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Move than 100 samples of bive-green algae prod-
ucts (consisting of Aphanizomenon, Sgirulina, and
vnidentified bluegreen algag} in the form of s,
capsules, and powders were ¢ollected from retail
outlels from across Canada. The samples were ex-
tracted with 755 methanol in water and ceniri-
fuged to remove solids. Aliquots of the extracts
along with spiked blank sample extracts were sent
i each participating laboratory and independently
analyzed for microcysting by enzymeinked
immunosorbent assay {ELISA), protein
phosphatase inhibition assay, and by liquid
chromatography-tandem mass specirometry
{LC-MS/MS) after sample cleanup using Cia
salid-phase extraction. The results obtained by
ELISA and LC-MSMS agreed very well over a con-
centratlon range of about 0.5-35 ngfy. The
colorimetric phosphatase results generally agreed
with the oiker 2 methods, While the 2 biochemical
#s58ys measured total microcystin content corn-
pared with a standard of microcystin LR, the
1CMSMS method measured specific
microcysting {LA, LR, BR, YH) using external stan-
dards of these for Identificatlon and quantitation.
Microcystin LR was found in all positive samples
by LC—MS/MS. Microcystin LA was the only other
microcystin found in the samples analyzed. These
2 microcystins represent essentially all the
Mmicrocysting that were present in the cxtracts, Oth-
E!‘wi sa, the LC-MS/MS results would have been
Significantly lower than the results of the biochem-
ical assays had other unknown microcysting been
Present.
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produced by several species of freshwater.

cyanobactzoa (popularly referred 1o as blue-preen
algae) such as Microcwstis, Oscifimtoria, and Anabaena. They
are polent bepatotoxing (1} and have been shown w be stronp
inhibitors of protein phosphataces 1 and 24 () Tn addition,
they have heen shown to be liver mmor promoiors (3, 47, The
st irapentant health coneerms elated W these compounds
have been in relwtion Lo their contamination of drinking watar
supplics and this has been comprehenszively reviewsd (3)
However, m racent years hlue-green algal health food prod-
ucts have become available to consumers through heallh Toed
stores of direet mailing sources, for example via the Infemet,
Many of these prodoces are consuneed in the form of ablets,
capsules, or powders. Because some of these blue-green algac
arc harvested from natoral freshwater lakes, there exists the
passibility of contamination with ndcrocystings or other toxins,
In 1%, Heallh Canada performed a national survey of
hlug-green algac health food products to determdne if
rnceocy sl contatination presented a heulth concernin these
commaditics. A sk asscssment based on these findings has
been published elsewhere (6).

In cxder to obtain the mmoest acourate information possible, it
was necessary to use reliable analytical methids capable of
detecting sub pgfg concentrations of ouicmocysting mn lhe algal
products. Most of the analytical techniques developed for
micracysting have focussed on their detecmination in algal
cultures  of Microcystis where the concentrutions of
microcysting were relatvely high (100 pg/s or higher concen.-
trations) or in warer. Three types of thethods have fond the
most application for these purposes: bgquid chromatograply
{1.C) with 1Y (710 or mass spectrometric (M5; 11-15) de-
tection, enzyme linked immunosorbent assay (ELISA;
16-20), and phosphatase bioassay (21-23). None of these
nwihods have Leen validated by inlerizbomatory stodics and
their application to quantitating sub pp/e concentrations m
blue-green algae has been very linvted. We repoet here the de-
velopment and application of un LC/MS method for determan-

Micrmysﬁns are a grovp of monocyclic wplapeptides



103 LAWRENCE EF AL JOURNAL OF ADAC INTERNATIONAL VoL, 84, No. 4, 2001

Tabke 1. Conditions for the selected jon monitering for screcning of microcystins by LCMS

Iems mcnitered Idcriity Comproinds (microcystins) Cone woitago, v T
519.8 [M+2H]™= RR 40
530.4 [M+2Na)* RR a0
ges4 [M+H]* toddarin £1.5.) &0

10456 (M+H* ¥R 70
5055 m+H* LR 70

1075 [M+Na} LR 70

10085 Y MelLR 70
S04 Y LA FO
=it [M+Mal LA T
88E.5 M+H[ LF 70

1025 [M+HT Ly 70

1026 5 M+-H" Lw 70

ing microcystins in bive-green algal health food products at
concentrations down to 0.1 pgfg. In addition, the rezolbing data
were compared with results obtained independently in 3 addi-
tional Iaboratorics that nsed an ELISA method or a
colorimetric phosphatase assay.

Experimental

Apparaius

(a} Coffee grinder—Braun.

(b)) Homogenizer—Talvtron,

{¢} Centrifuge —Mistral 2000

d) Centrifupe fbes—Teflon, 50 mL.

(e} Syrinpe filiers.—0.43 pm; Acrodisc,

([} Syringes—5ce, single use.

() Test fubes—Glass, graduated, 5 and 50 mL.

(h) Solid-phase extraction (SPE) Cpg cartridpes—3 mL,
Supedon,

{i): SFE vacuun box witk manifold,
(iy Rotary evaporator—Buchi,

Aoagents

(a) Sotvents—LC grade methanot; Milli-Q water.

(b Microcystin stock solutions —AIl micTocystin stan-
dards wete used 25 recelved to prepare the standard selutions.
Microoysting LA and ¥R standards  (Calbiochem;
microcystin RE and LR (Sigma). Primary stock solutions of
gach of the microcystins LA, YR, RR, and LR were prapared
by dissolving solid standards in mathanal 10 obiain a concen-
tration of 500 pgil for YR, LR, and RR and 200 ppfml foc
LA. Nodulada was received from Health Canada s a work-
ing standard selution of 10 pg/mL in mcihanol.

{6) Spiking stondard solutions {each microcystin sepa-

reely).—100 pi. stock solution of YR, LR, or RR were added
0 K} pl water and mixed; 25) pL stoek solutdon of LA were
added ro 750 pl. water and ruixed.

Table 2. Conditions for multipée reaction monitoring fot the quantitatlve analysis of 4 mlerocystins by LO-MSMS

Microcystins Frecursot lons Fregursor/product Ton pairs Conwe voltags, ¥ Colliclon encegy, ey
A [W+2HT 540.8-135 40 25
AR [M+2H]™ 51585212 40 25
Nodalarin {L5.] mH* B2S.5105 ED A0
Modutadn [1.5.) [M+H]* BES. 5227 B 40
YR [M+HT 104553135 0 B0
YR [M+H 104555213 Fi 35
LR M+HT 05 5.+135 65 60
LA M+HT 98555213 &5 &5
LA [M-HT 91055135 35 50
L4, [M+HT 9105213 a5 45
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Flgurs 4. MBEM mass chromategrams from an injection of 250 pg of a mixture of microcystins RA, YR, LR, nodulario,
ancl 100 pg LA.
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Figure 2. MRM mass chromatograms of a blue-green algae tablet contalning 11.9 nofg LR and 0.5 pg/g LA.
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Figure 3. Blue-green alyae sampie containing 0.01 pg/g LR and 0.5 j1gfg LA.
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Table 3. Comparison of quantitatlve results for microcystins by LC/MS, LC-MS/MS ELISA, and phosphatase®

Samples LSS (LR + LA Inpgdad LiAM3ME (LA + LA in poio) ELISA {poin) Phosphalasz {pg-’;h
AT05 <2 .2 <03 a1
AT-12 Intererence 0.2 =03 0.3
AT-14 05 |3 2.2 1.7
AT-18 1.4(-YRH5.5 <02, a2, 0,2, =13 <03 =03
CE-34 0.7 1.3 2.1 1.5
A~ 0.3 0.7

OR-H 14 22 24 19
OH-G2 1514 1.9, 1.6, 1.3 26,234 21 1.1
0 2 | 0.5 1.1

OR-H i4 e R 29 2.3
QR-GE a.7 0.3 03,03

OR-06 56 030203 0.4

OR-O7 o2 «0.3

OR-0a 0.5 0.5 0.5 <03, =0.3

OR-10 0.4 0¥

CR11 0.3 a7z o0&
OR-14 14 15 xa 0.9
OR 20 09 0.7 1.5 2.1
OR-22 5.7 5.5 58,62 8.6
OR-23 Interfercnoe 0.3, 3.2 0.4

OR-24 6.1 by 9.8 £3
OR-25 1 1.1 1.6 23
OR-26 Traca .4 0.4 0g
OR-27 Inteiterenca 04 23

CR-28 1.8 14 23

OF-23 Travra =03

CR-30 Trage =03

QR-31 Trace 0.4

G502 0.8 19

Q5-04 0.7, 0.5 05 (e, 0.8 0.5 0.6 05,05
0505 273,263 250 328,357 335 35,7 443
C3R-08 <0.2 «(h2 =03 <13
ChR-27 <1 .1 .3 .3
WR-02 3 41, 3.6 4.2 =)
WH- <02 <(h2 <0.3

WR-11 LI 0.2 .3 2.4
WH-20 14 e.F

WS- 28 42 A9 A6 g1 6.3
WR-3 0.1 05 06 1
WH.24 2.3 .6

WR-25 01 {.4 0.4, 0.5, 1.7 1.4
WR-25 24 28 4.3, 2.1 .8
WH-22 62,72 39

WH-28 1.7.1.5 a1 ass 27
WR-35 14,16 0.5

1.1

0.0
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Takle 3. {continued)

samplos LOMS (LR +LATh ugn)  LC/MSMS (LA + LAin uo'gh ELISA {up/g) Phosphalass (o)
- 0.5 0.5

WR-G9 2.2 1.8

WH-2 <4 .3

. Lc*.ﬂs and LSS data are not mrmc‘led for recoverics. 'Tr.=1|:P rapressnts amount batween LOD (S = 2) and LOO (SN = &), Total
micecayaling wera maasumed by ELISA and phosphatase using LR as a standard.

Sample Collection and Praparation

Samples of bluc-green algae products were collectod from
retail outlets across Canada, Thoy included ablets, pawder.
and capsules, Tablats were pround using a cotfee grinder and
prixad. Capsules ware emplied and mixed. Powdered samples
were likewise mixed For each sainple container, the complete
contents were processed and o wpiesentative subsaple was
taken for extraction.

Sampls Extraciion

A 3 ¢ portion of sample was placed into a 50 mL beaker
and 70 mL 75% methanol { v/ in water were added. The mix-
mre was luanogenized for 3 pmin with a Pelvtron homage-
nizer. The contents were ransferred 1o a 50 mid. reflon ceoli-
fuge tube aud cenrifnged at 4500 mm (3632 « &) for 10 min.
The supernalant was transferred to a clzan 50 ml. gradvated
cylinder. A 10 ml. volone of catrueting solution was added to
the 30 mal, beaker, and the contents homegenized for 30 = o
ctean the komogenizer blades. The solution was transterred to
the resiclue in the centrifnge mbe, mixed, and the tube centri-
fuged agzin, The supcmalant was combinet with the fmst
supernztant and the volumes mads up o cxaclly 30 mL. For
analvsis by BLISA and phosphatase, 1 mL aligoot of this so-
Tation wese seal (o e parficipating faboratorics {or independ-
ent analysis. For LO/MS, an alikuut of this solution was
cleaned up using SPE Cyg.

Cig SPE Cleanup for Non-Spirulina Samples

1F an extrast was not clear, it was filtered throngh a 0.45 pm
Acrodlise filter before procesding with the Cyx cleanup. A
(5 mU aliquot of this solution (equivabent to 50 mg sample)
was diluted to 2 ml. wilh water (10 redoer the methanol coo-
centration to lezs than 2065 and this solution was passed
throuph a 3 g C)5 SPB cartnidge (previowusly cenditioned with
1) mT. methanal followed by B} ml water) and Lhe ¢ffluent
dizcaided, Forconvenienee, a rescrvoir was attached twthe top
of the cartridge and (he tTow rate regulated nsing u plasde sy-
fnge or 4 SPE vacoum manifold. The carmidge was then
washed with 3 mL 30% roethanol in water and this wash aiso
discarded. The microcystins were cluted from the carliidge
with 4 mL 20% methannol in water andd coilected jnoa 50 wl
rciumd bortom {Task. ‘The eluals was evaporated Lo dryness un a
ratary evagporator uwl 45%C. The dry residue was reconstituled
wikh 40 pL mecthapol. Then G060 UL waler was subsequently
added, resulting  a Minal voluse of 1oL consisting of a 40%

methanol—water mixture, For analysis by LC/MS, a .1 mL
volume of the sohation was Jilnted to | mlL with water.,

Cta SPE Clearsy for Spirtifing Samples

The same¢ procedure as deseribed above was used for
Sgriruding bloe-green algal samples, except for modification of
the wash and elotion conditions, After addition of the sample
extract, the cartidee was onsed with 3 ml . water followed by
3 ml 20% methanol in water, which was discarded. The
microcystins were cluted with 6 mL 50% methanol in water
andl the feaction colleeed in a 50 ml round bottoen flask. The
cluate was evaporated to dryness and reconstituted as de-
scribed above,

LG/MS

fa) LC conditions —~Separations were performed on a
Tewlett Packard TIP-1100 LC system (Mississauga, Canada)
consisting vl o Linay pump, aulosampler, degasser, and a
variable wavelength UV detcotar set 1o 238 nm. The LC col-
umn was a Cg Lightwing (2 = 11X} o, 3 pm parlicle size;
Jones Chromatography, Mid Glamorgan, UK). The mobike
phase consisted of a gradicnl at a constant low rate of 0.2
mLsmin using the folfowing conditions: Mobile phase A,
6.08% HCOOH in water. Mobile phase B, acclonitrile. Gradi-
ent programy: 30-40% B from 0.0-5.0 min; 40% B {isocratic)
[rom 5.0-11.0 min; 40-75% B from 11.0-13.0 min; 73% |
(isockatic) from 13,0194t min: 75-30% B from 159.6-21 i,
30¢% I3 (isocratic} from 21-30 min. Sample injection volumne
was 10 20 pl.,

(b Muss specirometer conditions.—A Micromass (Man-
chester, UEY Cratero 11 teiple quatdnipole tancdam mass spec-
tromcier was used for the analyses under the following condi-
tions: Tonization mode, electrospray; defection mode, positive
fou; capillary voltage, +3.0 KV; source temperelure, 140°C;
M5 resobation, ~85% valley at base; MS1 ion coergy, 1.0V,
MBE2 mesclntion, ~3¥% valley at hase; MS2 jon encrgy, 1 0v;
collision gas, argon; collison gas pressure, 1.8 « 107 torr;
diving gas. 450 Lih: nehulizer gas, 15 Lh.

Data acquixition aod processing wepe [El'fﬂl‘l‘l‘ltd o aWin-
dows NT 4.0 based MassLynx soflwars {Micmmass) version
3.0). Data smoothing of 2 adjacent data points {2 « | suwooth-
ing) was performed prior 1o peak integruion in arder W im-
prove the baselive determination and peak  detcction,
finantiation was based on peak areas using the external cali-
brution curve metkod. The instnunental limit of detection
(LOD} was dofinod as 3 times the  sipnal-lo-noise
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{peak-to-pesk) calio and the limit of quantitalion (LEKC)) was 3
times LOWD. Signals berween he LOD and LOCY were reported
as “trace” o reflzct positive wentification It with uncer ainty
regurding the accoracy of the vahe,

Eight microcysting (RR, YR, LR, LA, methvlated LR, LF,
LY, and LW} woere initially sercencd by LOMS using
electrospray (BS1) and selecexd ion moattoring (SIM) of
12 jons (Table 1) corresponding to teir singly or donbly
charged [M-+I] and | M+Ma] ions, Becavse standards or he
latter 4 compoands weres ot available, optimal conditions for
SIM of these compounds were extrapolated from the tiest
4 ricrosystios,

Cuantitation and confirmation of 4 microcysting (RR, YR,
LE, aml LA} along wilth the mtemal standard, nodulane
(uddenf vocasionally w samnple cxracs o note any manx cf-
Fecls un signal response), were performed by LE BSAIS in
the moliple reaction menitoring (MRM) mode. Detatlod
MEM parameters are [swad in Table 2. The cone viluaps aod
culhsion cnergy of cach procursorfpraduct ion pair was opli-
miztd individually and incorpozated into the MRA acquisi-
Livny cyele.

Immirmoassay

Immunoassays were performed with 2 commercially avail-
able BELISA test kiL(EnviroLopix. Pontland, ME; Cat. No. EP
(22 exacdly as descrbed io the ke insmuctions. Aliquols of
the aqueous methanol sample cateacts were approprialely di-
Tared with water and guuntilatively analyzed by comparison
with o miceocysin LR staodard.

Phosphatase Assay

The colormmetric prolein phosphatise inhibilion sssay was
petformed according to An and Canmichac] (23). Aliquots of
e agueous nrethanol ealracls were appropristely Ziluwed with
water befon: analysis, uuntilation was based on o compari-
s with a known stardlard solution of microcystin LR

Results and Discussion

Sample Extrackion and Cleanup

A variety of exiracion procedures For microcysins have
breen gepurted i U lieerulure und these hicee been recently re-
viswed (53 The extraction procedute chosen for the present
work was hased mm earlier work performed by Fastieer et al,
{24 who found that 73% methanol i water was the maost ef-
fective for extraction of micraeystns from Iyophilized field
samples. We found thiz solvent eoixtare fiancionad well for
extraction of the 4 microcystins snuidied in this work, How-
cver, with this cxteactant, it was napossilde w acourately de-
termine microcystins at low pefp concentrations inblie-grean
aleae by LOMWS without a cleannp step. Hor this porpose we
evalualed SPE C g (7, @) and a combinatict of SPE Cgfsilica
(8, 25, 28).

It was hoped Wit xome of (he preliminany method develop-
el work on algal extracts sould have been performed using
Li7 with UY detection. However, the SPE 5 cleanup alunc

didl net provide s ¢lean encugh extmct to enable detection of
the toxins at low pefe concentrations. To funber purify the ox-
tracts, we evaluated Lhe SPL Chyfsifica combination reprlad
eatlier {8} Unfortunately, we found that the SPE silicg
cleapup was very sersirive 1o rhe conditoning aond clulinn 5o
luticns. We obtained reprodugiblz elution palierns for g
standards, hut with sample exteacts, the olution patterns
changed and were not reprodacible for the (ypes ol produces
that ware included inthis study, As 4 resull, the attompt 1o de-
velop an T.O-UV method was abandoned and ull further work
used LC/AES using only the SPE C 4 for extracl cleanup using
the conditiens descrited I Sxperfrrerntl,

Even wsing the SFE Cyy cleanop we observed matrix ef-
[ects om (he racoveries of the microcysting from spiked sample
extracls. The elution patterns of the toxins were affected by
Ue Ly pe and quantity of sample matrix passed throosh the car-
tidpes. This was particularly cvident widy spiked samples of
Spirnedivg, where the microcystin elution pattenys were zf-
fected by even the smalles ameunt of semple matrx. For ex-
ample, many Spiruding samples caused the microcysting to
elute in the wash fraction (30% methanol) and nat in the 80%
methanel, a3 was  datermired using puwre  standards.
Eluc-green algal producs orginating fom the Klamall Lake
area of COregon in the United States did nor show s stromy
matrix effect. However, slight changes m elulion pattetns
werc observed if quantitics of spiked suuple goeater han
1 iz were passed threugh the SPE O cantridge, To ensye
minimal influcnee of the sample on the macrocysin ehgion
patlerns, we Hmited the amount of mairis pessed though the
cartridees to 50 mg. Even with thiz small amount some
Spneling samples sl exhibited a significant matrix effect.
The meason for this is not known, although we noted that the
pH of anueous slurries of the Spirufing samplex were For the
most pirt above pH &, while the aon-Spimifing Mue-green ol
gal products exhibited 3 ptl of less than 6. The Sepfrsfima oa-
trix effects were not eliminated by adjusling the pll belons
passape throngl the SPE cartdess, B 38 pessible that other
components w these swoples cansed these slecls, althongh
this was not investigated Lurthes, However, for Spivuting san-
ples we madified the SPE elution provedure ax deseribed in
Experimental, A% aresull of these studics, we found that ven-
ficarion of the SPE C 3 elo@on paverns in diflerem algsd prod-
uits nsiny spiked sammpics was impodant e cnsure accuracy of
the roethul. Thiz is particularly important from a regulatory
poiot of vicw because significant changes in elution pattern
can rcsult in a substantial underestiovagon of the copcenrra-
toms of micTocystins present in the alpal products,

The eflectiveness of the extraction solation was tested oa
spiked samples of Spirdkng und non-Spirdiza products. The
crude extracts betore Cg cleanop were analyzed diccetly by
ELISA ilependently in 2 differsnt lsboratories wsing e
aame comnnetcial BLISA dest. Each labomaton: ohtained virto-
ally 1U0F: recuvery (rugge 90-113%, all values 3 o botl
pes of algal products for RE, LR, and LA spiked al lhe
1 pgfe level cach. Hosever, lossos were ohrernved when the
Coy cleanup was vsed before LE MS/AS (MEM) analysis.
Deteronations in 3 ditferent non Spiradive algal samples ata
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dcing Jevel of 3 ppfe vielded average recovenes of 48%
frange. 43-50%) for RE, 80 (range 75113 for YR, B
(range 69-96%] for LR, and BU%% (range S0-73% 1 for T.AL AL
| pgfg spiking level, recoveries of LR and LA itwongh the
complete procedure were 66 and 78%, respectively, rom one
pon-Seiruding sanple, Miciocystin-RR consistently showed
akout a 30% recovery rough the procadure, This wis ob-
gerved event when blank cxairacts were spiked immediately be-
fore O cleanup, The KR was not Foumd in other fractions.
When Ulank extracts were sipdlarty spiked at | pgfg wilh ihe
aeher microoysting just before the C); cleanup, the recovenies
were the same as those reported above for the complete proce-
dure. Although not stodted further, it appoars that the Cpy
eleanup stll allows encugh sammple matrix to be présent o the
&0% methanol fractions Lo create minot et effects (which
can vary from sample (o sampla) on the LC/ME responses to
the roxins. The extracts were nsually coloted pale yeliow to
pale green alter the C g cleanup,

LGS

The conditicns described in the Experimeniaf section were
cansidersd optimum affer vasying many parametcrs. biidally
we performed the anulyses wsing DC/MS in the ST mode.
Amony lhe 8 miceocysting monitored by LEME s the ST
moade, ondv LR LA and low levels of RR were found. While
this provved o be penerally selective encugh ko deteet the tox-
s in the algal samples Lo below 1 pgfe concentrations. inter-
ferences even at such hizh masses occasionally ocoumed as
cvident by high background andfor broad and badly eailed
peaks. Fow false-pogsiive peaks were observad. However, the
additingal specificity provided by the MEM (MSMS) im-
proved he guantitative aspecs significanily, As a result,
LC-BMIME with MEM was considered b be Lhe prelensa
agpwoach For quantitation For regululory pitposes.

Two charsctenistic producl wns, mds 135 and 213, pro-
duced by the colfision induced dissocialinog {CID) processes
from the protonated molacules of the 4 microcysting {RRYR,
LR, and T.A) were used in the MEM. The electrospray posi-
tive i MS/MS spectra of RR and LR agreed very well with
that reported by Edwards ef ab. (143, The ion at w7z 133 corre-
sponds to the PROCHLCHOOCH,) fraemeat, residting [tom the
e-cleavage of the inefhoxy groop of the “Adda” residoe. The
miz 213 comesponds to |GloMdha + H] Assuming the
mfz 135 ion is the common fragment for most microcysting
and wing high collision enzrgy, a parent ME/MS scan of
vz 135 was slso performed with the anticipation of deteeling
all microcysting in the mast highly comaminated samples. The
Tesults indicated the prasence of LE and LA. No other
Iicrocystins were delected,

Cver the course o5 months during which time hondreds of
sampiles were analyzed by LC-MS/MS, the ahsolute detection
lirits of the instument For the 4 mICIOCYSHNS Were Imain-
tained in the low picosram range. Considenng the vapahility
of recoveries and background nojse ohserved in Jilferent ma-
trizes, the overall Nmils of dewection ranged  from

002-017 up/g for RR. 40H-014 pgfe for YR,

0.04-0.36 pg/g for LR, 105075 pgfe for LA, and 0,02-0.17
pefz for the iotemal standard, nodulsrin,

A set of typical MR M mass chronstograms from an injec-
tion of 230 pg of a mixture of RE, YR, LE, noduiarin, and
1y per LA iz shown in Figure 1. The MBEM nmiass
chromatograms of a blue-green algae tablet contwining
11.9 pgfe LR and th.3 pefp LA ave showa in Figure 2. Figure 3
shows another bluc-green algae sample which conlained
001 jagse of LI2 and 0.3 pp/e of LA

Comparison of Methods

Table 3 lists results obtained by LOMS, LC- MSMS,
FLESA, and colosimetric protein phosphatase inhibiton assay
for microcysting in 4 ausnber of natrally contaninated algal
products, Overall there is a good agrecment among the meth-
ods for most of the resalts, The T.O-WS/MS results generally
apreed belter with the ather 2 methods than the LO/MS results.
This was duc to the improved selectivity of the MS/MS as
menroned above. Two clear {false-positives were obtaioed
{for samples OR-3 and OE-G) using amly LOMS. However, it
wag chrerved with (hese samples that the peaies oltained for
LE were broad and somewhat wailing, which was unchacacker-
istic of that componnd leading to suspicion that they were ool
dne to LE. This was confinmed by LRSS,

The agréement anmong the methods s important and pro-
vides strong evidenee that the tesulls acenratedy represent the
lrue concentcations of microcysling in the samples. “The
3 methods base their detection on entirely dilterent principles,
The LC-MSMS approach 1s based on chromatoygraping re-
tention and molecular (Tagruentation patterns while the
LLISA is based on molecular roeugnition by antihodizs and
the proleiu phosphatase inhibition assay on inhibition of enzy-
matic activity by he wmicrocysting, One lingitaton of the
LCS/MS method s thal 1 is best suited o detecting
microcystine for which analytical standards are available.
TFhere was spme concern Ll other nderocystins might be
present thar would not be detected by LE-MS5MS, Similardy,
the BELISA and phosphatase assays may produce ncorrect re-
sults due o the differences in cross reactivity of the dilterent
uezmbeexs of the niiccocystn family and to other compounds
thal may be present in the extracts. Tt is very possible that the 3
methixds eoultd produce different results o unknown sacnples
tot becanse of poor performance characteristics of the meth-
ouls, but doe to the fact that they measune difTerent things. The
poied agrecment in Lhe present comparisen smudy indicases
with very pond confidence that the microcysting found are the
only ones present In fhe samples,

Frum Lhe resnles presented in Table 3 and from the resules
of an additional 67 samples analyzed as part of 3 national sur-
vey of blue-green health food products that showed a pood
curndlalion between the RIIRA and LC. MSMES . miethod,
these 2 teclugues have been incorporated into a rottine
screening approach as part of a regulatory program for mooi-
tosing these substances in blue-green algal products. Because
LO-MSEAS s relatively expensive for rouline suresning, ini-
tiu] anabysos of the samnples are performed by analyzing crwde
methanolic extricts of the products by ELIS A, Positive sam-
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ples and selecied negative samples are subsequently con-
firmed by 1.C-MS/MS after aliquots of the exuracls are
cleancd up by SPE Cpy.
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