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The analytical challenges in marine chemistry are numerous due to the
large number of natural toxins and their metabolites, the highly toxic
nature of many of these compounds, and increasingly stringent regulatory
guidelines. This article gives an overview of some recently developed mass
spectrometry techniques and their application to marine biotoxins.

oxic secondary metabolites often
are produced by several strains of
marine dinoflagellates. The pri-
mary sources of severe outbreaks
of these poisons originate from harmful algal
blooms (“red tides” [1]). Shellfish grazing on
these algae can cause bioaccumulation of
toxins. Moreover, as many of these sub-
stances can exhibit highly toxic properties in
humans, the occurrence in shellfish is of
great concern. To guarantee consumer safety
and to protect the aquaculture industry from
financial damages, sensitive and effective
monitoring tools for contaminated seafood
are required. Many countries have estab-
lished regulatory guidelines and set maxi-
mum allowable concentrations in seafood
samples. However, marine toxins exhibit a
wide range of chemical structures, molecular
weights, and physicochemical properties,
making not only the routine identification
of known toxins difficult, but particularly
complicating the structural determination of
unknown toxins and their metabolites.

The mouse bioassay is the most widely
used monitoring tool for the detection of
marine toxins. This conventional method
has severe limitations though, with respect
to sensitivity, dynamic range, variability, and
cross-sensitivity; it also cannot be used for
determination of individual toxins. Further-
more, animal-based methods are increas-

ingly undesirable, especially when alterna-
tive techniques based upon physicochemical
substance properties are available.

Toxins generally are analyzed using high
performance  liquid
(HPLC) techniques with various unspecific
detectors. Therefore, subsequent confirma-
tion is needed to ensure that these methods
do not yield any false responses. While
enzyme immunoassay screens are available

chromatography

for some toxins, to date only mass spectrom-
etry (MS) analysis provides unequivocal
proof of presence in a sample, assuming
diverse fragment ions can be monitored for a
high degree of specificity. Depending upon
the compound, structurally informative
fragment ions can be generated by either
classical electron ionization or, for soft ion-
ization techniques, by tandem MS (MS-
MS). Because electron ionization typically
cannot be implemented for the thermally
labile and highly polar toxins, soft ionization
techniques such as electrospray ionization
(ESI) or atmospheric-pressure chemical ion-
ization (APCI) usually are employed. Of
course, subsequent MS-MS analysis then is
needed to generate fragment ions for reliable
confirmation of a particular toxin’s presence
or for supporting the elucidation of
unknown  structures.
widely applied for MS-MS are triple-
quadrupole and ion-trap mass spectrome-

Instruments most
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Figure 1: LC-MS traces and chemical structures of azaspiracid analogs 1-5. (a) APCl selected-reaction monitoring chromatograms for different flow-
rates of the mobile phase without splitting before MS (50 mm x 4.6 mm monolithic column; Merck, Darmstadt, Germany). The experimentally deter-
mined values for a are given for the peak pair consisting of azaspiracid analogs 1 and 2. (b) ESI selected ion-monitoring chromatograms for 10-cm
and 70-cm monolithic columns at a flow-rate of 1 mL/min (no split). The experimentally determined values for a are given for the peak pair consist-
ing of azaspiracid analogs 4 and 5. (Note that in [a] and [b] the azaspiracid analog 2-5 traces are expanded by 50% on the y-axis scale.)

ters. While triple-quadrupole machines are
very rugged and sensitive, ion-trap MS sys-
tems offer the unique ability to conduct
MS” experiments and thus generate clearly
defined precursor—product ion relationships.
In addition, hybrid geometries of triple-
quadrupole and ion-trap MS have recently
emerged, including quadrupole-linear jon-
trap systems. Quadrupole-linear ion-trap
MS yields both high sensitivity triple-
quadrupole fragmentations and MS” capa-
bilities (2). Further important information
can be obtained from high-resolution mass
measurements, from which elemental for-
mulas can be deduced. Quadrupole time-of-
flight (TOF) and Fourier-transform ion
cyclotron resonance (FI-ICR) instruments
recently have become very popular for this
application.

While the pharmaceutical and proteomic
research fields are the principal driving force
for current instrumental developments in
MS, other biomedical and environmental
applications benefit equally from the supe-
rior performance of such instruments.
Unfortunately, progress in regulatory marine
analytical facilities worldwide is slow in
comparison to pharmaceutical laboratories,
mainly because of the limited funding for
modern instrumentation. As a result, the

analytical approaches are (understandably)
conservative and limited in comparison to
what is theoretically possible with more
sophisticated analytical mass spectrometers.
This is a similar situation in many other
environmental research fields. For example,
an important and demanding area of envi-
ronmental analysis is the characterization of
humic and fulvic acids, which can be aided
significantly by the application of high-reso-
lution FT-ICR MS techniques. The reality,
however, is that often all a regulatory labora-
tory can afford is a single-quadrupole or ion-
trap mass spectrometer, which still can be
quite useful in targeted quantitative analyses
and limited structural identification schemes
for known toxin residues. Where unknown
toxins and metabolites are concerned or reli-
able confirmatory assays are required, how-
ever, the additional information from accu-
rate mass measurements greatly aids in the
identification process. In these measure-
ments, the desired goal is very simple: the
higher the mass accuracy, the smaller the
number of possible empirical formulas iden-
tified and the easier the confirmation of a
proposed structure. High mass accuracy
comes literally at a price, however, and the
ultimate mass resolving power and accuracy
only can be achieved with expensive FT-ICR

instruments. Furthermore, the analysis of
crude sample extracts is difficult without
prior clean up and fractionation steps. Here,
mass-triggered high-throughput purification
techniques, as routinely applied in pharma-
ceutical laboratories, can help.

In our research, we use a drug discovery
approach to the analysis of biotoxins, to
demonstrate some of the possibilities for
advanced methodologies in this field; that is,
ultrafast high-resolution separations of
biotoxins with novel monolithic separation
columns, and MS analyses using a combina-
tion of triple-quadrupole, quadrupole TOE,
ion-trap, quadrupole linear ion-trap, and
FT-ICR mass spectrometers.

Rapid High-Resolution

Monolithic Separations

In the first example, azaspiracid toxins were
investigated by electrospray and atmospheric
pressure chemical ionization mass spectrom-
etry (3). Azaspiracid and its analogs are a
group of polyether biotoxins found in mus-
sels, and classified as diarrhetic shellfish poi-
sons. These toxins contain unique spiro-ring
assemblies, a cyclic amine, and a carboxylic
acid (Figure 1). In our laboratory, mono-
lithic reversed-phase HPLC columns were
used for both ultrafast and high-resolution
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Figure 2: Comparison of MS-MS spectra of azaspiracid generated by (a) wide range ion-trap excitation (isolation width 2 amu, excitation width
70 amu [centered on the MH+ ion at m/z 842]) and CID of m/z 842 on (b) a triple-quadrupole instrument.

separations of five azaspiracid analogs. advantages over conventional packed higher flow-rates. That is, elevated flow-
Because of the high permeability of mono-  columns including very low backpressures  rates can be used for ultrafast analyses or, by
lithic columns, they offer a number of and relatively flat van Deemter curves at  using longer than normal columns, high-
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Figure 3: Comparison of the electrospray mass spectra of saxitoxin measured on an ion-trap system and a 7-tesla FT-ICR mass spectrometer. The area
around the MH+ ion (m/z 300) is enlarged.
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Figure 4: Infrared multiphoton dissociation FT-ICR product ion spectrum of neosaxitoxin mea-
sured on a 9.4-tesla FT-ICR mass spectrometer after electrospray ionization and stored-waveform
inverse Fourier-transform isolation of the precursor ion at m/z 316 in the FT-ICR cell.

resolution separations are possible. In a
series of experiments, we varied the mobile
phase flow-rates between 1 and 8 mL/min
(Figure 1a) without splitting the mobile
phase before it entered the mass spectrome-
ter. The run times were reduced from ~4
min to 30 s without a major change in the
separation efficiencies. Furthermore, there
was no significant loss of sensitivity for the
azaspiracids at flow-rates as high as 7
mL/min in APCI and 5 mL/min in ESL
Additionally, the column length was varied
between 10 and 70 cm. As a result, the
number of theoretical plates increased sub-
stantially, from 13,000 plates for a 10-cm
column to 80,000 for a 70-cm column (Fig-
ure 1b). High-resolution HPLC separations
with plate numbers of > 100,000 are possi-
ble at very reasonable pump pressures (<
200 bar) with 1-m or longer monolithic
columns. All experiments shown were con-
ducted with commercial 4.6-mm i.d.
columns. Running high flow-rate solvent
gradients might not be feasible for every
laboratory because of increased cost and
environmental concerns. The use of smaller
i.d. monolithic materials (2 mm i.d.), how-
ever, will allow downscaling the flow rates
easily between 0.2 and 2 mL/min, a range
that can be handled quite easily by most
commercial HPLC pumps and LC-MS
interfaces without splitting. For the investi-

gated azaspiracids, both ESI and APCI were
well suited for sensitive analysis; this flexi-
bility of choice is very useful when insuffi-
cient sample clean-up leads to ion-suppres-
sion effects for difficult sample matrices.
Note, for example, how coeluted matrix
components almost completely suppress the
APCI response for azaspiracid 4 in Figure
1a, while ESI does not exhibit the same
degree of suppression (Figure 1b). This
behavior is quite interesting as APCI is usu-
ally less prone to matrix effects than ESI (4).

Enhanced Structural Information
from lon-Trap MS

In the next example, the same group of aza-
spiracid analogs was analyzed with an ion-
trap mass spectrometer. While triple
quadrupole MS-MS spectra of azaspiracids
have exhibited abundant diagnostic frag-
ment ions (5), the analysis using conven-
tional jon-trap systems proved to be more
difficult because multiple neutral losses of
water from the MH™" ions prevented the
activation of backbone fragmentation path-
ways. This is due to the low-energy charac-
teristic of the resonant excitation used for
collision-induced dissociation in ion traps.
This situation is particularly disadvanta-
geous for many biological molecules,
because they exhibit predominantly multi-
ple low-energy fragmentation pathways,
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Figure 5: Chemical structures and representative electrospray extracted ion chromatograms for several important components of the crude phyto-
plankton extract on the ion-trap mass spectrometer.

such as water losses.

To overcome this limitation, we devel-
oped a wide-range excitation technique to
effectively activate all primary neutral water
loss pathways simultaneously (6). As a
result, very structure-informative collision-
induced dissociation (CID) mass spectra
were observed, similar to those obtained on
triple-quadrupole systems (Figure 2). A
careful optimization procedure was neces-
sary, however, before high-quality and
MS-MS  spectra
obtained. For example, the optimum frag-
mentation amplitude for MH* dissociation
strongly depended upon the mass-to-charge
ratio of the precursor ion (7). Other para-
meters, such as excitation and accumulation

reproducible were

times, required equally careful optimiza-
tion. As a result, however, very reproducible
MS-MS spectra were obtained, similar in
variety and abundance to product ions
observed on triple-quadrupole instruments
(Figure 2). While one of the unique advan-
tages of ion-trap systems — the highly spe-
cific linked precursor ion—product ion rela-
tionships in sequential MS” experiments —
is lost in this procedure, the wide-range
excitation technique allows laboratories to
measure quickly triple-quadrupole-like

spectra on inexpensive ion-trap systems. We
believe that this technique could be useful
particularly when spectral
libraries are required. Unfortunately, the
detection sensitivity achieved with ion-trap

searchable

systems usually is not as good as with triple-
quadrupole instruments as no dedicated
selected ion monitoring or selected reaction
monitoring modes are available on the ion-
trap system. This is illustrated by a direct
comparison of the detection limits for aza-
spiracids: we were able to detect low fem-
togram amounts in crude mussel extracts
using selected ion monitoring and selected
reaction monitoring, where the ion-trap sys-
tem was at least 10-fold less sensitive (8).
This difference is due to the fact that in the
selected ion monitoring mode of the triple-
quadrupole instrument the entire scan time
is spent on collecting the ion current for a
single mass, while in ion-trap systems cer-
tain overhead contributions, such as ion
injection and isolation time, always con-
tribute to the total microscan time. For the
same reason differences in sensitivity
between full scan and selected ion monitor-
ing in the ion trap are much less pro-
nounced than those in a quadrupole instru-
ment. The total MS” microscan time, in the

case of the ion trap, is decreased only
slightly by shortening the acquisition range.

High-Resolution FT-ICR MS

The combination of triple-quadrupole,
using neutral loss, precursor and product
ion scans, and jon-trap experiments fre-
quently allows tentative identification of
unknown components or metabolic trans-
formations of precursors in complex sam-
ples (9,10). It is not uncommon, however,
that low-energy CID does not yield suffi-
cient spectral information for unmistakable
structure assignments, because the mole-
cules of interest do not always fragment in
the manner desired. Further evidence to
support proposed fragmentation pathways
or ion structures then can be provided by
high-resolution MS-MS, from which accu-
rate masses and elemental formulas can be
inferred. Accurate mass measurements are
employed routinely in pharmaceutical labo-
ratories for metabolite identification pur-
poses but have not been exploited widely in
marine research laboratories. Commercial
instruments capable of sufficient mass reso-
lution and accuracy in both MS and MS-
MS experiments are quadrupole TOF and
FT-ICR  MS instruments. Although
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Figure 6: Electrospray product ion mass spectra of 13-desmethyl spirolide C (m/z 692.5). (a) CID spectrum obtained using a triple-quadrupole MS sys-
tem; (b) quadrupole linear ion-trap MS?* spectrum after quadrupole collision cell CID of m/z 692.5 and further resonance excitation of m/z 444 in the
linear trap; (c) infrared multiphoton dissociation spectrum after isolation of m/z 692.5 in the FT-ICR cell (9.4 tesla).

quadrupole TOF instruments can achieve
mass accuracies routinely of < 10 ppm in
MS and MS-MS mode, this article only
illustrates accurate mass measurements
using FT-ICR MS. This simply reflects the
research interests of the authors and serves
the general purpose of illustrating the
unique capabilities of FT-ICR, namely the
unchallenged resolving power and mass
measurement accuracy (11). While it has
been 30 years since Alan Marshall and Mel
Comisarow first applied Fourier-transform
pulse techniques to ICR (11), only recently
have developments such as efficient ion-
transport devices allowed the use of external
ionization sources (particularly electrospray
and matrix-assisted laser desorption joniza-
tion [MALDI]) to increase the versatility of
FT-ICR to a point where laboratories can
no longer afford to dismiss their benefits as
unaffordable or too difficult to manage in a
high-throughput setting (12).

The most striking features of an FI-ICR
mass spectrum are best illustrated by com-
paring an FT-ICR spectrum directly with
an ion-trap spectrum. Figure 3 shows the
enlarged MH™ region of the electrospray
mass spectrum of the paralytic shellfish poi-
son saxitoxin, measured on ion-trap and
FT-ICR mass spectrometers. The outstand-
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ing resolution and mass accuracy achieved
in this experiment by FT-ICR for the MH ™"
ion of saxitoxin at m/z 300 easily allowed
the acquisition of a single empirical formula
without the need to restrict the number of
atoms for the calculation of the matching
theoretical accurate masses.

Similarly, exact mass measurements can
be obtained for product ions generated by
low energy CID in the FT-ICR cell. CID
usually is achieved by sustained off-reso-
nance irradiation, where the precursor ion is
excited in the FT-ICR cell at a frequency
slightly higher than the natural cyclotron
frequency of the ion of interest. Slow, low-
energy rearrangement reactions result with
subsequent decomposition by the lowest
energy pathway. This approach is somewhat
similar to ion-trap MS”. In our experi-
ments, we have utilized an alternative to
sustained off-resonance irradiation, the so-
called infrared multiphoton dissociation
technique, which is available on all com-
mercial FT-ICR instruments. Infrared mul-
tiphoton dissociation activates ions in the
ICR cell by irradiation with a low-power
carbon dioxide infrared laser (10.6 pwm) for
tens to hundreds of milliseconds per exper-
iment. As a result, the stepwise absorption
of multiple photons takes place, followed by
subsequent dissociation of the ion. The
process is rather nonselective, so that all
trapped ions are excited and secondary
product ions also can be observed. This
characteristic feature of infrared multipho-
ton dissociation proved to be rather conve-
nient, because the resulting spectra of toxins
revealed a strong similarity to low-energy
CID spectra measured on triple-quadrupole
instruments, both in terms of species
formed and their relative abundances (12).
The measured accurate masses for the
infrared multiphoton dissociation ions
therefore could be used to verify the ele-
mental formulas of the CID products from
triple-quadrupole or ion-trap experiments.
In our experiments, all product ions could
be measured with accuracies <1 ppm using
internal mass calibration, allowing the
determination of single elemental formulas.
Figure 4 shows an example for neosaxitoxin.

A Comprehensive Approach

for the Characterization of
Spirolide Toxins

The final project illustrates how the com-
bined use of several different MS tech-
niques, namely triple-quadrupole, ion-trap,
quadrupole-linear ion-trap, and FT-ICR
MS, can be used for a comprehensive char-
acterization of the toxin profile in a plank-

ton extract. The toxins of interest were a
novel class of marine phycotoxins, the
spirolides, which are produced by the
dinoflagellate ~Alexandrium ostenfeldii.
Their chemical structures exhibit character-
istic spiro-linked tricyclic ether and imine
moieties (Figure 5). The crude phytoplank-
ton extract presented a number of interest-
ing analytical challenges, including the pres-
ence of some known spirolides as well as
several unknowns, present at low yet signif-
icant levels; and the occurrence of several
isobaric and isomeric species, at very differ-
ent concentration levels.

In particular, high-
resolution
instruments such as
quadrupole TOF or
FT-ICR systems are a
welcome addition to
every environmental
or marine lab.

The way we approached the structure
elucidation of the spirolides in the extract
comprised a multistep analytical protocol.
The samples initially were subjected to a
preliminary survey screening using hyphen-
ated LC-MS, yielding a tentative mass list
of known and unknown compounds in the
crude extract. Next, using this list, mass-
triggered semipreparative fraction collection
was used to enrich individual sample com-
ponents, followed by CID of the isolated
species. Finally, FT-ICR was utilized for
accurate mass measurements and elemental
formulas were deduced for the ions.

An initial survey screen was conducted in
the full-scan mode of an ion-trap mass spec-
trometer (Figure 5) and confirmed with
high-sensitivity selected ion monitoring
experiments using a triple-quadrupole
instrument. The major component in the
extract was determined to be 13-desmethyl
spirolide C at m/z 692.5. Other compo-
nents included spirolide C, an unknown
isomer, 13-desmethyl spirolide D, several
species at 72/z 708.5 (spirolide D, an isomer
of spirolide D and a more polar unknown
compound) as well as numerous other
analogs at significant concentration levels
(14). Next, to eliminate interfering species,
an automated LC—preparative mass-trig-
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gered purification and enrichment step was
performed using the previously identified
MH? ions from the survey screening. This
procedure resulted in 12 individual purified
samples with certain compounds enriched
in the separate fractions (15). Subsequently,
CID experiments were performed on the
triple quadrupole instrument for each of the
detected species. The enrichment step
afforded high-quality CID spectra for all
known and unknown components, includ-
ing very minor compounds and isobaric
species (Figure 6a). Additional experiments
were performed using a recently developed
mass spectrometer, the quadrupole-linear
ion trap. The quadrupole-linear ion-trap
system provides triple-quadrupole-like
CID spectra and MS? capability without
the inherent low mass cut-off of conven-
tional ion-trap systems. In our experiments,
the protonated molecule of interest was first
activated in the quadrupole collision cell
before isolation of an important intermedi-
ate in order to deduce the pathways forming
the low-mass product ions. For example,
Figure 6b illustrates the quadrupole-linear
ion-trap MS? analysis of desmethyl
spirolide C, where m/z 692.5 was first frag-
mented in the quadrupole collision cell,
yielding a regular triple-quadrupole CID
spectrum. From this spectrum, m/z 444 was
isolated in the linear trap and further frag-
mented to determine its secondary prod-
ucts. The ilons at m/z 164, 177, 204, 206,
and 230 were formed from this precursor
ion, thus the mechanisms for the formation
of these products include m/z 444 as an
intermediate in the proposed fragmentation
pathway (14). The final step in the structure
elucidation was FT-ICR analysis for the
accurate mass determination of all MH™"
ions present in the sample. The measured
masses were obtained with measurement
uncertainties < 0.3 ppm using internal
mass calibration, readily allowing identifica-
tion of single elemental formulas for all pro-
tonated molecules in the extract, ranging
from m/z 604.5 to 708.5. Additionally,
infrared multiphoton dissociation in the
FT-ICR instrument generated elemental
formulas for product ions formed in the
previous CID experiments (Figure 6¢). As a
result of the MS protocol described above,
we were able to detect and confirm several
previously characterized spirolides, as well as
some new unexpected compounds (15),
and create a strong biogenetic link between
the known and unknown spirolides.

Conclusions
This article has summarized several modern
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MS approaches applied to the analysis of
marine toxins. Some of these approaches are
quite ordinary, in the sense that they are
well established in pharmaceutical laborato-
ries. For example, using the combined MS-
MS data from triple quadrupoles and ion
traps, which can be generated quickly via
automated procedures from HPLC runs, is
the common way of establishing the tenta-
tive identity of drug metabolites in preclin-
ical programs of pharmaceutical companies.
Subsequent high resolution quadrupole
TOF or FT-ICR then can provide the accu-
rate mass data and elemental formulas for
confirmation of identity.

New commercial instrument designs
such as quadrupole FT-ICR or quadrupole
linear ion-trap FT-ICR, undoubtedly will
accelerate the process by combining some of
the required experiments. Due to the lim-
ited research funding available to currently
less fashionable fields, such as environmen-
tal and marine science, very often the
required state-of-the-art instrumentation is
out of reach to researchers in those labs,
which is unfortunate because the challenges
in those areas are equally demanding. In
particular, high-resolution instruments,
such as quadrupole TOF or FT-ICR sys-
tems, are a welcome addition to every envi-
ronmental or marine lab. When exact mass
measurements are required for obtaining
elemental compositions of ions, the mass
accuracy achieved with ESI-TOF or
quadrupole TOF instruments often is not
sufficient to identify a single elemental
composition in all cases, for example, for a
typical toxin metabolite of molecular weight
of around 700 Da. This was well illustrated
in a recent comparison of quadrupole TOF
and FT-ICR for low molecular weight com-
pounds (16), where FT-ICR provided the
correct result every time, but quadrupole
TOF only scored about 70%.

Acknowledgments

The authors wish to thank Pearl Blay,
Suzanne Edmonds, Stephan Brombacher,
Bob Whitehead, and Tony Windust (IMB,
Halifax) for their help during some of the
experiments. We are grateful to Alan Mar-
shall and Michael Chalmers (NHMFL, Tal-
lahassee, Florida) for their support in the
FT-ICR analyses. Lekha Sleno acknowl-
edges financial assistance from FCAR,
NSERC, and NRC-GSSSP. Partial research
support was also provided by a MAFF UK
contract.

References
(1) G.M. Hallegraeff, Phycologia 32,79 (1993).

(2) J.W. Hager and J.C.Y. Le Blanc, Rapid Com-
mun. Mass Spectrom. 17, 1056 (2003).

(3) D.A. Volmer, S. Brombacher, and B. White-
head, Rapid Commun. Mass Spectrom. 16, 2298
(2002).

(4) J. Schumacher, D. Zimmer, F. Tesche, and V.
Pickard, Rapid Commun. Mass Spectrom. 17,
1950 (2003).

(5) S. Brombacher, S. Edmonds, and D.A. Volmer,
Rapid Commun. Mass Spectrom. 16, 2306
(2002).

(6) S. Brombacher and D.A. Volmer, . Mass Spec-
trom. 38, 687 (2003).

(7) L.L. Lopez, P.R. Tiller, M.W. Senko, and J.C.
Schwartz, Rapid Commun. Mass Spectrom.13,
663 (1999).

(8) P. Blay, S. Brombacher, and D.A. Volmer,
Rapid Commun. Mass Spectrom. 17, 2153
(2003).

(9) KA. Cox, K. Dunn-Meynell, W.A. Korf-
macher, L. Broske, A.A. Nomeir, C.C. Lin,
M.N. Cayen, and W.H. Barr, Drug Disc.
Today 4, 232 (1999).

(10) W.A. Korfmacher, K.:A. Cox , M.S. Bryant, J.
Veals, K. Ng, R. Watkins, and C.C. Lin, Drug
Disc. Today 2, 532 (1997).

(11) A.G. Marshall, C.L. Hendrickson, and G.S.
Jackson, Mass Spectrom. Rev. 17, 1 (1998).
(12) D. Pinto, R.K. Boyd, and D.A. Volmer, Anal.

Bioanal. Chem. 373, 378 (2002).

(13) L. Sleno, D.A. Volmer, B. Borislav Kovac“evic’,
and Zvonimir B. Maksic’, J. Am. Soc. Mass
Spectrom., in press.

(14) L. Sleno, A. Windust, and D.A. Volmer, Anal.
Bioanal. Chem. 378, 969-976 (2004).

(15) L. Sleno, M. Chalmers, and D.A. Volmer,
Anal. Bioanal. Chem. 378, 977-986 (2004).

(16) J. Hau, R. Stadler, T.A. Jenny, and L.B. Fay,
Rapid Commun. Mass Spectrom. 5, 1840
(2000).

Dietrich Volmer is a senior research scientist
at the Institute for Marine Biosciences in Hali-
fax, Nova Scotia, Canada. E-mail:
Dietrich.Volmer@nrc.ca; Phone: (902) 426-
4356. Lekha Sleno is a Ph.D. student in Dr.
Volmer's group. m

SEPTEMBER 2004 LCGC NORTH AMERICA VOLUME 22 NUMBER 9 935



