RIKILT
: WAGENINGENN:H

Quantitative determination of marine
lipophilic toxins in shellfish using LC-MS/MS

International validation study - final report

RIKILT Report 2011.008

H.J. van den Top, A. Gerssen and H.P. van Egmond







Quantitative determination of marine

lipophilic toxins in shellfish using LC-MS/MS

International validation study - final report

H.J. van den Top, A. Gerssen and H.P. van Egmond

Report 2011.008 August 2011
Project number: 121.72.706.01

BAS-code: WOT-02-001-020

Project title: Methode ontwikkeling fycotoxinen

Project leader: A. Gerssen

RIKILT — Institute of Food Safety

Wageningen UR (University & Research centre)
Akkermaalsbos 2, 6708 WB Wageningen, The Netherlands
P.0O. Box 230, 6700 AE Wageningen, The Netherlands

Tel. +31 317 480 256

Internet: www.rikilt.wur.nl



Copyright 2011, RIKILT — Institute of Food Safety.

The client is allowed to publish or distribute the full report to third parties. Without prior written

permission from RIKILT — Institute of Food Safety it is not allowed to:

a) publish parts of this report;

b) use this report or title of this report in conducting legal procedures, for advertising, acquisition
or other commercial purposes;

c) use the name of RIKILT — Institute of Food Safety other than as author of this report.

This research was (partly) funded by the Dutch Ministry of Economic Affairs, Agriculture and
Innovation (WOT programme Food Safety, WOT02, theme Contaminants).

Distribution list:
. nVWA, Drs. H.J. Jeuring

This report from RIKILT — Institute of Food Safety has been produced with the utmost care.

However, RIKILT does not accept liability for any claims based on the contents of this report.




Summary

Thirteen laboratories participated in an interlaboratory study to evaluate method performance
characteristics of a liquid chromatography tandem mass spectrometric method (LC-MS/MS) for
marine lipophilic shellfish toxins. Method performance characteristics were evaluated for the
matrices mussels (Mytilus edulis), oysters (Crassostrea gigas) and cockles (Cerastoderma edule).
The specific toxin analogues tested included okadaic acid (OA), dinophysistoxins-1 and -2 (DTX1,-
2), azaspiracids-1, -2 and -3 (AZA1,-2,-3), pectenotoxin-2 (PTX2), yessotoxin (YTX) and 45-OH-
yessotoxin (45-OH-YTX). The instrumental technique was developed as an alternative for the still

widely applied biological methods (mouse or rat bioassay).

Validation was done according to the harmonised protocol for the design, conduct and
interpretation of method-performance studies. Eight different test materials were sent as blind
duplicates to the participating laboratories. Twelve laboratories returned results that were
accepted to be included in the statistical evaluation. The method precision was expressed as
HORRATSs. For the individual toxins (except for 45-OH-YTX) HORRATs were found to be < 1.8
(median HORRAT: 0.8) in all tested materials.

The recoveries for OA-, AZA- and YTX- group toxins were within the range of 80 — 108% and for
PTX2 within the range of 62 — 93%. Based on the acceptable values for precision and recovery, it
was concluded that the method is suitable for official control purposes to quantitatively determine

OA- group toxins, AZA- group toxins, PTX2 and YTX- group toxins in shellfish.
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1 Introduction

Okadaic acid (OA), dinophysistoxins (DTXs), yessotoxins (YTXs), azaspiracids (AZAs) and
pectenotoxins (PTXs) are the most predominant marine lipophilic shellfish toxins. At low
concentrations some of these toxins can cause intoxications such as nausea, vomiting, abdominal
cramps and diarrhoea. In the European Union (EU) permitted levels (PL) have been established.
For OA, DTXs and PTXs together the total PL is set at 160 pg of OA equivalents per kg edible
shellfish [European Parliament 2004]. The PL for YTXs and AZAs have been set at 1 mg of
yessotoxin (YTX) equivalents per kg and at 160 pg of azaspiracid-1 (AZA1l) equivalents per kg. In
recent years the European Food Safety Authority (EFSA) has prepared several opinions on the
safety levels for the most predominant marine biotoxins [EFSA 2009]. EFSA has established acute
reference doses (ARfD) for the lipophilic toxins. To avoid exceeding the ARfD, a 400 grams portion
of shellfish should not contain more than a certain amount of toxin. Based on these findings, EFSA
recommends that the maximum concentration in shellfish meat should not exceed 45 pg of OA
equivalents per kg and 30 pg of AZA1 equivalents per kg to protect consumers. If the EU would
decide to lower the PL taking into account the EFSA opinions, this will have an impact for the
methods that can be applied for the analysis of these toxins. For YTXs and PTXs EFSA
recommends that the maximum concentration in shellfish meat should not exceed 3.75 mg YTX

equivalents/kg and 120 pug PTX2 equivalents.

Furthermore, regulatory developments in the EU are directed towards replacement of rodent
assays for marine lipophilic toxins by LC-MS/MS methodology as a reference method in the

coming years, at the latest by the end of 2014 [European Parliament 2011].

Within the EU 6th framework project ‘BIOTOX: Development of cost-effective tools for risk
management and traceability systems for marine biotoxins in seafood’ (contract no: 514074) an
LC-MS/MS method has been developed and in-house validated at RIKILT Institute of Food Safety,
the Netherlands by A. Gerssen [4, 5]. This method, as described in the Standard Operating
Procedure (SOP, see annex 2), was the basis for an interlaboratory validation study, carried out in
2010, coordinated by RIKILT.

The purpose of this interlaboratory validation study was to determine accuracy, repeatability and
between-laboratory reproducibility of the method as described in the SOP. The study involved the
quantitative determination of free (before hydrolysis) and total (after hydrolysis) okadaic acid-
group toxins [OA, dinophysistoxin-1 (DTX1) and dinophysistoxin-2 (DTX2)], azaspiracid-group
toxins [AZALl, azaspiracid-2 (AZA2) and azaspiracid-3 (AZA3)], PTX2 and yessotoxin-group toxins
[YTX and 45hydroxy-yessotoxin (45-OH-YTX)].

The study was organized and carried out in accordance with the Collaborative Study Guidelines of
AOAC INTERNATIONAL [AOAC 2002]. Twenty laboratories in the EU were approached with an
invitation to participate in the study, twelve laboratories responded positively to this invitation.
One laboratory from the United States of America (USA) requested to take part in this study and
this was welcomed. A list of participants is presented in table 1. This list includes the EU-RL for

marine biotoxins (Vigo, ES) and 5 NRL's.
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Table 1 Participants in the RIKILT interlaboratory validation study.

Agencia Espafiola de Seguridad Alimentaria y Nutricion (AESAN) (EU-RL)

Laboratory Country

Centre d'Economie Rurale (CER) Belgium

Scientific Institute of Public Health (IPH) (NRL) Belgium

Institut francais de recherche pour I'exploitation de la mer (IFREMER) France
Bundesinstitut fur Risikobewertung (BfR) (NRL) Germany
Chemical and Veterinary Analytical Institute Muensterland-Emscher-Lippe Germany
Marine Institute (NRL) Ireland

Centro Ricerche Marine (NRL) Italy

Norwegian School of Veterinary Science (NVH) Norway

Institut de Recerca i Tecnologia Agroalimentaries (IRTA) Spain

Spain

Centre for Environment, Fisheries & Aquaculture Science (CEFAS)

United Kingdom

Agri-Food and Biosciences Institute (AFBI) (NRL)

United Kingdom

National Oceanic and Atmospheric Administration (NOAA)

USA
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2 Practice samples

Because for some participants the chromatography under alkaline conditions was relatively new,
practice samples were sent to get familiar with the retention behaviour of these toxins under
alkaline conditions. Participants were provided with a prepared matrix (mussel) matched standard
(MMS) series and 5 methanolic extracts containing known and unknown concentrations of the

toxins included in this method.

Results from these practice samples showed that participants (in most cases) obtained the
required limit of detection (LOD) and limit of quantitation (LOQ) (LOQ<0.25*PL) and showed

control over the method.
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3 Materials

For the interlaboratory validation study eight materials were included; 5 mussel materials (Mytilus
edulis), two oyster materials (Crassostrea gigas) and one cockle material (Cerastoderma edule).
The mussel materials were prepared by blending blank tissue with highly contaminated tissue of
the same matrix to achieve the target toxin level. For the oyster materials and cockle material it
was not possible to obtain non-pre-processed (steam cooked) naturally contaminated material.
Therefore these matrices were prepared by blending blank oyster or cockle homogenate with
contaminated mussel homogenate. The percentage oyster and cockle matrix were kept as high as
possible, 75%, 87% and 50% respectively for the two oyster materials and the cockle material. All

materials were included in the study as blind duplicates.

A blank mussel and a blank oyster material were also included in the test sample set. One of the
blank oyster materials was marked as “blank oyster” and participants were requested to prepare
from this matrix a methanolic extract and spike it at 0.5 x PL. This test was intended as a check
for possible different matrix effects for oyster compared to the mussel extract that participants
used for preparation of the MMS.

For recovery estimations, one (mussel) homogenate was spiked using OA, AZA1 and YTX certified
calibrants, at levels of 100 pg/kg for OA, 48 ug/kg for AZA1 and 300 pg/kg for YTX. A second
homogenate (mussel) was spiked also with OA and AZA1 at the same levels. For method
performance and recovery estimations of PTX2 participants were provided with solutions in HPLC
vials (100 pl each). These solutions were used as a spiking solution (vials A, B, C, D and
“recovery”) to be added to three mussel and two oyster materials (see table 2). This approach

was used for PTX2 as within fresh shellfish matrix PTX2 is converted rapidly to PTX2sa.

Participants received in total 23 test samples in plastic containers, each containing 1.5 — 2.0 g of
shellfish homogenate.

Homogeneity tests were performed at RIKILT (according to 1ISO 13528:2005) on the prepared
materials and materials showed to be sufficiently homogenous (RSDR(%0) of 10 subsamples

< 0.3*PRSDR (%0)).

The materials provided to the participants were:

- Blind duplicates of 8 different shellfish homogenates (16)

- Blind duplicates of blank mussel (2)

- Blind duplicates of blank oyster (2)

- Duplicate mussel sample spiked for recovery estimation (2)

- Pre-release Freeze Dried Mussel Tissue material (FDMT) from NRC Canada (1)
- Pre-release calibrant from NRC DTX1 (1 ampoule)

- Pre-release calibrant from NRC DTX2 (1 ampoule)

- Pre-release calibrant from NRC AZA2 (2 ampoules)

- Pre-release calibrant from NRC AZA3 (2 ampoules)

Participants were requested to purchase the commercial available NRC certified calibrants for
quantification of the other toxins (OA, AZA1l, PTX2 and YTX) and to purchase also one NRC-CRM-
MUS-b for analysis. All samples were individually (random) numbered per laboratory; no relation

between samples could be suspected within-lab or between-lab from the numbers.
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The sample key for each laboratory is given in table 2.

Table 2 Sample key for all participants.

Material Lab 1 Lab 2 Lab 3 Lab 5 Lab 6 Lab 7 Lab 8

1 1-75420-A | 2-481-A |3-4412-A | 5-9332-A | 6-3539-A | 7-2483-A | 8-4167-A

1 1-97431-A | 2-8275-A | 3-2799-A | 5-3254-A | 6-9177-A | 7-8873-A | 8-5921-A

2 1-37474-A | 2-4465-A | 3-8060-A | 5-4647-A | 6-3411-A | 7-8049-A | 8-334-A

2 SplE PT();)loo HI/KG | 1 4008-A | 2-4572-A | 3-3086-A | 5-8587-A | 6-1766-A | 7-9011-A | 8-8178-A
3 1-61029-A | 2-6410-A | 3-1399-A | 5-1728-A | 6-1251-A | 7-1307-A | 8-5367-A

3 1-67014-A | 2-268-A | 3-6179-A | 5-1102-A | 6-9410-A | 7-4300-A | 8-2534-A

4 1-63885-A | 2-8560-A | 3-3607-A | 5-9624-A | 6-3470-A | 7-1000-A | 8-6011-A

4 1-65211-A | 2-6252-A | 3-664-A | 5-6180-A | 6-3440-A | 7-8716-A | 8-6929-A

5 1-57364-B | 2-5003-B | 3-3916-B | 5-851-B | 6-1202-B | 7-988-B | 8-7599-B

5 1-43491-B | 2-7670-B | 3-3931-B | 5-1026-B | 6-2965-B | 7-8483-B | 8-3651-B

6 1-96981-B | 2-8687-B | 3-4513-B | 5-3479-B | 6-4643-B | 7-9385-B | 8-8939-B

6 1-15451-B | 2-695-B | 3-5802-B | 5-8405-B | 6-158-B | 7-3744-B | 8-5377-B

7 1-68840-B | 2-6731-B | 3-5261-B | 5-9142-B | 6-8308-B | 7-1771-B | 8-6999-B

7 1-19870-B | 2-5819-B | 3-6544-B | 5-7537-B | 6-2604-B | 7-4079-B | 8-8269-B

& Sl PT()é)zoo HO/KG | 1 913428 | 2-4738-B | 3-8411-B | 5-8729-B | 6-7007-B | 7-9843-B | 8-3631-B
& Sl PT()é)ZOO HI/KG | 1 52040-B | 2-6985-B | 3-6316-B | 5-4158-B | 6-9597-B | 7-4889-B | 8-4219-B
Blank mussel 1-29548-B | 2-9965-B | 3-4554-B | 5-8757-B | 6-1356-B | 7-1740-B | 8-6738-B
Blank mussel 1-38714-B | 2-3080-B | 3-5103-B | 5-3339-B | 6-4270-B | 7-5349-B | 8-542-B
OMA“/SAS;/E%"& 1-73494-B | 2-9768-B | 3-9530-B | 5-3620-B | 6-1060-B | 7-9564-B | 8-4386-B
Musseérzg():ilg\(/ee(r)S/AZAl Recovery | Recovery | Recovery | Recovery | Recovery | Recovery | Recovery
Blank oyster 1-1966-A | 2-4936-A | 3-5686-A | 5-4030-A | 6-8333-A | 7-662-A | 8-2773-A
Blank oyster Blank Blank Blank Blank Blank Blank Blank
Oyster Oyster Oyster Oyster Oyster Oyster Oyster

Blank mussel (B) 1-62973-A | 2-3860-A | 3-2797-A | 5-9358-A | 6-9469-A | 7-6843-A | 8-7777-A
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Table 2 (continued) Sample key for all participants.

Material Lab 11 Lab 14 Lab 15 Lab 17 Lab 19 Lab 20 Lab 21

1 11-1962-A | 14-3978-A | 15-1191-A | 17-1915-A | 19-1390-A | 20-6633-A | 4-1473-A

1 11-2065-A | 14-8585-A | 15-5692-A | 17-7984-A | 19-9236-A | 20-8862-A| 4-914-A

2 11-3269-A | 14-1497-A | 15-1417-A | 17-8793-A| 19-468-A | 20-5978-A | 4-8818-A

BERLC PT();)loo HO/KG | 11 5537-A| 14-437-A | 15-5714-A | 17-2631-A| 19-5863-A| 20-7216-A | 4-7269-A

3 11-3018-A | 14-1553-A | 15-6830-A | 17-3149-A | 19-2894-A | 20-587-A | 4-8368-A

3 11-6303-A | 14-2159-A | 15-8565-A | 17-4629-A | 19-9560-A | 20-418-A | 4-991-A

4 11-7581-A | 14-5500-A | 15-3992-A | 17-4342-A | 19-7640-A | 20-5255-A | 4-8269-A

4 11-1826-A | 14-4599-A | 15-9652-A | 17-2674-A | 19-8463-A | 20-6447-A | 4-8310-A

5 11-757-B |14-7852-B | 15-2655-B | 17-1425-B | 19-5641-B | 20-8096-B | 4-9522-B

5 11-5022-B | 14-8384-B | 15-8659-B | 17-4035-B | 19-7691-B | 20-2285-B | 4-2107-B

6 11-3662-B | 14-5404-B | 15-4594-B | 17-1787-B | 19-5235-B | 20-3572-B | 4-7924-B

6 11-6578-B | 14-4171-B | 15-7534-B | 17-8750-B | 19-1682-B | 20-9683-B | 4-2879-B

7 11-1225-B | 14-3079-B | 15-7943-B | 17-9833-B | 19-1259-B | 20-6750-B | 4-2936-B

7 11-6309-B | 14-756-B |15-5902-B | 17-6226-B | 19-4908-B | 20-8413-B | 4-9911-B

@ gl PT()((:)ZOO /K9 | 11 g754-8 | 14-3803-B | 15-8496-B | 17-1618-B | 19-753-B | 20-926-B | 4-4428-B

EELS PT()I(D)ZOO H9/KG | 11 9965-8 | 14-2930-B | 15-8505-8 | 17-6827-B | 19-4312-8 | 20-9917-B | 4-5999-B

Blank mussel 11-9187-B | 14-3910-B | 15-7047-B | 17-5896-B | 19-2241-B | 20-7818-B | 4-5119-B

Blank mussel 11-762-B |14-3331-B | 15-3623-B | 17-3459-B | 19-7203-B | 20-1146-B | 4-7614-B

(QAA‘J/SAS;Li%kT‘; 11-4512-B | 14-9067-B | 15-9003-B | 17-5108-B | 19-1037-B | 20-5742-B | 4-9342-B

Musse;rzrzi:\clee(r))g/AZAl Recovery | Recovery | Recovery | Recovery | Recovery | Recovery | Recovery

Blank oyster 11-2946-A | 14-2511-A | 15-9586-A | 17-5107-A| 19-187-A | 20-135-A | 4-6821-A
Blank oyster Blank Blank Blank Blank Blank Blank Blank
Oyster Oyster Oyster Oyster Oyster Oyster Oyster

Blank mussel (B) | 11-7475-A|14-2521-A | 15-2289-A | 17-9304-A | 19-6245-A | 20-3898-A | 4-5253-A

12
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4 Organization of the study

Description and instructions for the study

Participants received specific instructions for this study which were described in the study protocol

(annex 1).

All test materials had a unique number and also had an A or a B on the label. Analyzes could be
carried out in one series but when participants wished to split the series over two days this was
possible. If the participant decided to split the series over two days, they were instructed to do

the following:

On day one the test materials marked with “A” were analysed. Also in this series the spiked
samples using the vials A and B (see table 2) were included as well as the “Blank oyster” material
(see annex 1 section 3.1 for instructions about the “Blank oyster” material).

On day two the test materials marked with “B” were analysed and also in this series the spiked
samples using the vials C and D (see table 2) were included. Furthermore the “Recovery sample”
with the accompanying vial for this sample (see section 3.1 for instructions about the “recovery

sample” material) were analysed.

The CRM-DSP-MUS-B material had to be included (one analysis) and diluted. This dilution was
done in order to have a concentration of the OA group toxins in the CRM-DSP-MUS-B within the
MMS working range. The dilution was done with the same blank methanolic mussel extract that
was also used for preparing the MMS series. One participant indicated that they diluted the CRM-
DSP-MUS-B material using methanol instead of the blank mussel extract. When statistical analysis
was performed this lab showed to be an outlier. If a participant decided to split the series in two

days only on one occasion the CRM-DSP-MUS-B was analysed.

The FDMT material had to be included in duplicate and analysed within one series (participants
could choose on which day when they decided to split the series over two days). Three

participants did not analyze the FDMT material in duplicate but only once.

Instructions for the FDMT material

Reconstitute the pre-release freeze-dried Reference Material (NRC RM-FDMT)

- After equilibration to room temperature weigh a 0.35 g portion into a centrifuge tube and
record the weight accurately.

- Add 1.65 ml (or 1.65 g) of deionised water.

- Cap the centrifuge tube and vortex mix for 30 seconds to reconstitute the freeze-dried
material with the water.

- Sonicate the reconstituted material for 1 minute in an ultrasonic bath.

- Extract the reconstituted material, adapting the volumes of the extraction procedure from
the SOP (6.6.2) to the test portion weight of 2.0 grams instead of 1.0 grams (use: 3 x 6 ml
methanol and adjust to a total volume of 20.0 ml using methanol).

- Analyse the sample extract as a normal tissue sample extract.
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For the preparation of the MMS series the participants had to use a blank mussel material
available from their own laboratory as this blank material was not included with the materials
provided. When participants had no blank mussel available, they requested the coordinator to
provide them with a blank mussel material. Two laboratories (lab 1 and lab 20) requested a blank
mussel material.

All samples were analysed both unhydrolysed and hydrolysed in order to determine the total
amount of OA, DTX1 and DTX2 (including acetylated ester forms).

Results were obtained by singular injection of the methanolic extract.

For uniform reporting of the results an Excel reporting sheet was designed by the coordinator. For
integration of chromatograms, participants were allowed to use a smoothing factor on the
chromatograms to reduce noise. Furthermore, the minimum amount of data points over a peak
had to be at least 8.

For the study participants received:

Sent by courier: on the 24th of August 2010 a total of 23 test materials, vials for spiking and pre-
release calibrants on dry ice.

Sent by email: on the 25th of August 2010 the SOP, the protocol for the validation study, the
“arrival form” and the reporting sheet that included the unique number of the test materials to be

received.

On arrival participants were requested to inspect the package on the correctness of the content
and if the test materials were still frozen and the provided ampoules were intact. Furthermore
they were requested to fill in the sample arrival form and return it as soon as possible to the study

coordinator.

All participants indicated that the test materials were received in good condition. Two labs

reported that an ampoule was broken and requested a replacement.

The QC criteria that had to be fulfilled to have “valid data” reported are summarized below:

- Drift in sensitivity (SOP paragraph 7.2.2): the slope difference for MMS series before and
after the samples shall not be more than 25%.

- Each individual MMS series shall have a correlation coefficient = 0.98.

- The signal-to-noise ratio of the lowest intension transition for OA, AZA1, PTX2 and YTX in
the MMS 0.25 PL shall be > 6.

- Maximum deviation in the individual retention times within a series shall be

< 5%. “A series” is understood to be the MMS - samples - MMS sequence.

The deadline for submission of results was set to 1st October 2010. Last results were received on
15th October 2010
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5 Results

51 Initial review of data

Results were initially reviewed and only valid data were included in the statistical evaluation. Data

were considered to be “not-valid” when the criteria as mentioned in the SOP were not met:

- The calibration curve did not fulfil the correlation coefficient criteria (R > 0.98).
- Drift in the response was above 25%, the slope difference of the calibration curve of the

MMS analysed before and after the samples.

QOutliers

Statistical evaluation of the results was carried out following the approach described in the
Collaborative Study Guidelines of AOAC INTERNATIONAL [AOAC 2002]. The use of blind duplicates
facilitated the use of the Cochran test to identify laboratories showing significant greater
variability among replicates (within day) when compared to the other participants (1-tail test at

a probability value of 2.5%).

The Grubbs test identifies laboratories with extreme averages, the single value test (2-tail,

P = 2.5%) followed by a paired value test (P = 2.5%) were performed.

Precision

The repeatability standard deviation (s;) was calculated as

where d; is the difference between the individual values for the pair in laboratory i and L is the
number of pairs.

The reproducibility standard deviation (sg) was calculated as

where

2 _ Z(Ti _Tavg)z

)

being Ti the sum of the individual values for the pair in laboratory i, Tag the mean of the T; across
all the laboratories or pairs, L the number of pairs and n; the “effective” amount of replicates per

laboratory. In case all laboratories performed duplicate analysis nj=2.
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In order to facilitate comparison of the variability for different test materials included in the study,
the relative standard deviation (RSD) under repeatability (RSDr) and reproducibility (RSDR)
conditions were calculated as follows

RSD, (%) = >* x100%  RSDg(%) = R x100%
X and X

HorRat

HorRat value is the ratio of the RSDR(%0) to the predicted (P)RSDR (%0).The ratio was calculated
RSDg
PRSDg

HorRat =
as

PRSDR — 2(1—0.5L0gC) (z 20—0.1505)

where C is the estimated mean concentration expressed as a decimal fraction. In this study, the

decimal fraction for each material was calculated as: C = (mean pg toxin/kg) multiplied by 10°°.

5.2 Validation study results

The method has been evaluated for the determination of OA-group toxins, AZAs, YTX, 450H-YTX
and PTX2 in three different matrices of shellfish: mussels, oysters and cockles. A total of 8 test
materials were analysed in one or two days, depending on the preference of the laboratory to split
the test materials into two series (both series included Quality Assurance samples). All the test
materials were provided as blind duplicates. The 13 participating laboratories submitted the
results for the 8 test materials. One laboratory had problems and the reporting sheets showed
misidentification of toxins and missing samples. This lab adapted the method to such an extent
that there was a considerable alteration of the method. Therefore, all results from this lab were

considered to be “not-valid” and were excluded for further statistical evaluation.

Individual pre-release calibrants for DTX1, DTX2, AZA2 and AZA3 were made available by the NRC
for this study. This makes it possible to quantify all individual toxins against the corresponding
individual toxin calibrant (e.g. DTX1 using DTX1 calibrant). Furthermore, a comparison between
quantifying against the individual calibrant and against the corresponding calibrant (e.g. to
quantify DTX1 to the OA calibrant, as this is common practise because of the lack of individual

calibrants) was incorporated in the evaluation of the study results.
The data of the method performance characteristics are provided in the tables 3 to 27.
Data on the recoveries found in the FDMT material are provided in table 28.

Additionally, the method performance characteristics were established for the total toxicity of the
OA-group toxins and the AZA-group toxins both quantified against the corresponding calibrant,
respectively OA and AZA1, and against the individual calibrants available and using the toxicity
equivalency factors (TEFs) as published by EFSA (EFSA 2009). For YTX-group toxins the method
performance characteristics were established for the total toxicity against YTX. For calculations of
the total toxicity method performance characteristics, the following approach was taken for
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statistical analysis. Only valid results from the individual toxins were taken into account for the
total toxicity calculations. When for (one of) the individual toxins the results were considered as
“not-valid” (= calibration curve slope difference > 25% and/or R < 0.980), the laboratory result
for total toxicity was considered to be “not-valid” and not included in the method performance
evaluation. When a laboratory had a valid result but was an “outlier” for one of the individual
toxins (Cochran or Grubbs test) the result was taken into account for the method performance
evaluation of the total toxicity.

Results (mean values) reported in tables 3 to 27 have NOT been corrected for recovery.
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OA —group toxins results

General: "-" : no data to perform statistical calculations

Table 3 Gerssen et al. method performance characteristics for OA toxin determination against
OA calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(Hg/kg) a(b)* (%) (%) (%)
Material 1 Mussel 47.8 11(0) - 8.3 20.1 0.79
Material 2 Mussel 39.3 11(0) - 15.5 23.0 0.88
Material 3 Mussel 89.1 11(0) - 12.1 19.9 0.86
Material 4 Oyster 120.7 11(0) - 7.7 16.3 0.74
Material 5 Mussel 160.4 11(0) - 3.4 27.8 1.32
Material 6 Mussel 54.4 11(0) - 8.0 23.0 0.93
Material 7 Cockle 297.7 11(0) - 6.2 15.5 0.81
Material 8 Oyster 69.1 11(0) - 8.4 19.9 0.83
FDMT material 257.6 11(0) 94 4.0 14.3 0.73
CRM-MUS-B 9507.1 9(1) 94 13.4 12.4 1.09
(;‘i\krezcg‘g%) 80.4 11(0) 80 17.8 25.4 1.09
OA recovery vial B 73.9 11(0) 81 n.a. 23.8 1.05
* a= number of labs remaining after removal of number of outliers indicated by (b)
n.a.: not available (one sample provided, no duplicate measurement)
Table 4 Gerssen et al. method performance characteristics for DTX1 toxin determination against
OA calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 29.5 10(1) - 10.3 27.7 1.02
Material 2 Mussel 64.9 11(0) - 3.9 49.4 2.04
Material 3 Mussel < LOQ - - - - -
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 58.5 10(1) - 3.9 30.7 1.25
Material 6 Mussel < LOQ - - - - -
Material 7 Cockle 85.4 10(1) - 6.1 31.1 1.34
Material 8 Oyster 13.5 10(1) - 11.2 28.8 0.94
FDMT material 115.1 11(0) 87 5.9 31.3 1.41
CRM-MUS-B 1534.6 9(1) 118 23.4 39.2 2.61

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 5 Gerssen et al. method performance characteristics for DTX2 toxin determination against OA
calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 133.1 11(0) - 6.3 13.4 0.62
Material 2 Mussel < LOQ - - - - -

Material 3 Mussel 75.6 11(0) - 13.7 21.5 0.91
Material 4 Oyster 172.9 11(0) - 4.6 21.0 1.01
Material 5 Mussel < LOQ - - - - -

Material 6 Mussel 14.2 11(0) - 26.0 32.1 1.06
Material 7 Cockle 171.6 11(0) - 6.3 16.7 0.80
Material 8 Oyster 103.9 10(1) - 4.9 20.7 0.92
FDMT material 765.1 11(0) 129 4.7 13.6 0.82

* a= number of labs remaining after removal of number of outliers indicated by (b)
D mean value (ug/kg) > two times the maximum level in MMS series

Table 6 Gerssen et al. method performance characteristics for DTX1 toxin determination against DTX1
calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 36.8 11(0) - 10.9 16.7 0.63
Material 2 Mussel 69.6 11(0) - 5.6 12.7 0.53
Material 3 Mussel < LOQ - - - - -
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 70.7 9(1) - 4.0 12.0 0.50
Material 6 Mussel < LOQ - - - - -
Material 7 Cockle 106.5 10(0) - 7.2 13.7 0.61
Material 8 Oyster 17.3 10(0) - 12.3 26.1 0.88
FDMT material 125.2 10(0) 94 4.1 18.2 0.83
CRM-MUS-B 1380.5 9(0) 106 13.7 28.1 1.84

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 7 Gerssen et al. method performance characteristics for DTX2 toxin determination against DTX2

cal

librant.

mean value

No. of labs

Recovery

RSDr

RSDR

(1o/kg) a(by* %) @) | @ | "R

Material 1 Mussel 111.0 11(0) - 5.9 17.2 0.77
Material 2 Mussel < LOQ - - - - -

Material 3 Mussel 63.5 11(0) - 11.6 18.8 0.78
Material 4 Oyster 142.0 11(0) - 4.5 16.7 0.78
Material 5 Mussel < LOQ - - - - -

Material 6 Mussel 13.5 10(0) - 29.2 36.4 1.19
Material 7 Cockle 144.1 10(0) - 5.0 14.0 0.65
Material 8 Oyster 87.7 10(0) - 4.5 15.7 0.68
FDMT material » 643.4 11(0) 108 5.0 21.7 1.27

* a= number of labs remaining after removal of number of outliers indicated by (b)

Y mean value (ug/kg) > two times the maximum level in MMS series

Table 8 Gerssen et al. method performance characteristics for OA-Group total toxicity (sum of OA,

DTX1 and DTX2 expressed as OA equivalents) determination against OA calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 161.4 11(0) - 5.7 16.7 0.79
Material 2 Mussel 108.9 11(0) - 7.9 27.9 1.25
Material 3 Mussel 136.0 11(0) - 11.1 19.3 0.89
Material 4 Oyster 225.7 11(0) - 5.1 15.8 0.79
Material 5 Mussel 211.5 10(1) - 2.3 22.1 1.09
Material 6 Mussel 64.7 11(0) - 9.6 23.0 0.95
Material 7 Cockle 499.0 11(0) - 5.7 18.8 1.06
Material 8 Oyster 143.8 10(1) - 4.6 17.2 0.80

FDMT material 831.8 11(0) 109 3.7 10.6 0.64

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 9 Gerssen et al. method performance characteristics for OA-Group total toxicity (sum of OA,
DTX1 and DTX2 expressed as OA equivalents) determination against individual calibrants (OA, DTX1 and
DTX2).

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 151.1 11(0) - 5.8 14.2 0.67
Material 2 Mussel 115.4 10(0) - 6.9 13.7 0.62
Material 3 Mussel 128.4 11(0) - 11.0 18.8 0.86
Material 4 Oyster 206.9 11(0) - 5.3 14.7 0.72
Material 5 Mussel 242.4 10(0) - 2.2 21.9 1.10
Material 6 Mussel 65.2 10(0) - 10.4 16.6 0.69
Material 7 Cockle 483.4 10(0) - 3.3 13.0 0.73
Material 8 Oyster 137.0 10(0) - 5.0 15.9 0.74

FDMT material 7777 10(0) 102 3.8 16.8 1.01

* a= number of labs remaining after removal of number of outliers indicated by (b)
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OA —group toxins HYDROLYSED results

Table 10 Gerssen et al. method performance characteristics for OA toxin determination after hydrolysis
against OA calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(Hg/kg) a(b)* (%) (%) (%)
Material 1 Mussel 137.8 9(0) - 5.7 23.9 1.11
Material 2 Mussel 66.0 9(0) - 5.6 24.7 1.02
Material 3 Mussel 177.6 9(0) - 12.9 24.9 1.20
Material 4 Oyster 249.1 9(0) - 5.1 27.5 1.40
Material 5 Mussel V 618.3 9(0) - 7.3 31.1 1.81
Material 6 Mussel 74.2 9(0) - 10.1 23.5 0.99
Material 7 Cockle V 976.9 9(0) - 29.9 29.2 1.82
Material 8 Oyster 243.3 9(0) - 6.1 22.8 1.15
FDMT material » 671.8 10(0) n.a. 2.6 21.5 1.27
* a= number of labs remaining after removal of number of outliers indicated by (b)
Y mean value (ug/kg) > two times the maximum level in MMS series
Table 11 Gerssen et al. method performance characteristics for DTX1 toxin determination after
hydrolysis against OA calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(Hg/kg) a(b)* (%) (%) (%)
Material 1 Mussel 36.4 9(0) - 9.4 20.4 0.77
Material 2 Mussel 66.6 9(0) - 7.8 22.1 0.92
Material 3 Mussel < LOQ - - - - -
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 97.7 8(1) - 5.9 27.8 1.22
Material 6 Mussel - - - - - -
Material 7 Cockle 132.5 8(1) - 20.2 34.5 1.59
Material 8 Oyster 23.9 8(1) - 11.4 24.5 0.87
FDMT material 110.3 10(0) n.a. 5.0 38.1 1.71

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 12:Gerssen et al. method performance characteristics for DTX2 toxin determination after
hydrolysis against OA calibrant

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 189.6 9(0) - 6.3 36.6 1.78
Material 2 Mussel < LOQ - - - - -
Material 3 Mussel 107.1 9(0) - 18.4 35.2 1.57
Material 4 Oyster 260.5 9(0) - 7.3 40.1 2.05
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 15.7 9(0) - 19.2 45.6 1.52
Material 7 Cockle 261.6 9(0) - 30.5 29.7 1.52
Material 8 Oyster 196.2 9(0) - 8.2 42.3 2.07
FDMT material » 935.8 9(1) n.a. 2.5 28.7 1.78
* a= number of labs remaining after removal of number of outliers indicated by (b)
D mean value (ug/kg) > two times the maximum level in MMS series
Table 13 Gerssen et al. method performance characteristics for DTX1 toxin determination after
hydrolysis against DTX1 calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 55.3 11(0) - 12.3 24.6 1.00
Material 2 Mussel 98.2 11(0) - 9.7 23.7 1.04
Material 3 Mussel < LOQ - - - - -
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 137.9 10(0) - 7.0 19.4 0.90
Material 6 Mussel < LOQ - - - - -
Material 7 Cockle 188.4 9(1) - 5.6 17.8 0.87
Material 8 Oyster 33.7 10(0) - 11.1 21.4 0.80
FDMT material 143.6 9(0) n.a. 5.4 19.6 0.91

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 14 Gerssen et al. method performance characteristics for DTX2 toxin determination after
hydrolysis against DTX2 calibrant.

m((esg /\égl)ue Noé(og)lfbs Recovery (%) R(f/gr R(f /?)R HorRat
Material 1 Mussel 182.1 10(0) - 7.1 20.3 0.98
Material 2 Mussel ¥ 9.4 10(0) - 18.1 65.9 2.04
Material 3 Mussel 105.6 10(0) - 15.8 27.3 1.21
Material 4 Oyster 251.5 10(0) - 7.1 27.9 1.42
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 13.5 11(0) - 41.1 49.4 1.62
Material 7 Cockle 233.3 11(0) - 25.1 29.4 1.47
Material 8 Oyster 160.0 11(0) - 11.9 27.2 1.29
FDMT material ? 933.9 11(1) n.a. 5.1 17.3 1.07

* a= number of labs remaining after removal of number of outliers indicated by (b)
1 mean value is at the average LOQ as reported by participants (see table 29)
2 mean value (ug/kg) > two times the maximum level in MMS series

Table 15 Gerssen et al. method performance characteristics for OA-Group total toxicity determination
after hydrolysis against OA calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(Hg/kg) a(b)* (%) (%) (%)
Material 1 Mussel 287.9 9(0) - 4.5 22.2 1.15
Material 2 Mussel 138.7 9(0) - 5.1 17.1 0.80
Material 3 Mussel 244.2 9(0) - 14.1 22.7 1.15
Material 4 Oyster 407.8 9(0) - 4.9 28.2 1.54
Material 5 Mussel 745.6 9(0) - 6.5 32.4 1.94
Material 6 Mussel 89.2 9(0) - 8.1 23.0 0.99
Material 7 Cockle 1304.3 9(0) - 27.7 30.5 1.98
Material 8 Oyster 390.4 9(0) - 5.5 28.1 1.52

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 16 Gerssen et al. method performance characteristics for OA-Group total toxicity determination
after hydrolysis against individual calibrants (OA, DTX1 and DTX2).

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 299.0 9(0) - 4.0 22.0 1.15
Material 2 Mussel 168.4 9(0) - 5.6 24.0 1.15
Material 3 Mussel 243.4 9(0) - 13.6 25.1 1.27
Material 4 Oyster 401.3 9(0) - 4.4 27.5 1.50
Material 5 Mussel 757.2 9(0) - 6.5 28.4 1.70
Material 6 Mussel 84.9 9(0) - 8.6 23.4 1.01
Material 7 Cockle 1293.4 9(0) - 28.8 27.5 1.79
Material 8 Oyster 371.4 9(0) - 5.2 22.8 1.23

* a= number of labs remaining after removal of number of outliers indicated by (b)
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AZA —group toxins results

Table 17 Gerssen et al. method performance characteristics for AZA1 toxin determination against AZA1
calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 71.0 11(0) - 11.2 17.3 0.73
Material 2 Mussel < LOQ - - - - -
Material 3 Mussel 115.5 11(0) - 2.8 9.1 0.41
Material 4 Oyster 194.5 11(0) - 2.9 12.2 0.60
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 252.2 10(0) - 3.3 10.2 0.52
Material 7 Cockle 142 .4 10(0) - 2.7 11.4 0.53
Material 8 Oyster < LOQ - - - - -
FDMT material » 615.4 10(0) 86 3.1 12.2 0.71
'ézp'?lfe;efiz‘s’ﬁg 39.4 10(0) 82 8.7 20.8 0.80

* a= number of labs remaining after removal of number of outliers indicated by (b)
Y mean value (ug/kg) > two times the maximum level in MMS series

Table 18 Gerssen et al. method performance characteristics for AZA2 toxin determination against AZA1
calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 16.0 9(2) - 3.7 11.2 0.37
Material 2 Mussel < LOQ - - - - -
Material 3 Mussel 24.8 10(1) - 2.9 10.3 0.37
Material 4 Oyster 40.4 10(1) - 2.7 12.3 0.48
Material 5 Mussel < LOQ 10(1) - - - -
Material 6 Mussel 56.6 10(0) - 3.3 14.4 0.58
Material 7 Cockle 32.1 10(0) - 3.7 13.0 0.48
Material 8 Oyster < LOQ - - - - -

FDMT material 150.9 10(0) 76 3.2 17.2 0.81
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Table 19 Gerssen et al.

method performance characteristics for AZA3 toxin determination against AZAl

calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 37.3 11(0) - 5.0 19.7 0.75
Material 2 Mussel 3.8 11(0) - 11.6 50.7 1.37
Material 3 Mussel 55.9 10(1) - 2.2 18.4 0.74
Material 4 Oyster 54.5 10(1) - 3.7 21.0 0.85
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 126.7 9(1) - 2.1 15.4 0.71
Material 7 Cockle 72.6 9(1) - 3.3 17.0 0.72
Material 8 Oyster - - - - - -

FDMT material 113.4 9(1) 61 1.3 18.2 0.82

* a= number of labs remaining after removal of number of outliers indicated by (b)

Table 20 Gerssen et al. method performance characteristics for AZA2 toxin determination against AZA2

calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 17.2 12(0) - 10.6 20.0 0.68
Material 2 Mussel < LOQ - - - - -
Material 3 Mussel 27.5 12(0) - 3.0 9.5 0.35
Material 4 Oyster 44.6 12(0) - 5.6 8.8 0.34
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 59.8 12(0) - 8.3 9.1 0.37
Material 7 Cockle 35.5 11(1) - 5.7 7.2 0.27
Material 8 Oyster < LOQ - - - - -
FDMT material 165.0 12(0) 83 2.9 8.9 0.42
* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 21 Gerssen et al.

method performance characteristics for AZA3 toxin determination against AZA3

calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 53.5 11(1) - 3.7 6.3 0.25
Material 2 Mussel 5.0 12(0) - 14.4 50.3 1.41
Material 3 Mussel 84.4 11(1) - 3.4 5.7 0.25
Material 4 Oyster 81.4 11(1) - 3.9 6.5 0.28
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 186.0 12(0) - 1.9 10.1 0.49
Material 7 Cockle 108.9 11(1) - 3.5 7.1 0.32
Material 8 Oyster < LOQ - - - - -

FDMT material 171.9 12(0) 92 2.9 14.7 0.70

* a= number of labs remaining after removal of number of outliers indicated by (b)

Table 22 Gerssen et al. method performance characteristics for AZA-Group total toxicity determination

against AZA1 calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 151.9 11(0) - 4.6 15.1 0.71
Material 2 Mussel 11.1 11(0) - 6.6 69.1 2.19
Material 3 Mussel 247.2 11(0) - 1.9 15.8 0.80
Material 4 Oyster 352.9 11(0) - 3.2 15.3 0.82
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 547.9 10(0) - 2.9 15.1 0.86
Material 7 Cockle 311.4 10(0) - 2.3 15.4 0.81
Material 8 Oyster < LOQ - - - - -

FDMT material 1053.9 10(0) 79 2.7 13.2 0.83

* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 23 Gerssen et al. method performance characteristics for AZA-Group total toxicity determination
against individual calibrants (AZAl, AZA2 and AZA3).

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 175.0 11(0) - 4.4 12.3 0.59
Material 2 Mussel 13.1 11(0) - 8.0 65.8 2.14
Material 3 Mussel 280.1 11(0) - 1.9 9.0 0.47
Material 4 Oyster 385.2 11(0) - 3.0 10.2 0.55
Material 5 Mussel < LOQ - - - - -
Material 6 Mussel 615.2 10(0) - 2.5 8.9 0.52
Material 7 Cockle 350.8 10(0) - 2.3 10.9 0.58
Material 8 Oyster < LOQ - - - - -

FDMT material 1146.5 10(0) 86 2.6 10.4 0.66

* a= number of labs remaining after removal of number of outliers indicated by (b)
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PTX2 results

Table 24 Gerssen et al. method performance characteristics for PTX2 toxin determination against PTX2

calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel < LOQ - - - - -
Material 2 Mussel
spiked 82.3 10(0) 85 n.a. 10.2 0.47
100 pg/kg
Material 3 Mussel < LOQ - - - - -
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 9.7 11(0) - 10.9 34.0 1.06
Material 6 Mussel < LOQ - - - - -
Material 7 Cockle 15.2 9(2) - 7.4 9.7 0.32
Material 8 Oyster
spiked 186.3 11(0) 92 4.3 20.6 1.00
200 ug/kg
FDMT material 73.5 11(0) 62 4.5 26.1 1.10
recovery sample
Mussel spiked at 100 74.6 11(0) 79 9.8 17.2 0.73
Hg/kg

* a= number of labs remaining after removal of number of outliers indicated by (b)

n.a.: not available (no duplicate measurements)
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YTX - group results

Table 25 Gerssen et al. method performance characteristics for YTX toxin determination against YTX

calibrant.
mean value No. of labs Recovery RSDr RSDR HorRat
(Hg/kg) a(b)* (%) (%) (%)
Material 1 Mussel 143.9 9(1) - 12.5 12.5 0.58
Material 2 Mussel 1023.2 9(1) - 54 12.8 0.81
Material 3 Mussel 713.2 9(1) - 6.3 8.3 0.49
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 290.6 11(0) - 11.1 16.8 0.87
Material 6 Mussel 206.9 10(1) - 12.3 13.5 0.66
Material 7 Cockle 172.7 9(2) - 12.4 9.9 0.48
Material 8 Oyster ¥ 39.1 11(0) - 6.2 48.4 1.86
FDMT material 371.2 11(1) 83 14.2 18.3 0.99
(nglierzct‘l’;’::g) 267.1 11(0) 89 31.2 1.60

* a= number of labs remaining after removal of number of outliers indicated by (b)
mean value is below the average LOQ as reported by participants (see table 29)

Table 26 Gerssen et al. method performance characteristics for 45-OH-YTX toxin determination against

YTX calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)
Material 1 Mussel 98.6 10(0) - 8.0 32.5 1.43
Material 2 Mussel 651.6 10(0) - 3.4 40.0 2.35
Material 3 Mussel 418.2 9(1) - 7.2 27.3 1.49
Material 4 Oyster < LOQ - - - - -
Material 5 Mussel 177.7 11(0) - 15.3 33.9 1.63
Material 6 Mussel 114.9 11(0) - 18.1 37.2 1.68
Material 7 Cockle 108.6 11(0) - 19.7 40.4 1.81
Material 8 Oyster < LOQ - - - - -
* a= number of labs remaining after removal of number of outliers indicated by (b)
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Table 27 Gerssen et al. method performance characteristics for YTX-group total toxicity determination
against YTX calibrant.

mean value No. of labs Recovery RSDr RSDR HorRat
(ng/kg) a(b)* (%) (%) (%)

Material 1 Mussel 254.7 9(0) - 6.3 24.7 1.26
Material 2 Mussel 1702.2 9(0) - 3.5 25.5 1.73
Material 3 Mussel 1109.9 8(1) - 6.4 8.0 0.51
Material 4 Oyster < LOQ - - - - -

Material 5 Mussel 462.2 10(0) - 12.3 21.8 1.21
Material 6 Mussel 310.4 9(1) - 11.1 16.4 0.86
Material 7 Cockle 280.8 8(2) - 15.7 14.7 0.76
Material 8 Oyster < LOQ - - - - -

* a= number of labs remaining after removal of number of outliers indicated by (b)

Table 28 Recovery estimations for the FDMT material.

recovery in %
FDMT

vs OA vs individual toxins

OA 94 n.a.

DTX1 87 94

DTX2 129 108
vs AZAl vs individual toxins

AZAl1 86 n.a.

AZA2 76 83

AZA3 61 92

PTX2 - 62

YTX - 83
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Table 29 Average LOD / LOQ values reported by participants for the different toxins (n=12).

Method LOD [Gerssen 2009]

Average LOD

Average LOQ

(ng/kg) (ng/kg) (ng/ka)
OA 9.1 2.7+2.1 8.7 £ 10.0
DTX1 n.a. 4.8+ 4.6 11.8 £ 10.6
DTX2 n.a. 3.1+ 3.0 9.1 +99
AZAl 1.1 1.6 15 4.4 +3.1
AZA2 n.a. 1.5+x15 4.2 +3.0
AZA3 n.a. 26 +2.6 7.1+48
PTX2 7.4 1.8+ 1.6 49+35
YTX 2.2 16.2 + 24.3 52.7 £ 73.7
n.a.: not available
Table 30 Oyster matrix spiked at 0.5*PL quantified against MMS in mussel matrix.
mean # labs target
value with valid | value in RE((:;Z )e ry R(f/?)r R(% /?)R HorRat
(1a/kg) data* pg/kg
OA oyster spike
at 0.5 PL 75.2 8 80.0 94.0 3.3 19.5 0.83
DTX1 oyster spike
at 0.5 PL 76.5 8 80.0 95.6 17.3 14.2 0.60
DTX2 oyster spike
at 0.5 PL 73.1 8 80.0 91.4 4.9 15.0 0.63
AZA1 oyster spike
at 0.5 PL 71.1 8 80.0 88.9 2.4 28.7 1.21
AZA2 oyster spike
at 0.5 PL 80.8 8 80.0 101.1 1.0 12.3 0.53
AZA3 oyster spike
at 0.5 PL 79.0 9 80.0 98.7 1.9 14.2 0.61
PTX2 oyster spike
at 0.5 PL 81.7 8 80.0 102.1 6.8 21.7 0.93
YTX oyster spike
at 0.5 PL 486.1 8 500.0 97.2 4.9 6.4 0.36

* No outlier data evaluation performed, all reported values are taken into account
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6 Discussion and acknowledgements

The quantification of an individual toxin against the corresponding toxin (e.g. DTX1 against OA)
showed a ratio RSDr:RSDR that lies outside the expected ratio of 2:3 or 1:2, in fact for material 2
the RSDR is up to > 10 x higher then the RSDr. The between laboratory variance in table 4
(material 2) is (much) larger then the within laboratory variance. When however for this same
material the DTX1 individual toxin is quantified against the DTX1 calibrant, the RSDr : RSDR ratio
drops near to the expected ratio of 1:2.

The assumption that the response in the mass spectrometer of OA is equal to the response of
DTX1 and thus DTX1 can be quantified expecting the same RSDR either against OA or DTX1 may
not be true since there can be some variation between labs. This is not a shortcoming of the
method but is a consequence of the common approach when the individual calibrant is not

available.

When comparing the results of DTX1 quantified against OA with DTX1 quantified against DTX1
(table 4 and table 6) it shows that for all materials the DTX1 content is estimated to be 1.2 x
higher when quantified against DTX1 then as quantified against OA (n=6, c.v. 7.5%). A similar
effect is observed for the results of DTX1 after hydrolysis (table 11 and table 13) where the DTX1
content is estimated to be 1.4 x higher when quantified against DTX1 then as quantified against
OA (n=6, c.v. 5.1%). The same is the case for AZA3 (table 19 and table 21), in these tables the
same pattern is shown for the RSDr : RSDR ratio. When comparing the AZA3 content quantified
against AZA3, with AZA3 quantified against AZA1, it shows that the AZA3 content quantified
against AZA3 is about 1.5 x higher (n=7, c.v. 4.7%). For DTX2 and AZA2 the effect is less

noticeable.

The average reported LOQs and LODs by participants are given in table 29. The LOQ for this
method as reported by participants in this study is low and makes this method suitable for the
determination of these marine lipophilic toxins when the EU-regulatory limits would be lowered for

OA- and AZA-group toxins as a consequence of the EFSA opinions [EFSA 2009].

Table 30 shows the values participants obtained by spiking an oyster extract at the level of 0.5*
PL for each of the toxins tested. This table shows that the toxin content in an oyster matrix which
was quantified against the MMS prepared in mussel extract is very close to the target value.
Therefore it can be concluded that using an MMS prepared in mussel extract is an effective
approach to correct for matrix effects originating from an oyster shellfish species. This is in line
with the results obtained in the RIKILT in-house validation of this method where the matrix effects
of oysters, cockles, ensis and mussels were compared for the different toxins and no significant

differences were observed [Gerssen 2010].

We would like to express a big “thank you” to all of the participants for their good work!
We would like to thank especially:
The EU-RL on Marine Biotoxins (Vigo, Spain), because of their continuous support in the

preparation and organization of this study.
The NRC-Canada for making several (pre-release) reference materials available for this study.

A research paper about this validation study will be published in 2011 [van den Top 2011]
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RIKILT - Institute of Food Safety is part of the international knowledge organisation Wageningen UR (University & Research centre).
RIKILT conducts independent research into the safety and quality of food. The institute is specialised in detecting and identifying
substances in food and animal feed and determining the functionality and effect of those substances.

RIKILT advises national and international governments on establishing standards and methods of analysis. RIKILT is available
24 hours a day and seven days a week in cases of incidents and food crises.

The research institute in Wageningen is the National Reference Laboratory (NRL) for milk, genetically modified organisms, and
nearly all chemical substances, and is also the European Union Reference Laboratory (EU-RL) for substances with hormonal
effects.

RIKILT is a member of various national and international expertise centres and networks. Most of our work is commissioned by the
Dutch Ministry of Economic Affairs, Agriculture and Innovation and the new Dutch Food and Consumer Product Safety Authority.
Other parties commissioning our work include the European Union, the European Food Safety Authority (EFSA), foreign
governments, social organisations, and businesses.

More information: www.rikilt.wur.nl
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