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FOOD CHEMICAL CONTAMINANTS

Quantitative Determination of Paralytic Shellfish Poisoning
Toxins in Shellfish by Using Prechromatographic Oxidation and
Liquid Chromatography with Fluorescence Detection
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The prechromatographic oxidation LC method de-

veloped by Lawrence [ J. Assoc. Off. Anal. Chem .

74, 404-409(1991)] for the determination of para-
lytic shellfish poisoning (PSP) toxins has been
tested for the quantitative determination of PSP
toxins in shellfish. All aspects of the method were
studied and modified as necessary to improve its
performance for routine regulatory purposes. The
chromatographic conditions were changed to
shorten analysis time. The oxidation reaction was
tested for repeatability and the influence of the
sample matrix on quantitation. An important part of
the study was to quantitatively evaluate an ion ex-
change (-COOH) cleanup step using disposable
solid-phase extraction cartridges that separated
the PSP toxins into 3 distinct groups for
quantitation, namely the C toxins, the GTX toxins,
and the saxitoxin group. The cleanup step was
very simple and used increasing concentrations of
aqueous NacCl for elution of the toxins. The C tox-
ins were not retained by the cartridges and thus
were eluted unretained with water. The GTX toxins
(GTX1 to GTX6 as well as dcGTX2 and dcGTX3)
eluted from the cartridges with 0.05M NaCl while
the saxitoxin group (saxitoxin, neosaxitoxin, and
dcsaxitoxin) required 0.3M NacCl for elution. Each
fraction was analyzed by LC after oxidation with
periodate or peroxide. All of the compounds could
be separated and quantitatively determined in
spiked samples of mussels, clams, and oysters.
The nonhydroxylated toxins could be quantitated
at concentrations as low as about 0.02  nug/g

(2 ng/100 g) of tissue while the hydroxylated toxins
could be quantitated at concentrations as low as

about 0.1 ng/g (10 pg/100 g). Average recoveries of

the toxins through the complete cleanup procedure
were 85% or greater for spiked extracts of oysters
and clams and greater than 73 % for mussels.

Received May 23, 2000. Accepted by AP January 10, 2001.

wiouy pepeo

shellfish poisoning (PSP) toxins (structures in Figure 1) £
in shellfish is the AOAC mouse bioassay (1). However, §
in the original collaborative study the method was never teste
for accuracy (i.e., no spiked samples were included). In a res
cent interlaboratory evaluation of the method where spikeds
samples were included (2), it was shown that the mousé
bioassay can sometimes underestimate the true concentratnasn
of PSP toxins in shellfish samples by as much as 3-fold. Ben
cause of this uncertainty, an alternative method would be dez
sirable for regulatory purposes.
The prechromatographic oxidation LC method developedg
for the determination of PSP toxins (3-5) has been in use irg
various laboratories around the world for almost 10 years. Al-5
though the approach is relatively simple, sensitive, and partic%
ularly suited to rapid screening, it has not received much atten§
tion with regards to the quantitative determination of PSPS
toxins for regulatory purposes. The main drawback has beeﬁ
the inability of the method to easily distinguish between theo
sulfocarbamoyl and nonsulfocarbamoyl analogues of th@
N-1-hydroxylated toxins (such as B2 from neosaxitoxin and3
C3 and C4 from GTX1 and GTX4). This is an important limi- =
tation because the differences in toxicity between thec;_“
sulfocarbamoyl and nonsulfocarbamoy! analogues are subz
stantial and misidentification could lead to an inaccurate as-
sessment of the toxicity of shellfish extracts. Some attempts t%
separate these groups from one another using ion exchange
solid-phase extraction (SPE) cartridges have met with somé’
success (4, 5). However, no quantitative evaluations nor re§
peatability studies were performed. 2

The most commonly used method to monitor paralytic;}
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The aim of the present work was to critically evaluate ands

optimize the entire prechromatographic oxidation method for
possible interlaboratory evaluation for the quantitative deter-
mination of selected PSP toxins in shellfish samples. Modifi-
cations have been made throughout the procedure to improve
the quantitative aspects of the method. These include repeat-
ability, ruggedness, recovery, influence of sample matrix, and
a compaison with the mouse bioassay.
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Figure 1. Structures of PSP toxins.

Experimental Reagents and Chemicals

All solvents and reagents were analytical grade.
Acetonitrile and methanol were the only organic solvents used
) in the procedure, and in very limited amounts. Water was dou-

The LC system consisted of 2 Waters pumps (Models,jy gejonized. Analytical standards of STX, NEO and mix-
510 and M-45), a Waters automated gradient controlleryyres of GTX1 and 4 and GTX2 and 3 were purchased from
and manual injection port with a 50L loop (or Model  the National Research Council of Canada, Halifax, Canada, in
U6K injector with a 2 mL; loop Mississauga, Canada). The glass ampoules as solutions in 0.1M acetic acid. Stock solu-
column used was a Supelcosil (Oakville, Canada) LC-18ions were prepared by diluting (25 times) the contents of the
(15 cmx 4.6 mm id, 5um). For monitoring the LC effluent, ampoules in water. This yielded solutions of the toxins con-
a Shimadzu (Kyoto, Japan) Model RF-551 tainingbetween 4—fGg/mL each. These acidic solutions were
spectrofluorometric detector or a Jasco (Easton, MDYound to be stable for ca 1 year when stored in the darkin a re-
Model 820-FP dual monochromator detector (both with ex-rigerator (4C) when not in use. Analytical working standard
citation set to 340 nm and emission to 390 nm), were useddolutions were prepared by dilution of the stock solutions to
A Varian (Walnut Creek, CA) Star Chromatography Work- yield concentrations in the range of 6-16 ng/mL, depending

station was used to analyze chromatograms and genera?@ltT_e tOXiT{ Sorge lt_o>;]itns (NSE(S ir(; particular_z_in thfetse fil{;ﬂe
reports. The PSP oxidation products were eluted using olutions showed slight (ca 5%) decomposition after 1 day.

linear gradient of 2 mobile phases, A: 0.1M ammonium hus, for quantitative purposes, small volumes of analytical

formate (6.31 g ammonium formate dissolvedil water) working standard solutions were prepared daily as needed. It

4B 0.1M um f i 50 il was found that acidification of these working solutions to ca
and B: 0.1M ammonium formate in 5% acetonitrile-water o 4 o substantially increased the stability of the toxins, en-

(6.31 g ammonium formate dissolved in 950 mL water and,pjing yse of the solutions for ca 1 week. However, too much
50 mL acetonitrile added), both adjusted to pH 6 by adding,¢iq in the standard solutions can negatively affect the
6 mL 0.1IM acetic acid (573uL glacial acetic acid to periodate oxidation. If acid is used to stabilize the working so-
100 mL with water). The gradient was as follows: 0 to 20%|utions, then it is important to verify that it has no impact on

mobile phase B in the first 7.5 min, 20 to 80% B for the nextthe oxidation reaction. Other toxins used in the study, C1, C2,
3.5 min, and back to 100% A over the last 2 min. The flow C3, B1(GTX5), and B2 (GTX6), were obtained as a gift from

rate was 2 mL/min. the U.S. Food and Drug Administration (S. Hall) but were not

Liquid Chromatography
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Figure 2. Chromatographic patterns showing the oxidation products formed after periodate and peroxide oxidations &
of the toxins included in this study. The same quantity of each toxin was used for each oxidation reaction. Arrows §
indicate peaks used for quantitation. 3
o

analytical standards. An analytical standard solution (not certher analysis. They were analyzed for the presence of PSB
tified) of dcSTX was obtained as a gift from the National Re-toxins using the method described herein, and found to b&
search Council of Canada. negative for all toxins studied. These samples were used a{fg;
For periodate oxidation, a matrix modifier consisting of ablanks for method optimization purposes. °
solution prepared from an oyster extract was added as a reagent
to the oxidation mixture. It was found that the presence of the

matrix modifier increased the yield of oxidation products ofthe  The standard mouse bioassay procedure for extraction %
hydroxylated toxins (B2, GTX1,4, and NEO) as well as the re-psp toxins from shellfish samples was slightly modified to
covery when working with spiked shellfish samples. The mamake the extracts more suitable for ion-exchange cleanugy
trix modifier was prepared from blank (PSP free) oystersinat is by reducing the quantity of chloride ion present in the
which were extracted and cleaned up onan SRE&tridge as  extracts. A 10 g portion of shellfish sample was extracted by
described below. The extract was adjusted to pH 6.5 Witrboi”ng for 5 min with 10 mL 0.1M HCI (8.6 mL of
1M NaOH and filtered using a 0.45m Acrodisc filter. ca 38.0% HCl o 1 L with water) in a 50 mL beaker. The
beaker was covered with a watchglass during boiling and the
mixture was stirred occasionally using a glass rod to avoid
Shellfish samples consisting of oysters, clams, and mussefplashing. The beaker was then placed in a refrigerator for
used for this study were purchased locally. The shellfish tissu& min to cool. The mixture was transferred to a 50 mL teflon
was processed using a food chopper and then frozen for fucentrifuge tube and centrifuged for 10 min at 4500 rpm (3600

Sample Extraction

ny /| uo

Sample Collection and Preparation
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Figure 3. Typical chromatographic patterns obtained with 2 mixtures of analytical standards of PSP toxins. The
hydroxylated toxins are oxidized with periodate and the nonhydroxylated toxins by peroxide. The arrows indicate the
peaks used for quantitation. Peaks 1 and 2 are secondary oxidation products of GTX1,4 and peaks 3 and 4 are
secondary oxidation products of NEO. Peak 5 is a secondary oxidation of dcSTX.

x g). The supernatant was poured into a 50 mL graduated cylin- Cig Cleanup

der. The beaker was rinsed with 7 mL water and the rinse was

poured into the teflon centrifuge tube, mixed well with the solid A 1 mL aliquot (0.5 g shellfish equivalent) of the above
material remaining at the bottom, and centrifuged again for 1@rude extract was passed thrbug 3 mL SPE G cartridge

min at 4500 rpm (3608 g). The supernatant was collected into (Supelco) previously conditioned with 6 mL methanol fol-
the same graduated cylinder containing the first portion of extlowed by 6 mL water. The effluent was collecteddiat 5 mL
tract. The volume of extract was made up to 20 mL with water. graduated centrifuge tube. The cartridge was washed with
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Figure 4. Chromatograms of blank and spiked mussel extracts after SPE C 18 cleanup. Spiking levels tested were %
0.18-1.6 ug/g per toxin. s
&
=
©
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2 mL water which was combined with first effluent. The vol- 65°C before the oxidation reactions without affecting the &
ume was made up to 4 mL with water. (To perform oxidationsanalysis. §
at this stage, aliquots of the extracts were adjusted to pH 7.0 . S IN
9 q - ! P Periodate Oxidation o
before mixing with the oxidation reagents [6].) <

All reagents and solutions used in the oxidation reactions»
lon-Exchange Separation of the Toxins were dispensed using autopipets (Eppendorf) with disposablg
plastic tips. The periodate reagent was prepared daily by mixs
A 3 mL SPE carboxylic acid (COOH) ion-exchange car-ing 5 mL each of 0.03M periodic acid (1.71 g to 250 mL with
tridge (Bakerbond, J.T. Baker, Toronto, Canada) was condiwater), 0.3M ammonium formate (4.73 g to 250 mL with wa-
tioned with 10 mL 0.01M ammonium acetate (0.77 g toter), and 0.3M NgHPQ, (20.1 g to 250 mL with water), and
100 mL with water then 10-fold diluted to obtain 0.01M). A adjusting with 0.2M NaOH to pH 8.2 using a pH meter. A
1 mL aliquot (0.125 g shellfish tissue equivalent) of shellfish100 uL volume of standard solution or sample extract after
extract from the SPE g cleanup step was diluted to 5 mL ion-exchange cleanup was added to p@Omatrix modifier
with water and the pH adjusted to 6:82) using pH indica-  solution (prepared as described in Reagents and Chemi-
tor paper (calibrated against a pH meter), with 1%,8H.  calssection, above) in a 1.5 mL microcentrifuge tube. Thenz;
The adjusted solution was passed through the SPE-COOBPOUL periodate reagent was added and mixed well on a Vor->
cartridge and the effluent collected as fraction 1A. Then 4 mLtex mixer. The solution was permitted to react for 1 min at“é
water was passed through the cartridge and collected as fragom temperature, then 5L concentrated acetic acid was
tion 1B. Fractions 1A and 1B contained the C toxins. The tox-2dded and mixed. The contents were allowed to stand fof3
ins, GTX1,4, GTX2,3, B1, B2, and dcGTX2,3 were recoveredl0 min at room temperature before injecting R0 (or
with 4 mL 0.05M NaCl solution (0.29 g to 100 mL with water) 100pL) into the LC system.
as fraction 2. The cartridge was then eluted with 5 mL
0.3M NaCl solution (1.75 g to 100 mL with water) and col-
lected as fraction 3. This fraction contained STX, NEO, and A 25 pL volume of 10% (w/v) aqueous4®, was added to
dcSTX. All fractions were analyzed by LC after periodate and250 uL 1M NaOH (4 g to 100 mL with water) in a 1.5 mL
peroxide oxidations as described below. In order to increasplastic microcentrifuge tube. A 1QQ. volume of standard so-
the sensitivity of the method (if necessary), each fraction caifution or sample extract after ion-exchange cleanup was then
be concentrated down to 1 mL under a stream of nitrogen added, mixed and permitted to react for 2 min at room temper-

UO JasSn 821IsSN[* JO JusW

Peroxide Oxidation



1104 LAWRENCE & NIEDZWIADEK : JOURNAL OF AOAC INTERNATIONAL VoL. 84, No. 4, 2001

Spiked Mussel Spi

(periodate oxidation) (peroxide oxidation)

C18 and ion exchange cleanup C18 and ion exchange cleanup

250 250 {c12
c1,2
1 Fraction 1A
200 200
Fraction 1A
=)
E c12 Fraction 1B E lciz Fraction IB
w ! &
2 150 Z 15.0
1
§ B2 | GTX23 x iB
i GTX14 | i
5 l Fraction 2 & GTX2,3
G 100 raction S 100 i ‘
S B1 5 Fraction 2
i , a
° v : S
1 8TX
NEO ; o
5.0 i STX 5.
1 . de
Fraction 3 STX Fraction 3
0 J\VK_K o Ju
0 ; g 12 o 0 o 4 T 5 ' 7'”“715
TIME (min} TIME (min)
Figure 5. Chromatograms of blank and spiked mussel extracts after cleanup using SPE C 18 and ion exchange.

Spiking levels are the same as in Figure 4.

ature. A 20uL volume of glacial acetic acid was then added GTX1,4 each produced 3 peaks after periodate oxidation

and mixed with the reactant solution. A R& aliquot of this (4, 5) but only the second eluting peaks were used for

solution was analyzed by LCNpte Injecting more than quantitation. Figure 2 shows typical chromatographic patterns

25 pL may cause peak broadening.) obtained after oxidation for all of the toxins studied. Because

some PSP toxins (NEO and B2; GTX1,4 and C3,4) give the

same oxidation products, their quantitative determination was
Saxitoxin, dcSTX, NEO, GTX2,3 (together), and GTX1,4 only done after separation by ion-exchange chromatography

(together) were the only toxins that were accuratelyas described in thExperimentakection.

quantitated in this study because they were the only com-

pounds for which analytical standards were available. HowResults and Discussion

ever, they represent the most toxic and most commonly found

PSP toxins in shellfish. The detector response (peak area) Was pjethod Modifications

determined from a series of calibration standards carried

through the oxidation reactions and the linear range estab- (a) Chromatography/detectior-To reduce analysis

lished. Each toxin was quantitatively determined in shellfishtime, the gradient and flow conditions were reassessed. The

tissue by direct comparison with analytical standards at simieonditions described in the experimental decreased the chro-

lar concentrations as anticipated in the sample. For convenatography time by half and still maintained separation effi-

nience, 2 analytical standard mixtures were used fociency. Smaller id (2.1 mm) columns were evaluated and

guantitating the toxins: One consisting of saxitoxin, dcSTX,while they could provide rapid analysis times, they were less

and GTX2,3 and the second consisting of the hydroxylatedobust for routine analyses of shellfish extracts.

toxins, NEO and GTX1,4 (used only for periodate oxidation).  In this evaluation, 2 fluorescence detectors were tested.
STX and GTX2,3 produced single oxidation products withThe Shimadzu that we used was about 5 times less sensitive

both oxidation reactions (4, 5) while dcSTX produced 2 oxi-than the Jasco. This had an impact on the detection limits of

dation products with both reactions (7). However, NEO andhe method. For the less sensitive detector, the shellfish ex-

Quantitation
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LAWRENCE & N IEDZWIADEK : JOURNAL OF AOAC INTERNATIONAL VoL. 84, No. 4, 2001 1105

Table 1. Average recoveries (percent + _ std. dev.) of PSP toxins from spiked shellfish extracts (quadruplicate
analyses) @

Oysters Mussels Clams
Fraction PSP Periodate Peroxide Periodate Peroxide Periodate Peroxide

1A+1B Cl,2 — 98+5 — 106 +8 — 75+6

2 GTX1,4 91+6 — 774 — 97 +7 —
GTX2,3 — 74+5 — 58 +5 — 77+5
B1 — 90+ 4 — 825" — 862

B2 96 +7 — 119+6 — 88+4 —

3 NEO® 108 £ 1 — 109+ 2 — 114 +£5 —
STX — 78+3 — 703 — 104 7
dc-STXC — 111+2 — 74 +2 — 113+1

2 Spiking levels for all samples: C1,2 (0.6 pg/g), B1 (0.6 ug/g approximate), B2 (0.6 pg/g approximate), GTX1,4 (0.51 pg/g), GTX2,3 (0.19
ug/g), STX (0.18 pg/g), NEO (0.45 pg/g), dc-STX (0.40 ug/g).

b Spiked in mussels at 6.1 ug/g.

¢ Duplicate analyses only.

tracts after cleanup had to be concentrated before oxidation ®xtracts after ion-exchange cleanup consistently led to reco
that enough toxin was oxidized in order to be detected. Howeries of only about 40% compared with a standard carrie
ever, this could only be done within limitations, because toahrough the same oxidation. Low recoveries were also obm
much sample extract in the oxidation mixture adversely afserved when STX was spiked after ion-exchange cleanupi
fected the yield of oxidation products and thus thehowever, peroxide oxidation of the same extracts gave recovE
quantitation. For a regulatory method that must quantitate toeries of 90-100%. After many attempts to obtain consistently=
tal PSP toxins at about Oi&)/g (80ug/100 g, the regulatory high and uniform recoveries, we found that adding a smal@
guideline in Canada and many other countries), each individamount of a blank shellfish extract (such as oysters, mussels;
ual toxin should be quantifiable at concentrations 5-10 timesr clams), improved the yield and repeatability for periodate§h
less than this. As the method is set up at present, a perfopxidation of standard solutions and samples cleaned up by eir
mance requirement of the fluorescence detector is that it musiher G g or ion-exchange. Thus this addition was incorporated<
be capable of detecting saxitoxin, oxidized with peroxide acinto the procedure. The oysters extract was used in this stud§,
cording to the procedure described above, at 50 pg/injectiobecause it had the cleanest chromatographic background con
with a signal to noise ratio (S/N) of at least 10:1. pared with mussels or clams. No investigations were pern
(b) Oxidation reactions—From most of the earlier work formed to determine which particular components of theB
on prechromatographic oxidation of PSP toxins, it has beeghellfish extracts were responsible for the improvementin thes
observed that the oxidation reactions are very susceptible feeriodate oxidation.
the oxidation environment. Slight changes in pH, reagent (c) Sample extractior—The standard mouse bioassay ex-
composition, and shellfish matrix can have an impact on théraction procedure was used with minimal changes. It wa
quantity and type of oxidation products produced. In some refound from earlier work that boiling with dilute HCI acid pro-
centwork (7), it has also been clearly shown that no single pHiuced high yields of the toxins (5). The only modifications g
is optimum for all toxins. In fact, the optimum pHs vary con- were in the rinsing steps where water was used and not;
siderably among the toxins particularly for the periodate oxi-0.1M HCI for rinsing the beaker and the centrifuge tube asz
dation. Thus compromise oxidation conditions must be usedwvell as to make up the final volume of the extract if necessaryﬁ
The conditions described in tHexperimentalsection repre-  This was done to reduce the amount of chloride in the extract%
sent the best conditions for detecting all the toxins that may bbecause it had an influence on the elution of the toxins fron3
present in a shellfish extract and may not be the best for antghe ion exchange cartridge.
single toxin. However, for best repeatability it is important  (d) SPE ion-exchange cleanspThe ion-exchange sepa-
that the reaction conditions be adhered to closely. ration of the sulfocarbamoyl toxins from their carbamoyl
In addition to reagent composition and pH, it was foundcounterparts was completely reevaluated in terms of recovery,
that certain unknown components of shellfish matrixes had aepeatability, and ruggedness. This separation step is critical
positive impact on the periodate oxidation of the hydroxylatedfor separating these 2 groups of toxins in order to have an ac-
toxins such as NEO and GTX1,4. Spiking shellfish extractscurate estimation of shellfish toxicity. It was found that the
(cleaned up only with ¢) immediately before the periodate SPE ion-exchange approaches reported earlier (4, 5) were not
reaction led to recoveries of 130-150%. However, spiking theonsistent enough in separating NEO from B2, and some of
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Figure 6. Chromatograms of extracts of naturally contaminated mussels after cleanup using SPE C 18 and ion
exchange.

the other toxins were not consistently separated into discre€omplete elution. The advantage of using NacCl for elution in-
fractions. After considerable effort, a repeatable elution patstead of acid (as in earlier work [refs. 4, 5]) is that it was much
tern was obtained using weak cation exchange (-COOH) caeasier to handle and store than acids and that it was not neces-
tridges and different concentrations of NaCl as the elutiorsary to adjust the pH before oxidation. The salt did not affect
agents. [For this work SPE COOH (Bakerbond) cartridgeghe oxidation reactions, even after the fractions were concen-
were used. Some tests with other -COOH cartridges indicatetiated 4 or 5 times.
that the selected elution conditions were not applicable to The quantity of sample extract that could be passed
other brands. Thus, optimum elution conditions must be deteithrough the ion-exchange cartridge without affecting the toxin
mined for each brand of cartridge.] In the present evaluationglution patterns was 0.125 g equivalent sample. Larger quanti-
more than 100 cartridges from 3 different batches ofties affected the elution of the GTX group of toxins causing
Bakerbond product were used and found to provide consistetiiem to elute slightly sooner and to partially appear in the wa-
elution patterns for all the toxins studied. ter wash (fraction 1B). The STX group was less affected and
The C toxins were unretained and eluted in the sample ef2S much as 0.4 mg equivalent sample could be cleaned up
fluent and water wash (fractions 1A and 1B). These fractiongvithout affecting the toxins in fraction 3. This effect is likely
were combined in the present work, but may be analyzed seft least partially due to the chloride content of the extracts al-
arately just to verify the elution pattern (especially to ensurehough this was not directly studied.
that no GTX toxins elute prematurely).. All GTX toxins Method Validation
(GTX1,4, dcGTX2,3, B1, and B2) eluted in the second frac-
tion. The STX group of toxins (STX, NEO, and dcSTX) were  The modified procedure was tested by analyzing mainly
much more strongly retained and required 0.3M NaCl forspiked extracts of blank shellfish tissue that had been ex-
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tracted by the mouse bioassay extraction procedure. The rea- In the particular case where NEO and dcSTX are present
son for this was that not enough analytical standards of théogether in the same sample, dcSTX is quantitated directly us-
toxins were available to spike the material before the extracing peroxide oxidation as described above and NEO is
tion. For example, to spike each toxin at @g in 10 g sam-  quantitated by comparison with a standard after periodate oxi-
ple would require §ig standard for each single recovery study dation but after subtracting the contribution of dcSTX to the
and to do these in duplicate or triplicate would be too expenNEO peak. This is done by measuring the peak height or area
sive or consume most of our standards (which were not comef the first peak of dcSTX (the small peak that elutes just be-
mercially available and would be difficult to replace). How- fore the NEO peak in Figure 5) and then calculating the peak
ever, a few spiking experiments were performed befordeight or area of the second dcSTX peak (that elutes with
extraction using GTX2,3 to ensure the efficiency of the mousédNEO) by using the peak ratios obtained from the standardy
bioassay extraction. dcSTX after periodate oxidation as shown in Figure 2. This3S
Figure 2 shows typical individual chromatographic pat-Situation was tested by mixing standards of NEO and dCS_TXé
terns after both periodate and peroxide oxidations for all thét mass ratios of (0.7:1, 1.5:1, and 3:1) in water at the equivas
toxins studied in this work. The arrows indicate the peaks uself"t 0-7—1.0 ppm NEO and calculating the NEO concentratiors
for quantitation. The results for each set represent the sam'aé‘_ter the oxidation reactions. The re_sults for the 1.5:1 and 3:1;
guantities of toxin taken for the oxidation reactions so that el Mixtures were 93 and 94%' respeciively, of the expected Vahﬁ
ative responses resulting from the 2 reactions can be visual es. Where dCS.T X'was in excess of NEO (0.7:1) the calcu-§
compared. It can be observed that the peroxide oxidation is n ted concentration of NEO was 79% of the expected valueg

: L hen a mixture of the 2 at a ratio of 1.5:1 was spiked into a3
useful for any of the hydroxylated toxins. However, it is the : =
y y y blank mussel extract, the calculated NEO concentration wa§

preferred reaction for the nonhydroxylated toxins. It can alsq, /. S =
be observed that GTX1.4 and C3.4 as well as NEO and B%Z/o of the expected value. These results indicate that calcus

yield similar patterns and thus, if present together, could no aling NEO in the presence of dcSTX by difference does pro-S

) . o . : : vide acceptable results for quantitation. Alternatively, the firsts
be unequivocally identified and quantitated without prior sep-_,~ o . o

. ) o ) .eluting peak of NEO (which is unique for NEO and B2) can be &
aration. Figure 3 shows calibration standard mixtures of varis o4 for quantitation. althouah the detection limit using this®
ous toxins used for the routine quantitation of PSP toxins. The q X g g =

L o peak is significantly higher than by using the second NEO&
arroyvs indicate the peaks used for quantitation. peak for quantitation. A similar situation for quantitation of &
Figure 4 shows chromatograms of a blank mussel extraqgTx1,4 would occur if dcGTX2,3 were also present in the =

along with an aliquot of the same extract spiked with a mixturesame sample. The quantitation of NEO, dcSTX, and dCNEOE
of 11 PSP toxins carried through thegCleanup step only. It (or similarly GTX1,4, dcGTX1,4, and dcGTX2,3) together in &
can be observed that 6 peaks attributable to PSP toxins app&fe same sample would be more complicated but could be ac3
in the chromatogram of the periodate oxidation and 5 peakgomplished. Attempts to verify this in the present work were &
appear in the chromatogram of the peroxide oxidation. Theqt performed.
5 peaks in the latter chromatogram can be easily quantitated Quantitatively, Table 1 lists average recoveries andg

against external calibration standards because no other P%’peatabilities {standard deviation) obtained from 4 repli- O

toxins yield these peaks under the peroxide oxidation Condi(';ates each of spiked crude extracts of oysters, clams, and mu%-

tions used. The periodate results are less clear. The main Ogs carried through the complete cleanup procedure with botf
dation product of B2 elutes with that of NEO and from previ- perigdate and peroxide oxidations. The overall recoveries ang
ous studies itis known that C3,4 elutes with GTXsédalso  (epeatabilities are acceptable at the spiking levels testeg
Figure 2). C1,2 and B1 give a poor response after periodatg) 18-0.qug/g per toxin, as well as B1 spiked in the mussels at&
oxidation and as can be observed, are best quantitated aftgry Hg/g). Saxitoxin and GTX2,3 showed lower recoveries

peroxide oxidation. GTX2,3 and STX may be quantitated afthan the other toxins studied. These 2 toxins were spiked at the

ter periodate oxidation as long as there is no GTX1,4 or NEQowest levels (0.18 and 0.18y/g, respectively) which may §

present because these compounds respectively yield seconghve been a contributing factor. Subsequent studies on these
ary product peaks at the retention times of GTX2,3 and STXoxins spiked at the 1.Qig/g level produced recoveries of >
(seeFigure 2). about 90% (peroxide).

Figure 5 shows chromatograms of the same spiked extract The extraction step was tested by spiking triplicate portion
as shown in Figure 4, but including the ion-exchange cleanupf homogenized blank mussel tissue with GTX2,3 at/@.
step in addition to the SPEg It can be clearly seenthat C1,2 The recoveries averaged 91% (peroxide), verifying that the
elutes in fractions 1A and 1B, the GTX toxins (GTX1,4, B2, extraction procedure yields high recovery of the toxins. In ad-
GTX2,3, and B1) completely in fraction 2, while NEO and dition, 6 samples of naturally contaminated shellfish were an-
STX as well as a small quantity of dcSTX (that was present aalyzed and the results compared with the mouse bioassay. The
a decomposition product in our B1 standard) appeared only ifollowing results were obtained (mouse bioassay, saxitoxin
fraction 3. Under these conditions, the individual toxins can beequivalents/LC, total PSP toxins): scallop (Agg/2.9ug/g),
quantitated by comparison with known calibration standardsnussel A (0/0), mussel B (3.0/4.6), mussel C (14/19), clam A
by using periodate oxidation for the hydroxylated toxins and(0.8/0.4), and clam B (3.0/3.6). These samples contained
peroxide for the nonhydroxylated analogues. GTX2,3 (predominant) and relatively small amounts of

Aq
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GTX1,4 and STX. For most of the samples, the LC results In conclusion, the prechromatographic oxidation LC
were somewhat higher than those obtained by the bioassafethod has been modified to improve the quantitative and op-
This is because the LC values were calculated by simply adderational aspects. The aim of this work is to produce a method
ing the individual results obtained for each toxin without con-that is capable of quantitating individual toxins in shellfish
verting the data to saxitoxin equivalents. Converting the LcPased on comparisons with known analytical standards as is
data to saxitoxin equivalents would lower the results bringing?®mmonly done with most other food contaminants. The re-

them into closer agreement with the bioassay results. Figure
shows chromatograms before and after ion-exchange cleanr%!'
of the mussel B sample mentioned above. The chromatogra
are relatively simple to interpret and quantitate.

The detection limits for calibration standards in ng per in-
jection at 3:1 S/N using the Jasco detector were approxi-1)
mately: for periodate C1,2 (350 pg, not quantitative), C3,4
(330 pg, not quantitative) GTX1,4 (70 pg), GTX2,3 (9 pg), B1 (2)
(6.4 ng, not quantitative), B2 (80 pg, not quantitative), STX (3)
(79 pg), NEO (30 pg), dcSTX (70 pglor peroxide C1,2
(60 pg, not quantitative), B1 (60 pg, not quantitative), GTX2,3 (4)
(20 pg), STX (12 pg), dcSTX (10 pg).

In terms ofug/g in the samples studied the detection limits
were approximately: C1,2 (04g/g, not quantitative), C3,4
(0.1 pg/g, not quantitative), GTX1,4 (0.0idg/g), GTX2,3
(0.02ug/g), B1 (0.1ug/g, not quantitative), B2 (0.183/g, not
quantitative), STX (0.02ug/g), NEO (0.06ug/g), dcSTX  (7)
(0.02ug/9).

©)
(6)

gults obtained should be useful for regulatory enforcement
rposes. It is planned to further validate this method by sub-
itting it to an interlaboratory collaborative study.
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