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Abstract: Tributyltin (TBT) may negatively affect various organisms. TBT has been used in antifouling paints for the protection of ship
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hulls and hence harbor sediments may contain high concentrations of TBT. This study shows TBT concentrations found in se-
diments from three basins (No. V, VI and VIII) of the Port of Gdynia. TBT concentrations ranged from 291 t0 1,689 ngSn-g" d.w.
and should be classified as highly contaminated and grossly contaminated [20]. These results indicate that TBT in harbor
sediments is an environmental risk that may be emphasized by dredging operations in the region. However, the obtained
results also confirm the global tendency for depreciating content of TBT in port sediments after the global ban on TBT in 2008.

tributyltin, harbor sediments, degradation, dredged material

Tributylocyna (TBT) moze wptywac negatywnie na rézne organizmy. TBT byta stosowana jako komponent w farbach prze-
ciwporostowych do ochrony kadtubdw statkéw, dlatego tez osady portowe mogg zawieraé wysokie stezenia TBT. W pracy
przedstawiono ocene zawartos$ci TBT w osadach z trzech basenéw (nrV, VI i VIII) w Porcie Gdynia. Stezenia TBT zawieraty sie
w zakresie od 291 do 1689 ngSn-g” s.m. i powinny by¢ klasyfikowane jako wysoce zanieczyszczone i razaco zanieczyszczone
[20]. Wyniki te wskazuja, ze TBT w osadach portowych stanowi realne ryzyko Srodowiskowe, ktére moze by¢ zwiekszone
wwyniku prowadzenia prac pogtebiarskich w porcie. Jednakze, uzyskane wyniki potwierdzajg réwniez ogélng tendencje do

zmniejszania zawartosci TBT w osadach portowych w wyniku wprowadzenia zakazu stosowania TBT w 2008 roku.

Stowa kluczowe: tributylocyna, osady portowe, degradacja, urobek czerpalny

INTRODUCTION

Tributyltin (TBT) belongs to the group of dangerous chemical
substances better recognized as organotin compounds (OTC).
TBT may be removed from the aqueous phase, adsorbed onto
suspended particulate matter and then settle to the bottom.
Thereareevidencesthat TBT mayaffectvariousorganisms[1-3].
Tributyltin was widely used in antifouling paints and algicides
forthe protection of ship hulls,and also as catalysts and plastic
(PCV) stabilizers in the industry [4-7].

Since the first troubling signals concerning tributyltin appe-
ared in specialist literature in 1980 [8], it has become clear
that organotin compounds were one of the most dangerous
substances ever introduced into the marine environment via
human activities. To solve this situation, in 2008, the Interna-

tional Maritime Organization (IMO) banned the usage of or-
ganotin compounds in the antifouling systems [9]. Thanks to
these regulations, the new input of organotins into the marine
environment has been significantly limited.

Poland is one of the major countries located at the Baltic Sea,
that is obliged to protect the marine environment. The Polish
harbors are directly connected to the Gulf of Gdansk. This re-
gion is recognized as the one of most polluted areas in the
Polish coastal zone. Additionally, it has received significant
amounts of tributyltin over many years, mostly from mariti-
me and tourist shipping (e.g., movement of vessels) as well as
from port activities (e.g., Port of Gdansk, Port of Gdynia). Al-
though the established ban has reduced fresh inputs of TBT to
the ecosystem of the Baltic Sea, there is still a need for regular
monitoring of TBT in the environmental samples. Sediment is
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Tab. I. Tributyltin (ngSn-g"d.w.) in sediment samples from selected marine harbors and shipyard area.

COUNTRY

Poland, Port of Gdynia
Poland, Port of Gdynia
Poland, Port of Gdynia
Poland, Port of Gdynia
Poland, Hel port

Poland, Port of Gdansk
Poland, Port of Gdansk

Poland, Port of Gdansk

Indonesia harbors

Taiwan, Kaohsiung harbor
Brazil, Santa Catarina harbor
France, Port Camargue

Taiwan, Fishing port

Spain, Barcelona harbor

South Africa, Cape Town harbor

South Korea, Harbor and shipyards

UK, Shoreham harbor and Brighton
marina

Argentina, Mar del Plata Port
Lithuania, Klaipéda port

South China, fishing port

YEAR

1993-1995
2008

2009

2010
1993-1995
1997
2003-2005

2008

201

2009

2008

2009
2001-2004
2002

2012

2010

2003-2004

2012
2010-2012

2007

CONCENTRATION REFERENCES
POLISH PORTS
470-3,500 [13]
8-1,910 (6]
72.0-2,200.8 [5]
290.98-1,688.52 This study
<0.4-41 [13]
2600—40,000 [4]
135.0-7,635.0 [14]
<0.3-15,780 (6]
OTHER PORTS
n.d.-4,250 [21]
1.2-111.2 [12]
n.d.-1136.6 1]
0.24—10,738 (8]
2.4-8458 [22]
98-4702 (18]
10-829 [23]
Fishing port: 69-116 [3]
Harbors: 3-55,264
<1-689 [24]
<2-150.4 (71
1-5,200 [2]
<0.7-86.0 [25]
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Fig.1. Map of the Port of Gdynia with sampling sites, where: V,Vland VIl are

individual basins.
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a specificcomponent of the aquatic environment in which the
presence of anaerobic conditions may result in slow degrada-
tion processes of TBT (from 6 months to 8.7 years) [1,10]. Addi-
tionally, the dredged material comprises a special case study
of sediment, because its large deposit of TBT may considerably
influence the state of the Baltic Sea [5-8, 11-12].

The aim of this study is to present the current concentration
values of dredged material from the Port of Gdynia. Additio-
nally, we compare the obtained results with previous works
[4-6,13-14] and with available literature data from other ports.
This comparison can constitute a valuable point of reference
for the assessment of progress in the reduction of the concen-
tration level of TBT in sediments from the Polish ports. Itis an
important issue, considering the total ban on the use of TBT
in antifouling paints, which has been implemented in January
2009. Therefore, the present study will constitute valuable
material for future research.

MATERIALS AND METHODS

Study area

The port of Gdynia (Fig. 1) is located in the coastal zone of the
Gulf of Gdansk in the region of the Baltic Sea. It is the third lar-
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Tab. 1. Classification criteria for dredged material containing TBT (ngSn-g”)
applicable in Baltic countries [19].

COUNTRY CRITICAL VALUE 1 CRITICAL VALUE 2
Denmark 7 200

Finland 3 200

Cermany 20 60

Lithuania 3 30

Critical values are given in a different way. Critical value 1and 2 correspond
to the level value1and 2 in Demark, and to the limitvalue1and 2 in
Cermany and Lithuania.

Fig. 2. Results of the granulometric analysis of sediment samples from the Port
of Gdynia
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Fig.3. A comparison of mean values of TBT (ng-Sn g d.w.) in sediment samples
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from the Port of Gdynia, where: V, VI, VIl are individual basins of the port.

gest, universal seaportin Poland, with a total area of 973 hecta-
res, including 621 hectares in land. The Port of Gdynia is natu-
rally protected by the Hel Peninsula, although strong westerly
winds may raise the level of water in the port by 60 cm [15].

Sampling and chemical analysis

Sediment samples were collected in 2010 with a vibroco-
rer on board of r/v IMOR owned by the Maritime Institute in

Gdansk. Three basins of the Port of Gdynia were surveyed: V
(3 stations), VI (9 stations) and VIII (4 stations) (Fig.1). The col-
lected samples were macroscopically examined, divided into
segments and packaged in polyethylene bags and stored at
-20°C prior to analysis. Prior to- chemical analysis, all sediment
samples were lyophilized and then homogenized. Analyses of
TBT in the samples were performed in accordance with the
International Standard ISO 23161:2009. This method was later
published as PN-EN 23161:2011. All validated conditions of this
method were published by Wojtkiewicz et al. [16]. Quantita-
tive measurements of TBT were performed in the sediment
fraction with grain diameter <2.00 mm, which includes sand,
silt, and clay. Gas chromatography with mass spectrometry
(GC-MS) was used for the quantification of TBT.

The operating range was from 4 to 2,660 ngSn-g”" d.w., while
the limit of quantification (LOQ) of the applied analytical me-
thod was 4.00 ngSn-g” d.w. The obtained results of recovery
for the certified reference material PACS-3 from NRC, Canada,
was 86%. Calculations were based on peak areas. All reagents
used for analysis were of high purity (Suprapur® and Ultra-
pur®) and came from Merck.

RESULTS AND DISCUSSION

Characteristic of the sediment samples

The analysis of grain size of sediments collected from indivi-
dual basins indicates sand as the dominant fraction, in parti-
cular fine-grained silty sand as well as fine-grained sand (Fig.
2). Similar results were reported by [5-6, 13]. Fine-grained silty
sand was found in samples from basins VI and VIII. However,
basin VI was more abundant in silty sand than basin VIII. Ba-
sins VI and VIII are located in the inner parts of the port, where
conditions are better for the deposition of fine particles. In basin
V, fine fractions are removed to the sea. This distribution of grain
sizeis consistent with the results obtained in previous studies [5-
6]. Organic matter was not investigated in this study.

Concentration of TBT in sediment samples

The results obtained in 2010 showed total TBT concentrations
ranging from 290.98 t0 1,688.52 ngSn-g" d.w. with a mean va-
lue of 924.44 ngSn-g" d.w., median 938.53 ngSn-g" d.w.

Additionally, an increasing trend of TBT content (ngSn-g" d.w.)
has been observed in samples collected from individual ba-
sins. This can be presented as follows:

¢ basinV:290.98-918.03 (mean: 549.18, median: 438.52),

¢ basinVIIl:385.25-1040.98 (mean: 733.61, median: 754.10),

¢ basinVI:438.52—1688.52 (mean: 1134.34, median:1016.39).

The highest level of TBT was found in sediment samples from
basin VI, which -has been used in the past by the large Shipy-
ard of Gdynia for the construction and renovation of various
vessels, such as large passenger ships, ferries, semi-container
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vessels, tankers. Currently, the load of contamination is mostly
associated with activities of other shipyards, such as Nauta
S.A. Shiprepair Yard Gdynia, the Crist Shipyard and manufac-
turing companies. The high load of TBT in sediments from ba-
sin VIl could be associated with the proximity of the biggest
shipping terminal and its intense ship traffic. Additionally, the
abundance of fine particles in VI and VIII may facilitate the
retention of TBT, as well as other contaminants at the bottom
[2, 6,12]. The lowest concentrations of TBT were measured in
sediment samples from — basin V, whose activity is mainly re-
lated to the Baltic General Cargo Terminal. Sediments conta-
ined less clay and silt and more sand [5], which decreases the
sorptive capacity of sediments for TBT [17].

Comparison of the obtained results with previous works and
literature data

In this study, there was no value of tributyltin below the limit
of quantification. However, this finding confirms the presence
of TBT in the area of the port [7,11]. Itis difficult to indicate the
recent input of TBT, as the remaining derivatives of OTC (i.e.,
monobutyltin (MBT) and dibutyltin (DBT)) were not investi-
gated in this study. Therefore, the Butyltin Degradation Index
(BDI) [18] seems to be useless in this particular case. However,
taking into account the previous measurements of TBT in sur-
face sediments collected from the Port of Gdynia (Tab. I.), we
can make a short summary of literature data.

The highest TBT concentration (namely 3,500 ngSn-g" d.w.)
in sediment samples was found by Szpunar et al. [13] betwe-
en 1993 and 1995. Later, in 2008 Filipkowska et al. [6] reported
up to 1,910 ngSn-g" d.w., whereas in 2009 Radke et al. [5] me-
asured up to 2,200.8 ngSn-g" d.w. In 2010, the Department of
Environmental Protection found the maximum concentration
0f1,688.52 ngSn-g" d.w. (present study). This comparison pre-
sents a decreasing trend of TBT concentrations in dredged
material during the last 13 years. It is worth mentioning, that
Filipkowska et al. [6] have mainly examined samples from the
outer partof -the harbor (i.e.,- near the mouth of the sea). The-
re was no determination of TBT in samples from the investiga-
ted basins (i.e., V, VI and VII). In order to detect the decreasing
trend of TBT in material dredged from these basins, it is better
to refer results to the literature data published by Radke et al.
[5]. Fig. 3 presents the obtained data in 2009 and 2010. The-
se results also confirm a worldwide tendency for the depre-
ciating concentration level of TBT in port sediments after the
global ban on TBT-based antifouling paints in 2008 [2,7,12].
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Classification of TBT in sediment samples

Poland has no environmental quality levels of TBT concentra-
tion in dredged material. However, there are other classifica-
tions proposed by countries located at the Baltic Sea (Tab. 11.).
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comparable to those determined globally in the samples from
different ports (Tab. I.). These results indicate that TBT in har-
bor sediments presents - -an environmental risk that may be
emphasized by dredging operations in the region.

CONCLUSION

The distribution of TBT in sediment samples was determi-
ned at three basins of the Gdynia Port. All collected samples
were abundant in sand fraction. There was no concentration
below the limit of quantification of the applied analytical
method. These results confirm the global tendency for de-
preciating content of TBT in port sediments after the global
ban on TBT in 2008. The concentrations of TBT in the Port of
Cdynia were comparable to those determined globally in the
samples from other ports.
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