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Abstract
The survey here described was carried out by 
Department of Marine ecology and founded by the 
Swedish Environmental Protection Agency in 2003, 
as a part of the monitoring process established by 
the OSPAR program in 1987 to monitor certain 
marine regions for TBT contamination. The present 
survey has focused mainly on point sources as 
recommended in OSPAR guidelines. Nassarius 
reticulatus were collected from two harbours 
(Brofjorden and Göteborg harbour), were tributyltin 
(TBT) contamination was suspected, and three 
bays that served as reference sites (Burholmarna, 
Kalvhagefjorden and Malö hamn). Observations of 
imposex and analyses of tissue samples were used 
to assess the degree of TBT contamination. Results 
show that no location is unaffected and effects were 
found in areas expected to be free from imposex.

Introduction
Tributyltin (TBT) is known to be an effective 

antifouling agent and has been used in marine 
paints since 1960s (Bennett, 1996). However, it is 
also extremely toxic, especially to marine molluscs. 
It is claimed that the level of TBT exposure is 
strictly linked to degree of imposex (Matthiessen P 
and Gibbs, 1998). There is a great variability in the 
expression of imposex in different species due to 
their sensitivity towards TBT. In general, a female 
will start to grow a penis and a pallial vas deferens, 
similar in position and morphology to that of a male. 
The most likely reason for these abnormalities is, 
according to Joosse (1983) and Oehlmann et al 
(1993), a disturbance of the hormone balance in 
female molluscs. It is believed that imposex may 
be mediated through TBT interference with the 
neurohormonal expression of sex. In severe cases, 
imposex can cause sterilisation, which may lead to 
local extinction in highly contaminated areas. For 
example the use of TBT was held responsible for the 
near collapse of oyster farming in western France 
(Alzieu, 1991) and southern England (Dyrynda, 
1992) during the 1980s.

The use of TBT in Sweden was prohibited 
for all vessels under 25 m in 1989 to protect 

shallow coastal habitats. Earlier investigations 
of imposex on the Swedish west coast are few 
(Evans S.; Strand, 2003; Harding et al., 1992) and 
it is difficult to compare them to this study, since 
different methods and indicator species were used. 
In a British campaign from Marine Laboratory in 
Aberdeen 1999, sampling of the snail Littorina 

littorea was performed along the Swedish west 
coast in order to investigate the frequency and state 
of intersex. Sampling was performed in areas not far 
from some of those in the present investigation, and 
our results confirmed their findings that organotin 
contaminations occur on the Swedish west coast.

Materials and methods
The investigation was conducted according to 

a standard method recommended by OSPAR, 
“Guidelines for contaminant-specific biological 
effects monitoring (TBT-specific biological effects 
monitoring)”. Nassarius reticulatus was used as 
indicator species and five areas were chosen for the 
survey. Parameters that were measured were VDSI, 
RPLI and organotin body burden of females.

Site descriptions (see Figs 1-2 and table 1)
Brofjorden: Scanraff refinery with the second 
largest oil harbour in Sweden is situated in the 
fjord. Sampling took place at six locations, three 
north of the route to the refinery and three south 
of the route.
Göteborg harbour: This is the largest harbour 
in Scandinavia and receives weekly about 212 
ships. The sampling took place at six locations, 
three north and three south of the fairline route.
Burholmarna (inner and outer): The sampling 
took place at three locations between these two 
small islands and the site served as a reference 
for Brofjorden and Göteborg harbour.
Kalvhagefjorden: The sampling took place at 
three locations in this bay and the site served as a 
reference for Brofjorden and Göteborg habours.
Malö harbour: The sampling took place at 
three locations representing the southern part 
of Skagerrak and also serving as a reference for 
Brofjorden and Göteborg harbours.

Bioindicator

Nassarius reticulatus was used as a bioindicator. 
Organotins mimic an androgenic hormone 

in this and many other neogastropod snails, 
thereby causing the formation of male sex organs 
superimposed upon the females own genitalia. 
Four different stages of the formation of male sex 
organs are normally observed in N. reticulatus. 
Sterile females do occur but generally at very high 
organotin levels in sea-water (M. Huet, 1995; C.M. 
Barroso, 2002; Barreiro R., 2001). Other species are 
more sensitive to organotins, for example Nucella 
lapillus, but this snail is rarely found along the 
Swedish west coast.
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Figure 1. Site descriptions for the three different
sampling sites used as reference sites on the
Swedish west coast.
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Figure 2. Site descriptions for the two impact areas on the Swedish west coast.
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Sampling

Sampling took place at the end of September and 
the beginning of October. Traps baited with 

dead fish were used to sample Nassarius reticulatus 
from a depth of 0.4 - 4.0 meter. Samples of 70 - 
80 individuals were taken from each location and 
brought to the laboratory. Before cracking the shell 
with a vice, the snails were narcotized in a 7% 
solution of magnesium chloride (MgCl2) in distilled 
water, this in order to achieve a maximum relaxation 
to simplify the measurement procedure and to 
provide more reproducible results. Shell height and 
penis length were measured to the nearest 0.01 mm. 
Gender and stage of imposex were investigated 
using a stereomicroscope. Fifty adult individuals 
were examined per site and fifteen of them were 
sent to Department of Analytical Chemistry at Umeå 
University for chemical tissue analysis.

Agilent 7500 ICP-MS instrumentation and 
GC-ICP-MS was used to analyse the tissue 

samples. Detection limits for MBT, DBT, TBT, 
MPhT, DPhT and TPhT were 0.1, 0.03, 0.08, 0.05, 
0.14 respectively 1 μg/kg, based on signals that 
correspond to 3 times standard deviation for blank. 
TPhT were not detected in any of the samples.

Results and discussion
Parameters that have been studied are VDSI, 

RPLI and organotin content in tissue. Chemical 
data for Nassarius reticulatus are given in figure 3, 
table 2 and 3. Results and comments from each of 
the investigated areas are described below.

Brofjorden

Effects of organotins were expected to be found 
in this area since this is the second largest oil 

harbour in Sweden, receiving about 35 tankers every 
week. The average VDSI values for the locations 
south of the ship route was 3.03 and for locations 
north of the route 2.69, with 100 and 99 percent 
affected females respectively.  TBT in body tissue 
varies from 0,9 to 48,4 μg/kg dry weight (dw). 
Location number two had the highest value of all 
measured parameters (VDSI, RPLI and TBT in 
tissue) and is situated very close to Scanraff crude 
oil jetty, which may explain the high values found. 
The ratios TBT:(DBT + MBT), which expresses the 
degree of degradation products in relation to the 
mother substance, show a high value at this locality 
which points to a recent contamination. However 
location number four with the second highest TBT 
value (30,5 μg/kg dw) is situated on the northern 

X Y Sampled Analyzed

Burholmarna 1 6540152 1229951 03-10-01 03-10-05

2 6540170 1229876 03-10-01 03-10-06

3 6540193 1229842 03-10-01 03-10-06

Kalvhagefjorden 1 6404848 1241300 03-09-23 03-09-23

2 6464979 1241371 03-09-23 03-09-24

3 6465098 1241316 03-09-23 03-09-24

Malö hamn 1 6366903 1270686 03-10-08 03-10-09

2 6366840 1270560 03-10-08 03-10-09

3 6366891 1270631 03-10-08 03-10-11

Brofjorden South 1 6476126 1242165 03-09-28 03-09-29

2 6477838 1242738 03-09-28 03-09-29

3 6447782 1244608 03-09-28 03-09-30

Brofjorden North 4 6477231 1240285 03-09-28 03-09-30

5 6477643 1241675 03-09-28 03-10-02

6 6479176 1242857 03-09-28 03-10-02

Göteborg South 1 6394855 1258942 03-10-13 03-10-15

2 6399069 1258776 03-10-14 03-10-16

3 6399538 1260782 03-10-12 03-10-15

Göteborg North 4 6405056 1250283 03-10-14 03-10-15

5 6404770 1255360 03-10-14 03-10-16

6 6403129 1258765 03-10-13 03-10-16

Table 1. Positions for each station and dates for sampling and analyzing of ���������
������������ Positions are according to the Swedish National Grid (RT 90).

Position Date
Location Station
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side of the fjord in a small bay close to the mouth 
where lower impact were expected. On the other 
hand location number 5 north of the fjord had a very 
low butyltin ratio reflecting a lower recent impact.

During the sampling period a large tanker were 
observed at anchor not far from location four. 

A frequently used anchorage here may be the reason 
for high tissue levels of TBT. RPLI values ranged 
between 0,07 and 0,22. However it is important to be 
aware that this is not a reliable parameter since the 
mean male penis length exhibits seasonal changes 
with the maximal penis length between November 
and March. Altogether the results points to that no 
gradient was found in Brofjorden. Therefore, in 
future investigations it would be of importance to 

include another two sampling locations further out 
from the oil harbour.

Göteborg harbour

This is the largest harbour in Scandinavia 
receiving about 212 ships every week. Average 

VDSI-values for the locations south of the ship 
route was 1.59 and for the locations north of the 
route 1.92 with 85 and 82 percent affected females 
respectively. TBT in body tissue varies from 3,1 to 
23,4 μg/kg dw with the highest values in snails from 
locations north of Göteborg. Also for the ratio TBT: 
(DBT + MBT) the highest values were found north 
of the shipping lane. RPLI values range between 
0,02 and 0,16. The differences between locations 

Figure 3. Correlation between imposex state (VDSI) and TBT content in the tissue and the correlation 
between RPLI and TBT content in the tissue.
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0 1A 1B 2A 3A 3B 4 4+

Burholmarna 1 0,41 0,00 14,6 50 34 19 2 7 0 1 0 0 0

2 0,44 0,01 18,4 50 31 25 4 4 1 2 0 0 0

3 0,20 0,01 4,8 50 20 24 2 4 0 0 0 0 0

Kalvhagefjorden 1 0,70 0,03 5,9 50 39 28 8 3 0 7 0 0 0

2 0,47 0,03 ND 50 32 26 3 6 0 3 0 0 0

3 0,23 0,02 ND 50 23 31 3 6 0 0 0 0 0

Malö hamn 1 2,11 0,09 9,8 50 89 2 4 2 2 4 0 4 0

2 2,80 0,21 39,3 50 88 3 0 2 1 14 0 5 1

3 2,75 0,24 45,9 50 94 1 0 2 1 8 0 4 0

Brofjorden South 1 2,67 0,07 5,7 50 100 0 4 0 2 24 0 0 0

2 3,35 0,22 48,4 50 100 0 0 0 0 17 0 9 0

3 3,07 0,15 9,7 50 100 0 2 0 0 35 0 7 0

Brofjorden North 4 2,83 0,07 30,5 49 100 0 1 2 0 25 0 1 0

5 2,14 0,05 0,9 50 97 1 4 6 4 12 0 2 0

6 3,09 0,11 9,6 47 100 0 1 1 0 24 0 7 0

Göteborg South 1 0,86 0,02 7,9 50 61 14 8 8 3 3 0 0 0

2 1,68 0,04 7,5 50 93 2 10 2 7 7 0 0 0

3 2,22 0,16 9,7 45 100 0 8 1 1 12 0 1 0

Göteborg North 4 1,00 0,03 23,4 50 58 13 6 7 0 5 1 0 0

5 1,96 0,04 3,1 50 89 5 12 4 4 16 0 4 0

6 2,91 0,11 9,3 50 100 0 1 1 0 19 0 1 1

Table 2. VDSI- and RPSI index, TBT level in tissue and imposex stages in ����������������������
from each station.

Number of 

analized

speciments

Percent

affected

females

Imposex stages
Location Station VDSI RPLI

TBT

(�g/kg)

TBT DBT MBT DPhT MPhT

Burholmarna 1 14,6 5,3 3,0 3,5 ND 1,76

2 18,4 7,3 3,0 ND ND 1,79

3 4,8 6,7 3,1 1,8 ND 0,49

Kalvhagefjorden 1 5,9 3,3 2,3 ND ND 1,10

2 ND 1,7 1,5 ND ND < 0.03

3 ND 4,4 3,4 6,6 ND < 0.01

Malö hamn 1 9,8 15,9 13,6 3,0 ND 0,33

2 39,3 35,1 24,3 ND ND 0,66

3 45,9 52,2 32,2 68,5 ND 0,54

Brofjorden South 1 5,7 9,5 5,3 1,1 ND 0,39

2 48,4 10,2 14,6 ND 0,6 1,95

3 9,7 9,3 4,8 ND ND 0,69

Brofjorden North 4 30,5 16,3 15,0 6,4 ND 0,98

5 0,9 6,2 5,4 7,1 ND 0,08

6 9,6 10,7 6,9 4,7 ND 0,55

Göteborg South 1 7,9 5,4 2,8 ND ND 0,96

2 7,5 10,3 5,8 1,4 ND 0,47

3 9,7 12,6 5,4 3,5 0,2 0,54

Göteborg North 4 23,4 6,4 6,4 1,8 0,3 1,83

5 3,1 9,7 5,5 2,5 0,4 0,20

6 9,3 9,7 4,7 1,7 ND 0,65

TBT: DBT+MBT

Table 3. Complete result for the tissue analysis of ���������������������  from each station (ND 
= not detectable) and the ratio between TBT and DBT+MBDT.

Location Station
Concentration dry weight (�g/kg)
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south and north of Göteborg harbour are probably 
due to the currents mainly facing northwards. There 
was also a clear gradient of organotin contamination 
with higher VDSI values further into the harbour. 
However these do not correlate with body burden of 
organotins since the location with the highest TBT 
value (23,4 μg/kg dw) and butyltin ratio (1.83) also 
had the second lowest VDSI (1,00). This location 
(No. 4) is situated in the outer archipelago of 
Göteborg, in a conservation area.

Hence the results for Göteborg harbour can not 
directly be compared to results from Brofjorden 

since the six locations in Göteborg are distributed 
over a much larger area but also because it was not 
possible to find Nassarius reticulatus in the inner 
parts of the harbour.

Burholmarna (inner and outer)

This location is a small and shallow bay south of 
Strömstad in the northern part of the Swedish 

West coast that contained very few N. reticulata,  
mostly older individuals and very few juveniles. 
The average RPLI value was 0,01 and the average 
VDSI value was found to be 0.36. 28 % of the 
females were to some degree affected by organotins. 
However a high frequency of affected females were 
expected since most of the analysed snails were old 
and had a high content of TBT (4,80-18,4 μg/kg 
dw). The organotin ratio was also found to be high, 
which may indicate any recent unknown source of 
contamination.

Kalvhagefjorden

This site is situated south of Lysekil and in a 
small and calm bay with almost no boat traffic. 

It has earlier been used as a reference station in 
studies investigating the amount of TBT in marine 
periphyton communities (Blanck H., 1998; Blanck 
H., 1996). At this location lots of N. reticulata 
both juvenile and adult individuals were found. 
The average RPLI value was 0,03 and the average 
VDSI was found to be 0.47. 31 % of the females 
were to some degree affected by organotins. A small 
gradient of organotin contamination were observed 
since the VDSI values were highest closest to the 
boat lane outside the bay and decreased further in. 
For example tissue contamination was only detected 
at the first location situated at the entrance to the 
bay, and not at the other two locations.

Malö harbour

This is a very shallow bay with a maximum depth 
of 0.7 m. There are three old landing stages for 

some smaller boats. Analysed material indicates high 
TBT levels, VDSI is 2.55 and 90% of the females 
are affected. This is comparable to both Brofjorden 
and Göteborg harbour. The RPLI values are also 
high (compared to other areas in this investigation) 
ranging from 0,09 to 0,24. No juveniles of N. 
reticulatus were found at this location; only large 
specimens with somewhat eroded shells, which 
implicates a high age. It is therefore possible that 
these specimens reflect a former and possibly higher 
contamination level. However there are probably still 
unknown sources affecting them since no juveniles 
were seen or found. This theory is supported by 
the results for the tissue burden of TBT two of the 
highest values where found at this location 39,3 
and 45,9 μg/kg dw, and also a high value of TphT 
which was found only in low concentrations in 
Brofjorden and Göteborg harbour. The sources for 
these organotins are unknown, but other use of tins 
in the society for example in plastic products and as 
fungicides may also be considered.

Conclusions
This field study has focused mainly on point 

sources as recommended in OSPAR guidelines. 
However results show that all the investigated sites 
are affected and high stages of VDSI were found in 
areas that were expected to be free from imposex. It 
would therefore be of interest to expand the survey 
to also examine some natural harbours and smaller 
boat marinas along the coast. Recent investigations 
on organotin contaminated sediments (Cato, 
2003) has revealed some very high values also in 
comparison with internationally reported levels for 
example in Trelleborg harbour and in Studseröd 
marina in the Gullmarsfjord. It would therefore be 
of interest to also include these two areas in a future 
survey.
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