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Abstract 
Bivalves are ancient animals that feed by filtering large volumes of water. In this 
way, phytoplankton in the water column are concentrated in the mussels. The 
hazards associated with the consumption of mussels are thus dependent on the 
occurrence and composition of toxic algae in the areas where shellfish are grown. 
Diarrheic shellfish toxins have occurred regularly in Sweden since 1987. A rapid 
intoxication versus slow detoxification of mussels is a common phenomenon in 
Swedish waters. Concentrations of DST in mussels are normally low from March to 
August (<160 µg/kg mussel meat) and high from October to December (>160 µg/kg 
mussel meat). Some years minor peaks above the limit can be observed from mid 
June to mid July. Peaks of toxins in mussels are mostly recorded from October to 
December, but the pattern can, however, differ significantly due to location and 
year. In 1997 mussel farmers in the Tångesund/Nösund region experienced very low 
levels of DST. However, the following year, 1998, high levels were recorded 27 
weeks in a row. A particularly interesting area is the Kolje Fjord. This region had 
low levels of toxins until 1999, despite regular recordings of potentially DST 
producing algae. Today mussels grown and harvested in this area have similar toxin 
levels as mussels from other fjords in the Skagerrak region. 
 
Introduction 
Marine plankton are an important food for filter-feeding shellfish. This means that 
the proliferation of phytoplankton is beneficial for cultured and wild shellfish. 
However, about 10 % of all planktonicplankton algae have the capacity of producing 
substances that may be harmful. The most potent toxin producers are the 
dinoflagellates and several that cause harmful effects seldom reach magnitudes cell 
abundances which make them visible as blooms. This means that some of the toxin-
producers are harmful even in very dilute concentrations and can kill directly or 
travel high up in the food chain (Anderson and White 1992, Shumway, 1995). 
 
Blue mussels (Mytilus edulis) are the most important consumer of phytoplankton in 
Swedish coastal waters. The aquaculture industry produces mussels which are 
mostly grown on longlines. The high filter-feeding capacity of these bivalve shellfish 
makes them act as “biological filters”, ideal as controllers of eutrophication. Thus, 
beside their importance as a food resource they are also of significant value for the 
environment, leading to clear water and increased biodiversity. Longline blue 
mussel culturing systems have been used in Skagerrak since the early 1980s (figure 
1.). The gross production capacity of an average Swedish long-line unit is about 150 
to 200 tons of mussels in two years. Each long-line unit occupies a water surface 
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area of about 2000 m2 and acts as a large three-dimensional biofilter (10 x 200 m, 
~8 m deep). An optimal site at the Swedish West Coast produce up to 40 kg of fresh 
mussels per m2 and year, filtering off the phytoplankton biomass produced by about 
25 m2 of sea surface (Haamer, 1995).  
 

 
 
Figure 1. Major mussel culturing area along the Skagerrak coast. 
 
Diarrhoeic shellfish poisoning (DSP) is a gastrointestinal illness that was first 
reported in Japan in 1976 (Yasumoto et al 1978). Since then, DSP or occurrences of 
Diarrhoeic Shellfish Toxins (DST) in shellfish have been reported from almost all 
regions of the world (Hallegraeff 1995). Today DSP has become the predominant 
threat in Sweden (Haamer et al. 1990a, Lindahl et al 2005). The species in Sweden 
that has been linked to DSP can be found within the Dinophysis genera D. acuminata 
Claparède et Lachmann, D.acuta Ehrenberg, and to a minor extent D. norvegica 
Claparède et Lachmann and D. rotundata Claparède et Lachmann. The last species 
is heterotrophic and synonymous with Phalacroma rotundatum (Claparède et 
Lachmann) Kofoid et Michener 1911 while the other are mixotrophic organisms. 
 
The major toxin is okadaic acid (OA) but the group also includes a number of related 
polyether toxins, i.e. dinophysistoxin-1 (DTX1), dinophysistoxin-2 (DTX2), 
dinophysistoxin-3 (DTX3), 7-O-acylDTX2 (acylDTX2), and 7-O-acylOA (acylOA). OA, 
DTX1 and DTX2 are toxins produced by the algae. The others are toxic derivates that 
have been metabolised within the mussels. All the toxins share the same backbone 
structure of OA and are thus collectively referred to as the OA group or DTXs 
(Yasumoto et al. 1985, Kumagai et al. 1986, Carmody et al. 1996). OA strongly 
inhibits protein phosphatase 2A (PP2A) and to less extent protein phosphatase 1 
(PP1). These enzymes regulate various eukaryotic cellular events and inhibition of 
PP2A leads to cell-signalling disorders and leakage of water from the cells.  
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The major distribution of OAs in shellfish is in the hepatopancreas (HP or digestive 
gland). Normal preparation of mussels for consumption, i.e. cooking or steaming, 
cannot reduce the toxin level due to the chemical stability and lipophilic properties 
of DTX. 
 
The maximum level of toxin that does not cause a health risk is estimated to be 160 
µg/kg. This level is now the upper limit for DST content in mussels allowed on the 
market in all EU (Report of the meeting of the workgroup of toxicity of DSP and AZP 
21th-23th May 2001). 
  
Monitoring of DST in Sweden 
The EC regulation for controlling DSTs in bivalves is based on a mouse bioassay. This 
test has the advantage of being a protection against unknown toxins that might 
appear in the area. However, the mouse test is not always satisfactory in terms of 
detectability, specificity, and reliability. Use of animals in shellfish monitoring 
programmes has also become increasingly unacceptable in several EU countries for 
ethical reasons. Analyses by chemical methods have however, other disadvantages. 
These include a low probability of detecting new toxins and problems associated 
with the supply of pure toxin standards needed in the tests. In Sweden, the 
surveillance of DST-concentrations in mussels has been performed by HPLC (High 
Performance Liquid Chromatography) for 14 years (Haamer et al. 1999). From the 
middle of the year 2000, the analyses were transferred to a commercial company, 
AnalyCen Nordic AB, and the method of choice was subsequently changed to HPLC-
MS (HPLC with Mass Spectrometrical detection).  
 
Materials and methods 
Sampling 
For routine monitoring of DSP, 15 mussels, five from the upper (1m), five from the 
middle part (5m), and five from the bottom level (8m) of the mussel culturing band, 
are collected and weighed after removal of the shells. The depths are ca. 1 m, 5 m 
and 8 m. The hepatopancreas is dissected and weighed separately for determination 
of the relative proportions, which can vary from 10-25 % and result in a total of 10-
30 g HP.  No boiling of mussel meat is performed.  
 
Analytical procedure  
A modified instrumental method using HPLC with fluorescence detection according 
to Lee et al. was used (Lee et al, 1987). The hepatopancreas sample was 
homogenised, extracted and analysed as previously described (Haamer et al., 1990, 
Svensson et al., 2000, Godhe et al., 2002).  
From the middle of year 2000 toxin analyses has been performed by a commercial 
company, AnalyCen Nordic AB by using HPLC-MS. The analytical procedure follows 
that of Aase and Rogstad (Aase and Rogstad, 1997). 
 
Results and Discussion 
The long Swedish regular analysis of DST in mussels is a unique quantitative dataset. 
Okadaic acid has been the dominating DST, but dinophysis toxin-1 has occurred 
occasionally. Other DSTs have usually not been analysed. In general, concentrations 
of DST in mussels are normally low from March to August and high from October to 
December (Figure 2A). Minor peaks can be observed some years in mid-June to mid-
July (Figure 3).. However, the toxin pattern can differ significantly both due to 
location and year. In the major mussel farming area, the Tångesund/Nösund region, 
farmers have experienced nearly toxin free years, i.e. 1997. However up to 34 
consecutive weeks of high toxin levels have also been recorded. Fortunately for the 
industry, there are usually some regions with toxin concentrations below the limit 
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for consumption and the mussel farmers can usually manage to supply the market 
with mussels by harvesting at different locations. In the Tjärnö archipelago, toxin 
levels fluctuate significantly and mussels can become toxic within days (Figure 2C3). 
This was clearly shown in a study by Godhe at el (2002). During this study three 
distinct water masses passed through the vicinity of the mussel farm. The second 
water mass contained a high abundance of Dinophysis spp., high concentrations of 
DST in the phytoplankton population, and a subsequent rapid increase in the toxicity 
of mussels was observed. After 8 days, the water mass containing Dinophysis was 
replaced and cell numbers again returned to low levels. However, the toxicity of 
mussels continued to be high for the remainder of the study. This rapid intoxication 
vs. slow detoxification of mussels is a common phenomenon in Swedish waters 
(Svensson et al., 2000). In the Koljö Fjord area previous studies have shown low 
toxin levels, despite regular recordings of DST producing algae (Lindahl and 
Andersson, 1996). A dramatic change of this pattern has been observed since year 
1999 (Figure 2D). Today mussels grown and harvested in the Kolje Fjord have similar 
toxin levels as mussels from other fjords in the Skagerrak region. We can only 
speculate about the cause of this changing pattern. One striking observation is that 
the increase in toxicity occurred just after a large translocation of mussel farming 
units from toxic cultivating areas into the Koljö Fjord area.  
 

 
Figure 2. Diarrhoetic Shellfish Toxin concentrations in blue mussels along the 
Swedish Skagerrak/Kattegat coast 1988-2002. A. All data, B Tjärnö Archipelago, C 
Tångesund/Nösund and D Koljö fjord. 
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Bivalves are a globally important food resource. Marine bivalve farming combats 
eutrophication and could be an important tool for restoring coastal areas (Lindahl et 
al., 2005) However, the feeding mode of bivalves entails special risks for consumers 
and can affect public health. To set up a cost effective monitoring programme an 
understanding of the underlying causes is necessary. These include but are not 
restricted to: (1) The ecology of the harmful plankton species, (2) the physical 
oceanography of the area and (3) the ecology and physiology of the bivalves, e.g. 
depuration time. A monitoring programme may include phytoplankton sampling and 
analysis, a numerical model of the hydrodynamic situation and analysis of toxins in 
both plankton and bivalves. Thus, risks should be analysed with respect to seasonal 
and geographical differences in occurrence of algal toxins, hydrodynamic situations 
and the species-specific bivalve being cultivated, etc. With such an approach, the 
design of control programs will differ between areas with priority given to public 
health rather than trade marketing. With proper food-safety controls, bivalve 
culture could be an important tool, in both providing increasing harvests and 
mitigate eutrophication problems.  

 
Figure 3. DST toxin concentrations during year 2003.The limit for marketing, 160 µg 
per 100g is shown as a solid line. 
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