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Abstract Sediment samples were collected in two
Polish ports of international significance—the
Port of Gdańsk and the Port of Gdynia (Gulf
of Gdańsk, Baltic Sea)—in order to assess their
butyltin and phenyltin contamination; this was
done in 2008, just after the total ban on using
harmful organotins in antifouling paints on ships
came into force. Altogether, 21 sampling stations
were chosen to present a diversity of port sites:
from port canals and shipyards to anchorages
and dumping sites. The organic carbon content
and grain size of all the sediment samples were
determined, and some environmental parameters
(oxygen content, salinity) were measured as well.
Total concentrations of butyltin compounds in
sediment samples were very different and ranged
between 1 and 18,520 ng Sn g−1 d.w. Phenyltin
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contents were distinctly lower and ranged from
below the limit of detection (most samples) to
660 ng Sn g−1 d.w. The highest concentrations of
organotins were found in the shipyards, the maxi-
mum total organotin content (19,180 ng Sn g−1 d.w.)
being found in the Gdańsk Ship Repair Yard
‘Remontowa’. Butyltin degradation indices indi-
cate a recent tributyltin input into the port sedi-
ments. The results obtained from this work prove
that the international ban on using organotins
may not be enough to protect the marine environ-
ment. It is necessary to monitor organotin con-
tamination in ports and establish concentration
limits of these compounds for the disposal of
dredged material at sea.

Keywords Tributyltin · Organotins · Sediment ·
Port · Baltic Sea

Introduction

Organotin compounds (OTs), due to their special
properties, have been widely utilized in the indus-
try as PVC stabilizers and catalysts, in agriculture
as biocides and also as antifouling agents in paints
used to prevent the settlement and growth of
aquatic organisms on ship hulls, fish cages, oil rig
supports, etc. During the last 60 years, consider-
able amounts of organotins have entered various
ecosystems (Hoch 2001). Tributyltin (TBT) and
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triphenyltin are the compounds of this group most
often discharged into the marine environment.
These compounds exhibit biocidal properties and
have been used as active ingredients in marine
antifouling coatings. Since the first toxic effects
of OTs to aquatic life were discovered at the end
of the 1970s (Alzieu 1998; Champ 2000), they
still arouse interest and give cause for concern.
Tributyltin causes chronic and acute poisoning
of the most sensitive aquatic organisms, such as
algae, zooplankton, molluscs and the larval stages
of some fish species. Triphenyltin is less toxic
to marine species than tributyltin but nonethe-
less poses a hazard to aquatic life (Hoch 2001).
Both tributyltin and triphenyltin are recognized
as the one of the most hazardous substances that
have deliberately been released into the marine
environment (HELCOM 2010). Organotin com-
pounds decompose rapidly in seawater but tend
to adsorb on particles and aggregates in sedi-
ments, where degradation processes are consider-
ably slower and may last for years (Evans 1999;
Hoch 2001; Maguire 1987). They are still bioavail-
able as a result of their resuspension, diffusion
into the water column or decomposition (Díez
et al. 2002).

In the 1980s and the 1990s, many countries in-
cluded in their legislation a number of restrictions
on the use of tributyltin-based antifouling paints,
and then the International Maritime Organization
(IMO) introduced a 10-year period to implement
a complete ban known as the AFS Convention: 1
January 2003 was the last date for the application
of these paints and 1 January 2008 the last date
for tributyltin-based marine coatings to be left
on a vessel (IMO 2001). The Convention entered
into force on 17 September 2008. However, ac-
cording to EC Regulation 782/2003 (EU 2003),
all EU flagged ships and also EU ports had to
comply with the AFS Convention requirements
starting from July 2003. Poland as a member of
the European Union implemented this regulation
by Dz.U.06.99.692 (PL Reg. 2006). It is worth
noting that the evolution of TBT bans is quite
complex, and multiple levels and areas of legis-
lation (international and national) still present
problems (Champ 2000; Gipperth 2009). Since the
IMO ban came into force, sediments from ports,
harbours and shipyards instead of vessels became

a significant source of tributyl- and triphenyltin
for aquatic life. The risk of OT remobilization
from sediments to the water phase is particularly
high during the dredging and disposal of conta-
minated sediments at sea. The recent HELCOM
(Baltic Marine Environment Protection Commis-
sion) report on hazardous substances of specific
concern to the Baltic Sea (HELCOM 2009) puts
tributyltin and triphenyltin at the top of the list of
compounds that should be monitored in the Baltic
environment and draws attention to the lack of
data on these compounds.

There are a lot of studies concerning the pres-
ence and harmfulness of OTs in the marine en-
vironment, but only few of these relate to Baltic
sediments (e.g. Biselli et al. 2000; Eklund et al.
2010; Strand et al. 2003) including the Gulf
of Gdańsk (southern Baltic Sea, Poland; e.g.
Falandysz et al. 2002, 2006; Radke et al. 2008a;
Senthilkumar et al. 1999; Szpunar et al. 1997).
Moreover, most of them are based on results
for samples collected before 2003, i.e. before the
year when the partial ban on organotins was
introduced.

The aim of this work was to assess organotin
contamination (tributyltin, triphenyltin and their
derivatives) in sediments collected in 2008, in two
Polish ports of international significance (Gdańsk
and Gdynia) located on the coast of the Gulf of
Gdańsk (Baltic Sea). The extent of contamination
of the port sediments immediately after the im-
plementation of the total ban on using harmful
organotins in antifouling paints on ships’ hulls
will be a particularly valuable point of reference
for assessing the effectiveness of the regulation in
this region.

Material and methods

Sample collection

The Port of Gdańsk is a major international sea-
port located in the central part of the southern
Baltic coast (Poland). According to EU strategy,
the Port of Gdańsk plays a significant role as a key
link in Trans-European Transport Corridor No. 6
connecting the Nordic countries with southern
and eastern Europe. The Port of Gdańsk’s total
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area is 10.65 km2 (land and water) and the total
length of its quays is more than 21 km. It consists
of two main sections: the Inner Port stretching
along the Dead Vistula River and the Port Canal,
and the Northern Port, which opens directly to the
Gulf of Gdańsk. There are also active shipyards,
namely, the Gdańsk Shipyard and the Gdańsk
Ship Repair Yard ‘Remontowa’. The latter is a
leading European ship repair yard and a major
player in the world market.

The Port of Gdynia is another Baltic seaport lo-
cated on the western coast of the Gulf of Gdańsk.
This port is smaller but still covering a total area
of 7.55 km2 and having a total quayside length
of 17.7 km. Active shipyards are the Ship Repair
Yard ‘Nauta’, the Naval Shipyard and the Gdynia
Shipyard.

Sediment samples (0–5 cm) were collected in
November 2008 with a van Veen grab in both
ports and at dumping sites for materials dredged
from these ports. The locations of the sampling

stations are shown on the map (Fig. 1), and the
characteristics of the stations are given in Table 2.
Stations P1–P7 are located in the Port of Gdańsk,
stations P12–P17 in the Port of Gdynia. Sta-
tions P8–P9 and P18 are, respectively, located in
the Gdańsk and Gdynia anchorages, whereas the
dumping sites are represented by stations P10–
P11 (Gdańsk) and P19–P21 (Gdynia). Altogether
21 sediment samples were collected and stored
at −20◦C. The content of organotin compounds
and organic carbon and also sediment grain size
were determined in sub-samples. The salinity and
oxygen content in the seawater were measured at
each sampling station using a portable field meter
(ProfiLine Multi 197i; WTW, Germany).

Organotin determinations

The following six OTs were quantified in the sedi-
ment samples: TBT, dibutyltin (DBT), mono-
butyltin (MBT), triphenyltin (TPhT), diphenyltin

Fig. 1 Location of the sampling stations
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(DPhT) and monophenyltin (MPhT). Organotin
compounds were extracted, cleaned up and quan-
tified according to the procedure described by
Bortoli et al. (2003) and Pellizzato et al. (2004).
A diagram of the analytical procedure is pre-
sented in Fig. 2. In brief, freeze-dried, homog-
enized sediment samples (0.5–1.6 g) were triply

Fig. 2 Diagram of the analytical procedure

sonication-extracted in a test tube with 7 mL
methanol solution of tropolone (0.03%) and
0.7 mL of HCl (37%) and centrifuged for 20 min
at 3,500 rpm. Extracts were then twice liquid–
liquid partitioned in a separatory funnel with
15 mL dichloromethane. One hundred millilitres
of 10% NaCl in deionized water were added to
enhance separation of phases. The organic phase
was then dewatered completely by elution in a
short column of activated Na2SO4. After wash-
ing the Na2SO4 with 2 mL of CH2Cl2, 1 mL of
isooctane was added. After the volume of the
extract was reduced in a gentle stream of argon,
derivatization with a Grignard reagent (2.0 M
pentylmagnesium chloride solution in tetrahydro-
furan) was carried out. The derivatized OTs were
extracted in a test tube with n-hexane and 1 M
H2SO4 solution, after which the internal standard
(tripropylpentyltin (TPrT)) was added. The or-
ganic phase was reduced under a gentle stream of
argon and purified on a column containing acti-
vated silica gel soaked with a mixture of n-hexane
and toluene (1:1 (v/v)). Organotin compounds
were eluted with the same solution. The extract
obtained was evaporated to 1 mL and analysed
using a gas chromatograph (Varian 3900 GC,
USA) coupled to a mass spectrometric detec-
tor (Saturn 2100T GC/MS, Varian). A capillary
column (Varian VF-5 ms–0.20 mm ID × 50 m,
0.33 μm film thickness) containing a 5% phenyl +
95% dimethylpolysiloxane stationary phase was
used. The carrier gas was helium (column flow—
0.8 mL/min), and the sample was injected in split-
less mode; after 2 min, the split mode was switched
on. OTs were detected by a mass spectrometer
equipped with an ion trap using a Selected Ion
Storage Acquisition Programme under electron
impact ionization. The following chromatographic
conditions were applied: injector temperature
300◦C, ion trap temperature 210◦C, manifold tem-
perature 50◦C, transfer line temperature 280◦C.
The oven temperature programme was held iso-
thermally at 80◦C for 2 min then programmed at
10◦C min−1 to 290◦C and held for 20 min. Deter-
mination of OT concentrations were based on the
response factors derived from daily repeated in-
jections of a standard mixture of derivatized com-
pounds. The ion masses used to identify organotin
compounds were the following: TPrT (internal
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standard)—277, 275, 273; TBT—305, 303, 301;
DBT and MBT—319, 317, 315; MPhT—339, 337,
335; DPhT—345, 343, 341; TPhT—351, 349, 347.
All samples were analysed in duplicate, and for
each sample, a duplicate blank was analysed.

Validation of the procedure was based on
the intercalibration between two laboratories
(Table 1): Department of Environmental Sci-
ences, University of Venice, where the procedure
was worked out and verified using the reference
material CRM 477 (Bortoli et al. 2003; Pellizzato
et al. 2004) and Marine Pollution Laboratory,
Institute of Oceanology, Polish Academy of Sci-
ences. The Student’s t test applied to differences
between the mean values gave positive results
(p < 0.05) for TBT and DBT (18% and 14%,
respectively). Basing on comparisons with pre-
ceding intercalibration exercises, the results were
considered satisfactory.

Other analyses

The organic carbon concentration in the sedi-
ments was determined by wet chromic acid titra-
tion (Gaudette et al. 1974). Comparison of the
results using this method with those obtained with
an automatic organic carbon analyser indicated
discrepancies not exceeding 1% of the measured
value.

The grain size characteristics of the sediments
were determined according to the method de-
scribed by van Reeuwijk (2002). The dry sieve
analysis was supplemented with pipette analysis in
the case of samples in which grains <0.0625 mm in
diameter were estimated to be more than 10% and
their weight was more than 3 g (Myślińska 1998).

Statistical analysis

The results were statistically analysed using
STATISTICA 6.0 software (Statsoft, Poland).

Table 1 Results of laboratory intercalibration [ng Sn g−1 d.w.]

Sediment sample—P17 TBT DBT MBT MPhT DPhT TPhT � OTs

MPL, IO-PAS n = 2 1,910 ± 70a 391 ± 13 165 ± 26 14 ± 2 <7 7 ± 1 2,490 ± 110
DES, UNIVE n = 2 1,570 ± 20 455 ± 4 207 ± 6 7 ± 3 <12 <3 2,240 ± 10

MPL, IO-PAS Marine Pollution Laboratory, Institute of Oceanology, Polish Academy of Sciences; DES, UNIVE
Department of Environmental Sciences, University of Venice
aMean value ±R/2 (R = |x1 − x2|)

The conditions necessary for using parametric
tests were routinely checked. The normal distribu-
tion of the characteristics in each group was tested
with the Shapiro–Wilk test. The following statis-
tical methods were applied: correlation analysis,
principal component analysis (PCA) and cluster
analysis. Correlation analysis was used to evaluate
the relationships between the organotin content
in the sediment and organic carbon content, grain
size and environmental parameters. Due to the
basic conditions necessary for using the R-Pearson
parametric linear correlation were not fulfilled,
its non-parametric equivalent—the R-Spearman
correlation—was applied to the dataset. A corre-
lation with p < 0.01 was regarded as significant.
Relationships between the content of organotin
compounds in the sediment samples and other
measured parameters were also checked using
PCA. Cluster analysis (Ward’s method, Euclidean
distance) was used to sort sampling stations into
groups with similar organotin contamination.

Results and discussion

Concentrations of organotin compounds

The sediment samples collected in the Ports of
Gdańsk and Gdynia in November 2008 were
highly contaminated with OTs, mainly with TBT
and its degradation products (DBT and MBT)
(Table 2). In most of the samples, phenyltin deriv-
atives were below the limit of detection (LOD).
In the few cases in which TPhT and MPhT were
determined (DPhT < LOD in all the samples), the
percentage of these compounds in the sum of six
OTs was low and did not exceed 3.5%. Concen-
trations of �6 OTs in the samples ranged between
1 and 19,180 ng Sn g−1 d.w. The highest con-
tents of organotin compounds were determined
at station P3 located in the Gdańsk Ship Repair
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ńs

k
P

1
Si

en
ni

ck
iB

ri
dg

e
5

Si
lt

y
sa

nd
3.

18
6.

7
8.

9
34

7
±

31
c

10
9

±
9

63
±

4
<

50
d

<
50

<
30

52
0

±
43

0.
50

P
2

G
da

ńs
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Ż
eg

la
rs

ki
B

as
in

4.
5

F
in

e-
gr

ai
ne

d
0.

38
7.

3
9.

1
8

±
2

5
±

2
4

±
1

<
1

<
12

<
2

17
±

3
0.

95
sa

nd
P

13
B

as
in

II
(S

hi
p

R
ep

ai
r

10
F

in
e-

gr
ai

ne
d

1.
65

7.
2

10
.4

49
3

±
72

10
6

±
16

53
±

8
4

±
2

<
12

3
±

1
66

0
±

99
0.

32
Y

ar
d

‘N
au

ta
’)

sa
nd

P
14

B
as

in
II

I
13

.5
Si

lt
y

sa
nd

0.
75

7.
3

9.
9

37
±

2
26

±
1

13
±

1
2

±
0.

5
<

12
<

2
78

±
2

1.
06

P
15

T
ur

ni
ng

B
as

in
50

0
m

13
.5

Si
lt

y
sa

nd
1.

81
7.

4
8.

7
82

±
7

52
±

4
28

±
2

1.
4

±
0.

5
<

12
<

2
16

4
±

12
0.

98
P

16
B

as
in

IX
13

Sa
nd

y
si

lt
2.

83
7.

1
8.

8
1,

61
0

±
15

0
35

7
±

26
15

6
±

6
18

±
1

<
7

14
±

7
2,

15
0

±
18

0
0.

32
(N

av
al

Sh
ip

ya
rd

)
P

17
G

dy
ni

a
Sh

ip
ya

rd
14

Sa
nd

y
si

lt
3.

49
7.

2
9.

7
1,

91
0

±
70

39
1

±
13

16
5

±
26

14
±

2
<

7
7

±
1

2,
49

0
±

11
0

0.
29



Environ Monit Assess (2011) 182:455–466 461
A

nc
ho

ra
ge

–
G

dy
ni

a
P

18
G

dy
ni

a
A

nc
ho

ra
ge

11
.5

F
in

e-
gr

ai
ne

d
0.

31
7.

5
10

.2
11

±
1

6
±

1
5

±
1

<
2

<
20

<
2

22
±

1
0.

94
sa

nd
D

um
pi

ng
si

te
–

G
dy

ni
a

P
19

D
um

pi
ng

si
te

G
dy

1
29

F
in

e-
gr

ai
ne

d
0.

36
7.

4b
10

.9
b

33
±

11
13

±
3

5
±

2
<

8
<

25
<

10
52

±
16

0.
55

sa
nd

P
20

D
um

pi
ng

si
te

G
dy

2
32

F
in

e-
gr

ai
ne

d
0.

62
7.

4b
10

.9
b

84
±

14
25

±
2

11
±

1
<

6
<

17
<

4
12

0
±

16
0.

42
sa

nd
P

21
D

um
pi

ng
si

te
G

dy
3

50
F

in
e-

gr
ai

ne
d

1.
02

7.
4b

10
.6

b
7

±
1

5
±

1
2

±
0.

5
<

6
<

17
<

4
14

±
1

0.
96

sa
nd

a N
ea

r-
bo

tt
om

w
at

er
b
A

ta
de

pt
h

of
15

m
c M

ea
n

va
lu

e
±R

/
2

(
R

=
|x 1

−
x 2

|)
d
L

im
it

of
de

te
ct

io
n

(3
×

st
an

da
rd

de
vi

at
io

n
of

th
e

bl
an

k)
C

or
g

or
ga

ni
c

ca
rb

on
;T

B
T

tr
ib

ut
yl

ti
n;

D
B

T
di

bu
ty

lt
in

;M
B

T
m

on
ob

ut
yl

ti
n;

T
P

hT
tr

ip
he

ny
lt

in
;D

P
hT

di
ph

en
yl

ti
n;

M
P

hT
m

on
op

he
ny

lt
in

;B
D

I
bu

ty
lt

in
de

gr
ad

at
io

n
in

de
x,

i.e
.

th
e

ra
ti

o
be

tw
ee

n
th

e
su

m
of

co
nc

en
tr

at
io

ns
of

th
e

tw
o

m
ai

n
de

gr
ad

at
io

n
pr

od
uc

ts
(M

B
T

an
d

D
B

T
)

to
th

at
of

th
e

pa
re

nt
co

m
po

un
d

(T
B

T
);

n.
d.

no
t

de
te

rm
in

ed
be

ca
us

e
va

lu
es

w
er

e
be

lo
w

lim
it

of
de

te
ct

io
n

Yard ‘Remontowa’. Compared to the rest of the
samples it seems that station P3 is an extreme case.
Substantial OT pollution was also recorded in the
other shipyards, i.e. at station P2 (5,380 ng Sn
g−1 d.w.) and at two stations in the Port of Gdynia:
P16 and P17 (2,150 and 2,490 ng Sn g−1 d.w.,
respectively). Other sampling stations with con-
siderable concentrations of total OTs were P1
(520 ng Sn g−1 d.w.), P5 (593 ng Sn g−1 d.w.)
and P13 (660 ng Sn g−1 d.w.). There is also a
small group of samples where organotin contents
ranged between 100 and 164 ng Sn g−1 d.w. (P4,
P15, P20). In other sediment samples (half of all
the samples), the sum of organotins did not exceed
78 ng Sn g−1 d.w. Organotin pollution was least in
the sediments from the anchorages and dumping
site belonging to the Port of Gdańsk (1–11 ng Sn
g−1 d.w.; P8–P11). For comparison, concentrations
of �6 OTs in the sediment samples collected from
the Gdynia anchorage and dumping site ranged
between 14 and 120 ng Sn g−1 d.w. (P18–P21).
These observations are confirmed by hierarchical
clustering analysis. Figure 3a shows the dendro-
gram of sampling stations where one main cluster
(B) and a single observation (A) can be iden-
tified. Station P3 (observation A) is an exceptional
case. Cluster B consists of two other sub-clusters:
B1 and B2. In general, the shipyard stations are
grouped in cluster B1, while cluster B2 contains
the remaining stations.

The sediment organotin concentrations deter-
mined in the Ports of Gdańsk and Gdynia are sim-
ilar to or higher than those presented by Falandysz
et al. (2006) for the Port of Gdynia (Ship Re-
pair Yard ‘Nauta’—total BTs: 640 ng Sn g−1 d.w.,
Gdynia Shipyard—total BTs: 340 ng Sn g−1 d.w.)
and by Radke et al. (2008a) for the Port of Gdańsk
(total BTs 164–9,340 ng Sn g−1 d.w., total PhTs:
max. 84 ng Sn g−1 d.w., in <2.00 mm sediment
fraction). However, the results are lower than
those reported by Senthilkumar et al. (1999) for
the Port of Gdańsk (total BTs 2,900–69,100 ng Sn
g−1 d.w.), by Szpunar et al. (1997) for the Port of
Gdynia (total BTs 1,300–5,520 ng Sn g−1 d.w.) and
by Falandysz et al. (2006) for the Gdańsk seaport
(total BTs 170–30,000 ng Sn g−1 d.w.). All the
quoted results refer to samples collected between
1993 and 2005, i.e. before the total ban on the
use of organotins was introduced. Nevertheless,
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a b

Fig. 3 Results of statistical analysis: a hierarchical dendrogram of sampling stations (cluster analysis: Ward’s method,
Euclidean distance), b scatterplot of principal component loadings by individual variables

it is worth noting that the highest contents of
butyltins have always been recorded close to Os-
trów Island, where the Gdańsk Ship Repair Yard
‘Remontowa’ is located: 69,100 ng Sn g−1 d.w.
(Senthilkumar et al. 1999), 30,000 ng Sn g−1 d.w.
(Falandysz et al. 2006), 9,340 (Radke et al. 2008a),
18,520 ng Sn g−1 d.w. (this work), whereas the Port
of Gdynia was found to be less contaminated with
these compounds than the Port of Gdańsk. The
available data of BT pollution in Polish ports are
presented in Fig. 4. Even though the comparison
is difficult, as the stations previously monitored
are close, but not superimposing to ours and
analytical procedures are in part different, an in-
terpretable time trend of butyltin concentrations
in sediments is observed in the recent years: a
general decrease due to restrictions is followed
by an increase in 2008. This was probably related
to wastes containing antifouling coatings removed
from ships. Trends for phenyltin compounds were
not included due to the lack of published data.
Regardless of trends the concentration of organ-
otins in sediments of both ports still give cause
for concern.

Fig. 4 The available data of BT pollution in the Port of
Gdańsk and the Port of Gdynia (a Senthilkumar et al.
(1999); b Falandysz et al. (2006); c Radke et al. (2008a);
d this work; e Szpunar et al. (1997); 1 Gdynia Shipyard; 2
Ship Repair Yard ‘Nauta’)



Environ Monit Assess (2011) 182:455–466 463

Degradation index of organotin compounds

Many factors are responsible for OT degradation
in the marine environment and it is not easy to
assess how recent the input is. However, the most
commonly used index is the ratio between TBT
and its breakdown products (butyltin degradation
index (BDI)) (Díez et al. 2002). Taking into ac-
count that the samples were collected at the same
time, in a relatively small area and under similar
environmental conditions (Table 2), the use of
BDI seems to be appropriate. Its values for the
samples are shown in Table 2. As BDI values are
less than 1 for the vast majority of the samples, it
can be stated that the TBT input into the port sed-
iments, both in Gdańsk and in Gdynia, is recent.
The lowest BDI, determined for station P3 (0.17),
has a special significance and shows again that this
is an extreme case among the samples. It is also
worth noting that low BDI values (<0.5) were
determined for all the samples collected from the
shipyards (in Gdańsk: P2—Gdańsk Shipyard, P3
and P4—Gdańsk Ship Repair Yard ‘Remontowa’;
in Gdynia: P13—Ship Repair Yard ‘Nauta’, P16—
Naval Shipyard and P17—Gdynia Shipyard). The
BDI is slightly higher than one only for two
stations—P7 and P14—indicating an older conta-
mination at these stations. The phenyltin degra-
dation index was not determined for all samples
because the phenyltin contents were below the
LOD in the vast majority of the samples. Never-
theless, in the cases where TPhT and MPhT were
determined (TPhT < MPhT for all the stations,
except for P3), and remembering that there were
only a few samples containing phenyltin com-
pounds, it would appear that TPhT is no longer
used in these two ports. In this respect, too, station
P3 is exceptional in comparison with the other
samples.

Correlations between variables

Statistically significant correlation coefficients
(p < 0.01) between concentrations of individual
organotins were found—from 0.59 (TPhT-MBT,
TPhT-DBT) to 0.99 (TBT-DBT, MBT-DBT). In
general, the highest correlations were observed
between butyltin compounds (0.99, 0.98). This
agrees with the results obtained in the Port of

Gdańsk by Radke et al. (2008a) and is explained
as the effect of similar accumulation pathways
and degradation processes in sediments or similar
sources of organotins in this environment.

As a study area, seaports are quite special, and
the seeking of distinctive relationships between
the OT content and environmental parameters
has turned out to be pointless in this case, espe-
cially if we consider that both salinity and oxygen
content did not change in this area. Neverthe-
less, the results of principal component analysis
(Fig. 3b) generally is in agreement with the exist-
ing knowledge of the impact of aerobic conditions
or salinity on the fate of organotins in the envi-
ronment (Hoch 2001; Maguire 1987; Radke et al.
2008b). The PCA data matrix model explains 85%
of the total variation with the first two principal
components. The first of them (62% of the total
variance) points out a compact group of OTs,
thus confirming a high, positive correlation be-
tween these compounds. The negative, quite high
loadings of oxygen content and salinity indicate
that as the values of these parameters increase,
the organotin content decreases. The high positive
correlation coefficient between the butyltin degra-
dation index and seawater salinity (0.7; p < 0.01)
also demonstrate that relationship. The second
principal component (23% of the total variance)
groups together two other variables: the organic
carbon content and the fine fraction of sediment
(grain diameter < 0.0625 mm). This is in agree-
ment with the correlation coefficients obtained
between butyltins and the organic carbon content
(0.74–0.77, p < 0.01) and between butyltins and
the fine fraction of sediment (0.59–0.64, p < 0.01).
These results correspond also to the conclusions
presented by e.g. Berg et al. (2001), Burton et al.
(2004), Fent (1996) or Hoch and Schwesig (2004),
who suggested that OTs are more likely to bind
to fine particles associated with higher organic
carbon content, as humic acids readily form com-
plexes with OTs.

Dredged material

Despite the strict regulations, organotins are still
present in the port sediments in both Gdańsk
and Gdynia. They were also recorded at both dis-
posal sites, though without phenyltins (<LOD).
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Table 3 Recorded TBT concentrations in sediments from different ports and marinas around the world

Location Date of sampling Sediment TBT References
layer [cm] [ng Sn g−1]

Baltic and North Sea 1997–1998 – 33–6,970 Biselli et al. (2000)
marinas, Germany

Stockholm harbour 2007 0–2 27–533 Eklund et al. (2010)
and marinas, Sweden

Barcelona harbour, Spain 2002 0–5 98–4,702 Díez et al. (2006)
Ports and marinas along September 2004 0–10 37–4,402 Cassi et al. (2008)

the French Mediterranean coast
Venice Lagoon, Italy Late spring–summer 2003 0–2 43–39,300 Berto et al. (2007)

(marinas, harbours and dockyards)
Ports in Kochi and Mumbai, India 2000–2002 – 2–6,894 Bhosle et al. (2006)
Otsuchi Bay (shipyard), Japan 2005 – 8–5,740 Harino et al. (2007)
International and fishing ports 2001–2004 – 1–3,505 Lee et al. (2006)

along the Taiwanese coast
Commercial marina in south-east – 0–20 90–3,587 Burton et al. (2005)
Queensland, Australia

Baltic ports, Poland
Port of Gdañsk November 2008 0–5 13–15,780 This work
Port of Gdynia 8–1,910

Tributyltin contents were higher at the stations at
the Gdynia disposal site (max. 84 ng Sn g−1 d.w.)
than at those of the Port of Gdańsk (max. 7 ng Sn
g−1 d.w.). The recent TBT input into both disposal
sites, as indicated by BDI levels less than 1 for
these sediments, is worth noting.

The results obtained by researchers in different
parts of the world (Table 3) also indicate that the
problem of organotin contamination in ports still
persists, despite the restrictions. In comparison
with the concentrations of TBT recorded in sed-
iments from other ports and marinas, the results
of this work place the station Ship Repair Yard
‘Remontowa’ in the Port of Gdańsk among the
high polluted ones that in the Port of Gdynia
among the least polluted.

Sediments in shipyards, marinas, ports and
shipping routes are the main repositories of organ-
otin compounds. Additionally, to guarantee safe
navigation, dredging and disposal of sediments at
sea are necessary. This activity in turn enhances
a chance of OT remobilization from sediments
to the water phase and poses a risk to marine
environment. As far as regulations are concerned,
according to the HELCOM Guidelines (2007) for
the disposal of dredged spoil, determination of
OTs in dredged material may be required only on
the basis of local information regarding sources

of contamination. At present in Polish regula-
tions there are no concentration limits for organ-
otins in dredged materials (PL Reg. 2002). This
way, several dozen thousand tons of organotin-
contaminated sediments are still dredged and dis-
charged at sea each year (disposal sites) in an
uncontrolled manner.

Even though the input of new OTs has been
minimized and declining trends in sediments have
been observed in various countries, these com-
pounds in ports and marinas should be still
monitored (Cassi et al. 2008; Díez et al. 2002;
HELCOM 2010). Moreover, as long as there are
no limits of organotin contamination in dredged
material for disposal at sea, the IMO ban may not
be enough to prevent the damage to the marine
environment.

Summary

This study assesses the butyltin and phenyltin con-
tamination of the sediments in two Polish sea-
ports, located on the coast of the Gulf of Gdańsk,
which play an important role in international
maritime transport and amongst European ship
repair yards. Total concentrations of organotin
compounds in sediments were very different
depending on the sampling location and at some
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of these stations were very high. Tributyltin and
its degradation products were the predominant
compounds in the sediments examined and a re-
cent tributyltin input was stated. Phenyltins were
present mainly in the shipyard sediments but they
were of minor importance in the sum of organ-
otins. It is reasonable to assume that concentra-
tions of organotin compounds were even higher
just after the total ban came into force, because
of the intensified removal of old antifouling paints
from ships’ hulls before 2008. In general, the Port
of Gdańsk seems to be more contaminated by
organotin compounds than the Port of Gdynia.
By contrast, the dumping site in Gdańsk is less
contaminated than that in Gdynia.

Correlations between organotin concentrations
in sediments and environmental parameters were
significant but not very high. However, seaports
are quite special areas, unsuitable for studying this
kind of relationship.

Despite the many recommendations, regula-
tions and eventually the implementation of the
total ban, organotin compounds are still present in
high concentration in the studied port sediments.
It has to be emphasized that dredged material
from the ports is routinely discharged into the
sea at disposal sites of the Gulf of Gdańsk with-
out any monitoring of sediments for organotin
compounds, and this activity poses a significant
threat to marine life in the southern Baltic Sea.
Only the regulations imposed by local authorities
concerning the limits of organotin contamination
for dredged material may complete the task of the
IMO ban and protect the marine environment.
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Bolalłek, J. (2008b). Organotin compounds in marine
sediments. Polish Journal of Environmental Studies,
17(5), 643–654.

Senthilkumar, K., Duda, C. A., Villeneuve, D. L., Kannan,
K., Falandysz, J., & Giesy, J. P. (1999). Butyltin com-
pounds in sediment and fish from the Polish coast of
the Baltic Sea. Environmental Science and Pollution
Research, 6(4), 200–206.

Strand, J., Jacobsen, J. A., Pedersen, B., & Granmo,
Å. (2003). Butyltin compounds in sediment and
molluscs from the shipping strait between Denmark
and Sweden. Environmental Pollution, 124(1),
7–15.

Szpunar, J., Falandysz, J., Schmitt, O., & Obrebska, E.
(1997). Butyltins in marine and freshwater sediments
of Poland. Bulletin of Environmental Contamination
and Toxicology, 58(6), 859–864.

van Reeuwijk, L. P. (2002). Procedures for soil analy-
sis. Particle soil analysis. Technical Paper 9 (6th ed.).
Wageningen: ISRIC.

http://www.helcom.fi/stc/files/Guidelines/GuidelinesDredgedMaterial.pdf
http://www.helcom.fi/stc/files/Guidelines/GuidelinesDredgedMaterial.pdf
http://www.helcom.fi/stc/files/Publications/Proceedings/bsep119.pdf
http://www.helcom.fi/stc/files/Publications/Proceedings/bsep119.pdf
http://www.helcom.fi/stc/files/Publications/Proceedings/bsep120B.pdf
http://www.helcom.fi/stc/files/Publications/Proceedings/bsep120B.pdf
http://www.imo.org
http://www.isap.sejm.gov.pl
http://www.isap.sejm.gov.pl

	Organotin compounds in surface sediments from seaports on the Gulf of Gdansk (southern Baltic coast)
	Abstract
	Introduction
	Material and methods
	Sample collection
	Organotin determinations
	Other analyses
	Statistical analysis

	Results and discussion
	Concentrations of organotin compounds
	Degradation index of organotin compounds
	Correlations between variables
	Dredged material

	Summary
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


