item 1558), the Annex 1, point 2), amending the regula-
tion concerning forms and ways of conducting the monitoring
of surface and groundwater bodies, which suggests a scope and
frequency of sediments testing for the purposes of analysis of
long-term trends in changes of the concentrations of the priority
substances and other bioaccumulable contaminants, as well as
mentioning the tributyltin compounds (tributyltin-cation) as an
indicator that should be tested once every three years.

The HELCOM report (HELCOM 2009) classifies tributyltin at
the top of the list of chemical compounds that should be mon-
itored in the Baltic Sea, as well as placing an emphasis on the
lack of data concerning these compounds [8; 11; 16]. In 2015,
HELCOM approved changes concerning the obligation to per-
form research on the level of TBT content in material dredged
from the area of the Baltic Sea [2].

The present work presents only a technical report about the vali-
dation of confirming applicability of the method for determining
the levels of tributyltin compounds in sediments and soils, which
remains in accordance with the HELCOM recommendations [11].

The research material

In the validation process, sand samples from the sea and fine
sediments were used. The sand samples were free from tribu-

tyltin impurities, while in case of the fine sediments, the ex-
pected TBT concentration was the one defined by the Ramboll
Analytics accredited laboratory (Lahti, Finland). As an accred-
ited test laboratory, Ramboll Analytics designates the organo-
tin compounds adhering to the ISO 23161 standard.

In order to verify the concordance of the obtained results, a
certified reference material PACS-3 of the National Research
Council Canada was used.

The research methods

The chosen research method was the procedure following the
Polish PN-EN SO 23161 standard. Tributyltin-cation (TBT) was
determined in the samples subjected to analysis with use of
the internal standard: the tripropyl-tin chloride.

The operating range for the method of determining tributyltin
in the sediments was set at: 0,01—6,0 mg-kg"s.m.

The final determination of the analyte in the sample was per-
formed via the gas chromatography technology with mass
spectroscopy detection (GC-MS), subsequent to derivatization
of the analyzed substance. Concentration of the analyte in the
sample was determined with application of the calibration
curve technique of the external standard calibration.

In order to determine the organotin compounds, two alterna-
tive methods of extraction may be employed: the acid extrac-
tion, and that with a methanolic potassium hydroxide solution.

Acid extraction

To the pre-weighted 1g of dry samples of the seabed sediment
there was added the internal standard, and the extraction
mixture (acetic acid:methanol:water — 1:1:1). Serving as the
internal standard for the tributyltin was the tripropyl-tin chlo-
ride (TPT). This mixture underwent sonification in ultrasonic
bath. The samples were centrifuged in order for the phases
to get separated. The liquid phase was subjected to another
extraction. To the mixed extracts there was added the NaOH
solution, and the pH was adjusted to the level of 4.5. In order
for the analyte to be derivatized, sodium tetraethylborate in
tetrahydrofuran and hexane were added. The solution was be-
ing stirred at room temperature.

Extraction with the simultaneous alkylation
and derivatization

To the pre-weighted 1g of dry samples of the sediment there
was added the internal standard and water, thus producing a
slurry, 20% of which was solid material. Next, methanolic po-
tassium hydroxide solution and hexane were added. The sam-
ple was either heated at temp. of 70°C for 1 hour, or subjected
to sonification in the ultrasonic bath, and shaken out, or was
left for 12 hours at room temperature. Then, the samples were
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acidified until the pH was equal to 4.5. Acetate buffer was then 7 TBT 0,01- 0,20 [me/ke]
added. The derivatizing reagent (sodium tetraethylborate in E
tetrahydrofuran) was introduced into the thus prepared sam- 5
ple, which was then shaken for 2 hours. The derivatization pro- 24
cedure was repeated. The phases were separated by means of z,
centrlfu’gatlon 2 ¥ = 1,0084x + 00,0659
R: =1,0000

1
From this point on, both extraction techniques - the acid one, . . . . . . . .
and the one with alkylation and derivatization - follow the o 1 2 3 2 5 5 7

mi/ml

same path.
Fig.1. Calibration curve as with use of acid extraction, and derivatization:

The hexane phase was dried and enhanced. The hexane ex- 0.01-0.20 mg-kg-1.

tract obtained in this manner was then purified on columns

filled with silica gel and anhydrous sodium sulfate. Elution

was carried out with use of a hexane:acetone mixture (95:5). )
) ; |00 TBET0.20 - 6.00 [mg-kg?]

The enhanced eluate was next subjected to chromatographic

lysis (GC-MS) “’”
analy . e

. . . 500
For each series of the analyses, there should be performed si- 2 400
multaneously a blank test adhering to the selected extraction * 200
procedure, and with use of the same amounts of all the reagents. 200 v’l’:i:::;?az
100 )
Validation parameters o ' ; ‘ i i ' '
o] 100 200 300 400 500 600 700
mifml

The calibration curves were prepared based on an analysis of
the calibration standard solutions, encompassing the operat-
ing range, and demonstrating a linearity in this regard. Lin-
earity for both analytical methods was checked by 7-gradual
external calibration. However, to better illustrate the linearity,
the operating range was divided into two sub-ranges: ;-

¢ 0.01—0.20 mg-kg's.m.

¢ 0.20—6.00 mg-kg's.m.

Fig. 2. Calibration curve as with use of acid extraction and derivatization:
0.20-6.00 mg-kg-1.

TEBT0.01- 0.20 [mg-kg?]

In the following figures (Fig.1—4/Rys. 1- 4) there are presented g

. . . . =L
the obtained calibration curves for both of the extraction pro- 7
cedures across the entire operating range. 2 1

¥ =1,056%+ 0,0836
14 R?=0,9984

Captions: A — analyte peak's area; A, — area of the internal o i i i i i i :
standard's peak; m, - weight of the organotin cation (TBT); m,— o ! ? 3 il N > 8 7

weight of the organotin cation (TPT).
Fig.3. Calibration curve as with use of simultaneous alkylation and

derivatization: 0.01-0.20 mg-kg-1.

Results
Comparison of the extraction processes 800 TBT 0,20 - 6,00 [mg-ke* ]
700
While performing the validation process for the method in 500
question, the equivalence between the extraction processes 500
selected for use was investigated. g a00
300
The validation compounds were obtained in 4 analytical series 200
of 7samples for both sand and sediment respectively. 100 oy
o T T T T T T 1
In Table |/Tabela | there the results obtained for both of the ° e 0 0 e 1 =0 50 =0
chosen eXtraCtIO,n proc.esses are tabulate,d' After comparing Fig. 4. Calibration curve as with use of simultaneous alkylation and
the results obtained via the two extraction procedures, the derivatization: 0.20-6.00 mg-kg-1.

possibility of using them interchangeably was confirmed.
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Tab. I. Comparison of the results obtained via the acid extraction and derivatization method, and via the simultaneous alkylation and derivatization method.

CONCENTRATION

CONCENTRATION
WHILE USING THE

NO.  ANALYTE PEAKAREA MATRIX METHOD

ACID EXTRACTION

WHILE USING THE
SIMULTANEOUS

AND DERIVATIZATION

METHOD [uG KG ]

acid extraction

seabed sediment
procedure

1 706.9
acid extraction

procedure o861

2 1711 sand
simultaneous
alkylation

procedure

3 1816.7 seabed sediment 0.921

simultaneous
alkylation
procedure

4 529.3 seabed sediment

recision and repeatability of the extraction processes

In order to assess the precision, a spread of the obtained de-
termination results around the mean value, there was carried
out a series of sand (n=21) and sediment (n=28) analyses with
addition of the standard, repeated with different concentra-
tions including the operating range. Repeatability in analyzed
samples was assessed on the basis of the standard deviation
values of a series of measurements performed by a given ana-
lyst, in a given laboratory, and with use of a given measuring
device [10;13].

Analysis of sands and seabed sediments was performed for a
weighted amount of 1g.

Tables II,and I11/Tabele I1i 11l presented below illustrate the val-
ues of repeatability and precision of the method as obtained
with the use of different environmental matrices (sand, sea-
bed sediment).

Correctness and accuracy of the analytical method

Accuracy, as a convergence between the value of a quantity
as measured by an analyst, and the value of the true quantity
[10], was assessed with use of a certified reference material,
and presented in a table form with use of the deviation from
thetrue value,and the measurementerror. Correctness, i.e. the
degree to which a determination result is consistent with the
expected value [10], was assessed based on a series of meas-
urements of the certified reference material, and presented in
Table IV/Tabela IV with application of deviation from the true
value for the average value of all measurements in a series, and
the error for the average value of all measurements in the se-
ries. The value presented below was obtained via the calcula-
tions that also took into account the recovery.

The results of the TBT determination fall within the specified
range of the certified reference material PACS-3 of the Nation-
al Research Council Canada. However, the obtained values are
below the expected value that may result from analytical pro-
cedure, which is extremely complicated and gives acceptable,

0.696

0.389

ALKYLATION AND DIEEERENCE =D
DERIVATIZATION

[HGKG7]

0.741 0.045 0.032
0.915 0.054 0.038
0.980 0.059 0.042
0.413 0.024 0.017

Tab. Il. Compilation of statistical parameters of the method for determining
TBT in sands with addition of the tributyltin chloride standard.

PRECISION WITHIN THE

RANCE RECEATAR NI REPEATABILITY LIMITS [%]
0.01-0.20 mg-kg-1 19.97 7.55
0.20-6.00 mg-kg-1 2.03 2.78

Tab. I11. Compilation of statistical parameters of the method for determining
TBT in seabed sediments from the Port of Gdynia.

PRECISION WITHIN THE

RANGE RECERTABIIY % REPEATABILITY LIMITS [%]
0.01-0.20 mg-kg-1 5.24 8.43
0.20-6.00 mg-kg-1 5.05 6.81

but low recovery. This tendency is confirmed by other labo-
ratories [17]. The value of the method's accuracy is 10.31% on
average, and it is satisfactory with applying such complicated
extraction procedures.

Selectivity of the examination procedure

Selectivity is the possibility to determine accurately and precise-
ly the analyte content in a sample with other components pre-
sent. The bigger the amount of the expected product and less
of a byproduct, the more selective a reaction is. Selectivity of a
method is assessed on a basis of identification of the substances
disturbing the analysis, and the ways of eliminating their im-
pact [13]. The substances that disrupt the analysis, which may
have an influence on the result of the organotin compounds
determination via the chromatographic method are the borax-
anes, which are removed on the columns filled with silica gel.

The recovery

The recovery value tells us whether a test method and the ex-
amined matrix have any influence on the test's results (wheth-
er they cause any losses of the analyzed object) [13].

In Table V/Tabela V there are presented parameters of statisti-
cal processing of the recovery values obtained for various ma-
trices and concentrations of the examined analyte.
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Tab. IV. Correctness and accuracy as determined with use of a certified reference material.

NO. 1
The expected value

0.41+/-0.04
[mg kg-1]
The obtained value 037
[mg kg-1] ’
Deviation from the true value [mg kg-1] -0.044
Single measurement error [%] -10.66
Accuracy (single measurement absolute error) [%] 10.66
Deviation from the true value for the measurement series’
average value 0.042
[mg kg-1]
Correctness (error for the measurement series’ average e

value) [%]

The tD value is compared with the critical value of the bilat-
eral distribution t_ for n-1 degrees of freedom, and the level
of confidence equal 95% (n —is the number of results used in
estimating the recovery). If the t value is lower than the critical
value, the recovery can be passed over. If the t value is higher
than thecritical value t, thenitis necessary to apply the adjust-
ment factor (1/recovery).

TA =10.91>t_ = 2.086
TB =8.13>t  =2.086
TA =16.11> t.= 2.086
TB =12.29> tcrit =2.086

In case of analysis of tributyltin in sediments and sands, it is
necessary to use the adjustment factor (1/recovery).

Discussion

The two extraction processes are interchangeable. The differ-
ences in the levels of concentration obtained by means of the
acid extraction do not differ from the ones obtained via the si-
multaneous alkylation and derivatization method in any sta-
tistically relevant way.

Repeatability was determined on the basis of values of stand-
ard deviations calculated for four series of samples of sands and
sediments. Each of the series consisted of seven separately pre-
pared samples for two different ranges of concentrations. In case
of the sediment, repeatability amounted to approx. 5%, while in
case of the material used in the comparative studies described
in the PN-EN ISO 23161 standard it was equal to approx. 9.7%.
Thisis an evidence that the laboratories determining tributyltin
allow for a similar margin of error. The obtained precision was
also good - dispersion of the results was not significant.

The accuracy and trueness were calculated on the basis of an
analysis of TBT content in samples of the reference material.

2 3 4 5

0.37 0.37 0.37 0.37
-0.043 -0.044 -0.041 -0.039
-10.57 -10.82 -9.92 -9.61
10.57 10.82 9.92 9.61

Tab.V. Compilation of the statistical parameters.

SAND SEDIMENT
A B
0.003 0.037
0.3 0.15
Concentration of the analyte [mg/kg]
0.88
1.10
Average recovery [%] 84.98 79.13
Standard deviation 7.36 9.9
Precision 0.09 0.13
Number of measurements n 21 28
Significance of recovery factor tD 7.94 8.83

Takinginto consideration how complicated the extraction pro-
cedures are, the value of accuracy equal to about 10% is satis-
factory.

The method is selective, and it does not produce an interfer-
ence of other components; the signal is generated solely by
the analyte.

The applied examination procedure is laborious and time-
consuming. Most of the analytical procedures of determining
tributyltin presented in the publications are similar to one
another, and also time-consuming. They differ in terms of ex-
traction type, and solvent used for this purpose, as well as the
derivatising reagent [3; 7]. During development and validation
of the different methods described in many articles [18; 19]
and International Standard [17], it was found that laboratories
need to gain experience in dealing with the complexity of the
compounds and the determination method.

Conclusions

The obtained data confirm the correctness of the carried-out
validation. Thus, suitability of the method for determining
tributyltin in soils and seabed sediments has been docu-
mented in accordance with the binding legal regulations.

BMI 2015; 30(1): 189-194

DOI:10.5604/12307424.1185609

www.bullmaritimeinstitute.com



INDEX ((@‘ COPERNICUS

1

N T E R N A T I

O N A L

ORIGINAL ARTICLE

Bulletin of the Maritime Institute in Gdansk

The above-described method may be successfully applied in
a laboratory. The Laboratory of the Environment Protection is
the only one in Poland that has been granted accreditation to
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