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Food Safety Group

• Water quality

• Primary focus on shellfish (bivalve molluscs)

• Risks from bioaccumulation of pathogens 

and chemicals

• Official control testing for government

• Research programmes 

• Focus on applied science

Centre for Environment Fisheries and Aquaculture 

Science (Cefas)

• UK Government agency

• Two specialist laboratories

• 500 staff

• Aquatic science, research and advice



Presentation overview

1. Background and testing methods

2. Use of Agilent 1290-6495B for 

PST/TTX analysis

3. Multi-laboratory validation

4. Column options

5. Overall conclusions



Background and testing 

methods



From seawater to shellfish, why it’s the little things that 

matter:

Bivalve shellfish (mussels, 

oysters, cockles, etc) filter feed 

and concentrate whatever is in 

the seawater they grow in:

• Bacteria

• Viruses

• Heavy metals

• Radiological wastes

• Chemical wastes

• Pharmaceuticals

• Microplastics

• Toxic algae

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.corbisimages.com/stock-photo/rights-managed/42-23598075/vibrio-cholerae-bacteria-cause-cholera-in-humans&ei=JzrjVK_fMYjxaN_3gsAC&bvm=bv.85970519,d.d2s&psig=AFQjCNHudReNDIfH9W2I8uOJE_EDFNjJuQ&ust=1424264097955224


Marine Biotoxins



EU-regulated Biotoxins in Shellfish

ASP
(Domoic/epi-domoic acid)

• Nausea

• Diarrhoea

• Vomiting

• Confusion

• Memory loss (may 

be permanent)

• Can be fatal

Lipophilic toxins
(OA, DTX. YTX, PTX and AZA 

groups)

• Nausea

• Abdominal pains

• Vomiting

• Diarrhoea

• Tumourigenic

PSP
(Saxitoxins)

• Numbness/tingling

• Headaches

• Nausea, Vomiting

• Respiratory distress

• Paralysis

• Can be fatal

Pseudo-nitzschia spp. Dinophysis spp.

Prorocentrum lima

Alexandrium spp.

Azadinium spp.

OVERALL ~20 algal species &>30 toxins all present in EU waters and requiring monitoring



GB Monitoring Programme

• Cefas conduct official control 

monitoring of bivalve molluscs 

conducted for FSA/FSS

• >100 monitoring sites round 

GB

• >3000 samples/year

• Samples arrive 7.30am each 

morning

• Results reported next day (24 

hr turnaround)



PSP Toxins

•  Saxitoxins (>55 analogues)

•  Highly potent neurotoxins

• Variable toxicities

• Paralysis, death by asphyxiation

•  No antidote

• Max permitted limit = 800 μg STX eq/kg shellfish

• Max UK concentration >27,000 µg STX eq/kg (x34 MPL)

• Globally >1,000,000 (1g/kg) (x1,250 MPL)



PSP Toxins

•All congeners contain two =NH2
+ substituents  

• R4 substituents vary:

• N-sulfocarbamoyl – impart 1 –ve charge

• Others (carbamoyl, OH and H) are neutral

• R2/R3 C11 substituents, either H, OH or hydroxysulphate OSO3
-

• Three charge groups result: Neutral, +1 or +2

R4 = 

• N-sulfocarbamoyl

• Carbamoyl

• Decarbamoyl

A range of methods available for testing



a) PSP Mouse bioassay

• EU reference method until Jan 2019

• Shellfish homogenised & extracted (HCl)

• IP injection into replicate mice

• Death time gives PSP toxicity

• Simple, BUT, lots of issues:

– Matrix effects

– Reproducibility

– Sensitivity

– Ethics

• Until Oct 2006 – all PSP testing conducted by MBA

HCl extraction

Centrifuge

Filter

Inject

Measure death 

time



b) PSP by Receptor Binding Assay (RBA)

• Competitive binding assay:

– [3H]STX competes with unlabelled STX in 

samples

– Receptor sites in rat brain membrane prep

• AOAC 2011.27 OMA

• ISSC approved (Mussels and clams)

HCl extraction

Centrifuge

Incubate

Filter plate

Add reagents to 

microplate

Scintillation 

counting

Scintillation 

cocktail add



c) PSP by post-column LC-FLD (PCOX)

• AOAC 2011.02 OMA

• ISSC approved

• Routine use in Canada 

& parts of USA, Norway 

HCl extraction

Centrifuge

25 µL 30% TCA

35 µL NaOH

Filter

GTXs

STXs

C 

toxins



d) PSP by pre-column LC-FLD

• AOAC 2005.06

• EU Ref Method

• Routine in UK, Ire, 

Aus, NZ, Portugal –

more and more



e) PSP by pre-column LC-FLD

• Method performance well validated

– Some recovery issues (SPE related)

• Use for routine monitoring > 12 years in UK

– No contingency MBA required

• Frustrations are voiced:

– Significant analyst time needed

– ≥ 4 analytical runs for each quantitative sample

– Full quantitation requires 2 days

– A known over-estimation in total PST for some analogues

– Accurate quant not easy for some analogues

– Not validated for all analogues (GTX6, C3&4, dcGTX1&4)

• A method which is simple, fast, accurate and 

applicable to all known PSTs desirable



e) PSP by pre-column LC-FLD

• One other (more recent) issue…



Tetrodotoxins (TTXs)
• TTXs also found in UK and EU molluscs

• Also highly toxic and heat-stable

• Multiple TTX analogues identified

• TTX not incorporated into either LC-FLD method



TTX prevalence

• Japan

• New Zealand

• England

• Greece

• Netherlands

• Italy

• Spain

• France

• Portugal

Linked primarily to marine bacteria e.g. Vibrio spp.



f) PSP/TTX by LC-MS/MS – an opportunity

• Dell’Aversano 2005 – use of HILIC 
chromatography for PST

• TSK-gel Amide-80 (250mm) column

More sensitive than LC-FLD

Matrix ion-suppression

Chromatographic variability

• Subsequent reports:
– Sensitivity issues

– Toxin recovery

– Long run times (> 60 mins)

– Inadequate peak resolution

• Issues needed resolving



Method goals

• Rapid, simple extraction (>80 per day)

• One simple clean-up

• No derivatisation steps

• 1 column / system required

• 1 run for full quant of all analytes

• All within 1 day

• Able to use multiple columns and consumables



Use of Agilent 1290 UHPLC 

and 6495B MS/MS for 

PST/TTX analysis



Method

https://www.agilent.com/cs/library/applications/application-pst-

tetrodotoxin-shellfish-lcmsms-5994-0967en-agilent.pdf

https://www.agilent.com/cs/library/applications/application-pst-tetrodotoxin-shellfish-lcmsms-5994-0967en-agilent.pdf


Methodology: Instrumentation
• Chromatography

– Agilent 1290 Infinity II LC with 20 µL injection loop

• Mass spectrometer

– Agilent 6495B triple quadrupole LC/MS with iFunnel and Jet 

Stream technology

• Analysis 

– Fast polarity switching mode with electrospray ionisation

• Data acquisition

– Agilent MassHunter Acquisition software (Version B.08.00)

• Data processing

– Agilent MassHunter Quantitative and Qualitative Analysis 

software (Version 10.0)



Methodology: other equipment needed

• Boiling water bath

• Centrifuge, operating at 4,500 × g

• Vortex mixer

• Vacuum Manifold for manual SPE (Solid Phase Extraction), if required

• Automated SPE liquid handler for SPE clean-up (optional for high throughput)

• Autopipettes

• Duran bottles

• Volumetric flasks for standards and samples

• 50 mL polypropylene centrifuge tubes

• 15 mL polypropylene centrifuge test tubes

• Polypropylene 700 µL autosampler vials

• Suitable analytical HILIC column (optional guard cartridge)

• Supelco Supelclean ENVI-Carb 250 mg/3 mL or equivalent carbon SPE column

• Use of glassware should be avoided



Methodology: toxin standards

Primary certified standards

Mixed stock solution

Working calibration standards

Acetonitrile-

diluted carbon 

SPE cleaned 

acidic extracts of 

mussels

HILIC-MS/MS analysis

Stable for 1 week (ALS)



Methodology: protocol overview



Methodology: Analytes

• Saxitoxin congeners

• Tetrodotoxin (TTX)

Based on commercially available toxin CRMs



Note on quantitation from calibrants

• Quantitation for all PST analytes available as CRMs

• For other PSTs quantify against calibration generated 

from most appropriate analyte

• TEFs based on EFSA, 2009



Methodology: HILIC Mobile phases

• Mobile Phase A1:

500 mL water + 75 µL formic acid + 300 µL ammonium hydroxide. 

• Mobile Phase B1:

700 mL acetonitrile + 300 mL water + 100 µL formic acid. 

• Mobile Phase A2:

200 mL water + 1 mL formic acid. 

• Mobile Phase B2:

Methanol. 



Methodology: HILIC conditions

• Column: Acquity UPLC BEH Amide, 130 Å, 1.7 µm, 2.1 ×

150 mm

• Guard: Acquity UPLC BEH Amide pre-column, 130 Å, 1.7 

µm, 2.1 mm × 5 mm 

• 60 °C column temp

• 2 µL injection volume

• Columns to be conditioned, with start-up procedure

Time Flow Rate 

(mL/min)

% A1 % B1

Initial 0.400 2.0 98.0

5.00 0.400 2.0 98.0

7.50 0.400 50.0 50.0

9.00 0.500 50.0 50.0

9.50 0.500 2.0 98.0

10.0 0.800 2.0 98.0

10.60 0.800 2.0 98.0

10.61 0.400 2.0 98.0

11.00 0.400 2.0 98.0



Methodology: Agilent 6495B

• Gate valve to enable capillary to be 

changed without venting 

• Jet stream and ion funnel technology – high 

sensitivity

• Hexabore capillary for signal intensity 

increase

• Enhanced Q1 ion options

• Curved collision cell – pull out more neutrals

• Detector with high energy conversion 

dynode



Methodology: Agilent Jet Stream conditions

Source settings

Drying gas 

temperature

150 °C

Drying gas flow 15 L/min

Nebulizer pressure 50 psi

Sheath gas 

temperature

400 °C

Sheath gas flow 12 L/min

Capillary voltage 2,500 V (positive) | 2,500 V (negative)

Nozzle voltage 0 V (positive) | 0 V (negative)

High/low Pressure 

funnel RF (V)

150/80 V (positive) | 150/80 V (negative)

Acquisition settings

Acquisition mode Dynamic MRM

Cycle time 400 ms

Time filter 0.04 minutes

ΔEMV 0 V (positive) | 0 V (negative)



Multiple Reaction Monitoring
Principles

Spectrum with 
background 

ions

Quad Mass Filter (MS2)Quad Mass Filter (MS1)

Collision Cell

Chromatogram High background

Q1 lets target 
ion 300 pass 

through



Multiple Reaction Monitoring
Principles

Spectrum with 
background 

ions

Quad Mass Filter (MS2)Quad Mass Filter (MS1)

Collision Cell

Low background

Chromatogram High background

Q1 lets target 
ion 300 pass 

through

Collision cell 
breaks ion 300 

apart

Q3 monitors 
204 fragment 
from 300 ion



Methodology: MRM transition parameters
• MS1 Res = Unit, MS2 Res = Unit, cycle time = 400 ms, retention 

time (RT) window = 1 min, cell accelerator voltage = 5 V

• Tested on 3 systems – transferable to other systems

Analog ESI+ Transition CE +ve

RT 

(min) ESI- Transition CE -ve

STX 300.1>204.1, 138.0 31, 24 7.76

NEO 316.1>126.1, 298.1, 220.1 30, 20 7.82

dcSTX 257.1>126.1, 222.0 20, 20 7.73

dcNEO 273.1>126.1 ,225.1 24, 18 7.73

doSTX 241.1>60.0, 206.1 25, 20 7.50

TTX 320.1>302.1, 162.1 28, 44 6.55

GTX2 5.10 394.1>351.1, 333.1 20, 18

GTX3 396.1>298.1 16–20 5.90 394.1>333.1 22

GTX1 5.36 410.1>367.1, 349.1 15, 20

GTX4 412.1>314.1 18 6.36 410.1>367.1 15

GTX5 380.1> 300.1 15 6.98 378.1>122.0 22

GTX6 396.1> 316.1 12 7.26 394.1>122.0 24

dcGTX2 5.44 351.1>164.0, 333.1 22, 12

dcGTX3 353.1>255.1 15 6.43 351.1>333.1 18

dcGTX1 5.55 367.1>274.1, 349.1 20, 17

dcGTX4 369.1>271.1 20 6.60 367.1>349.1 16

C1 3.15 474.1>122.0, 351.1 38, 30

C2 396.1>298.1 15 3.71 474.1>122.0 38

C3 412.1>332.1 12 3.56 490.1>410.1 16

C4 412.1>314.1 4.28 490.1>392.1 20

Sodium 2.89 452.7>133.0, 588.6>316.8 26



Preparing for analysis

• Scouting run to establish retention times

• Acquisition windows: 1 to 9 mins

Analogs ESI+ Transitions CE ESI- Transition CE

STX, dcSTX, 

dcNEO 300.1>204.1 31

NEO 316.1>126.1 30

C1&2 474.1>122.0 38

C3&4 490.1>410.1 16

doSTX 241.1>60.0, 206.1 20–25, 20

TTX 320.1>302.1 28

GTX2&3 394.1>333.1 20

GTX1&4 410.1>367.1 15

dcGTX2&3 351.1>164.1 15

GTX5 380.1>300.1 15

GTX6 396.1>316.1 12

Sodium 588.6>316.8 26



C

• QC Mix

• dMRMs



Chromatograms for oyster matrix CRM

• Cefas POCRM used for trueness QC assessment



Chromatograms – separation requirements

1) In-source fragmentation

• MRMs are shared between some analytes

• MRMs are shared with other components e.g. M toxins

2) Epimeric pairs

• Identical masses + different toxicities = separation 

needed



Chromatograms – separation of epimeric pairs

• C1 & C2

• C3 & C4



Method verification on

1290-6495B



Calibrations

• Matrix-modified calibrations 

• Linearity acceptable over full calibration range

• Excellent dynamic range for quantitation

Negative mode Positive mode



Method verification assessment

• LOD = conc (nmol/L) with MRM S/N ratio = 3.0

• LOQ = conc (nmol/L) with MRM S/N ratio = 10.0

• Trueness = Repeat (n=33) analysis of matrix CRM over 

1 year, comparing accuracy against certified values

• Precision (within batch) = repeat analysis of QC (n=42)

• Repeatability (between batch) = repeat analysis of QC 

(n=20) over one week

• Reproducibility (over one year) = repeat CRM (n=31)



Verification results

Analyte LOD LOQ

Accuracy % 

(n=33)

Precision (1 

batch; n=42)

Repeatability (1 

week; n=20)

Reproducibility 

(1 yr; n=31)

C1 0.07 0.24 116% 0.06 0.10 0.24

C2 0.05 0.17 86% 0.06 0.11 0.19

C3 0.28 0.92 - 0.07 0.09 -

C4 0.33 1.09 - 0.09 0.11 -

dcGTX1 0.08 0.27 - 0.08 0.12 -

dcGTX2 0.24 0.78 - 0.08 0.12 -

dcGTX3 0.04 0.14 - 0.09 0.09 -

dcGTX4 0.05 0.15 - 0.17 0.18 -

dcNEO 0.18 0.59 - 0.14 0.08 -

dcSTX 0.15 0.49 - 0.15 0.12 -

doSTX 0.05 0.16 - 0.12 0.11 -

GTX1 0.02 0.08 96% 0.06 0.10 0.22

GTX2 0.13 0.43 107% 0.05 0.12 0.23

GTX3 0.30 0.99 112% 0.08 0.16 0.24

GTX4 0.29 0.72 89% 0.04 0.14 0.21

GTX5 0.37 1.22 96% 0.07 0.23 0.27

GTX6 0.15 0.50 - 0.15 0.20 -

NEO 0.06 0.19 96% 0.07 0.10 0.16

STX 0.02 0.08 115% 0.07 0.12 0.17

TTX 0.04 0.15 - 0.11 0.15 -

LOD/Q concentrations in nmol/L



Verification results

Analyte LOD LOQ

Accuracy % 

(n=33)

Precision (1 

batch; n=42)

Repeatability (1 

week; n=20)

Reproducibility 

(1 yr; n=31)

C1 0.07 0.24 116% 0.06 0.10 0.24

C2 0.05 0.17 86% 0.06 0.11 0.19

C3 0.28 0.92 - 0.07 0.09 -

C4 0.33 1.09 - 0.09 0.11 -

dcGTX1 0.08 0.27 - 0.08 0.12 -

dcGTX2 0.24 0.78 - 0.08 0.12 -

dcGTX3 0.04 0.14 - 0.09 0.09 -

dcGTX4 0.05 0.15 - 0.17 0.18 -

dcNEO 0.18 0.59 - 0.14 0.08 -

dcSTX 0.15 0.49 - 0.15 0.12 -

doSTX 0.05 0.16 - 0.12 0.11 -

GTX1 0.02 0.08 96% 0.06 0.10 0.22

GTX2 0.13 0.43 107% 0.05 0.12 0.23

GTX3 0.30 0.99 112% 0.08 0.16 0.24

GTX4 0.29 0.72 89% 0.04 0.14 0.21

GTX5 0.37 1.22 96% 0.07 0.23 0.27

GTX6 0.15 0.50 - 0.15 0.20 -

NEO 0.06 0.19 96% 0.07 0.10 0.16

STX 0.02 0.08 115% 0.07 0.12 0.17

TTX 0.04 0.15 - 0.11 0.15 -

LOD/Q concentrations in nmol/L

Note on sensitivity (LOD & LOQ)

When calculated in terms of µg STX eq/kg:

• LOD: 0.005 to 3.4 μg STX eq/kg (mean 0.85)

• LOQ of 0.02 to 11.4 μg STX eq/kg (mean = 2.85)

In comparison to MPL of 800 μg STX eq/kg, this 

represents excellent level of sensitivity

Provides excellent advance warning of developing 

toxicity event



Quality control

• Keep sequence running continually with BEH Amide

• Correct column conditioning and shutdown/start-up cycles

• Use of “scouting run” to update dMRM acquisition method

• Resolution of all critical pairs

• Retention time drift for HILIC ≤ 5%

• Acquisition of sodium formate cluster for C toxin checks

• Linearity of calibrations – use of bracketed calibrations

• Correlation for both calibrations ≥ 0.98 across the batch

• Continuing calibration checks for extra long sequences

• Sensitivity check on low standards (both MRMs)

• Use of CRM + positive and negative control samples

• No carryover in procedural blanks



Qualitative analysis of data

• Using MassHunter Qualitative Analysis

• Provides useful system suitability check

• Load samples – check TIC



Qualitative analysis of data

• Using MassHunter Qualitative Analysis

• Click “Find compounds by MRM” to check all analytes:



Qualitative analysis of data

• Using MassHunter Qualitative Analysis

• Find compounds by MRM:



Identification of analytes in batch review

• Using MassHunter Quantitative Analysis

• Easy assessment of peak integration, ion ratios and 

calibration characteristics

• Clear flags – enables issue assessment



“Compounds at a glance”

• Using MassHunter Quantitative Analysis

• Easy integration and mass “noise peak” removal –

speeding up data assessment hugely



International 

collaborative validation 

study



Collaborative Study

• In order to use method for official control, must be 

“Internationally Accepted”

• Following AOAC guidance

Global study with globally-sourced materials for a global 

end user group



Main Study

• 24 participating laboratories

• 5 continents



Materials – raw tissues

• 94 separate shellfish tissues provided for study

• 6 continents

15 Shellfish species:
• Mussels (Mytilus edulis, Perna canaliculus, Mytilus 

galloprovincialis, Mytilus chilensis)

• Clams (Spisula solida, Venerupis pullastra, 

Mesodesma donacium, Mercenaria mercenaria, 

Paphies australis)

• Oysters (Magallana gigas)

• Cockles (Cerastoderma edule, Acantocardia

tuberculata)

• Scallops (Pecten maximus)

• Razorshells (Ensis sp.)

• Geoduck (Panopea generosa)



Materials – raw tissues

• Source algae

– Alexandrium (catenella, (fundyense), minutum, pacificum)

– Pyrodinium bahamense

– Gymnodinium catenatum

• Toxicity & toxin profiles

– Highly variable 

• Analogues

– 20 included (all except M toxins)

• TTX

– Naturally present in 2 samples

– Spiked into 1 other sample

http://www.marinespecies.org/aphia.php?p=image&tid=109784&pic=33855


Sensitivity & Linearity

Linearity

• Mean r2 = 0.995

• Range 0.989-1.000

• Across all systems

• Not system dependent

Sensitivity dependent on 

system used

Highest sensitivity:
<1 µg STX eq/kg quantifiable

Lowest sensitivity:
Mean lowest calibration std conc = 

15 µg STX eq/kg



Performance summary

• Trueness – mean results vs expected

– 85 characterised values for assessment in 21 labs

– Total PST trueness = 1.02 ± 0.09

– Mean PST analogue trueness = 1.03 ± 0.19

• Repeatability (RSDr) – duplicate variability

– Acceptable for majority of duplicates

• Reproducibility (RSDR) – variability between labs

– Total PST: RSDR = 17% across 21 labs

• HorRat – acceptability of RSDR (<2.0)

– 1 out of 157 results >2.0 (>99% acceptable)



Comparison with other methods
RBA Pre-COX PCOX LC-MS/MS

Analogues Toxicity 16 15 25

M toxins ? n n Y

TTX (Y) n n Y

Trueness 89% 73% 104% 102%

RSDr % nd 33% 21% 17%

RSDR % 33% 29% 27% 26%

HorRat 2.0 1.5 1.2 1.6

% HorRat >2.0 - 10.6% 12.2% 3.3%

Species 9 4 4 15



HILIC column options



UHPLC column options
BEH Amide HILIC



UHPLC column options
Waters BEH Amide HILIC

Agilent Poroshell HILIC-Z



UHPLC column options

Waters BEH Amide HILIC
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Agilent Poroshell HILIC-Z
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Agilent HILIC-Z column

Agilent Poroshell HILIC-Z

• No complex conditioning 

and start-up/shutdown 

cycles required

• Retention times more 

stable

• Greater separation from 

sodium

• Less separation between 

some analogues

• Work ongoing assessing 

multiple batches of 

columns



Overall conclusions



Use of Agilent 1290-6495B

• Application note - PSTs & TTX in shellfish in 11 mins

• Two interference-free MRM transitions for each compound

• LOQs ≤16 μg STX eq/kg 

• Robust, repeatable and reproducible. 

• Matrix-modified calibration curves with excellent linearity 

• Simple, rapid, and cost-effective in terms of analyst time, 

consumables and the absence of expensive internal standards
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Thank you for listening

Questions about application note please contact:
László Tölgyesi (Agilent) laszlo_toelgyesi@agilent.com

Andrew Turner (Cefas) andrew.turner@cefas.co.uk
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