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Abstract: Pectenotoxins (PTXs) are a group of lipophilic algal toxins. These toxins have 

been found in algae and shellfish from Japan, New Zealand, Ireland, Norway and Portugal. 

PTX profiles vary with geographic location of collection site. The aim of the present study 

was to investigate PTX profiles from the Yellow Sea, China. The sampling location was 

within an aquatic farm (N36°12.428 ,́ E120°17.826 )́ near the coast of Qingdao, China, in 

the Yellow Sea from 28
 
July to 29

 
August 2006. PTXs in seawater were determined using a 

solid phase adsorption toxin tracking (SPATT) method. PTXs were analyzed by 

HPLC-MSMS. PTX-2, PTX-2 sec acid (PTX-2 SA) and 7-epi-PTX-2 SA were found in 

seawater samples. The highest levels of PTXs (107 ng/g of resin PTX-2, 50 ng/g of resin 

PTX-2 SA plus 7-epi-PTX-2 SA) in seawater were found on 1 August, 2006. From 1 August 

to 29 August, the levels of PTX-2 and PTX-2 SA decreased. In the same area, the marine 

algae, Dinophysis acuminata was found in the seawater in the summer months of 2006. This 

indicated that Dinophysis acuumuta might be the original source of PTXs. PTX-11 and 

PTX-12a/b were not found in seawater. 
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1. Introduction 

Pectenotoxins (PTXs) are a group of lipophilic toxins found in dinoflagellates Dinophysis fortii,  

D. acuta, D. acuminata, D. caudata and D. norvegica [1–10]. PTX-1 and PTX-2 were first isolated in 

1985 from Japanese scallops Patinopecten yessoensis [10]. PTXs are cyclic polyether-lactone rings. 
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The conversion of PTX-2 into its analogues occurs in bivalve shellfish [10–13]. The chemical 

structures of PTX-1, 2, 3, 4, 6, 7, 8, 9, 11, 12, 13 and 14, as well as their seco acids, PTX-2 SA and 

7-epi-PTX-2 SA, have been confirmed (Figure 1) [14]. Chemical structures of PTX-5 and PTX-10 

have not yet been reported [15].  

Figure 1. Structures of PTX-1,2,3,4,6,7,8,9,11,12,13,14,PTX-2 SA and 7-epi-PTX-2 SA [14]. 
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There is no evidence of adverse acute health effects of PTXs in humans. In many countries there are 

currently no regulatory procedures or guidelines for the quantification of PTX toxins alone in shellfish, 

but the limit of PTXs together with other toxins in the DSP group has been established. The European 

Commission has established the following guidelines: maximum level of OA, DTXs and PTXs 

together, in edible tissues (whole body or any part edible separately) of molluscs, echinoderms, 

tunicates and marine gastropods shall be no more than 160 mg OA equivalents/kg [16,17]. The mouse 

bioassay established by Yasumoto et al. is adopted as a reference method [18]. The investigation of the 

geographic distribution and toxin profiles of PTXs is important. The toxin profiles of seawater, algae 

and bivalve shellfish have a close relationship. Algae produce and release toxins in seawater when the 

cells are broken. Bivalve shellfish accumulate toxins by filtering toxic algae.  

The concept for the development of solid phase adsorption toxin tracking (SPATT) comes from the 

observation during natural blooms and culture studies on toxic algae [19–21]. The discs which contain 

absorbent material can accumulate the parent toxins that are released by toxic algae in the seawater. In 

the investigation of PTXs in seawater, the absorption efficiency of HP-20 resin shows that it can 

accumulate significantly greater amount of lipophilic toxins than the other resins, such as SP 825, SP 

850, L 493 and XAD 4 [21]. Rundberget et al. have developed a large–scale method for solid-phase 

extraction of lipophilic biotoxins from natural microalgal blooms in seawater [19,20]. Isolation of OA, 

DTX-2 adsorbed on the SPE column (HP-20 resin) was simple and efficient, and Rundberget et al [20] 
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were able to extract OA and DTX-2 standards from seawater using this technique. The experimental 

results also indicated that the method was potentially applicable to a wide range of other microalgal 

toxins such as azaspiracids, spirolides and microcystins. SPATT technique has also been used to 

forecast the potential contamination of toxins in shellfish in many countries [19–22].  

Pectenotoxin profiles in Chinese waters have not been previously reported. In 2006 SPATT discs 

were given from Norwegian National Veterinary Institute (NVI) as gifts to investigate the toxin 

contents in seawater from Qingdao Bay, the Yellow Sea, China. In this area the main aquiculture 

species include scallop Chlamys farreri, oyster Crassostrea gigas, blue mussel Mytilus edulis and 

Manila clam Ruditapes philippinarum. Usually scallops and blue mussels are in raft culture. Oysters 

and Manila clams are cultured in the bottom sowing. 

2. Results and Discussion 

2.1. PTX standard chromatograms 

Figure 2 displays the selected ion channel m/z 874.5 → 821.4, 876.5 → 823.4, 892.5 → 839.4, 

894.5 → 823.4 chromatograms of standards of PTX-12a/b, PTX-2, PTX-11 and PTX-2 SA, 

respectively. The retention time (r.t.) of standard materials of PTX-12a, PTX-12b (Figure 2A) and 

PTX-11 (Figure 2C) were 5.81 min, 7.32 min and 5.94 min, respectively. The retention time of the 

standards were used in the qualitative analysis of PTXs in seawater. The calibrations linear range of 

standards of PTX-2 (Figure 2B, r.t. = 6.52 min) and PTX-2 SA (Figure 2D, r.t. = 5.79 min) was from 0 

to 40 ng/mL. If the concentration of PTX-2 or PTX-2 SA in the disc eluents was higher than  

40 ng/mL it was diluted to a suitable level with 80% methanol before being re-injected into the 

LC-MSMS system.  

Figure 2. Selected ion channel m/z 874.5 → 821.4 (A), 876.5 → 823.4 (B), 892.5 → 839.4 

(C), 894.5 → 823.4 (D) chromatograms of standards of PTX-12a and PTX-12b (reference 

mussels), PTX-2 (40 ng/mL), PTX-11 (40 ng/mL) and PTX-2 SA (40 ng/mL). 
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2.2. PTXs in seawater 

Figure 3 displays the selected ion channel m/z 874.5 → 821.4 (A), 876.5 → 823.4 (B), 892.5 → 

839.4 (C), 894.5 → 839.4 (D) chromatograms of PTX-12a/b, PTX-2, PTX-12 SA, PTX-2 SA and 

7-epi-PTX-2 SA, respectively, in extracts of seawater on August 1, 2006. The levels of PTXs in 

seawater were investigated from July 28 to August 29, 2006. Figure 4 shows the variation of PTX 

levels during the evaluation period. 

Figure 3. Selected ion channel m/z 874.5 → 821.4 (A), 876.5 → 823.4 (B), 892.5 → 839.4 

(C), 894.5 → 839.4 (D) chromatograms of PTX-12a/b, PTX-2, PTX-12 SA, PTX-2 SA and 

7-epi-PTX-2 SA, respectively, in sea water. 
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Figure 4. Time series of observed levels of PTX-2 (A), PTX-2 SA plus 7-epi-PTX-2 SA (B) 

in seawater at 6 m depth at from the Yellow Sea, China (N36° 12.424 ,́ E120° 17.826 )́ 

during the period 27 July 2006 to 29 August 2006.The errors bars are standard deviation of 

“n” SPATT, n = 3. 
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PTX-12a/b and PTX-11 were not found in any of the adsorption resin disc extracts (Figure 3A, 3C). 

The result showed that PTX-2, PTX-2 SA and 7-epi-PTX-2 SA are present in the Yellow Sea  

(Figure 3B, 3D). 7-epi-PTX-2 SA is the result of interconversion of PTX-2 SA, and the latter is more 

thermodynamically stable [13]. Thus, the concentration of 7-epi-PTX-2 SA in seawater was calibrated 

by comparing with the standard of PTX-2 SA. The total amount of PTX-2 seco acid was expressed by 

PTX-2 SA plus 7-epi-PTX-2 SA. In July the levels of PTX-2 (88.0 ± 6.8 ng/g of resin, n = 3) and 

PTX-2 SA plus 7-epi-PTX-2 SA (49.5 ± 7.2 ng/g of resin, n = 3) in seawater were relatively high. On 

August 1 the highest levels of PTX-2 (107.3 ± 10.0 ng/g of resin, n = 3) and PTX-2 SA plus 

7-epi-PTX-2 SA (50.2 ± 5.7 ng/g of resin, n = 3) were found. From 1 August to 9 August the levels of 

PTXs decreased relatively quickly. From 9 August to the end of August the variation in PTX levels 

was small. On 29 August, the levels of PTX-2 and PTX-2 plus 7-epi-PTX-2 SA were 40.0 ± 7.9 ng/g,  

n = 3, of resin and 18.5 ± 1.0 ng/g, n = 3, of resin, respectively; which is about the one-third of the 

highest levels (Figure 4). During the evaluation period the range of PTX-2 concentration in seawater 

was from 40 to 107 ng/g of resin. Compared with the concentration of PTX-2 (100–1,500 ng/g of resin) 

in seawater at a monitoring location at Wedge Point, Queen Charlotte Sound, New Zealand [23], the 

levels of PTXs in seawater from the Yellow Sea were relatively lower.  

Pectenotoxins (PTXs) are a group of lipophilic algal toxins. It is important to study the geographic 

distribution of marine toxins. PTXs have been found in algae or shellfish in Japan, Ireland, New 

Zealand, Norway, Italy, Spain, Portugal [4–6,13,15,24]. Along the coast of the Yellow Sea China, they 

have never been reported. The SPATT technique was first described by MacKenzie et al. as a 

technique to monitor the occurrence of toxic algal blooms and shellfish contamination events [23]. 

This technique is an effective method for the investigation of lipophilic marine toxins in  

seawater [19,20,23]. It is simple, economical and efficient. The monitoring results can show the toxins 

produced by algae, avoid derivatives occurring in shellfish [21].  

The Diaion HP-20 resin has been identified as a suitable resin for effectively accumulating 

lipophilic toxins from seawater [21]. Furthermore, the HP-20 resin has been used to adsorb a large 

amount of OA and DTX-2 from seawater in Spain and Norway [19,20]. In agreement with other 

experiments [21,23,25], the HP-20 resin was selected as the absorbent in the investigation of PTX 

profiles in the Yellow Sea. The HP-20 is a porous polystyrene adsorbent resin which, by its relatively 

large pore sizes (260 Å), makes it suitable for recovery of algal toxins that can be eluted with common 

organic solvents. Experiments showed HP-20 could also accumulate OA and DTX-1 linearly up to 72 h 

contact time [21].  

In our experiment, the SPATT discs which contained HP-20 resin were immerged in seawater for a 

period of 4 days. In the field trials of toxin monitoring with SPATT techniques, the discs were 

generally replaced weekly in New Zealand [23]. The immerged time of SPATT discs in seawater might 

affect the amount of toxins adsorption onto the HP-20 resin, but to date there are no agreed guidelines 

for immerged time of the discs in seawater. Though the SPATT technique has showed its advantage as 

a tool used in the investigation of lipophilic toxins in seawater, it still needs to be developed. One of 

the problems waiting to be solved is to derive the absolute concentration of lipophilic toxins in 

seawater. Many studies which used SPATT technique reported the relative concentration of lipophilic 

toxins in seawater using the unit ng toxin/SPATT bag [23] or μg/g of resin [21]. 
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2.3. The algal source of PTXs  

It was revealed that PTXs originated from D. fortii, D. acuta, D. acuminate in Japan, New Zealand, 

Norway, Italy, Spain and Portugal [4,6,13,15,24]. Living toxic algae can produce PTXs which can be 

released into seawater. OA, DTXs and PTXs are always found together in New Zealand  

Dinophysis spp. [6]. Zhou et al. [26] reported the distribution of DSP along the Chinese coast, but few 

studies on PTXs have been reported in China. In the present study PTX-2, PTX-2 SA and 7-epi-PTX-2 

SA were detected in all extracts of SPATT discs from 28 July to 29 August, 2006 (Figure 4). Toxic 

algae were not investigated in parallel with this study, but, from May to July 2006, another Chinese 

research group revealed the existence of D. acuminata in this bay (H. Xianqin, Yellow Sea Fishery 

Research Institute, personal communication). D. acuminata may be the source of PTXs. Up to now 

PTX-12a/b has only reported from D. acuta, D. Norvegica and D. rotundata from the Scandinavian 

Sea [13]. PTX-11 is found mainly in D. acuta from New Zealand [27]. PTX-12a/b and PTX-11and 

their original algal sources were not found in coastal waters of the Yellow Sea. Further investigation 

into the algal source and the seasonal variation of PTXs, in this bay is recommended. 

3. Experimental 

3.1. Reagents, PTX standards and toxin absorption discs 

HP-20 (Diaion HP-20, 260Å, Mitsubishi Chemical Corporation) was selected as the absorbent resin. 

Methanol, acetonitrile were of HPLC grade, formic acid and ammonium formate were of 

analytical-regent grade. Both were obtained from Rathburn Chemical (Walkerburn, UK). Water used 

was deionized (MilliQ). Standards of PTX-2 [28], PTX-2 SA [27] were obtained from NRC Canada. 

Standard material PTX-12a/b [29] and PTX-11 were purified in NVI. The discs which were produced 

in NVI (8 cm in diameter) contained the absorbent resin (3.0 g HP-20) between two layers of plankton 

net (40 μm in mesh diameter). Totally 27 discs were prepared. Before being immerged in seawater, the 

discs were activated by placing the frame into a beaker filled with methanol for 15 min, then transferred 

into a beaker filled with water. The water was renewed three times at 5 minute intervals [19]. 

3.2. PTX extraction from seawater  

SPATT techniques were used to adsorb toxins from seawater [19–23]. Each time, three discs were 

attached to a scallop basket that was 6 m beneath sea level at the pointed sampling location 

(N36°12.428 ,́ E120°17.826 )́. The discs were replaced by new ones at four day intervals. Extraction 

of the toxins from the resin was performed following the method from Fux et al. [21] with 

modifications by Rundberget et al. [19]. The discs were rinsed with distilled water and kept in the 

already marked plastic bags or stored at 4 °C until further preparation. The resin was quantitatively 

transferred into an empty column cartridge fitted with a nylon frit (Varian) and washed free of salts 

with 30–50 mL of deionized water. Excess water was drawn out of the column prior to application of 

10 mL of methanol. After addition of methanol, the column material was stirred and left static for  

15 min before the column was eluted slowly into a rotary flask. This was repeated with another 10 mL 

of methanol. After elution, an additional 3 mL of methanol was pushed through the column to wash out 
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the remaining dead volume of solvent. The methanol fraction was evaporated to dryness, and redissolved 

in 1.0 mL 80% methanol. All samples were diluted to appropriate concentrations with 80% MeOH. The 

80% methanol extraction was filtered through a 0.22 μm Costar Spin-X
®
 centrifuge filter and transferred 

into auto-sampler vials. A 10 μL aliquot of the extract was analyzed on the LC-MS-MS system.  

3.3. Quantitative liquid chromatography mass-mass spectrometry 

For the determination of PTXs in the extracts of seawater, a HPLC-MS-MS method following 

Quilliam was adopted [28,30]. LC-MS-MS spectrometry was performed using a Waters Alliance 2695 

LC-system coupled to a Micromass QuattroUltima triple quadrupole mass spectrometer. Data 

collection was performed using MassLynx v4.0 software. The MS system was equipped with an 

electrospray ion source (ESI) operating in positive ionization mode. Injection aliquots were separated 

on a Waters XTerra C18 column (50 × 2.1 mm, 3.5 μm) connected to a C18 pre-column (10 × 2.1 mm, 

3.5 μm). The mobile phases consisted of 2 mM ammonium formate and 50 mM formic acid in 95% 

acetonitrile (mobile phase A) and 2 mM ammonium formate and 50 mM formic acid in water (mobile 

phase B). A gradient was run at 0.4 mL/min from 35% A to 100% A for 11 min, followed by an 

isocratic period for 5.5 min at 100% A. The gradient was returned to 35% A over 0.5 min and left to 

equilibrate at 35% A for 3 min before the next injection [28,30]. The ion source was operated at a 

temperature of 100 °C, using a capillary voltage of 3.5 kV, a cone voltage of 80 V and a cone gas flow 

of 98 L/hr. The desolvation temperature was set at 250 °C and desolvation gas flow at approximately 

510 L/hr. Chromatograms were recorded for 13 min (from 2 min to 15 min). MS recording parameters 

were as follows: for determination of PTX-2, PTX-2 SA, PTX-11, PTX-12, MRM-chromatograms 

were recorded for the transitions m/z = 876.5 → 823.5 (PTX-2), m/z = 894.5 → 823.5 (PTX-2 SA and 

7-epi-PTX-2 SA), m/z = 874.5 → 821.5 (PTX-12a/b), m/z = 892.5 → 839.5 (PTX-11). The 

concentration of PTX-2 SA and 7-epi-PTX-2 SA were calculated by making a calibration curve for 

PTX-2 SA standard and comparing peak areas for PTX-2 SA and 7-epi-PTX-2 SA with that for PTX-2 

SA. PTX-2 was calculated by making a calibration curve for PTX-2 standard and comparing its peak 

area with that for PTX-2. PTX-12a, PTX-12b and PTX-11 were determined by comparing the 

retention time with that for PTX-12a, PTX-12b and PTX-11 reference material.  

Acknowledgements 

The authors wish to express their gratitude to Morten Sandvik, Trine Torgersen (Norwegian 

National veterinary institute) and Christopher Miles Owen (AgResearch Ltd., Ruakura Research 

Centre, New Zealand) for their helpful discussions on sampling and skilful assistance with sample 

analysis. The Norwegian National Veterinary Institute is acknowledged for analysis of samples 

reported in this study. David Padula, (South Australian Research and Development Institute) is 

acknowledged for reviewing this manuscript. The project is partly sponsored by the Scientific 

Research Foundation for the Returned Overseas Chinese Scholars, Ministry of Human Resources and 

Social Security.  

 

 

 



Mar. Drugs 2010, 8                                        

 

1270 

References 

1. Daiguji, M.; Satake, M.; James, K.J.; Bishop, A.; MacKenzie, L.; Naoki, H.; Yasumoto, T. 

Structures of new pectenotoxin analogs, pectenotoxin-2 seco acid and 7-epi-pectenotoxin-2 seco 

acid, isolated from a dinoflagellate and greenshell mussels. Chem. Lett. 1998, 7, 653–654. 

2. Draisci, R.; Lucentini, L.; Giannetti, L.; Boria, P.; Poletti, R. First report of pectenotoxin-2 

(PTX-2) in algae (Dinophysis fortii) related to seafood poisoning in Europe. Toxicon 1996, 34, 

923–935. 

3. Fernandez, M.L.; Reguera, B.; Gonzalez-Gil, S.; Miguez, A. Pectenotoxin-2 in single-cell isolates 

of Dinophysis caudata and Dinophysis acuta from the Galician Rias (NW Spain). Toxicon 2006, 

48, 477–490. 

4. James, K.J.; Bishop, A.G.; Draisci, R.; Palleschi, L.; Marchiafava, C.; Ferretti, E.; Satake, M.; 

Yasumoto, T. Liquid chromatographic methods for the isolation and identification of new 

pectenotoxin-2 analogues from marine phytoplankton and shellfish. J. Chromatogr. A 1999, 844, 

53–65. 

5. MacKenzie, L.; Holland, P.; McNabb, P.; Beuzenberg, V.; Selwood, A.; Suzuki, T. Complex toxin 

profiles in phytoplankton and Greenshell mussels (Perna canaliculus), revealed by LC-MS/MS 

analysis. Toxicon 2002, 40, 1321–1330. 

6. MacKenzie, L.; Beuzenberg, V.; Holland, P.; McNabb, P.; Suzuki, T.; Selwood, A. Pectenotoxin 

and okadaic acid-based toxin profiles in Dinophysis acuta and Dinophysis acuminata from New 

Zealand. Harmful Algae 2005, 4, 75–85. 

7. Miles, C.O.; Wilkins, A.L.; Hawkes, A.D.; Jensen, D.J.; Cooney, J.M.; Larsen, K.; Petersen, D.; 

Rise, F.; Beuzenberg, V.; Lincoln MacKenzie, A. Isolation and identification of a cis-C8-diol-ester 

of okadaic acid from Dinophysis acuta in New Zealand. Toxicon 2006, 48, 195–203. 

8. Suzuki, T.; Mitsuya, T.; Matsubara, H.; Yamasaki, M. Determination of pectenotoxin-2 after 

solid-phase extraction from seawater and from the dinoflagellate Dinophysis fortii by liquid 

chromatography with electrospray mass spectrometry and ultraviolet detection: Evidence of 

oxidation of pectenotoxin-2 to pectenotoxin-6 in scallops. J. Chromatogr. A 1998, 815, 155–160. 

9. Wilkins, A.L.; Rehmann, N.; Torgersen, T.; Rundberget, T.; Keogh, M.; Petersen, D.; Hess, P.; 

Rise, F.; Miles, C.O. Identification of fatty acid esters of pectenotoxin-2 seco acid in blue mussels 

(Mytilus edulis) from Ireland. J. Agr. Food Chem. 2006, 54, 5672–5678. 

10. Yasumoto, T.; Murata, M.; Oshima, Y.; Sano, M.; Matsumoto, G.K.; Clardy, J. Diarrhetic shellfish 

toxins. Tetrahedron 1985, 41, 1019–1025. 

11. Suzuki, T.; MacKenzie, L.; Stirling, D.; Adamson, J. Pectenotoxin-2 seco acid: A toxin converted 

from pectenotoxin-2 by the New Zealand Greenshell mussel, Perna canaliculus. Toxicon 2001, 39, 

507–514. 

12. Yasumoto, T.; Oshima, Y.; Kotaki, Y. Analyses of paralytic shellfish toxins in coral reef crabs and 

gastropods with the identification of the primary source of toxins. Toxicon 1983, 21, 513–516. 

13. Miles, C.O.; Wilkins, A.L.; Munday, R.; Dines, M.H.; Hawkes, A.D.; Briggs, L.R.; Sandvik, M.; 

Jensen, D.J.; Cooney, J.M.; Holland, P.T.; Quilliam, M.A.; MacKenzie, A.L.; Beuzenberg, V.; 

Towers, N.R. Isolation of pectenotoxin-2 from Dinophysis acuta and its conversion to 



Mar. Drugs 2010, 8                                        

 

1271 

pectenotoxin-2 seco acid, and preliminary assessment of their acute toxicities. Toxicon 2004, 43, 

1–9. 

14. Miles, C.O. Pectenotoxins. In Phycotoxins: Chemistry and Biochemistry; Botana, L.M., Ed.; 

Blackwell Publishing Ltd.: Oxford, UK, 2007; pp. 159–186. 

15. Larsen, K.; Petersen, D.; Wilkins, A.L.; Samdal, I.A.; Sandvik, M.; Rundberget, T.; Goldstone, D.; 

Arcus, V.; Hovgaard, P.; Rise, F.; Rehmann, N.; Hess, P.; Miles, C.O. Clarification of the C-35 

stereochemistries of dinophysistoxin-1 and dinophysistoxin-2 and its consequences for binding to 

protein phosphatase. Chem. Res. Toxicol. 2007, 20, 868–875. 

16. European Union. Commission decision of 15 March 2002 laying down detailed rules for the 

implementation of Council Directive 91/492/EEC as regards the maximum permitted levels and 

the methods for analysis of certain marine biotoxins in bivalve molluscs, echinoderms, tunicates 

and marine gastropods (2002/225/EC). OJEC 2002, 0062–0064. 

17. Toyofuku, H. Joint FAO/WHO/IOC activities to provide scientific advice on marine biotoxins 

(research report). Mar. Pollut. Bull. 2006, 52, 1735–1745. 

18. Yasumoto, T.; Oshima, Y.; Yamaguchi, M. Occurrence of a New Type of Shellfish Poisoning in 

the Tokohu District. Bull. Jpn Soc. Sci. Fish. 1978, 44, 1249–1255 . 

19. Rundberget, T.; Gustad, E.; Samdal, I.A.; Sandvik, M.; Miles, C.O. A convenient and 

cost-effective method for monitoring marine algal toxins with passive samplers. Toxicon 2009, 53, 

543–550. 

20. Rundberget, T.; Sandvik, M.; Larsen, K.; Pizarro, G.M.; Reguera, B.; Castberg, T.; Gustad, E.; 

Loader, J.I.; Rise, F.; Wilkins, A.L.; Miles, C.O. Extraction of microalgal toxins by large-scale 

pumping of seawater in Spain and Norway, and isolation of okadaic acid and dinophysistoxin-2. 

Toxicon 2007, 50, 960–970. 

21. Fux, E.; Marcaillou, C.; Mondeguer, F.; Bire, R.; Hess, P. Field and mesocosm trials on passive 

sampling for the study of adsorption and desorption behaviour of lipophilic toxins with a focus on 

OA and DTX1. Harmful Algae 2008, 7, 574–583. 

22.  Fux, E.; Bire, R.; Hess, P. Comparative accumulation and composition of lipophilic marine 

biotoxins in passive samplers and in mussels (M. edulis) on the West Coast of Ireland. Harmful 

Algae 2009, 8, 523–537. 

23. MacKenzie, L.; Beuzenberg, V.; Holland, P.; McNabb, P.; Selwood, A. Solid phase adsorption 

toxin tracking (SPATT): A new monitoring tool that simulates the biotoxin contamination of filter 

feeding bivalves. Toxicon 2004, 44, 901–918. 

24. Miles, C.O.; Wilkins, A.L.; Samdal, I.A.; Sandvik, M.; Petersen, D.; Quilliam, M.A.; Naustvoll, 

L.J.; Rundberget, T.; Torgersen, T.; Hovgaard, P.; Jensen, D.J.; Cooney, J.M. A novel pectenotoxin, 

PTX-12, in Dinophysis spp. and shellfish from Norway. Chem. Res. Toxicol. 2004, 17, 1423–1433. 

25.  Pizarro, G.; Paz, B.; Franco, J.M.; Suzuki, T.; Reguera, B. First detection of Pectenotoxin-11 and 

confirmation of OA-D8 diol-ester in Dinophysis acuta from European waters by LC-MS/MS. 

Toxicon 2008, 52, 889–896. 

26.  Zhou, M.; Li, J.; Luckas, B.; Yu, R.; Yan, T.; Hummert, C.; Kastrup, S. A recent shellfish toxin 

investigation in China. Mar. Pollut. Bull. 1999, 39, 331–334. 



Mar. Drugs 2010, 8                                        

 

1272 

27. Miles, C.O.; Wilkins, A.L.; Hawkes, A.D.; Jensen, D.J.; Selwood, A.I.; Beuzenberg, V.; Lincoln 

MacKenzie, A.; Cooney, J.M.; Holland, P.T. Isolation and identification of pectenotoxins-13 and 

-14 from Dinophysis acuta in New Zealand. Toxicon 2006, 48, 152–159. 

28. Torgersen, T.; Aasen, J.; Aune, T. Diarrhetic shellfish poisoning by okadaic acid esters from 

Brown crabs (Cancer pagurus) in Norway. Toxicon 2005, 46, 572–578. 

29. Suzuki, T.; Beuzenberg, V.; MacKenzie, L.; Quilliam, M.A. Liquid chromatography-mass 

spectrometry of spiroketal stereoisomers of pectenotoxins and the analysis of novel pectenotoxin 

isomers in the toxic dinoflagellate Dinophysis acuta from New Zealand. J. Chromatogr. A 2003, 

992, 141–150. 

30. Quilliam, M.A.; Hess, P.; Dell'Aversano, C. Recent developments in the analysis of phycotoxins 

by liquid chromatography-mass spectrometry. In Mycotoxins and Phycotoxins in Perspective at 

the Turn of the Millenium; de Koe, W.J., Sampson, R.A., van Egmond, H.P., Gilbert, J., Sabino, 

M., Eds.; Wageningen: Ponsen & Looyen, The Netherlands, 2001; pp. 383–391. 

Samples Availability: Available from the authors. 

© 2010 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. This 

article is an open-access article distributed under the terms and conditions of the Creative Commons 

Attribution license (http://creativecommons.org/licenses/by/3.0/). 


