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A rapid and simple method for confirmation of the diarrhetic shellfish poisons (DSP): okadaic acid (OA), dinophysistoxin-1 (DT
inophysistoxin-2 (DTX-2) using fluorescence detection following derivatization with 9-chloromethylanthracene, has been establi
lternate to LC/MS. Exposure of the anthrylmethyl derivatives of OA, DTX-1 and DTX-2 to near UV light (300–400 nm) resulted in
f these compounds to below detection limits within 30 min, with a concurrent appearance of two additional compounds. Based o
pectral evidence, we propose that these newly formed compounds are the decarboxylation products of the derivatized diarrhe
oisons. UV radiation is, therefore, proposed as a rapid and simple confirmation technique for these DSP in mussel samples.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Marine dinoflagellates (Dinophysissp. andProrocentrum
p.) are an important food for filter feeding bivalves (e.g.,
ussels, clams, etc.)[1]. These phytoplankton are known

o produce the diarrhetic shellfish poisons (DSP); okadaic
cid (OA) and its analogues, dinophysistoxin-1 (DTX-1) and
inophysistoxin-2 (DTX-2), which are lipophilic polyether
ompounds (Fig. 1A) associated with severe gastrointesti-
al disturbances in humans, upon ingestion of contaminated
hellfish[2,3]. In addition, OA, DTX-1 and DTX-2 inhibit
ype 1 and type 2A protein phosphatases[4,5] and are pow-
rful tumour promoting substances[6]. Diarrhetic shellfish
oisoning has been occurring with greater frequency world-
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wide [7] and has been reported in Canada since the
1990s[8–10].

Measurement of these compounds using classical a
ical techniques without the advantage of LC/MS capabil
requires derivatization of samples. Numerous derivatiza
reagents have been tested and reported in the liter
although, 9-anthryldiazomethane (ADAM)[4,11] has bee
reported most widely due to its specificity and sensitiv
The ADAM reagent, however, is known to be expensive
unstable at temperatures above−70◦C. Lawrence et al.[12]
reported the successful use of 9-chloromethylanthra
(CA) to derivatize OA and its analogues. The resul
product (Fig. 1B) is the same as that obtained when
ADAM reagent is used. The advantage of the CA rea
is that it is commercially available at a reasonable cost
stable if refrigerated[12]. Although known to be success
in the analysis of shellfish, this reagent is reported to
unsuccessful in the derivatization of OA and its analog
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Fig. 1. (A) Structures of okadaic acid (OA) and its analogues. OA: R1 = CH3, R2 = H, R3 = H, dinophysistoxin-1 (DTX-1): R1 = CH3, R2 = CH3, R3 = H,
dinophysistoxin-2 (DTX-2): R1 = H, R2 = CH3, R3 = H. (B) Anthrylmethyl derivatives of OA and its analogues.

in phytoplankton samples, possibly due to interaction
between the derivatization reagent and sample matrix
[11].

Recently, studies to determine toxin photodegradation
(e.g., domoic acid and microcystins) have been performed
in water samples with variable levels of humic substances
and iron[13–15]. The literature reports of this work indicate
that toxins are subject to degradation upon exposure to UV
light, however, the use of UV light as a confirmatory tool for
toxins in mussels has not, to our knowledge, been previously
reported in the literature.

DSP toxin confirmation is routinely performed using
LC/MS. This instrumentation, however, is not available in all
laboratories and, therefore, alternate confirmatory techniques
are required. In the present study, a rapid and simple method
for confirmation of OA, DTX-1 and DTX-2 was developed
using derivatization with CA and exposure to near UV light.
The results obtained using LC with fluorescence detection
were confirmed using LC/MS.

2. Experimental

2.1. Instrumentation

vac-
u tector
e ssis-
s me-

try C18 column, 5�m, 150 mm× 3.9 mm (Waters, Milford,
MA). An HPLC (Agilent Series 1100) equipped with a binary
pump, vacuum degasser, autosampler and a UV detector,
coupled to a Quattro II tandem mass spectrometer (Micro-
mass, Manchester, UK) through a Z-spray ESI interface and
MassLynx software was used in the confirmation of all com-
pounds. The analytical column used for confirmation was a
Jones C8 column, 3�m, 150 mm× 2 mm (Hengoed, UK).
A Polytron® homogenizer, Mistral 2000 centrifuge, rotary
evaporator (Brinkman B̈uchi Rotavapor-R) and Pierce Reac-
tivial were used in the sample preparation. An ultra-violet
lamp (Model UVL.56 black ray long wavelength ultra violet
lamp, Ultra-Violet Products Inc., Upland, CA) was used for
irradiation of samples.

2.2. Chemicals

Tetramethylammonium hydroxide (TMAH) as an aceto-
nitrile (ACN) solution (25%, w/v) and 9-chloromethylanth-
racene (CA) were purchased from Sigma–Aldrich (Oakville,
ON). CA was refrigerated when not in use. All solvents
used in this study, methanol (MeOH), dichloromethane
(DCM), hexane and ACN, were either HPLC grade or
distilled in glass grade (Omnisolve, EM Science, Gibb-
stown, NJ). Reagent grade anhydrous sodium sulfate was
p J).
P on
s the
s

The HPLC system consisted of a quaternary pump, a
um degasser and a multi-wavelength fluorescence de
quipped with an autosampler (Agilent Series 1100, Mi
auga, Ontario). The analytical column used was a Sym
urchased from Mallinckrodt Baker (Phillipsburg, N
urified water prepared with a Milli-Q water purificati
ystem (Millipore, Bedford, MA) was used throughout
tudy.
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2.3. Diarrhetic shellfish toxins and standard materials

The okadaic acid (OA) standard used in the study was pur-
chased from the Institute for Marine BioSciences, National
Research Council of Canada, Halifax, Nova Scotia, Canada
and received as a 25.3�g/ml solution in ACN. The solu-
tion was diluted with MeOH to 5.06�g/ml for use in the
present study. Dilute solutions of DTX-1 (2�g/ml) and
DTX-2 (5�g/ml) were received as generous gifts from Dr.
M.A. Quilliam (Institute for Marine BioSciences, National
Research Council of Canada, Halifax). An anthrylmethyl-
OA standard was purchased from Sigma–Aldrich (Oakville,
ON) as a solution in ACN, for comparison purposes. The
mussel hepatopancreas certified reference material (MUS-2)
had been purchased for previous studies from the Institute
for Marine Biosciences, Halifax, Canada and prepared for
use following the recommendations of the National Research
Council. In brief, the mussel was quantitatively transferred
to a 50 ml plastic centrifuge tube and diluted to 2 ml using
MeOH. Following the original dilution, 4 ml of MeOH:water
(80:20) were added to the centrifuge tube and mixed for 3 min
using a Polytron®, followed by centrifugation at 4000 rpm for
10 min. The supernatant was collected in a 25 ml volumetric
flask and the residue was rinsed with a further 8 ml aqueous
MeOH, which had been used to rinse the Polytron® probe
and centrifuged. This supernatant was added to the volumet-
r ml
M cond
c to the
2 me
u ere
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2

from
t nce
E
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h d
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S 6 ml
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f and
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M

2.5. Derivatization

OA, DTX-1 and DTX-2 were derivatized using the method
of Lawrence et al.[12]. Standard solutions were taken to
dryness in a 4 ml Reactivial at 60◦C using a gentle stream of
nitrogen. Once dry, 150�l 0.4 mM TMAH was added to the
remaining residue, followed by heating in a closed container
at 60◦C for 2 min and taken to dryness. An 100�l aliquot
of 0.8 mM CA solution was added to the vial and the cap
was replaced. This mixture was heated to 90◦C for 1 h under
dark conditions, followed by cooling in a refrigerator. Prior
to cleanup, 2 ml DCM:hexane (40:60) was added to the vial
and mixed.

2.6. Silica gel cleanup

Prior to use, 500 mg silica gel SPE cartridges (Supelco,
Oakville, ON) were conditioned with 6 ml DCM, followed
by 6 ml DCM:hexane (40:60) and the effluent was discarded.
Each solvent was drained to the top of the column bed prior to
addition of the next solvent. The derivatized sample was then
added to the top of the column and the cartridge was rinsed
with 6 ml DCM:hexane (50:50) and 7 ml MeOH:DCM (1:99).
Prior to the addition of the DCM:hexane to the silica gel, 4 ml
were added to the sample vial as a rinse. The effluents were
discarded and 7 ml MeOH:DCM (5:95) were used to elute the
O as
c ness
u up
i

2

m-
p xpo-
s ing
f UV
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o ial.
O r
i
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ic flask. The Polytron® probe was rinsed with a further 6
eOH:water (80:20) and the solvent transferred to a se

entrifuge tube, centrifuged and the supernatant added
5 ml volumetric flask. The solution was taken to volu
sing methanol:water (80:20). All standard solutions w
efrigerated when not in use.

.4. Preparation of shellfish samples

Mussel samples used as the blanks were purchased
he retail market in Ottawa, but were cultured in Pri
dward Island, Canada. Samples were frozen at−20◦C upon

eceipt until processed. The digestive glands (hepato
reas) of individual mussels were removed, combined
omogenized using a Polytron®. Extraction was performe

ollowing the method described by Lawrence et al.[12].
ubsamples (1 g) were extracted by homogenizing with
eOH:water (80:20) for 2 min, followed by centrifugati

or 10 min at 2500 rpm. The supernatant was collected
n additional 2 ml MeOH:water (80:20) was added to
esidue and centrifuged for a further 10 min at 2500 rpm.
ombined supernatant was transferred to a 60 ml sepa
unnel and shaken with 3× 15 ml DCM:hexane (15:85). Th
rganic phase was discarded and 5 ml water was added
eparatory funnel and shaken, followed by further extrac
ith 3× 15 ml DCM:hexane (1:1). The DCM layer w

emoved and dried with anhydrous Na2SO4 into a round
ottom flask and evaporated to dryness using a rotary
rator at 40◦C. The remaining residue was taken up in 1
eOH.
A, DTX-1 and DTX-2 from the cartridge. The eluate w
ollected in a 50 ml round bottom flask and taken to dry
sing a rotary evaporator at 35◦C. The residue was taken

n 1 ml ACN.

.7. UV radiation of samples

A 100–200�l aliquot of the clean, derivatized toxin sa
le was transferred to a clear autosampler vial, prior to e
ure to UV light. Samples were exposed to UV light rang
rom 320 to 400 nm, with peak emission at 365 nm. The
ight was placed directly above the autosampler vial for p
ds of 5, 10, 15, 20 and 30 min, prior to capping the v
nce capped, the vials were shaken and 25�l were taken fo

njection on the LC.

.8. Liquid chromatographic analysis

The solvent flow rate was 1.2 ml/min through each
he solvent mobile phase was 74% ACN and 26% Mil
ater for 10 min which was taken to 78% ACN, 22
illi-Q water using a linear gradient by 12 min. Over
ext 2 min, the solvent was taken to 98% ACN, 2% Mill
ater following a linear gradient, where it remained u
6 min. The solvent system was taken back to the sta
olution (74% ACN; 26% Milli-Q water) following a linea
radient by 18 min. The multi-wavelength fluoresce
etector was set to an excitation wavelength of 365
nd an emission wavelength of 412 nm. The gain wa
t 10.
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2.9. LC/MS confirmation

For the MS1 scans, isocratic chromatography was carried
out using 80% ACN, 20% Milli-Q water containing 0.04%
formic acid, with a flow rate of 0.150 ml/min. The UV detec-
tor was set at 254 nm. The mass spectrometer system was
equipped with an electrospray source which was operating
in positive ion detection mode. The MS system was tuned
using an OA standard solution (2.5 ng/�l) with monitoring of
the [M + H]+ ion at 995.4. The capillary voltage was 3.0 kV
and the cone voltage was set at 25 V. The source was set to
120◦C and the desolvation temperature was set to 350◦C.
Nitrogen was used as the drying gas (350 l/h) and for nebu-
lizing (20 l/h). The collision gas was argon, with a pressure
of 8.8× 10−4 mbar. For daughter scans, the mobile phase
consisted of: ACN:0.08% formic acid in water (80:20), while
other conditions remained the same. The scanning time was
2.1 s over the mass range ofm/z600 tom/z1200. Resolution
was taken at 10% of the valleys between two adjacent
masses.

3. Results and discussion

During previous studies, it had been noted that mussel
extracts allowed to sit exposed to sunlight for a period of
approximately 30 min between extraction and analysis, were
found to have reduced OA levels relative to samples processed
completely without delay. This led to a full investigation of
the effect of UV exposure on OA which is described in the
present study.

OA standards were derivatized using the CA reagent to
form the anthrylmethyl derivative and cleaned up using SPE
cartridges. Samples were then exposed to UV light for peri-
ods of 0, 5, 10, 15, 20 and 30 min and taken for HPLC
analysis using fluorescence detection. Chromatograms of the
samples analyzed without UV exposure were compared to
those obtained using samples exposed to the incremental
amounts of UV radiation. An inverse relationship between
the anthrylmethyl-OA peak area and UV exposure time was
observed, with complete disappearance of the anthrylmethyl-
OA peak within 30 min UV exposure (Fig. 2).

F
1
1

ig. 2. Chromatograms of the anthrylmethyl derivative of okadaic acid (OA) a
5 min, (E) 20 min, (F) 30 min obtained using fluorescence detection. Peaks
and 2, respectively.
fter incremental exposure to UV radiation. (A) 0 min, (B) 5 min, (C) 10 min,(D)
at retention times∼12.7, 14.3 and 15.8 min represent OA, transformation products
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Fig. 3. Chromatograms of OA analogues obtained using fluorescence detection before [(A) DTX-1 and (B) DTX-2] and after 30 min UV exposure [(C) DTX-1
transformation products and (D) DTX-2 transformation products].

Corresponding to the reduction and loss of the anthryl-
methyl-OA peak upon UV exposure, was the appearance and
increase of two peaks which eluted approximately 1.5 and
3.5 min later than the original peak (Fig. 2). The longer reten-
tion times of these products suggests that a transformation
from the anthrylmethyl-OA to less polar compounds occurred
as a result of UV exposure. Beyond 30 min UV exposure, the
response of the two product peaks remained constant, con-
firming that the transformation from anthrylmethyl-OA to the
products was complete.

As anticipated, UV exposure to an anthrylmethyl-OA
analytical standard also resulted in the loss of the parent
compound, with the concurrent production of two less polar
products. By using the analytical standard for comparison,
there was no need for the derivatization and clean up steps
prior to analysis. Although this was useful in the analysis with
fluorescence detection, the sodium adduct overwhelmed the
response of the molecular ion during mass spectral confirma-
tions.

Following study of OA the effect of UV exposure to both
DTX-1 and DTX-2 was similarly tested. As observed with
OA, the anthrylmethyl derivatives of both DTX-1 and DTX-
2 decreased with increased UV exposure time and two later
eluting peaks appeared approximately 0.5 and 1.5 min, and
1.0 and 2.0 min later than the DTX-1 and DTX-2 derivatives,
respectively. Complete loss of the anthrylmethyl analogues
o UV
e

ref-
e wn
t ed,
c imi-
l in, a
l was
o eaks
e s
r ssel
e , to
c riety
o -2,

the 1:5 and 1:10 dilutions were calculated using the relative
response to analytical standards (Table 1). Concentrations of
the two dilutions of the MUS-2 sample confirmed that the
response to the anthrylmethyl derivatives of OA and DTX-1
is linear.

The transformation products resulting from UV exposure
also were used to determine concentration levels of OA and
DTX-1 in the mussel extract and its dilutions. Concentra-
tion levels in the UV treated extract were determined using a
standard curve established using UV exposed anthrylmethyl
standards and found to be very similar to those obtained prior
to UV exposure (Table 1). This indicates that UV exposure
is an acceptable method for both qualitative and quantitative

Table 1
Concentrations (ppm) of OA and DTX-1 in undiluted and diluted mussel
CRM (MUS-2) (certified concentrations 11 and 1 ppm, OA and DTX-1,
respectively) before and after UV exposure for 30 min based on fluorescence
detection

Compound UV exposure

0 min 30 min

MUS-2 extract
OA 9.80 –
OA transformation product 1 – 8.86
OA transformation product 2 – 10.20
DTX-1 0.46 –

5

1

DTX-1 transformation product 2 – 0.04
f DTX-1 and DTX-2 also was observed upon 30 min
xposure, similar to OA (Fig. 3).

In addition to the analysis of standards, a certified
rence material (CRM) of mussel tissue (MUS-2) kno

o contain both OA and DTX-1, was extracted, derivatiz
leaned up and exposed to UV light to confirm that s

ar results would be obtained in mussel samples. Aga
oss in the anthrylmethyl analogues of OA and DTX-1
bserved, with the corresponding appearance of two p
luting later in the chromatogram (Table 1). This study wa
epeated using the CRM extract diluted with blank mu
xtract to simulate lower concentrations of OA in tissue
onfirm that the results would be consistent over a va
f concentrations. OA and DTX-1 concentrations in MUS
DTX-1 transformation product 1 – 0.45
DTX-1 transformation product 2 – 0.73

× diluted mussel extract
OA 1.84 –
OA transformation product 1 – 1.79
OA transformation product 2 – 1.95
DTX-1 0.09 –
DTX-1 transformation product 1 – 0.09
DTX-1 transformation product 2 – 0.09

0× diluted mussel extract
OA 0.87 –
OA transformation product 1 – 0.98
OA transformation product 2 – 1.01
DTX-1 0.04 –
DTX-1 transformation product 1 – 0.04
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Fig. 4. Mass spectra recorded by LC/ESI-MS of (A) anthrylmethyl-OA (r.t. =∼10 min) and its transformation products; (B) product 1, r.t. = 10.7 min; (C)
product 2, r.t. = 11.7 min and (D) product 3, r.t. = 13.0 min.

confirmation of OA, DTX-1 and DTX-2 in mussel samples
and that either of the product peaks can be used to establish
concentration levels in a sample.

Hepatopancreas samples from mussels previously deter-
mined to contain no OA, DTX-1 or DTX-2 were analyzed fol-
lowing sample extraction, derivatization and cleanup, without
exposure to UV radiation and repeated following 30 min
exposure to UV light. As anticipated, the anthrylmethyl
derivatives of OA, DTX-1 and DTX-2 were not observed in
the blank samples prior to UV exposure. The peaks represent-
ing the transformation products similarly were missing from
the chromatograms of these samples, following UV expo-
sure, confirming that matrix artifacts were not contributing
to the observed peaks following UV irradiation of a sample.

Although HPLC analysis with fluorescence detection had
shown that UV exposure to the anthrylmethyl derivatives
of OA, DTX-1 and DTX-2 resulted in the loss of these
compounds with concurrent formation of two additional
compounds, the structure of the UV products could not be
established. Additional analyses, therefore, were performed
using LC/MS to determine the structures of the UV products
of anthrylmethyl-OA.

Initially, mass spectral analysis of the parent OA derivative
(M.W. 994.54) was performed. Anthrylmethyl-OA produced

ions representing ammonium, sodium and potassium adducts
(m/z: 1012, 1017 and 1033, respectively), resulting from
exposure to glass during sample preparation and storage.
The [M + H]+ ion (995) was observed in chromatograms
of anthrylmethyl-OA samples, prior to UV exposure at a
retention time of∼10 min (Fig. 4A). The sequential loss
of one, two and three water molecules was observed in
mass spectra of the anthrylmethyl-OA sample, prior to UV
exposure (m/z 977, 959 and 941, respectively) (Fig. 4A).
Additionally, a fragment was observed atm/z803, consistent
with the loss of the anthrylmethyl group.

Two large peaks were observed at∼10.7 and 13.0 min
using both UV detection and mass spectral analysis which
were established as transformation products in samples
exposed to UV light for 30 min. Both of these later eluting,
and hence, less polar compounds had similar mass spectra,
with the molecular ion fragment observed atm/zof 951, con-
sistent with the loss of 44 mass units, or loss of a carboxyl
group from anthrylmethyl-OA. Following the initial loss of
m/z 44, loss of one and two water molecules (m/z 933 and
915, respectively) (Fig. 4B and D) were observed. Addition-
ally, the presence of the [M + NH4]+, [M + Na]+ and [M + K]+

adduct ions were identified atm/z968, 973 and 989, respec-
tively, consistent with exposure to reagents.
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Fig. 5. Proposed structures of transformation products of anthrylmethyl-OA. (A) Photoisomers around alkene bond at C24 and C25 and (B) minor productof
UV radiation.

A smaller peak with a retention time (∼11.7 min) between
the two main peaks also was observed in the total ion chro-
matogram. The fragmentation pattern established for this
peak was similar to those obtained for the other transforma-
tion products in the higher mass range. Additional fragments
of this smaller peak, however, were observed atm/z 759.4
and 741.3 (Fig. 4C), consistent with the loss of the anthryl-
methyl functional group from the molecular ion and the
[MH − H2O]+ ion, respectively.

The mass spectra were then studied to determine possible
structures for these transformation products. We were able to
establish two rather than three possible structures, consistent
with the loss of a carboxyl group from anthrylmethyl-OA. We
proposed the structures identified inFig. 5as the UV products
of the anthrylmethyl derivatives of OA, which are consistent
with two products less polar than the parent molecule.

To further confirm the structures of the three anthryl-
methyl-OA UV products, the precursor molecules (m/z951.3)
of the product compounds were isolated and product ions
(MS/MS) scans were performed. Although the product ion
scans from the peaks at retention times of 10.7 and 13.0 min
were nearly identical, a greater number of daughter fragments
were produced by the peak at 11.7 min (Table 2). The addi-
tional fragments observed were consistent with the loss of
an anthrylmethyl group (m/z 741) from the parent molecule
(Table 2), as observed in the initial scan.

tion
t d
t d in

Fig. 5A. Photoisomerization as a result of UV exposure has
been studied both theoretically and experimentally for many
years[16,17] and is what we believe to have occurred with
okadaic acid and its analogues. Isomerization of microcystins
has similarly been observed following UV exposure, which
resulted in the production of non-toxic forms[18,19]. The
structures we initially proposed also included a product with
an ether linkage (Fig. 5B) between the anthrylmethyl group
and the OA component of the molecule, which would be sus-
ceptible to cleavage. We believe that the peak with a retention
time of 11.7 min is the product proposed inFig. 5B.

After MS analyses were completed, it was necessary to
re-examine the chromatograms obtained using fluorescence
detection to establish whether a third peak was present in
the chromatograms from the initial work. The presence of
an additional peak, however, was not observed despite exam-
ining results using a reduced scale. The concentrations of
the anthrylmethyl-OA solutions and mussel extracts used in
the HPLC analyses with fluorescence detection (∼100 ng/ml
OA) were much lower than required for detection of OA and
its transformation products using LC/MS (1–2.5 ng/�l). The
samples at the higher concentrations (2.5 ng/�l) used for the
MS analyses were reinjected and analyzed using fluorescence
detection. At these high concentrations, a very small third
peak was observed using fluorescence detection at a retention
time of 15.1 min, between the transformation product peaks
i V
t X-
1 nd
We believe that the UV products appearing at reten
imes of 10.7 and 13.0 min arecis- andtrans-isomers aroun
he C24 and C25 double bond of the product identifie
dentified originally (Fig. 6). This indicates that the major U
ransformation of the anthrylmethyl derivatives of OA, DT
and DTX-2 is the loss of CO2, without re-arrangement a
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Table 2
Daughter ions produced from the UV products of anthrylmethyl-OA

Parent ions Peak 1, r.t. = 10.7 min Peak 2, r.t. = 11.7 min Peak 3, r.t. = 13.0 min

m/z Structure

968 NH4
+ adduct of products 968 968 968

951 951 950
933 933 933
915 759 915

741
740

951 Product–CO2 951 915 951
933 897 915
915 741 897
897 365
879

933 Product–H2O 933 915 933
915 896 915
897 741 897
879 723 879
861 705 665

483

915 Product–2H2O 915 915 915
897 897 897
879 879 879
861 843 861

705 843
569 705
485

that conversion to an ether is a minor reaction pathway. Only
one isomer of the photo induced re-arrangement product was
observed in the present study (Fig. 5B). We believe that if
much higher concentrations were studied, both isomers of
the OA re-arrangement product, which appear to be minor
conversion products, would have been observed.

The lack of stability of DSP was indicated by the system-
atic loss of CO2 from the anthrylmethyl derivatives of OA,
DTX-1 and DTX-2 that was observed in all standards and
tissue extracts upon irradiation with UV light at wavelengths
between 320 and 400 nm. Anthrylmethyl derivatives of OA,
DTX-1 and DTX-2 consistently form two major products

thrylme
Fig. 6. UV transformation products of 2.5 ng/�l an
 thyl-OA, established using fluorescence detection.
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following UV exposure, which appear as structural isomers
(Fig. 5A) and a minor, third product which has an ether link-
age at C37 (Fig. 5B). The limit of detection for OA was found
to be 9 ng/ml, based on a three to one signal to noise ratio
for the first transformation peak. Based on these results, we
propose the use of fluorescence detection of sample extracts
exposed to near UV radiation as a rapid, simple and sensitive
confirmation tool for OA presence in shellfish samples for
laboratories without access to routine use of LC/MS.
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