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INTRODUCTION 
Although long-anticipated, recent changes in EU 
shellfish safety regulations have raised questions about 
the applicability of many LC and MS techniques to the 
analysis of marine biotoxins in real matrices. Based on 
recommendations from various sources as well as in-
house experimentation, CEFAS have developed a fast 
analytical method which meets the demand for low 
limits of quantitation for multiple analytes in a variety 
of matrices. Extensive single-site validation has been 
carried out and has proven the method to be robust, 
sensitive and accurate. It is now in routine use in the 
UK biotoxins monitoring programme. 
 
Such methods are often subject to scrutiny due to the 
inherently changeable nature of the matrix. A novel 
feature of this instrumentation allows real-time 
monitoring of the chemical background by acquiring 
qualitative, full-spectral data concurrently with standard 
MRM data for quantitation and confirmation. This not 
only facilitated development of the method by 
increasing understanding of the various tissue types, it 
is also used routinely so as to enable analysts to make 
informed decisions about the accuracy of questionable 
results. 
 
The method described here allows a good margin of 
error (LOD of approximately 10 x less than the required 
level on the least responsive analyte). However, with a 
universal move to the LC-MS/MS method in all EU 
testing facilities, further review of the legislation 
surrounding these compounds is expected to continue. 
In anticipation of more stringent legislation, the method 
has also been transferred to an instrument with a novel 
ion source, designed to increase the signal associated 
with targeted analytes whilst minimising background 
noise, thereby enabling much lower LODs to be 
achieved. 
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Figure 1. Acquity™ UPLC™ and Xevo™ TQ-S™ 
mass spectrometer. 

METHODS 
LC Conditions 

Two methods were used in the validation stages. The original 
HPLC version was developed based on the alkali gradient 
described by Arjen Gerssen1, and this was optimized for UPLC 
using the same column chemistry and mobile phases. 
 
A 100% H2O + 2 mM NH4HCO3 (adjusted to pH 11 with 
 NH4OH) 
 
B 90% MeCN:10% H2O + 2 mM NH4HCO3 (adjusted to pH 
 11 with NH4OH) 
 
HPLC Method 
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The experimental parameters were defined according to those 
optimized previously2. This method is available in the Waters 
QuanPedia™ database and minimal changes for the new 
instrument were required. Notably, the exception was evident 
with YTX and its analogues, whose doubly charged [M-2H]2- ions 
were more intense under these basic, rather than the acidic 
conditions. 
 

CONCLUSIONS 

 CEFAS have successfully validated extraction and 
HPLC-MS/MS methods 

 Conversion to UPLC with the Xevo TQ has realized 
benefits in speed of analysis and improved sensitivity 

 Application in 2011 in UK monitoring programme will 
reduce live animal bioassays by 95% 

 RADAR™ functionality has increased understanding of 
matrix effects in different shellfish species 

 Enhanced sensitivity of Xevo TQ-S has enabled 
dilution of samples to reduce matrix effects 

 

The validation project proved that the method achieved a 
reasonable linearity of response with the HPLC method of ≤10 - 
200% of the regulatory limits for OA, DTXs, PTX2 and AZAs, 
whereas YTX exhibited non-linear behaviour above 150%. 
However, the enhanced sensitivity and resolution of the 
Acquity™-Xevo™  TQ system improved all compounds to ≤4 - 
400%. 
 
Method limits of detection and quantitation were significantly 
decreased. In the HPLC method, the LOQ for Okadaic Acid was 
23-58µg/kg depending on the matrix, leaving little room for error 
with a regulatory limit of 160µg[OA eq.]/kg. Although better for 
the other toxins, OA is one of the of the frequently found toxins 
in the UK, and represents the major limitation of the method. 
Recent EFSA suggestions to decrease the regulatory limit further 
(45µg/kg for OA) will render this method obsolete, so the higher 
sensitivity of the new system, achieving an LoQ for OA of <10µg/
kg is necessary to meet such a demand. 
 
One of the most difficult challenges to overcome with such 
analyses is the effect of the matrix; suppression and 
enhancement have been observed on several of the analytes2, 
and the wide variation of detection limits between different 
species, noted above, shows that these effects are not trivial. 
Traditionally, 13C or deuterium labelled internal standards, or 
matrix-matched standards are often employed to counter these 
matrix effects. However, appropriate internal standards for these 
analytes are not available, and the varying nature of the samples 
received for analysis makes maintaining a fast turnaround with 
matrix matching impractical. It is, therefore, important to 
understand the matrix as fully as possible, and try to minimise 
its effects where possible. 
 
The Waters Xevo™ tandem quadrupole instruments are equipped 
with a novel feature which enables real-time monitoring of the 
matrix. RADAR™ functionality performs fast switching between 
MS and MS/MS acquisition modes, thereby allowing full spectral 
scans to be acquired at the same time as MRM channels, without 
compromising quantitative performance. This feature can be 
routinely employed for every sample, so the matrix can be 
investigated in case of unexpected results. 
 
Further work carried out at AFBI takes this functionality further, 
and makes use of the still higher sensitivity of the Xevo™ TQ-S 
instrument, which uses a novel StepWave™ ion source to 
improve signal-to-noise by, approximately, a factor of 10. This 
enhanced sensitivity offers the option to dilute sample extracts, 
thereby minimising the amount of matrix in a sample whilst 
maintaining the same limits of detection and quantitation shown 
on the Xevo™ TQ. 

              
    UPLC HPLC   

  Polarity ESI+ ESI- ESI+ ESI-   

  Capillary (kV) 1.0 -1.0 3.2 -2.4   

  Source Temperature (°C) 150 150 120 120   

  
Desolvation Temperature (°C) 650 650 350 350   

  Cone Gas Flow (L/Hr) 50 50 50 50   

  Desolvation Gas Flow (L/Hr) 1200 1200 700 700   

              

Compound 
Parent 
m/z 

Daughter 
m/z Dwell/s Cone/V 

Collision/
eV Polarity 

GYM 
508.3 392.3 0.038 47 35 + 
508.3 490.3 0.038 47 24 + 

SPX 
692.5 164 0.036 50 60 + 
692.5 444.3 0.036 50 55 + 

SPX-13-desMeC 
692.5 164 0.036 47 60 + 
692.5 444.3 0.036 47 55 + 

AZA3 
828.5 362.2 0.064 47 55 + 
828.5 640.4 0.064 47 55 + 

AZA1 
842.5 362.2 0.036 50 55 + 
842.5 654.5 0.036 50 55 + 

AZA2 
856.5 654.5 0.036 30 45 + 
856.5 672.5 0.036 30 55 + 

PTX2 
876.5 213.1 0.036 40 40 + 
876.5 823.5 0.036 40 25 + 

PTX1 892.5 839.5 0.036 37 25 + 
PTX2sa 894.5 805.5 0.036 37 40 + 

YTX 
570.5 396.3 0.064 55 38 - 
570.5 467.3 0.064 55 32 - 

Homo-YTX 
577.5 403.3 0.064 55 38 - 
577.5 474.3 0.064 55 32 - 

45-OH-YTX 
578.5 396.3 0.064 55 38 - 
578.5 467.3 0.064 55 32 - 

45-OH-homo-YTX 
585.5 403.3 0.064 55 28 - 
585.5 474.3 0.064 55 32 - 

OA & DTX2 
803.5 113 0.064 65 57 - 
803.5 255.2 0.064 65 47 - 

DTX1 
817.5 113 0.064 65 60 - 
817.5 255.2 0.064 65 55 - 

RESULTS & DISCUSSION 
 
The principal aims of the project were to develop and validate 
a LC-MS/MS method for the determination of several regulated 
and non-regulated lipophilic marine biotoxins in shellfish 
typically tested by MBA in the UK monitoring programme, and 
to describe the method performance characteristics. 
 
An appropriate extraction procedure (EURL, 2006)3 and the 
basic LC methods described above were adopted. IUPAC Single 
Laboratory Validation guidelines were applied to all results, as 
per Reg. No. (EC) 882/2004 to validate for selectivity, 
linearity, limits of detection and quantitation, recovery, within-
laboratory precision, ruggedness and measurement 
uncertainty. CEFAS participated in several proficiency testing 
schemes and collaborative studies to extend the scope of the 
validation. 
 
Several analytical challenges had to be overcome with the 
requirement to analyse several classes of toxins with widely 
varying chemical properties in a diverse selection of shellfish 
matrices: 
 
 Common mussels (Mytilus edulis) 
 Common cockles (Cerastoderma edule) 
 Pacific oysters (Crassostrea gigas) 
 Native oysters (Ostrea edulis) 
 King scallops (Pecten maximus) 
 Queen scallops (Aequipecten opercularis) 
 Hard clams (Mercenaria mercenaria) 
 Razor clams (Enis spp.) 
 
A sensitive and robust MS/MS instrument enabled acquisition 
of distinct mass spectral data for individual toxins and, 
therefore, the design of a highly selective MRM based 
experimental method. 
 
The basic LC gradient permitted convenient separation of the 
negative and positive ion compounds, and the transfer from 
HPLC to UPLC resulted in significantly higher resolution, which 
in turn enabled a much faster run-time to be achieved. 

UPLC Method 

MS Methods 
 
The HPLC work was undertaken using a Waters Micromass™ 
Quattro™ Micro and the UPLC work on the Waters Xevo™ TQ 
MS. Both are tandem quadrupole instruments and were 
operated under similar conditions (ESI+ and ESI–). The Xevo 
instrument has the additional capability to acquire full-scan 
spectra concurrently to MRM data (RADAR™ function) which 
was used to monitor the background matrix signal. 

Time/min %A %B   
0 75 25   
1 75 25   

11.4 0 100   
16.7 0 100   
17 25 25   

22.5 25 25   
        

Flow 0.3 mL/min   
Column Waters XBridge C18 (150 x 2.0 mm; 3.5 μm) @ 

30ºC 
Inject. vol. 10 µL     

Figure 2. Fast chromatography achieved on a spiked tissue 
sample with the UPLC™-Xevo™ TQ system 
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Figure 3. Individual analyte MRMs with corresponding polarity 
RADAR™ scan for undiluted (left) and diluted (right) shellfish extracts 

Figure 3 above shows the positive and negative ion RADAR™ 
scans against analyte MRMs in neat and diluted shellfish 
extract. Clearly, the background signal from the matrix is very 
intense and likely to interfere with analyte results. Diluting the 
sample has reduced this by around 10 x, whilst maintaining 
good peak shape and signal intensity on the individual MRM 
channels. The StepWave™ ion source has allowed a very good 
signal-to-noise to be obtained even at a low level of 0.1µg/kg 
for OA and DTX2, as demonstrated in figure 4 below.  

Figure 4. QuanLynx™ report showing linearity and sensitivity on 
standards down to 0.1µg/kg OA from analysis on Xevo TQ-S 
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Table 1. MS Source conditions for UPLC and HPLC methods 

Table 2. MRM parameters for all ion transitions of interest 

Time/
min %A %B Curve 
0 75 25 - 

0.2 75 25 6 
1.6 50 50 6 
1.7 50 50 6 
1.8 25 75 1 
3 0 100 10 
5 0 100 6 

5.1 75 25 6 
7.5 75 25 6 

    
Flow 0.6 mL/min  
Column Waters Acquity BEH C18

(100 x 2.1mm; 1.7μm) @ 
30ºC 

Inject. 
vol. 5 µL   
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