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1. Summary  
 

Tetrodotoxin (TTX) and its analogues are produced by marine bacteria and have been detected 

in marine bivalves and gastropods from European waters.  

As a result of discussions among the EU Commission WG on Bivalve molluscs, regarding the 

risk of the presence of TTX in marine bivalves and gastropods in the EU, the European 

Commission asked EFSA for a scientific opinion on the risks to public health related to the 

presence of TTX and TTX analogues in the named seafood.  

The Panel on Contaminants in the Food Chain reviewed the available literature but did not find 

support for the minimum lethal dose for humans of 2 mg, mentioned in various reviews. Some 

human case reports describe serious effects at a dose of 0.2 mg, corresponding to 4 µg/kg 

body weight (bw). However, the uncertainties on the actual exposure in the studies preclude 

their use for derivation of an acute reference dose (ARfD). Instead, a group ARfD of 0.25 µg/kg 

bw, applying to TTX and its analogues, was derived based on a TTX dose of 25 µg/kg bw at 

which no apathy was observed in an acute oral study with mice, applying a standard 

uncertainty factor of 100. Estimated relative potencies for analogues are lower than that of 

TTX but are associated with a high degree of uncertainty. Based on the occurrence data 

submitted to EFSA and reported consumption days only, average and P95 exposures of 0.00–

0.09 and 0.00–0.03 lg/kg bw, respectively, were calculated. Using a large portion size of 400 g 

bivalves and P95 occurrence levels of TTX, with exception of oysters, the exposure was below 

the group ARfD in all consumer groups. A concentration below 44 µg TTX equivalents/kg 

shellfish meat, based on a large portion size of 400 g, was considered not to result in adverse 

effects in humans. Liquid chromatography with tandem mass spectroscopy (LC–MS/MS 

methods are the most suitable for identification and quantification of TTX and its analogues, 

with LOQs between 0.1 and 25 µg/kg.  

(Scientific opinion on the risks for public health related to the presence of tetrodotoxin (TTX) 

and TTX analogues in marine bivalves and gastropods.” (2017) EFSA Journal, 15(4), 4752-

4817) 

The recommendations included in the EFSA Opinion on TTX are summarized below: 

 

Recommendations 

• More occurrence data on TTX and its analogues in edible parts of marine bivalves and 
gastropods from different EU waters are needed to provide a more reliable exposure 
assessment. 

• Occurrence data on marine gastropods are needed from different EU Member States. 

• Data on concentrations of TTX and its analogues should be obtained using EU approved and 
validated chemical-analytical methods. In addition, certified standards and reference materials 
for TTX and analogues are needed. 

• Information on the fate of TTX and its analogues during cooking is needed to refine exposure 
assessments. 
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• Studies on the sources and critical factors leading to the accumulation of TTX in marine 
bivalves and gastropods are needed. 

• Further information on toxicokinetics of TTX and its analogues is needed. 

• Further information on the acute oral toxicity of TTX and its analogues is needed. Chronic 

effects should also be investigated. 

• Given the high uncertainties associated with derivation of the relative potencies of TTX 
analogues, adequate and well described evidence is needed to estimate their relative 
potencies, preferentially after oral exposure. 

• As STX and TTX exert similar toxic effects via a similar mode of action, the possibility to 

combine STX and its analogues together with TTX and its analogues in one HBGV should be 

explored. 

 

FOREWORD  

The EURLMB WG on LC-MS met in Brussels on June 7th 2017 and the Conclusion and 

recommendations of the EFSA Opinion was evaluated.  

The EURLMB proposed LC-MS/MS as the method to be used for the evaluation studies on TTX 

incidence in bivalves and gastropods in the EU. 

The EURLMB presented the studies carried out on the Single Laboratory Validation (SLV) of LC-

MS/MS for the analysis of TTX in mussels and agreed to the group that a summary on these 

results as well as the analytical procedure used on this SLV will be distributed among the 

Group to help with the method development with the aim of organizing a future 

intercomparison study among the NRLs interested in this intercomparison, taking into account 

the restrictions imposed by the lack of naturally contaminated samples as well as standards 

and reference materials for TTX analogues.  

 

This Document summarizes the analytical protocol carried out at the EURLMB for the 

intralaboratory validation of HILIC- LC-MS/MS  for TTX in mussels.  

The conditions used in this SLV validation were based on those proposed by Turner on a pre- 

trial study for the validation of PSP and TTX by HILIC- LC-MS/MS (see references).  

The summary of the results of the  EURLMB- SLV are included in ANNEX  

 

. 
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2. Chemical and physical properties 
 

Table 1: Chemical and physical properties 

Property name Property value 

Molecular weight 319,27 g/mol 

Exact mass 319,102 g/mol 

Solubility Highly soluble in water (106 mg/L at 25ºC) (US EPA 2004), 

diluted acetic acid, partially soluble in alcohol and ether, 

insoluble in acetonitrile, acetone (O’Neil 2006). 

Stability Stable to boiling except in an alkaline solution. 

CAS Number 4368-28-9 

 

 

3. Equipment  
 

3.1.             LC-system equipped with MS/MS detector 

3.2.             Boiling water bath  

3.3.             Centrifuge, operating at ≥ 3000 g for this method (normally run 4500 rpm)  

3.4.             Micro-centrifuge 

3.5.             Vortex  

3.6.             Vacuum Manifold for manual SPE, if required  

3.7.             Micropipettes  

3.8.             Polypropylene centrifuge tubes  

3.9.             Polypropylene 700 μL autosampler vials  

3.10. Waters Acquity UPLC Glycan BEH Amide HILIC Column 130 Å 1.7 μm, 2.1 x 150 

mm 

3.11. Supelco SupelcleanTM ENVI-Carb 250 mg/3 mL  

 

4. Reagents  
 

4.1. Primary Reagents 
 

4.1.1.  Acetonitrile (MeCN), LC-MS and HPLC grade  
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4.1.2.  Methanol (MeOH), LC-MS   

4.1.3.  Water, Deionised (Milli-Q) or LC-MS  

4.1.4.  Formic acid 98-100% LC-MS 

4.1.5.  Glacial Acetic acid (HAc)  

4.1.6.  Ammonium Hydroxide LC-MS additive, (25% as NH3) 

 

4.2. HILIC LC Mobile Phases 
 

4.2.1.  Mobile Phase A1:  

500 mL water (LC-MS) + 75 μL formic acid + 300 μL ammonium hydroxide  

(Mix well between and after formic acid and ammonium hydroxide additions)  

Important: due to NH4OH volatility and low concentration in Mobile Phase A1, 

this mobile phase must be prepared freshly (every day). 

4.2.2.  Mobile Phase B1:  

700 mL acetonitrile (LC-MS) + 300 mL water (LC-MS) + 100 μL formic acid and mix 

well  

4.2.3.  Mobile Phase A2 (for shutdown): 

200 mL water (LC-MS) + 1 mL formic acid and mix well 

4.2.4.  Mobile Phase B2 (for shutdown):  

Methanol (LC-MS)  

 

 

 

4.3. Sample Preparation Reagents 
 

4.3.1.   1% V/V HAc : 1000 mL water (deionised) + 10 mL acetic acid 

4.3.2.   20%V/V MeCN with 1% V/V HAc: 200 mL acetonitrile (HPLC) + 800 mL Milli-Q + 10 

mL HAc 

4.3.3.   0,025% V/V NH3: 500 mL Milli-Q + 500 μL 25% NH3 

4.3.4.   Standard Dilution Solvent, 80% V/V MeCN with 0,25% V/V HAc : 80 mL 

acetonitrile + 20 mL Milli-Q + 250 μL HAc  
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4.4. Standard 
 

4.4.1.  Validation studies were carried out using tetrodotoxin (TTX), 1 mg (Tocris-

Bioscience, Bristol UK), Batch 43B, MW: 319,27g/mol (C11H17N3O8) 

4.4.2.  Certified standards for TTX are available in CIFGA 

4.4.3.  Other standards of TTX are commercial available, which information are 

provided on EURLMB webside. 

 

5. Analytical procedure  
 

5.1. Sample Extraction  
 

Accurately weigh 5,0 ± 0,1 g of tissue into 50 mL polypropylene centrifuge tubes. Add 5,0 mL 

1% V/V HAc (4.3.1), and mix thoroughly on a vortex for 90 s. Cap and place in a boiling water 

bath for 5 min. Remove from water bath, and cool until achieve room temperature. Remix on a 

vortex for 90 s. Centrifuge at ≥ 4000 g for 10 min. Transfer 1 mL of supernatant to a 1.5 mL 

centrifuge tube and add 5 μL of 25%V/V NH3 (4.1.6), and vortex. Centrifuge at ≥ 10000 g for 1 

minute. Clean-up extract with Graphitised Carbon SPE. 

Observation: Ammonium hydroxide improves TTX retention on carbon stationary phase and 

produces protein precipitation in shellfish extract. TTXs retention in HILIC column are strongly 

affected by proteins. 

 

5.2. Graphitised Carbon SPE Clean-up  
 

Condition an ENVI-Carb 250 mg/3mL cartridge with 3 mL of 20% MeCN + 1% V/V HAc (4.3.2), 

followed by 3 mL of 0,025% V/V NH3 (4.3.3). Approximate flow of 6 mL/min (or 1 or 2 drops/s). 

Elute both to level of top frit and discard to waste.  

Add 400 μL of the sample extract to the cartridge. Approximate flow of 6 mL/min. Elute to top 

frit and discard to waste. 
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Wash the cartridge with 700 μL Milli-Q water (4.1.3) (Critical step: High water quantity or fast 

flow rate in wash step produces TTXs elution and consequently yields low recovery values). 

Elute to dryness and discard to waste. 

Elute cartridge with 2 mL of 20% V/V MeCN 1% V/V HAc (4.3.2). Approximate flow of 3 mL/min (1 

drop/s approximately). Elute to dryness and collect in a polypropylene tube. Mix on a vortex.  

Dilute collected samples by transferring 100 μL of eluent and adding 300 μL of MeCN (4.1.1) in 

a polypropylene 700 μL LC-MS auto-sampler vial. Mix on a vortex. 

Observation: diluted extract must be filtered using 0,22 µm membrane filter in order to avoid 

the chromatographic column blockage. 

 
 

5.3. Matrix match (MMS) preparation 
 

Acetic shellfish extract purified by SPE-ENVI-Carb (3.11) must be diluted ¼ with MeCN (4.1.1). 

 

5.4. Standard solutions preparation 
 

In this validation study, commercial TTXs standard from Tocris was used (4.4.1). 

5.4.1.  This commercial standard must be dissolved into 1 mL of 0,03 M acetic acid 

(commercial standard stock solution). 

5.4.2.  Commercial standard stock solution (1 mg TTX/mL) must be diluted 1/10 in 

acetic acid 0,03 M (working solution). 

5.4.3.  Prepare 6 standard solutions from working solution (5.4.2) using matrix match 

(MMS) (5.3). 

Range: 10µg/kg - 10mg/kg (mussel matrix match); 10µg/kg - 100µg/kg (oyster matrix match). 

Observations: TTXs standard solutions are stable in 1 week when preserved at 4ºC or less 

(standards must be prepared in polypropylene vials, not glass vials). 

 

6. Instrument Conditions 
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6.1. LC instrument conditions 
 

Table 2: LC instrument conditions 

Parameter Description 

Column Waters Acquity UPLC Glycan BEH Amide HILIC Column 130 Å 1.7 

μm, 2.1 x 150 mm 

Injection volume 2 µL 

Runtime 11 min 

Column temperature 60 ºC 

Sample compartment 4 ºC 

 
 

6.2. Run LC System 
 

6.2.1.  Turn on LC pump HILIC column connected to LC system with low flow rate (0,1 

mL/min); 50% of mobile phase A1 and 50% of mobile phase B1. 

6.2.2.  Increase slowly flow rate until achieve 0,4 mL/min. 

6.2.3.  When column backpressure is stable, run UPLC Start-Up HILIC Method for 

column conditioning (Table 3). 

6.2.4.  Load UPLC HILIC Method and equilibrate column with mobile phase (inject 

solvent 2 times or more) (Table 4). 

6.2.5.  Inject four times lowest standard concentration in MMS and check retention 

times and peak areas reproducibility. RSD (Relative Standard Deviation) must be 

<1% for retention time and ≤10% for peak area. 

6.2.6.  Run standards and samples randomly, and between inject solvent for column 

cleaning. 

6.2.7.  Run Cleaning Column Method (inject solvent) (Table 6). 

6.2.8.  Run UPLC Shutdown HILIC Method (Table 5). 

 

 
Table 3: UPLC Start-Up HILIC Method 

Time (min) Flow Rate (mL/min) % A1 % B1 

0 0,3 50 50 

4 0,3 50 50 

6 0,4 50 50 
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15 0,4 50 50 

16 0,5 2 98 
17 0,4 2 98 

17,5 0,4 2 98 

 

Table 4: UPLC HILIC Method (11 min run time) 

Time (min) Flow Rate (mL/min) % A1 % B1 

0 0,4 2 98 

5 0,4 2 98 

7,5 0,4 50 50 

9 0,5 50 50 
9,5 0,5 5 95 

9,8 0,8 2 98 

10,6 0,8 2 98 
11 0,4 2 98 

 

Table 5: UPLC Cleaning Column HILIC Method 

 

Table 6: UPLC Shutdown HILIC Method 

Time (min) Flow Rate (mL/min) % A2 % B2 
0 0,3 100 0 

4 0,3 100 0 
8 0,3 0 100 

9 0,3 0 100 

11 0,4 0 100 

15 0,4 0 100 

 

 

6.3. MS instrument conditions 
 

Table 7: Source parameter for a 1290 Infinity Agilent LC-MS/MS System (iFunnel Jet Stream Ion Source, 6495 Triple 
Quad, Agilent) 

Source Parameters 

Gas Temperature (ºC) 150  

Time (min) Flow Rate (mL/min) % A1 % B1 
0 0,1 100 0 

15 0,3 100 0 

30 0,3 100 0 

31 0,3 0 100 

35 0,3 0 100 
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Gas flow (L/min) 12 

Nebulizer (psi) 45 

Sheath Gas Heater (ºC) 400 

Sheath Gas Flow (L/min) 12 

Capillary (V) 4000 

V Charging (V) 300 

Ion Funnel Parameters 

Positive High Pressure RF 150 Negative High Pressure RF 90 

Positive Low Pressure RF 60 Negative Low Pressure RF 60 

 

Other parameters: 

 Dwell: 20mS 

 Frag: 380V 

 Cell Acc (V): 5 

 Polarity: Positive 

 Acquisition mode: static 

 Delta EMV: 400 

 

 

 

 

 

 

 

 

 

Table 8: MRM transitions for TTX and analogues (Jang et al. 2010; Boundy et al. 2015) 

Compound Precursor Ion MS1Res Product Ion MS2Res 

TTX/4-epi-TTX 320,1 Unit/enh(6490) 302,1 Unit/enh(6490) 

TTX/4-epi-TTX 320,1 Unit/enh(6490) 162,1 Unit/enh(6490) 

11-deoxy-TTX/5-deoxy-TTX 304,1 Unit/enh(6490) 286,1 Unit/enh(6490) 
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Note: Validation studies were carried out for TTX. Concentration value is available only for TTX 

(Tocris standard (4.4.1)). 

 

7. Observations 
 

7.1. General recommendations 
 

 Ion source in mass spectrometer should be optimized for each instrument. Parameters 

must be adjusted in order to achieve highest sensitivity of MS/MS system (Table 7). 

 

 Mass spectrometer optimization: Mass spectrometer parameters should be adjusted 

for each instrument controlling fragmentation, collision energy, temperature, gas flow, 

etc. Adjust each parameter in order to achieve highest detection sensitivity of MS/MS 

system (Table 7 and Other parameters (6.3)). 

 Sodium co-elution saturating ESI source suppressing signal by controlling sodium 
formiate cluster, recommendation proposed by Turner et al. 2015. When intense 
signal is observed, cleaning ion source and HILIC column are required. 

 Salts and other matrix contents such us proteins, amino acids, etc affect strongly 
retention process of TTX in HILIC stationary phase. Sample clean-up must be done 
properly. 

 For LC-MS/MS mobile phases use only LC-MS grade reagents. 

 Storage standard and samples properly during the analysis at least < 4ºC. 

 Attention during the analysis to the possible mobile phase degradation. Mobile phase 
A1 (4.2.1.) has low stability. 

 

7.2. Recommendations for improving chromatographic performance 
 

11-deoxy-TTX/5-deoxy-TTX 304,1 Unit/enh(6490) 162,1 Unit/enh(6490) 

4,9- Anhydro TTX 302,1 Unit/enh(6490) 284,1 Unit/enh(6490) 

4,9- Anhydro TTX 302,1 Unit/enh(6490) 162,1 Unit/enh(6490) 

6,11-dideoxy-TTX 290,1 Unit/enh(6490) 272,1 Unit/enh(6490) 

6,11-dideoxy-TTX 290,1 Unit/enh(6490) 162,1 Unit/enh(6490) 

5,6,11-trideoxy-TTX 272,1 Unit/enh(6490) 254,1 Unit/enh(6490) 

5,6,11-trideoxy-TTX 272,1 Unit/enh(6490) 162,1 Unit/enh(6490) 
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HILIC is a sensitive form of chromatography, particularly in comparison to reverse-phase 

LC. It is extremely important that this chromatography is approached in a systematic 

manner.  

 Once the sequence is started, keep it running. Do not allow the system to pump 

mobile phase at starting conditions.  

 If analysis has already started, and samples are not ready on the instrument, keep 

instrument running by several injections of matrix match and methanol solvents, in 

order to maintain the equilibrium between stationary phase and mobile phase 

(UPLC HILIC Method (Table 4)). 

 

7.3. Regarding HILIC column 
 

7.3.1.  Drift retention times (early or later elution). 

a. Clean the column using UPLC Cleaning Column HILIC Method (Table 5). 

b. Run UPLC Shutdown HILIC Method (Table 6). 

c. UPLC Start-Up HILIC Method (Table 3). 

d. Inject two or more times solvent using UPLC HILIC Method (Table 4). 

e. Inject low concentration standard, and check the retention time and peak 

area reproducibility. 

7.3.2.  Boardning chromatographic peaks. 

a. Clean column (see 7.3.1). 

b. Prepare fresh mobile phases and use startup and equilibration protocol as 

describe in 7.3.1. 

7.3.3.  Equilibration: Between injections allows to column equilibrate during 5 min with 

initial conditions of UPLC HILIC Method (Table 4). 

7.3.4.  Solvents composition changes: When solvents composition are changed in LC-

system, purge channels very well and start with low flow rate (0,1 mL/min) and 

increase slowly until run flow rate achieved. 
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9. Appendix 
 

Results from internal validation studies carried out in EURLMB for TTX’s in mussel and oyster 

are attached in this document. 
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