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Sum mary

Over the course of the past year many changes have oc -
curred in the Phycotoxins topic, the first be ing the ap point -
ment of a new Gen eral Ref eree. Start ing in 2004, the
“Phycotoxins” Gen eral Ref eree topic will be re named “Ma -
rine and Fresh wa ter Tox ins.” This will al low in clu sion of
other im por tant sea food tox ins, such as the tetrodotoxins and
emerg ing tox ins, while re tain ing the fresh wa ter tox ins. Many
topic ar eas re quire new ap point ments and the Gen eral Ref eree 
is ac tively re cruit ing these vol un teers. The Gen eral Ref eree
and AOAC are in the pro cess of es tab lish ing an As so ci a tion
“an a lyt i cal com mu nity” to pro mote, ex pe dite, and seek fund -
ing for the val i da tion of meth ods for ma rine tox ins and fresh -
wa ter tox ins. Al though re place ment meth ods based on liq uid
chro ma tog ra phy, mass se lec tive de tec tion, in vi tro, and other
al ter na tive ap proaches are be ing sought and in some cases val -
i dated, mouse bioassays are still in wide use. This is par tic u -
larly true of mon i tor ing pro grams for de tect ing the saxitoxins
which cause par a lytic shell fish poi son ing (PSP). Sim i larly, a
mouse bioassay is also still used in many coun tries for de tect -
ing diarrhetic shell fish poi son ing (DSP) tox ins. Al ter na tive
bioassays, based on cul tured nerve cells, are be ing pur sued for 
their high sen si tiv ity and (like the mouse) their abil ity to re -
spond to mul ti ple tox ins.

With the ex cep tion of domoic acid (im pli cated in am ne sic
shell fish poi son ing, or ASP), clas si cal LC-UV de tec tion
meth ods are not suf fi ciently sen si tive or se lec tive to de tect the
very toxic phycotoxins. LC-fluorescence meth ods have also
been de vel oped but the gen eral trend in LC meth ods is to -
wards the use of mass se lec tive de tec tion. Over the last sev eral 
years in stru men ta tion for liq uid chro ma tog ra phy-mass spec -
trom e try (LC/MS) has be come more af ford able, and meth ods
based on LC/MS have now been de vel oped for nearly all of
the phycotoxins. Some of these pro ce dures, such as a
Cawthron In sti tute method ca pa ble of mon i tor ing 16 dif fer ent
ASP and DSP tox ins in a sin gle pass (http://www.
cawthron.org.nz/news/news_LCMS_method.htm), are in the
pro cess of be ing adopted into a reg u lar ma rine biotoxin man -
age ment pro gram.

Up com ing in ter na tional sym po sia will ad dress
phycotoxins and other nat u ral tox ins. Co spon sored by
AOAC, the XI In ter na tional IUPAC Sym po sium on Myco -

toxins and Phycotoxins will be held May 17–21, 2004, in
Bethesda, Mary land. In for ma tion is avail able at
http://www.aoac.org/meetings1/IUPAC/Main.htm. The 5th
In ter na tional Con fer ence on Mol lus can Shell fish Safety will
be held June 14–18 in Galway, Ire land
(http://www.icmss04.com) and an in ter na tional sym po sium,
“Ma rine Tox ins: Struc ture, Tox i col ogy, and De tec tion,” will
be held at Pacifichem 2005 De cem ber 15–20, 2005, in Ho no -
lulu, Ha waii (see www.pacifichem.org).

Se lected Study Di rec tor Topics

Am ne sic Shell fish Poi son ing Tox ins

Study Di rec tor Mi chael A. Quilliam, Na tional Re search
Coun cil of Can ada, In sti tute for Ma rine Bio sci ences, 1411
Ox ford St, Hal i fax, Nova Sco tia, B3H3Z1, Can ada, Tel:
+1-902-426-9736, Fax: +1-902-426-9413, E-mail: mi -
chael.quilliam@nrc.ca. The Study Di rec tor is seek ing fund ing 
for the AOAC col lab o ra tive study fees.

Bioassays for Phycotoxins

Topic Ad vi sor Don ald J.A. Rich ard, Rich ard Biologics, 20
Walker St, Moncton, New Bruns wick, E1C 4L8, Can ada, Tel:
+1-506-855-4824, E-mail: donr@nb.sympatico.ca. Pre vi ous
re ports have fo cused on the sci en tific, le gal, and eth i cal jus ti -
fi ca tions of pro posed amend ments to Method 959.08 (Par a -
lytic Shell fish Poi son, Bi o log i cal Method). This re port to
com mit tee will com mu ni cate a pro posed ac tion plan for
2003–2005 with the ul ti mate aim of sub mit ting a re vised
method that re flects pres ent day ex pec ta tions of qual ity con -
trol, re duced an i mal us age, in ter na tional trade re quire ments,
ac cu racy, and pre ci sion. In sum mary, pre vi ous in-house ini tia -
tives have iden ti fied the fol low ing is sues which will be ad -
dressed in the up com ing col lab o ra tive study: (a) the use of
mice larger than the 23 g pres ently spec i fied; (b) the re quire -
ment for es tab lished guide lines in re gards to an a lyst com pe -
tency, ac cu racy, and pre ci sion; (c) smaller tol er ances in re -
gards to pH at all stages of anal y sis; (d) spec i fy ing gravimetric 
mea sure ments as op posed to the pres ent vol u met ric stan dards; 
(e) es tab lish ing new guide lines for sam ple ho mog e ni za tion;
(f) new spec i fi ca tions on the num ber of an i mals re quired for
both screen ing and quan ti fi ca tion pur poses; (g) new guide -
lines on sam ple in teg rity from col lec tion to anal y sis; (h) re de -
fin ing the amount and num ber of an i mals which con sti tute a
sam ple; (i) re de fin ing the toxin stan dards so that fu ture com -
par i sons with in stru men tal anal y sis are not af fected by the so -
dium fac tor; (j) new stan dard iza tion and qual ity con trol guide -
lines aimed at re duc ing an i mal use while main tain ing
con fi dence in re sults; and (k) de fin ing any pa ram e ter which
may be sub ject to vary ing in ter pre ta tion. It is an tic i pated that a 
col lab o ra tive pro to col will be pre pared and sub mit ted in 2004. 
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A call for ref er ence ma te ri als and stan dards will be is sued con -
cur rently and is sues re gard ing in ter na tional ship ments and
per mits will be ad dressed by early 2004. Some spe cific in stru -
men tal anal y sis will be re quired in or der to in cor po rate cer tain 
amend ments in re gards to sam ple ex trac tion. These will be
sched uled for early 2004 and pos si bly con tinue into the sum -
mer de pend ing on find ings.  Be cause of the high prob a bil ity of 
un fore seen prob lems in lo gis tics, a smaller interlab o ra tory
trial may prove ben e fi cial in iden ti fy ing short com ings in plan -
ning. De tails of the new pro ce dures will be pro vided to all col -
lab o ra tors in early fall 2004 with al low ance for com ments and
in cor po ra tion of any last min ute changes with new data. The
full col lab o ra tive study will be sched uled for early 2005 and
col lated, an a lyzed, and re ported by late sum mer.

Cap il lary Elec tro pho retic Meth ods for Ma rine Tox ins

Topic Ad vi sor Ana Gago-Mar ti nez, Universidad de Vigo,
Dpto. Química Analítica y Alimentaria, Facultad de Ciencias,
Cam pus Universitario de Vigo 36200-Vigo-E, Spain,
Tel: +34-986 812284, Fax: +34-986 812382, E-mail:
anagago@uvigo.es. Gago-Mar ti nez re ports that cap il lary
electrophoresis (CE) has been ap plied as an al ter na tive for the
anal y sis of al gal tox ins (1–9). The sep a ra tion in this case is
based on the dif fer ent mo bil i ties of these com pounds in an
elec tric field. This tech nique of fers high ef fi ciency and res o lu -
tion ca pa bil i ties. The main ad van tages of us ing CE in com par -
i son with LC in clude sim plic ity, rapid method de vel op ment,
fast anal y sis times, low cost, and a va ri ety of sep a ra tion
modes. CE also re quires min i mal quan ti ties of re agents and
sep a ra tion me dia, which rep re sents a sig nif i cant ad van tage to
avoid the large vol umes of or ganic waste as so ci ated with
HPLC meth ods. On the other hand the main dis ad van tage of
us ing CE is as so ci ated with the lack of sen si tiv ity which
makes par tic u larly dif fi cult its ap pli ca tion for the anal y sis of
com pounds that are pres ent in com plex ma tri xes at trace lev -
els. Nev er the less dif fer ent CE ap proaches have been and are
still in de vel op ment for the anal y sis of var i ous al gal tox ins,
par tic u larly for the saxitoxins, domoic acid, and re cently for
microcystins pres ent in freshwaters. Both ultraviolet and mass
se lec tive de tec tion have been used for these ap pli ca tions and in -
tense work is be ing de voted to over come the lack of sen si tiv ity
as so ci ated with this tech nique, us ing dif fer ent preconcentration
ap proaches. An other novel elec tro-sep a ra tion ap proach, cap il -
lary electrochromatography (CEC), has also been ap plied to the
anal y sis of al gal tox ins. A pi o neer ap pli ca tion in the field of ma -
rine tox ins been car ried out, par tic u larly for the anal y sis of
domoic acid. This tech nique is re sult ing in a prom is ing ap proach
which com bines both HPLC and CE fea tures, nev er the less fur -
ther im prove ments are still re quired, es pe cially re gard ing the
lack of ad e quate sta tion ary phases com mer cially avail able and
par tic u larly for this ap pli ca tion. 

Cell Bioassays for Phycotoxins

Topic Ad vi sor Ron ald Man ager, Fred Hutch in son Can cer
Re search Cen ter, PO Box 19024, Se at tle, WA 98109-1024,
Tel: +1-206-667-5838, Fax: +1-206-667-4182, E-mail:
rmanger@fhcrc.org. Man ger re ports that re fine ments to the

cur rent MTT cell-based as say for volt age gated so dium chan -
nel spe cific neurotoxins are be ing ex plored. Our cur rent
mod i fi ca tion (10) of these meth ods of fers a ro bust cell-based
as say for tox ins as so ci ated with par a lytic shell fish poi son ing
that can be com pleted within an av er age of 6 to 8 h. This short -
ened as say time is com pa ra ble to our pre vi ously re ported
cell-based as says (11, 12) for volt age-gated so dium chan nel
en hanc ing tox ins, brevetoxin, and ciguatoxin. Over the past
year the 2 cell as say for mats have been suc cess fully ap plied
by FDA lab o ra to ries to sev eral cigua tera out breaks and also to
un usual out breaks of pufferfish poi son ing (13). In the lat ter,
cell as says were per formed by T. Hawryluk of FDA’s North -
east Re gional Lab o ra tory, Ja maica, New York. Saxitoxins
(rather than tetrodotoxins) were iden ti fied as the caus ative
agents via LC/MS work by M. Quilliam of NRC Can ada in
Hal i fax, Nova Sco tia (14).

Sig nif i cant ad vance ments to cell-based de tec tion meth ods
for so dium chan nel ac tive ma rine tox ins have been made
within the past few years; in par tic u lar the stud ies by Louzao
et al. (15) uti liz ing a volt age-sen si tive oxonol dye for a spe -
cific, sen si tive, and re li able fluorimetric de tec tion as say for
PSP tox ins. The method has been adapted to a microplate for -
mat of fer ing the po ten tial for a high through put in vi tro as say
for PSP tox ins (16). Ad van tages of this meth od ol ogy are that
as say time can be ac com plished within min utes, and it rep re -
sents an other al ter na tive to con tro ver sial mouse bioassays.
Nichol son et al. (17) have taken a dif fer ent ap proach to volt -
age-sen si tive dye meth od ol o gies, us ing rhodamine 6G and
mouse brain synaptoneurosomes (rather than the oxonol dye
and neuroblastoma cells) for the de tec tion of saxitoxins. Da -
vid et al. (18) have ex tended this ap proach to the de tec tion of
brevetoxins. The lat ter 2 pro ce dures amount to le thal mouse
bioassays since the mouse brain synaptoneurosomes must be
pre pared fresh be fore use. Not ing the ad van tages of the meth -
ods de vel oped by Louzao et al. us ing neuroblastoma cells, we
have re cently ex plored the po ten tial of flow cytometry cou -
pled with the rapid re sponse of the oxonol dye flu o res cence.
The sig nif i cant gain in sig nal re sponse by flow cytometry has
al lowed the de tec tion of tox ins that ei ther block or en hance the 
ac tiv ity of the volt age-gated so dium chan nel. We are cur rently 
ex plor ing the ap pli ca tion of this method to nat u rally in curred
tox ins as so ci ated with ei ther PSP or cigua tera ac tiv ity.

Diarrhetic Shell fish Poi son ing Tox ins, As say
Meth ods

Topic Ad vi sor J. Marc Fremy, Agence Française de
Sécurité Sanitaire des Al i ments, Laboratoire d’Etude et de
Re cher che sur l’Hygiène et la Qualité des Al i ments, 10 Rue P.
Cu rie, Maisons Alfort, F-94704, France, Tel:
+33-1-4977-2751, Fax: +33-1-4977-2695, E-mail:
j.fremy@afssa.fr. A spe cific ELISA was em ployed for the
anal y sis of DSP tox ins in small sized plank ton frac tions us ing
a mouse monoclonal anti-okadaic acid an ti body which rec og -
nizes okadaic acid, DTX-1, and DTX-3. Based on this ELISA, 
the mon i tor ing of plank ton in sea wa ter could de tect DSP tox -
ins 2 weeks be fore the de tec tion of tox ins in shell fish (scal -
lops) and 2 weeks af ter the loss of bi valve tox ic ity de tected by
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the mouse bioas say. The au thors men tioned the use ful ness of
such a test for mon i tor ing phytoplankton as a prac ti cal tool for
pre dict ing DSP toxin con tam i na tion in bi valves from shell fish 
aquaculture (19).

Polyclonal an ti bod ies that bind to yessotoxin (YTX) and
its analogs have been pro duced and used to de velop an ELISA 
as rapid screen ing test for YTXs in shell fish. Di rect and in di -
rect for mats for the as says have been op ti mized and YTXs
have been quan ti fied in wa ter sam ples, shell fish (both whole
meat and di ges tive gland), and al gal cell ex tracts. The as say is
able to de tect all the YTX an a logues and a limit of quantitation 
(LOQ) was found at 20 pg/mL (20, 21). Re gard ing the Pro tein
Phosphatase 2A (PP2A) in hi bi tion as say, Sato et al. (22), to
solve some prob lems en coun tered us ing en zymes from com -
mer cial sources, ex am ined PP2A from mam mals, plants, and
aquatic an i mals. The best PP2A pro duc tion at low cost was
found from the ma rine snail, Neptuna arthritica. Based on the
use of this en zyme a sim ple microplate as say was de vel oped
and able to quan tify Okadaic acid at a lower level than
0.1 mg/kg which is a level be low the new al low ance level
(0.16 mg/kg) de cided by the Eu ro pean Un ion.

Im mu no log i cal Meth ods for Sea food Tox ins

Topic Ad vi sor Jo anne F. Jellett, Jellett Rapid Test ing, 4654
Route 3, Ches ter Ba sin, NS, B0J 1K0 Can ada, Tel:
+1-902-275-5104, Fax: +1-902-275-2242, E-mail:
jjellett@ns.sympatico.ca, jjellett@jellett.ca, Web site:
www.jellett.ca. Jellett Rapid Test ing has suc cess fully com -
pleted val i da tion work on the Rapid Test for PSP in the United
States and other coun tries. The Rapid Test for ASP is cur rently 
be ing val i dated in a study led by the Na tional Re search Coun -
cil of Can ada and in volv ing sev eral APEC coun tries. The
com pany is work ing to ward the ini tial re lease of their Rapid
Test for DSP in the spring of 2004.

The Rapid Test for PSP was re cently ac cepted by the In ter -
state Shell fish San i ta tion Con fer ence (ISSC) for use in screen -
ing for PSP. This ac cep tance is now sub ject to fi nal re view by
the FDA, at which time the changes will be re flected in the
new NSSP. The method was ac cepted through the new Lab o -
ra tory Meth ods Re view (LMR) Com mit tee of the ISSC, a
stand ing com mit tee put in place to re view and ac cept/re ject
new meth ods based on im me di ate and on go ing need that are
not AOAC or APHA val i dated meth ods. The par tic u lars of the 
ISSC ac cep tance can be seen be low. The Rapid Test for PSP
and ASP were the sub ject of a study by the UK Food Stan -
dards Agency, and a quote from their re port can be seen be -
low. Sales in for ma tion on the com pany’s prod ucts can be
found on the Web site (www.jellett.ca) and tech ni cal in for ma -
tion can be seen in the pri mary lit er a ture ref er ences be low.
The LMR Com mit tee of ISSC: 3a. Rec om mend to Task Force
I to adopt as a Type IV method with the fol low ing re stric tions:
(i) Method can be used to de ter mine when to per form a mouse
bioassay in a pre vi ously closed area; fur ther (ii) a neg a tive re -
sult can be sub sti tuted for a mouse bioassay to main tain an
area in the open sta tus. Also (iii) a pos i tive re sult can be used
for a pre cau tion ary clo sure. Note: The tech nol ogy in the Jellett 
Rapid Test was mar keted for merly as the MIST Alert™ test.

Also the UK Food Stan dards Agency un der Pro ject Code

B04006 made the fol low ing rec om men da tions for the use of

MIST Alert for PSP in the UK: MIST Alert for PSP has

proven to be a fast, ro bust, and ac cu rate screen for PSP tox ins

in both the field and lab o ra tory con di tions. The MIST Alert

for PSP has the po ten tial of re duc ing the num bers of an i mals

re quired for test ing dur ing rou tine mon i tor ing. Field trial re -

sults in di cate that MIST Alert for PSP could also be used by

shell fish farm ers as a shell fish man age ment tool and by pro -

ces sors in end prod uct test ing. For ad di tional in for ma tion on

Jellett rapid tests, see refs. 23–32.

Microcystins

Topic Ad vi sor Geoffrey A. Codd, Uni ver sity of Dundee,

De part ment of Bi o log i cal Sci ences, Dundee DD1 4HN, Scot -

land, UK, Tel: +44-1382-344272, Fax: +44-1382-344275,

E-mail: g.a.codd@dundee.ac.uk. Codd re ports that re search

and de vel op ment con tin ues on the de tec tion and anal y sis of

the hepatotoxic microcystins and nodularins of cyanobacteria. 

Ad vances in the use of physicochemical and bio chem i cal

meth ods (33–35) are be ing com ple mented by in creas ing ap -

pli ca tion of im mu no log i cal meth ods (36). The need for stan -

dard ized and val i dated meth ods for the anal y sis of

cyanobacterial tox ins, in clud ing microcystins, is be ing in -

creas ingly re cog nized by in ter na tional agen cies (e.g., the

World Health Or ga ni za tion) and na tional bod ies ac knowl edge 

the health haz ards pre sented by the tox ins and na tional guide -

lines for the pro tec tion of hu man and an i mal health are in tro -

duced. An in ter na tional intercomparison ex er cise has been

com pleted on microcystin anal y sis (37). This was car ried out

as part of 2 Eu ro pean Un ion pro jects and in volved 31 lab o ra -

to ries in 13 coun tries. The ex er cise in cluded the anal y sis by all 

part ners of a pu ri fied, gravimetric stan dard so lu tion of

microcystin-LR pre pared in the pro ject, plus lyophilized cells

of a nat u ral cyanobacterial bloom con tain ing microcystins.

HPLC, with ul tra vi o let or photodiode ar ray de tec tion, was

used by all lab o ra to ries, with some par tic i pants ad di tion ally

us ing ELISA, pro tein phosphatase in hi bi tion as says, or

HPLC-MS. It was con cluded that the microcystin-LR stan -

dard was mea sured with ad e quate pre ci sion by all par tic i -

pants, in de pend ently of the method used. Sig nif i cantly more

vari abil ity oc curred with the lyophilised cells, in di cat ing the

need for op ti mi za tion and better stan dard iza tion of ex trac tion

pro ce dures. Fur ther vari abil ity oc curred where ad di tional

anal y ses in cluded the use of com mer cially avail able

microcystin re agents, in di cat ing the need for quan ti ta tive an a -

lyt i cal stan dards (37).

A fur ther in ter na tional pro ject is in prog ress for the de ter -

mi na tion of microcystins in raw and treated wa ters. This In ter -

na tional Or ga ni za tion for Stan dard iza tion (ISO) ex er cise in

the Wa ter Qual ity Programme aims to de velop an ISO stan -

dard for microcystin. It be gan in 2000 and is ex pected to be

com pleted in 5–6 years.
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Par a lytic Shell fish Poi son ing Tox ins, In stru men tal
Meth ods

Study Di rec tor James F. Law rence, Health Can ada, Food
Re search Di vi sion, Banting Bldg, 2203D, Ot tawa, On tario,
K1A0L2, Can ada, Tel: +1-613-957-0947, Fax:
+1-613-941-4775, E-mail: jim_law rence@hc-sc.gc.ca. The
Study Di rec tor has al ready con ducted a col lab o ra tive study on 
the prechro mato graphic ox i da tion LC method. A manu script
de scrib ing the re sults of this study has been ac cepted for pub -
li ca tion (38).

Re cep tor As says for Phycotoxins

Topic Ad vi sor Fran ces Van Dolah, NOAA-Na tional Ocean 
Ser vice, Cen ter for Coastal En vi ron men tal Health &
Biomolecular Re search, 219 Fort John son Rd, Charleston, SC 
29412, Tel: +1-843-762-8529, Fax: +1-843-762-8700,
E-mail: Fran.Vandolah@noaa. gov. Ruberu et al. (39) re -
ported the re sults of an interlaboratory com par i son of PSP in
shell fish ex tracts us ing the re cep tor as say for mat ted for high
through put us ing microplate scin til la tion count ing. Mod i fi ca -
tions were made to the orig i nal pro to col (40) to ac com mo date
dif fer ences in count ing ef fi ciency of 2 com mer cial microplate
scin til la tion coun ters (Wallac TriLux1450 vs Packard
TopCount). Shell fish sam ples tested (n = 75) ranged from
nonde tect able by mouse bioassay (<40 mg/100 g) to
137 mg/100 g. LOD of the op ti mized as say was 0.2 mg/100 g
with a be tween-as say RSD of 10%. The ra tio of STX equiv.
con cen tra tions re ported by the 2 laboratories av er aged 0.9.
STX equiv. de ter mi na tions were some what higher than those
re ported by the mouse bioassay for sam ples <80 mg/100 g, as
has been pre vi ously ob served. It is likely that the shell fish ma -
trix pro vides a “pro tec tive” ef fect for the mouse, as it is in -
jected un di luted at these low lev els. Fur ther work on the re -
cep tor as say for PSP tox ins is cur rently im peded by the
world wide un avail abil ity of tritiated STX, pre vi ously pro -
duced by Amersham. The In ter na tional Atomic En ergy
Agency is cur rently pur su ing al ter na tive sources of re agent to
em ploy in planned in ter na tional col lab o ra tive test ing of the re -
cep tor as say for PSP tox ins.

A multilab o ra tory study was car ried out to test the per for -
mance of 4 meth ods as can di date al ter na tives to the mouse
bioassay for de ter mi na tion of brevetoxins in shell fish tis sue
ex tracts (41). Meth ods tested in cluded ELISA, N2A
neuroblastoma cytotoxicity as say, HPLC-MS, and 2 for mats
of the re cep tor as say (test tube and microplate). In the re cep tor 
as say, re cov ery of PbTx-3 from spiked test sam ples was
97% (tube for mat) and 137% (microplate for mat). Within-lab -
o ra tory vari a tion of all test sam ples av er aged 27% (tube for -
mat) and 16% (microplate for mat). Be tween-lab o ra tory vari a -
tion av er aged 39% (tube for mat) and 23% (microplate
for mat). Of the meth ods tested, the ELISA and the microplate
for mat re cep tor as say showed sta tis ti cally ac cept able cor re la -
tion to the mouse bioassay, with HORRAT val ues of 0.9 and
1.4, re spec tively.

The microplate for mat domoic acid re cep tor as say us ing a
cloned glu ta mate re cep tor (42) re quires the re moval of com -

pet ing glu ta mate (Glu) from sam ple ex tracts by in cu ba tion in
the pres ence of glu ta mate de car box yl ase (GAD), which ir re -
vers ibly con verts Glu to gamma-aminobutyrate (GABA) such 
that it does not bind to the glu ta mate re cep tor. This step was
ef fi cient at re mov ing up to 10mM Glu from sam ples, well
above the lev els of Glu found in shell fish ex tracts. In 2002,
com mer cial sup pli ers dis con tin ued pro duc tion of glu ta mate
de car box yl ase pre vi ously used in the as say, due to dif fi culty in 
ex press ing the en zyme. This led to 2 sep a rate so lu tions.
Baugh et al. (43) de signed an al ter na tive en zy matic di ges tion
us ing glu ta mate dehydrogenase (GLDH), which re vers ibly
con verts Glu to al pha-ketoglutarate. The equi lib rium of this
re ac tion fa vors Glu for ma tion at neu tral pH; how ever, by in -
creas ing pH to 9.0 and ad di tion of hydrazine hy drate, a trap -
ping agent, this method was shown to con vert up to 700 mM
Glu, suf fi cient to re move com pet ing Glu from sea wa ter sam -
ples for which the method was de signed. Quan ti fi ca tion of
domoic acid in sea wa ter sam ples us ing the GLDH di ges tion
showed ex cel lent cor re la tion (r2 = 0.94) with HPLC us ing the
method of Hat field et al. (44). The method was not ef fi cient at
re mov ing higher Glu con cen tra tions that may be pres ent in
shell fish or tis sue sam ples. Doucette et al. (per sonal com mu -
ni ca tion) re solved the lack of com mer cial GAD by pu ri fi ca -
tion of GAD en zyme from a cloned bac te rial GAD gene ex -
pressed in an E. coli over ex pres sion sys tem (manu script in
prep a ra tion), which yielded GAD ac tiv ity suf fi cient to re -
move 10mM Glu in spiked sam ples us ing the orig i nal as say
method.

Sam ple Pre treat ment Meth ods for Ma rine Toxin
Anal y sis

Topic Ad vi sor Ana Gago-Mar ti nez. Gago-Mar ti nez re -
ports that the com plex ity of the ma trix in which al gal tox ins
are com monly found as well as the low lev els at which they
can pro duce tox ic ity, make sam ple prep a ra tion crit i cal for a
re li able de ter mi na tion of these tox ins when pres ent in such
com plex ma tri xes. A lot of at ten tion has been paid over the
last few years to the de vel op ment of sen si tive an a lyt i cal tech -
niques, which al lowed to iden tify new tox ins as well as to de -
ter mine them with high lev els of sen si tiv ity; nev er the less, fur -
ther im prove ments in sam ple prep a ra tion pro to cols are still
re quired.

The most com mon meth ods used for sam ple ex trac tion and 
cleanup in volve con ven tional solid-phase ex trac tion (SPE).
The main draw backs en coun tered with this ap proach re late to
se lec tiv ity, spec i fic ity, and vari abil ity due to the pack ing ma te -
ri als used for SPE. This vari abil ity is seen as lack of
reproducibility, re peat abil ity, and some times as low ef fi -
ciency. An ex am ple of this was ob served for the sam ple prep a -
ra tion of ASP tox ins and cyanobacterial tox ins such as
microcystins (MCs). Dif fer ent ex trac tion and cleanup pro ce -
dures have been pro posed in the lit er a ture for the anal y sis of
these tox ins (45–52). The ef fi ciency of the ex trac tion and
cleanup pro ce dures for ASP tox ins are pres ently be ing eval u -
ated in the au thor’s lab o ra tory as is lab o ra tory sam ple pretreat -
ment of cyanobacterial tox ins such as microcystins. The re -
sults ob tained show sig nif i cant vari abil ity which could
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com pro mise the re li abil ity of the anal y sis. Thus the eval u a tion 
of these steps is strictly re quired. Gen er ally, the de vel op ment
of more ef fi cient sam ple prep a ra tion pro to cols in clud ing
faster and ef fi cient cleanup pro ce dures is still a pri or ity in this
field.

Immunoaffinity chro ma tog ra phy (IAC) is a pow er ful tool
for im proved se lec tiv ity and spec i fic ity. A few ex am ples of
the re sults ob tained us ing IAC for the cleanup of sam ples con -
tam i nated with MCs is shown in refs. 53–55. Mod ern al ter na -
tives for ex trac tion us ing mi cro waves, solid-phase
microextraction, ac cel er ated sol vent ex trac tion, etc. are be ing
de vel oped in the au thor’s lab o ra tory for al gal tox ins. It is
there fore rec om mended that al ter na tive sam ple prep a ra tion
pro to cols be sought to en sure the re li abil ity of the an a lyt i cal
data es pe cially when con fir ma tory tech niques us ing mass se -
lec tive de tec tion are not avail able.

Rec om men da tions

Am ne sic Shell fish Poi son ing Tox ins: Study Di rec tor Mi -
chael A. Quilliam. Con tinue study.

Bioassays for Phycotoxins: Topic Ad vi sor Don ald J.A.
Rich ard. Con tinue study.

Cap il lary Elec tro pho retic Meth ods for Ma rine Tox ins:
Topic Ad vi sor Ana Gago-Mar ti nez. Con tinue study.

Cell Bioassays for Phycotoxins: Topic Ad vi sor Ron ald
Man ger. Con tinue study.

Diarrhetic Shell fish Poi son ing Tox ins, As say Meth ods:
Topic Ad vi sor J. Marc Fremy. Con tinue study.

Im mu no log i cal Meth ods for Sea food Tox ins: Topic Ad vi -
sor Jo anne Jellett. (Note: This topic was broad ened from the
pre vi ously termed Par a lytic Shell fish Poi son ing Tox ins, Im -
mu no log i cal Meth ods.) Con tinue study.

Microcystins: Topic Ad vi sor Geoffrey A. Codd. Con tinue
study.

Par a lytic Shell fish Poi son ing Tox ins, In stru men tal Meth -
ods: Topic Ad vi sor James F. Law rence. Con tinue topic.

Re cep tor As says for Phycotoxins: Topic Ad vi sor Fran ces
Van Dolah. Con tinue study.

Sam ple Pre treat ment Meth ods for Ma rine Toxin Anal y sis:
Topic Ad vi sor Ana Gago-Mar ti nez. Con tinue study.
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Myco toxins

MARY W. TRUCKSESS

U.S. Food and Drug Ad min is tra tion, 5100 Paint Branch
Pkwy, Col lege Park, MD 20740, Tel: +1-301-436-1957
(of fice), +1-301-436-1522 (lab o ra tory), Fax:
+1-301-436-2644, E-mail: mtruckse@cfsan.fda.gov

Topic Ad vi sors

David Abramson, Joe Dorner, Rob ert M. Eppley, Winston
M. Hagler, Benedicte Hald, Chris Maragos, Myrna Sabino,
Michele Solfrizzo, Hans P. van Egmond, George M. Ware,
Thomas B. Whitaker, and Da vid M. Wil son

Thomas Whitaker, Sam pling and Subsampling Topic Ad -
vi sor, re ceived the 2003 AOAC Wiley Award for his con tri bu -
tion to cross-cut ting sam pling tech nol ogy. The Wiley Award
Sym po sium cov ered Whitaker's work on pea nut sam pling for
aflatoxins, pea nut or i gin cer tif i ca tion, bio tech nol ogy de rived
grains, dwarf bunt spores (TCK) in wheat, and food al ler gens. 

Herbs are pro duced in many dif fer ent coun tries in some of
which qual ity con trol may be in ad e quate. The ma te ri als may
be moldy from ex po sure to ad verse weather con di tions, in sect
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dam age, im proper har vest ing pro ce dures, dam age dur ing
trans por ta tion, in ad e quate dry ing, and im proper stor age fa cil i -
ties. The grow ing mold may have pro duced myco toxins. In
the United States about 50% of bo tan i cal sup ple ments on the
mar ket have been treated with low-dose ra di a tion (1–10 kGy)
for mi cro bial de con tam i na tion (1). Ra di a tion-pro cessed herbs 
may con tain more myco toxins than nonir ra di ated herbs. The
ef fects of ra di a tion used for pres er va tion and ster il iza tion of
mold and me tab o lites have been stud ied. Ra di a tion re duced
mold flora that pro duced aflatoxins and ochratoxin A but stim -
u lated the re main ing vi a ble molds’ abil ity to pro duce tox ins. A 
se ries of pa pers on toxin pro duc ing mold re ported an in -
creased pro duc tion of aflatoxins by Aspergillus flavus fol low -
ing gamma ir ra di a tion in dose ranges of 0.25 to 6.0 kGy (2).
The in creased af la toxin pro duc tion by A. flavus and
A. parasiticus was at trib uted to for ma tion of mold mu -
tants (3). Enchancement of ochratoxin A pro duc tion by
A. ochraceus af ter ex po sure to gamma ra di a tion has also been
re ported (4). Aflatoxins are sta ble to ra di a tion. AFB1 ex posed
to up to 20 kGy was not de stroyed (5).

Many an a lyt i cal meth ods have been de vel oped for

aflatoxins in grains and nuts. Col lec tions of herbal prod ucts

for anal y sis of myco toxins were lim ited and the meth ods cited

or de scribed were de fi cient in con fir ma tion of iden tity of the

tox ins (6–8). There is great need to de velop re li able, val i dated, 

quan ti ta tive meth ods for myco toxins in di etary sup ple ments.

Dur ing 2003, the fol low ing method was ap proved as Of fi -
cial First Ac tion: 2003.02 Immunoaffinity Col umn Cleanup
with Liq uid Chro ma tog ra phy Us ing Post-Col umn
Bromination for the De ter mi na tion of Af la toxin B1 in Cat tle
Feed. In ad di tion 5 other col lab o ra tive stud ies are in prog ress.

Co dex Activ i ties

Co dex Com mit tee on Food Ad di tives and Con tam i nants
(CCFAC): The 35th CCFAC meet ing was held in Arusha, Tan -
za nia, March 17–21, 2003.

The fol low ing doc u ments (1 and 2 be low) were dis cussed
and for warded by CCFAC to the 26th Ses sion of the Co dex
Alimentarius Com mis sion (CAC) for fi nal adop tion at Step 8:
(1) Draft Code of Prac tice for the Pre ven tion and Re duc tion of 
Patulin Con tam i na tion in Ap ple Juice and Ap ple Juice In gre -
di ents in Other Bev er ages; (2) Draft Code of Prac tice for the
Pre ven tion and Re duc tion of Mycotoxin Con tam i na tion in
Ce re als, In clud ing An nexes on Ochratoxin A, Zearalenone,
Fumonisins, and Trichothecenes.

The fol low ing doc u ment (3 be low) was dis cussed and for -

warded by CCFAC to the 26th Ses sion of the CAC for pre lim -

i nary adop tion at Step 5. (3) Pro posed Draft Code of Prac tice

for the Pre ven tion and Re duc tion of Af la toxin Con tam i na tion

in Pea nut.

Other is sues: The Com mit tee dis cussed and agreed to re -
quest the Draft ing Group (led by China) to re vise the Pro -
posed Code of Prac tice for the Pre ven tion and Re duc tion of
Af la toxin Con tam i na tion in Tree Nuts for fur ther con sid er -
ation at the next CCFAC meet ing (March 2004).

The Com mit tee dis cussed and agreed to re quest the Draft -
ing Group (led by Iran) to re vise a Dis cus sion pa per on
Aflatoxins in Tree Nuts to in clude the elab o ra tion of max i -
mum lev els for aflatoxins in al monds, ha zel nuts, and pis ta chio 
nuts for fur ther con sid er ation at the next CCFAC meet ing.

The Com mit tee dis cussed and agreed to re quest the Draft -
ing Group (led by Bel gium) to com mence work on the elab o -
ra tion of max i mum lev els for deoxynivalenol in ce re als for
con sid er ation at the next CCFAC meet ing.

The 26th Ses sion of the CAC was held in Rome, It aly June
30–July 7, 2003.

Doc u ments 1 and 2 ( above) were adopted by the CAC at
Step 8 as Fi nal Texts. The doc u ment Max i mum Lev els for
Patulin in Ap ple Juice and Ap ple Juice In gre di ents in Other
Bev er ages was also adopted by the CAC at Step 8 as Fi nal
Texts. Doc u ment 3 (above) was adopted by the CAC at Step 5.

Topic Ad vi sor Re ports

Sam pling and Subsampling

Topic Ad vi sor Thomas B. Whitaker, U.S. De part ment of
Ag ri cul ture, North Carolina State Uni ver sity Ag ri cul tural Re -
search Ser vice, PO Box 7625, Ra leigh, NC 27695-7625, Tel:
+1-919-515-6731, Fax: +1-919-515-7760, E-mail:
whitaker@eos.ncsu.edu. Whitaker re ported that the Co dex
Com mis sion ap proved as new work in June/July 2003, the es -
tab lish ment of af la toxin lim its in al monds, ha zel nuts, and pis -
ta chios. Ap pro pri ate sam pling plans will be part of the dis cus -
sion as the CCFAC be gins their con sid er ation of af la toxin
lim its.

Co dex Com mit tee on Meth ods of Anal y sis and Sam pling
(CCMAS) is de vel op ing 2 doc u ments, Sam pling Guide lines
and Mea sure ment Un cer tainty. These doc u ments are cur rently 
at Step 6 of the Co dex pro cess.

Three stud ies are cur rently un der way to de ter mine the un -
cer tainty as so ci ated with mea sur ing myco toxins and other
analytes in foods and food prod ucts: (1) FDA and USDA sci -
en tists are col lab o rat ing to mea sure the vari abil ity as so ci ated
with 4 an a lyt i cal kits to mea sure pea nut pro tein in 4 food ma -
tri xes. (2) Sci en tists with the Brazil Min is try of Ag ri cul ture
are study ing the vari abil ity as so ci ated with test ing green cof -
fee beans for ochratoxin A. (3) FDA and USDA sci en tists are
col lab o rat ing to mea sure the vari abil ity as so ci ated with test -
ing grains for ge net i cally mod i fied seed.

Af la toxin M1

Topic Ad vi sor Hans P. van Egmond, Na tional In sti tute of
Pub lic Health and the En vi ron ment, Lab o ra tory for Res i due
Anal y sis, Postbok 3, PO Box 1, 3720 BA Bilthoven, The
Neth er lands, Tel: +31-30-2742440, Fax: +31-30-2744403,
E-mail: hp.van.egmond@rivm.nl. van Egmond re ported that
an up dated FAO Food and Nu tri tion Pa per on mycotoxin reg -
u la tions, pre pared by the Na tional In sti tute for Pub lic Health
& the En vi ron ment un der con tract with the Food and Ag ri cul -
ture Or ga ni za tion of the United Na tions ap proaches the stage
of fi nal iza tion (9). The doc u ment is based upon an ex ten sive
world wide en quiry car ried out in 2002/2003. The pa per will
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in clude up dated in for ma tion about spe cific reg u la tions on af -
la toxin M1 (AF M1) in milk and milk prod ucts. A first im pres -
sion from the draft (Fig ure 1) shows the fol low ing: Reg u la -
tions for AF M1 are now seen in 60 coun tries, a more than
3-fold in crease as com pared to 1995. It is again in the EU,
EFTA (Eu ro pean Free Trade As so ci a tion), and can di date EU
coun tries where 0.05 mg/kg lim its for AF M1 in milk are ap -
plied, but some coun tries in Af rica, Asia, and Latin Amer ica
also ap ply this limit. An other of ten oc cur ring le gal limit is at
0.5 mg/kg. This higher reg u la tory level is ap plied in the United 
States, sev eral Asian, and some Eu ro pean coun tries, and it oc -
curs most fre quently in Latin Amer ica, where it is es tab lished
as a har mo nized MERCOSUR (South Amer i can Free Trade
As so ci a tion) limit. Apart from these sub-mg/kg reg u la tory lev -
els, a few coun tries in di cated in the 2002 in quiry that they reg -
u late AF M1 in milk at lev els of 5 and 15 mg/kg. These lev els
are not re al is tic and prob a bly these are mis takes that will need
to be ad justed dur ing the cor rec tion stages of the draft doc u ment.

Be cause of the high ac cep tance of cer ti fied ref er ence ma te -
ri als (CRMs) for AF M1 in milk pow der the In sti tute for Ref -
er ence Ma te ri als and Mea sure ments (IRMM) of the Eu ro pean
Com mis sion’s Di rec tor ate Gen eral Joint Re search Cen tre
(JRC) has cer ti fied 3 new batches of af la toxin M1 in milk
pow der (BCR-282R, -283R, and -284R). The pro vi sion ally
cer ti fied AF M1 mass frac tions of <0.02, 0.11, and 0.44 mg/kg,
re spec tively, con form with re quire ments as laid down by sev -
eral EU le gal in stru ments. The ma te ri als will be on sale not
later than be gin ning of 2004 (10).

There have not been many pub li ca tions on an a lyt i cal de -
vel op ments in the area of AF M1. Meth ods ap plied in sur veil -
lance and mon i tor ing pro grams are usu ally the
immunoaffinity col umn (IAC)/liq uid chro ma tog ra phy (LC)
meth ods, and ELISAs are also used.

Re cently pub lished sur veys on AF M1 (and in ci den tally af -
la toxin M2) in volved coun tries such as Brazil, Greece, Spain,
and Tur key. The sur vey in Brazil of 60 ul tra high tem per a ture
milk sam ples and 79 pas teur ized milk sam ples showed
29 sam ples pos i tive for AF M1 in the range 5 to
240 ng/kg (11). No af la toxin M2 was found. The au thors con -
cluded that the lev els were not a se ri ous health prob lem ac -
cord ing to MERCOSUR Tech ni cal reg u la tions (see also
above), but they rec og nized that the 21% in ci dence of
positives would not ful fil EU reg u la tions. In Greece a to tal of
297 sam ples of raw (cow, sheep, and goat) and mar ket milk
were in ves ti gated for AF M1 (12). Only in a few cases the EU
limit of 0.05 mg/kg was ex ceeded. The au thors con cluded that
the cur rent reg u la tory sta tus in Greece is ef fec tive. Raw cow’s
milk col lected from dairy farms in Spain was ex am ined for
AF M1 (13). In only 3.3% of sam ples could the pres ence of AF 
M1 be con firmed, but con cen tra tions were be low the EU limit. 
A sur vey of aflatoxins in re tail prod ucts in Tur key (14) re -
vealed that 15% of the in ves ti gated 130 cheese sam ples (fatty
Turk ish white cheeses, fresh kashars, old kashars, Gravyer
cheeses, and cream cheeses) ex ceeded the Turk ish tol er ance
limit of 250 ng/kg.

Egyp tian re search ers in ves ti gated hu man ex po sure to
myco toxins by us ing af la toxin M1 in hu man milk as a

biomarker for af la toxin B1 (15). In 120 hu man milk sam ples
af la toxin M1 could be found at a mean level of 0.3 ±
0.5 ng/mL. Af la toxin M1 was also found in 25% of blood sam -
ples at a mea sured level of 1.2 ng/mL. If cor rect, these re sults
point to sub stan tial ex po sure of lac tat ing moth ers to
aflatoxin B1.

Af la toxin Meth ods

Topic Ad vi sor Da vid M. Wil son, Uni ver sity of Geor gia,
De part ment of Plant Pa thol ogy, Coastal Plain Sec tion, Tifton,
GA 31793, Tel: +1-912-386-3368, Fax: +1-912-386-7285,
E-mail: dwilson@tifton.cpes.peachnet.edu. Wil son re ported
that he and Study Di rec tor Ar thur Waltking con ducted a study
us ing AOAC Of fi cial Meth ods for ex trac tion, pu ri fi ca tion,
and sep a ra tion for aflatoxins. The test so lu tions were di vided
into 3 por tions and 3 dif fer ent post-col umn derivatization
tech niques were used to enchance the flu o res cence of
aflatoxins B1 and G1: the post-col umn pho to chem i cal re ac tor
(PHRED cell), post-col umn io dine, and the Kobra cell. The
data was com pa ra ble. The Study Di rec tor is plan ning to sub -
mit data of the study to AOAC re quest ing the ad di tion of the
use of the PHRED cell as method mod i fi ca tion of the ex ist ing
meth ods in which the cell was used.

Sev eral in ter est ing pa pers re lat ing to af la toxin as says were
pub lished. Ad vances in an a lyt i cal meth ods and novel de tec -
tion sys tems were re viewed from 1995 on wards (16). An im -
mu no chemi cal bio sen sor as say was used to de tect 4 myco -
toxins, AFB1, fumonisin B1 (FB1), zearalenone, and
deoxynivalenol (DON), in a sin gle mea sure ment, fol low ing
ex trac tion, sam ple cleanup, and in cu ba tion with a mix ture of
ap pro pri ate anti-mycotoxin an ti bod ies. The as say time was
25 min and de tec tion lim its were <1 ng/g for most of the
analyte ex cept FB1 was 50 ng/g (17). A method for screen ing
the aflatoxins pro duc tion by A. flavus was re ported (18). The
strains were grown on yeast ex tract agar. Meth yl ated
b-cyclodextrin de riv a tive and so dium deoxycholate were
added. Af ter 3 days at 28°C aflatoxins was de tect able by the
ap pear ance of a beige ring sur round ing the col o nies. The ring
ex hib ited blue flu o res cence un der longwave UV light. An
ELISA method was used to de tect AFB1 in chicken liver ex -
tracts that were with or with out prior pu ri fi ca tion with
IAC (19). Re sults were sim i lar. A radioimmunoassay pro ce -
dure for AFB1 was de vel oped for rice, wheat, soy beans, and
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Figure 1. Fre quency dis tri bu tion of spe cific reg u la tory
lim its for af la toxin M1 in milk in 60 coun tries, in 2002.



ground nuts in In dia (20). The sam ple anal y sis was com pared
with a com mer cially avail able ELISA method. Re sults
showed good cor re la tion.

Alternaria Tox ins

Topic Di rec tor Michele Solfrizzo, In sti tute of Sci ences of
Food Pro duc tion, Na tional Re search Coun cil, Viale L.
Einaudi 51, Bari 70125, It aly, Tel: +39-080-5912838, Fax:
+39-080-5486063, E-mail: michele.solfrizzo@ispa.cnr.it.
Solfrizzo re ported that an LC/mass spec trom e try (MS) and
LC/MS/MS method for quan ti ta tive anal y sis of alternariol
(AOH) and alternariol methyl ether (AME) in fruit bev er ages
has been de vel oped. Pos i tive and neg a tive ion mass spec tra of
AOH and AME un der electrospray and at mo spheric pres sure
chem i cal ion iza tion con di tions were ob tained. Electrospray
LC/MS/MS with neg a tive ion de tec tion and mul ti ple re ac tion
mon i tor ing mode showed higher sen si tiv ity and spec i fic ity al -
low ing the de tec tion of 4 pg of both myco toxins. The method,
which in cludes a sam ple cleanup on C18 and aminopropyl
solid-phase ex trac tion col umns, was ap plied to the con fir ma -
tion and de ter mi na tion of ng/mL and sub-ng/mL lev els of
AOH and AME in ap ple juice, grape juice, cran berry nec tar,
rasp berry juice, prune nec tar, and red wine. AOH at lev els of
0.84–5.6 ng/mL was found in 5 out of 9 fruit bev er ages
whereas AME at lev els of 0.23–1.4 ng/mL was found in 3 out
of the 9 tested sam ples (21). The mutagenicity of the ma jor
Alternaria me tab o lites (AOH, AME, tenuazonic acid,
altenuene, altertoxin I, tentoxin, and radicinin) and
A. alternata cul ture broth was ex am ined us ing the Ames Sal -
mo nella test. Nitrosylation in creased the mutagenicity of
altertoxin I, and to a lesser ex tent that of sev eral other
Alternaria tox ins. The mutagenic re sponse of A. alternata cul -
ture broth was dif fer ent from that found with the pu ri fied tox -
ins sug gest ing the pres ence of other mutagenic com pounds in
the cul ture broth (22).

Citrinin

Topic Ad vi sor Da vid Abramson, Ag ri cul ture and
Agri-Food Can ada, Ce real Re search Cen ter, 195 Dafoe Rd,
Win ni peg, MB R3T 2M9, Can ada, Tel: +1-204-984-5536,
Fax: +1-204-983-4604, E-mail: dabramson@agr.gc.ca.
Abramson re ported that sev eral pub li ca tions have ap peared
re gard ing citrinin pro duc tion by Penicillium expansum and
other spe cies in fruit and cul ture me dia. In Por tu guese ap ples,
lev els of citrinin be tween 0.32 and 0.92 mg/kg have been
found, along with 3.06–5.37 mg/kg patulin (23). In fruit juices 
mar keted in Ger many, citrinin was found at lev els be tween
0.10 and 0.20 ng/mL, al though this may be an un der es ti ma -
tion due to low re cov er ies with the im mu no chemi cal pro ce -
dure (24). In an other study, P. expansum was iso lated from re -
tail-level ap ples in Croatia con tain ing 0.05–0.24 mg/kg
citrinin, and cul tured in yeast ex tract-su crose (YES) liq uid
me dium. In cul ture, 11/29 iso lates pro duced citrinin at
0.07–9.0 mg/kg (25). In a study of this fun gus on var i ous agar
me dia, pro duc tion of citrinin on YES agar proved quite con -
sis tent, while pro duc tion of patulin var ied with the strain and
cul ture me dium used (26).

In other foods and food ad di tives, French work ers found
that P. expansum and P. citrinum could pro duce citrinin in
cheese at 20°C. Lev els up to 600 mg/kg af ter 10 days were
found in the cheeses stud ied, namely goat’s milk, Saint
Marcellin, and Soignon. Sur face trim ming left be hind about
33% of the citrinin (27). In a study on Monascus cul ture ma te -
rial, which is used as a nat u ral red food colorant, a GC/MS
method was de vised to de tect citrinin in this ma trix down to
about 1 mg/kg. In a small sam pling of re tail-level Monascus
colorant in Tai wan, citrinin lev els be tween 4.2 and 25.1 mg/kg 
were found (28).

Cyclopiazonic Acid

Topic Ad vi sor Joe Dorner, USDA, ARS, Na tional Pea nut
Re search Lab o ra tory, PO Box 509, 1011 For rester Dr SE,
Dawson, GA 31742, Tel: +1-912-995-7408, Fax:
+1-912-995-7416, E-mail: jdorner@nprl.usda.gov. Dorner
re ported that in a study of the mutagenicity of cyclopiazonic
acid (CPA) and AFB1 us ing the Ames test, it was found that
CPA was not mutagenic (29). The mutagenicity of AFB1 was
sig nif i cantly in hib ited in the pres ence of CPA in a dose-de -
pend ent re la tion ship. This is an im por tant find ing given the
rel a tively com mon co-oc cur rence of aflatoxins and CPA in
var i ous com mod i ties.

The pro duc tion of CPA by Penicillium com mune, a fre -
quent con tam i nant of dry-cured meat prod ucts, was eval u ated
over a range of tem per a tures and wa ter ac tiv i ties (30). CPA in
ex tracts was quan ti fied by LC on a Supelcosil LC18 col umn
and a mo bile phase gra di ent con sist ing of wa ter and var i ous
per cent ages of 5% trifluoroacetic acid in acetonitrile. The op -
ti mal con di tion for pro duc tion of CPA was a tem per a ture of
30°C at a wa ter ac tiv ity of 0.96.

Er got Al ka loids

Topic Ad vi sor George M. Ware, U.S. Food and Drug Ad -
min is tra tion, 60 8th St, At lanta, GA 30309, Tel:
+1-404-347-2131, ext. 5215, Fax: +1-404-347-4225, E-mail:
gware@ora.fda.gov. Ware re ported on a sur vey for myco -
toxins in in fant ce real foods from the Ca na dian re tail mar -
ket (31). Three hun dred and sixty-three sam ples of ce -
real-based in fant foods were col lected from the Ca na dian
re tail mar ket place over 3 years. The sam ples in cluded oat,
bar ley, soy, and rice-based in fant ce re als, mixed-grain in fant
ce re als, teeth ing bis cuits, creamed corn, and soy-based for mu -
las. Forty-one out of 161 sam ples con tained de tect able lev els
of er got al ka loids. Bar ley-based ce re als had the high est in ci -
dence of er got al ka loid con tam i na tion (31/55). The cal cu lated
LOQ for each of the in di vid ual er got al ka loids was 4 ng/g.

The sep a ra tion of 39 er got al ka loids us ing thin-layer chro -
ma tog ra phy (TLC) and LC were re ported (32). Chro mato -
graphic sep a ra tion of al ka loids on sil ica plates was re ported
us ing dif fer ent sol vents: (a) chlo ro form, meth a nol, and 25%
NaOH (90:10:1, 90:10:0.1, or 80:20:0.2); (b) chlo ro form and
ac e tone (9:1); and (c) ethyl ac e tate, meth a nol, and 25%
NH4OH (85:15:10). LC gra di ent elu tion con di tions for sep a -
ra tion of clavine al ka loids on ODS2 and Supelcosil LC-18
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col umns were op ti mized. The re ten tion val ues of 22 al ka loids
were com pared to those of agroclavine and roquefortine.

Fumonisins

Topic Ad vi sor Chris Maragos, USDA, ARS Na tional Cen -
ter for Ag ri cul tural Uti li za tion Re search, 1815 N. Uni ver sity
St, Peoria, IL 61604, Tel: +1-309-684-6266, Fax:
+1-309-681-6689, E-mail: maragocm@mail.ncaur.usda.gov.
Maragos re ported that much in ter est ing re search was pub -
lished con cern ing fumonisins in the past year. Pre vi ous stud -
ies have in di cated that fumonisins oc cur world wide and the
ma jor ity of the re cent pub li ca tions deal with prev a lence.
Fumonisins were found in maize or maize prod ucts in Ar gen -
tina (33), Tai wan (34), Iran (35); in mar keted foods in It -
aly (36); in corn flakes in Can ada (37), and in bar ley and
corn-based foods from Ko rea (38). Myco toxins, in clud ing the
fumonisins were found in re tail sam ples of ce real-based in fant 
foods in Can ada (31), and in a corn/cot ton seed-based nu tri -
tional sup ple ment (Incaparina) from Gua te mala (39).
Fumonisins were also found in cow pea seed sam ples in South
Af rica at lev els up to 0.61 mg/g (40). These stud ies re in force
that fumonisins are found world wide and in a wide va ri ety of
prod ucts. FB1 de creased the car dio vas cu lar func tion of
horses, which, com bined with in creased se rum sphinganine
and sphingosine, may con trib ute to the de vel op ment of
leukoencephalomalacia in that spe cies (41). A 28-day feed ing
study of FB1 and 6 re lated com pounds in B6C3F mice in di -
cated that, of these com pounds, FB1 was the only one that was
hepatotoxic to the mice (42).

The wide spread oc cur rence of fumonisins de rives from the 
world wide dis tri bu tion of the fumonisin pro duc ing fungi of
the ge nus Fusarium. The pro duc tion of fumonisins and their
analogs by 17 Fusarium spe cies was re viewed (43). Vis i ble
and near-in fra red spec tros copy were used to de tect maize con -
tam i nated with F. verticillioides (44). Sin gle ker nels con tam i -
nated with more than 100 mg/g or less than 10 mg/g FB1 could
be iden ti fied with the tech nique, sug gest ing that a near-in fra -
red de vice might be use ful for the non de struc tive screen ing of
maize for fumonisins.

The fac tors af fect ing the oc cur rence of fumonisins in com -
mod i ties and pro cessed foods was also an ac tive area of study.
Maize that con tained up to 105 CFU/g fungi, pre dom i nantly
Fusarium and Penicillium spe cies, was dried to 11% mois ture
and stored for 12 months. No sig nif i cant change in fumonisin
lev els from the ini tial level of 9.9 ± 6.0 mg/g was re ported (45). 
In some South Af ri can com mu ni ties maize is used to pre pare a 
tra di tion ally cooked stiff por ridge. Fumonisin lev els in nat u -
rally con tam i nated maize were re duced by an av er age of 23%
by the pro cess, which in volves ad di tion of maize meal to boil -
ing wa ter with salt and sim mer ing for 20 min (46). The
fumonisins can un dergo al ka line hy dro ly sis, and can be sub -
stan tially re duced by nixtamalization. The re ac tion of the pri -
mary amine of FB1 with glu cose is also known to oc cur un der
the ap pro pri ate con di tions. A method was de vel oped to iso late 
the fumonisin-glu cose re ac tion prod ucts (47). Con trol of
fumonisin pro duc tion by lim i ta tion of F. verticillioides growth 
in cul ture us ing plant phe no lic com pounds was tested (48).

Chlorophorin, iroko, ben zoic acid, caffeic acid, ferulic acid,
and vanillic acid re duced FB1 lev els by greater than 90% in
this sys tem.

Fumonisins are very wa ter sol u ble and are of ten iso lated
from foods us ing re verse-phase or ion-ex change solid-phase
ex trac tion (SPE) col umns. The mi gra tion of FB1 in col umns
filled with soils con tain ing var i ous sand con tents were in ves ti -
gated to pro vide in sights into the move ment of fumonisins
through soils (49). Sand re tarded the mi gra tion slightly, while
Cecil sandy loam re tained much of the ap plied FB1. Of the
FB1 bound to the Cecil sandy loam ap prox i mately 75% was
eluted with for mic acid or for mic acid/acetonitrile.

In stru men tal meth ods for mea sur ing fumonisins con tin ued
to be in ves ti gated, par tic u larly those us ing LC. LC with flu o -
res cence de tec tion of the o-phthaldialdehyde
(OPA)/w-mercaptoethanol de riv a tive re mains a pop u lar
method. Lim its of de tec tion for FB1 and FB2 were lower us ing
an OPA derivatization pro ce dure than us ing an NBD-F
(4-fluoro-7-nitrobenzofurazan) derivatization pro ce dure (50). 
Thirty-seven al ter na tives to 2-mercaptoethanol in the OPA
derivatization of fumonisins were ex am ined (51). Sev eral of
these, in clud ing 3-mercaptopropionic acid, N-acetyl-cysteine, 
and thioglycerol were con sid ered su pe rior to
2-mercaptoethanol, par tic u larly when immunoaffinity col -
umns were used to pre pare the sam ples. Less de cay of sig nal
at trib ut able to FB1 was ob served with these 3 re agents over
2.5 h rel a tive to when 2-mercaptoethanol was used. The struc -
ture of the FB1 de riv a tive ob tained with N-acetyl-cysteine was 
ver i fied by LC/MS. Napthalene-2,3-dicarboxaldehyde, which 
has been used pre vi ously for fumonisin derivatization, was
com pared to OPA and found to give more sta ble de riv a tives of
sphingoid bases (52). Aside from the derivatization, many
lab o ra to ries have be gun to use LC/MS for fumonisin de tec -
tion. One of the LC/MS equip ment man u fac tur ers has de -
scribed a method for FB1 in corn, which is pub lished as an ap -
pli ca tion note on their Web site (www.thermoquest.com).

Ochratoxins

Topic Ad vi sor Benedicte Hald, Royal Vet er i nary and Ag ri -
cul tural Uni ver sity, De part ment of Vet er i nary Mi cro bi ol ogy,
Stigbrjlen 4, Friedriksberg C, Co pen ha gen 1870-DK, Den -
mark, Tel: +45-3528-2762, Fax: +45-3528-2757,
E-mail:vetmi@kvl.dk. Hald re ported re cent pub li ca tions on
ochratoxin A (OTA). Zoll ner et al. (53) em pha sized the use of
LC/MS/MS as an an a lyt i cal tool for de ter min ing trace
amounts of OTA in a va ri ety of food ma tri xes and bi o log i cal
flu ids. Pos si bil i ties and lim i ta tions of the tech nique were out -
lined with spe cial at ten tion to the im pact of sam ple prep a ra -
tion. Per for mance char ac ter is tics of an LC method for de ter -
mi na tion OTA in ca cao pow der such as within- and
be tween-day re peat abil ity, reproducibility, and ac cu racy were
de scribed (54), show ing re li able re sults ad e quately match ing
the cri te ria sug gested by the Eu ro pean Com mit tee for Stan -
dard iza tion (CEN) for the anal y sis of OTA. The ad van tages of 
us ing this method was sav ing an a lyt i cal time and the pos si bil -
ity of de tect ing OTA at ng/kg level. Re cently food safety is -
sues re ceived in creas ing at ten tion. Both mon i tor ing pro grams
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and re searches have been per formed, aimed at fo cus ing the
sta tus of con tam i na tion world wide and haz ard anal y sis crit i cal 
con trol points (HACCP) in the wine mak ing pro cess. A study
to carry out an au to mated method anal y sis for the de ter mi na -
tion of OA in wine sam ples was pub lished (55), in or der to
pro cess a high num ber of sam ples for HACCP purposes.

Belli et al. (56) gave a gen eral over view of meth ods of
anal y sis and oc cur rence of OTA in wines. The re sults of more
than 2000 sam ples sum ma rized from the lit er a ture have been
taken into ac count to quite ex ten sively de scribe the pres ent
sit u a tion of OTA in wine. LC/flu o res cence de tec tion pre ceded 
by ex trac tion of OTA us ing com mer cially avail able
immunoaffinity col umns is cur rently the method most ap plied
for OTA de ter mi na tion in wines.

A to tal of 408 Bra zil ian cof fee sam ples were ex am ined
dur ing the 1999–2000 cof fee har vest sea sons for the pres ence
of OTA and fungi with the po ten tial to pro duce it (57). OTA
was found in some sam ples, but oc cur rence was spo radic.
Only 7% of 135 sam ples had OTA lev els higher than 5 mg/kg
and in all cases this was found to in volve lo cal en vi ron men tal
con di tions and poor har vest ing, dry ing, and stor age prac tices.
Dur ing the past year there were re ports of oc cur rence of OTA
in Aus tra lian wines (58), South Af ri can wines (59), Greek
wines (60), fungi in grapes grown in It aly (61), Greek do mes -
tic wines and dried vine fruits (62), ce re als from Puglia, It -
aly (63) and Dan ish wheat and rye, 1992–1999 (64).

Patulin

Topic Ad vi sor Myrna Sabino, Instituto Adolfo Lutz, Dr
Arnaldo 355, 355-CEP, São Paulo 01246-902, Brazil, Tel:
+55-11-3068-2921, Fax: +55-11-853-3505, E-mail:
mysabino@ial.sp.gov.br. Sabino re ported that stud ies were
con ducted to eval u ate the in flu ence of dif fer ent cul ture pres er -
va tion tech niques on the pro duc tion of patulin and
citrinin (26). Vari abil ity in the pro files of the myco toxins
tested seems to be more strain-spe cific than de pend ent on the
pres er va tion tech niques used. In flu ence of gamma-ra di a tion
on mycotoxin pro duc ing molds and myco toxins in fruits were
stud ied (65). Anal y sis of fruits re vealed the oc cur rence of
penicillic acid, patulin, CPA, citrinin, OTA, and af la toxin B1.
Ir ra di a tion of fruits at doses of 1.5 and 3.5 kGy de creased sig -
nif i cantly the to tal fun gal counts com pared with nonir ra di ated
con trols. Myco toxins pro duc tion in fruits de creased with in -
creas ing ir ra di a tion dose and were not de tected at 5.0 kGy.

The biocontrol ca pac ity of Candida sake and Pantoea
agglomerans on growth of blue and gray mold on ap ples and
pears was in ves ti gated (66). This study dem on strated that the
com bi na tion of C. sake and P. agglomerans im proves the con -
trol of P. expansum and B.cinerea in some fruits and al lows the
re quired con cen tra tion to achieve re duc tion of the patho gens to
half, with a sub se quent re duc tion in the cost of treat ment.

In or der to find an al ter na tive to postharvest fun gi cides cur -
rently used in the pre ven tion and con trol of the dam age by
P. expansum in ap ples, the antimicrobial ac tiv ity of sev eral
sub stances against P. expansum were eval u ated in vi tro us ing
dif fer ent end point meth ods: agar dif fu sion as say, vol a til ity
method, and agar di lu tion and broth di lu tion MIC as says (67).

Es sen tial oils, such as thymol, eugenol, citral, and cineole,
vanillin, so dium hypochloride, ace tic acid, po tas sium sorbate,
and hy dro gen per ox ide, were the sub stances eval u ated.
Thymol and citral were the es sen tial oil com po nents that
showed the great est in hib i tory ef fects. The use of hy dro gen
peroxide for postharvest treat ment of Golden De li cious ap ples 
gave the best re sult.

The ef fects of P. expansum iso late, ap ple cultivar, stor age
tem per a ture, du ra tion, and pH on the pro duc tion of patulin
were in ves ti gated (68). The high est patulin lev els were by
those iso lates dis play ing ag gres sive growth (char ac ter ized by
rap idly in creas ing acid ity) ac com pa nied by pro fuse mycelial
de vel op ment. Ex ten sive fun gal growth and higher patulin lev -
els in ap ple ci ders were as so ci ated with in cu ba tion at room
tem per a tures (23°C), al though po ten tially toxic patulin lev els
were also found in re frig er ated ci ders in oc u lated with
P. expansum. The ef fect of vi ta mins such as thi a mine hy dro -
chlo ride, pyridoxine hy dro chlo ride, and cal cium
d-pantothenate on the patulin con tent of ap ple juice con cen -
trate was also stud ied (69). These vi ta mins were added to ap -
ple juice con cen trate at var i ous doses in or der to re duce the
patulin con tent. Ap ple juices con cen trates con tain ing high
lev els of patulin were stored at 22° and 4°C for 6 months af ter
vi ta mins were added. Patulin was fully de graded at the end of
a 6 month pe riod in sam ples stored at 22°C, on the other hand,
other qual ity pa ram e ters di min ished sig nif i cantly.

A rapid multidetection TLC method was used to de tect
patulin and citrinin si mul ta neously in 351 sam ples of 7 dif fer -
ent va ri et ies of ap ples with small rot ten ar eas (23). The min i -
mum de tect able con cen tra tion of patulin and citrinin were
120–130 and 15–20 mg/kg, re spec tively. The per cent age con -
tam i na tion with patulin only was higher (68.6%) than that
with citrinin only (3.9%). Patulin and citrinin (19.6%) were
also de tected si mul ta neously and all ap ples showed low level
of citrinin con tam i na tion rang ing from 0.32 to 0.92 mg/kg.

The cel lu lar mech a nisms as so ci ated with the in tes ti nal tox -
ic ity of patulin were re ported (70). Two hu man ep i the lial in -
tes ti nal cell lines (HT-29-D4 and Caco-2-14) were ex posed to
the mycotoxin. In ac ti va tion of an ac tive site of pro tein ty ro -
sine phosphatase was found.

Trichothecenes

Topic Ad vi sor Rob ert M. Eppley, U.S. Food and Drug Ad -
min is tra tion, 5100 Paint Branch Pkwy, Col lege Park, MD
20740, Tel: +1-301-436-1951, Fax: +1-301-436-2644,
E-mail: reppley@cfsan.fda.gov. Eppley re ported that DON,
of all the known trichothecenes, con tin ues to draw the most
re search in ter est as in di cated by the num ber of pub li ca -
tions (71–79) dur ing the last year. Four of these pub li ca tions
ex plored new an a lyt i cal tech niques (71–74). One uses 2 com -
mer cial cleanup col umns for the anal y sis of wheat prod -
ucts (71). Re cov er ies ranged from 70 to nearly 100% with a
limit of de tec tion of 50 ng/g. An other re ports im prove ments in 
the rapid flu o res cence po lar iza tion immunoassay for DON in
wheat (72). The au thors con cluded that the pro ce dure was
use ful for the screen ing of wheat for DON, but not corn. The
ap pli ca tion of near in fra red spec tros copy for the de ter mi na -
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tion of DON in wheat was in ves ti gated (73). The re sults in di -
cated that it might be pos si ble to de velop a cal i bra tion model,
which can be used to rap idly screen for DON in wheat. The
de vel op ment of mo lec u larly im printed poly mers for the an a -
lyt i cal pu ri fi ca tion of DON and zearalenone was in ves ti -
gated (74). The re sults were prom is ing. Cur rently avail able
meth ods for DON de ter mi na tion were used in sev eral sur veys. 
Wheat and rye on the Dan ish mar ket were sur veyed (75).
Over a 4 year sur vey pe riod, DON was found in 78% of the
sam ples. A sur vey of pro cessed ce re als and pulses from Tur -
key (76) re ported DON in 6 of 68 ce real sam ples. In the anal y -
sis for trichothecenes in beer from The Neth er lands (77), only
DON was found in low quan ti ties. Ce real-based in fant foods
from the Ca na dian re tail mar ket were sur veyed for sev eral
myco toxins (31). DON was de tected in 63% of the sam ples.

The dis tri bu tion of DON in nat u rally con tam i nated wheat
dur ing pro cess ing in an in dus trial mill was stud ied (78). The
DON was found in both the flour and glu ten with the ma jor ity
go ing to the bran.

Some other pub li ca tions on DON were note wor thy. A uri -
nary biomarker of hu man ex po sure to DON was de vel oped
us ing an IAC/LC method (79). An im proved method for the
large-scale pro duc tion of DON was the sub ject of an other
pub li ca tion (80).

Two re ports on the de ter mi na tion of the type
A-trichothecenes were noted. In one case, the au thors use
LC-at mo spheric pres sure chem i cal ion iza tion MS to an a lyze
T-2 toxin, HT-2 toxin, acetyl T-2 toxin, diacetoxyscirpenol,
monoacetoxyscirpenol, and neosolaniol in oats, maize, bar ley, 
and wheat sam ples (81). In the other re port, LC with flu o res -
cence de tec tion, af ter cleanup by IAC, was used to de ter mine
T-2 toxin in var i ous ce re als (82).

Zearalenone

Topic Ad vi sor Winston M. Hagler, Jr, North Carolina State
Uni ver sity, Col lege of Ag ri cul ture and Life Sci ences, De part -
ment of Poul try Sci ence, Mycotoxin Lab o ra tory, Box 7608,
Ra leigh, NC 27695-7608, Tel: +1-919-515-3228, Fax:
+1-919-515-2625, E-mail: winston_hagler@ncsu.edu.
Hagler sum ma rized se lected in for ma tion ap pear ing in the last
year’s sci en tific lit er a ture.

A very de tailed ex am i na tion of the met a bolic pro files of
zearalenone and zeranol in heif ers was re ported (83). The dis -
cus sion of the report rel a tive to work in other spe cies is par tic -
u larly in ter est ing. One con clu sion is that de fin i tive de tec tion
of the use of zeranol as a growth pro moter, in coun tries in
which it is not ap proved, is not a sim ple mat ter.

The Eu ro pean Com mis sion spon sored prep a ra tion and def -
i ni tion of CRM for zearalenone de ter mi na tion. One very use -
ful re sult was the de ter mi na tion of the mo lar ab sorp tivi ty of
zearalenone in acetonitrile at 274 nm was de ter mined (84).

The fun gus, Clonostachys sp., con verted zearalenone to a
nones tro genic me tab o lite. The struc ture of the trans for ma tion
prod uct, in ac tive in bioassays, was 1-(3,5-dihydroxyphenyl)-
10¢-hydroxy-1¢E-undecene-6¢-one (85). Golinski et al. re -
ported zearalenone in win ter pas ture in Po land. The high est

con cen tra tion found was 48 ng/g and in ci dence was as high as
66% (86).

Se lected Study Di rec tor Topics

(1) De ter mi na tion of Ochratoxin A in Green Cof fee by
Immunoaffinity Col umn Cleanup and LC—Study Di rec tor
Eugenia Vargas, Min is try of Ag ri cul ture, Lab o ra tory for
Qual ity Con trol and Food Safety, Avenida Raja Gabaglia, 245
Cidade Jardim, Belo Horizonte 30380-090, Brazil, Tel:
+55-31-250-0398, Fax: +55-31-250-0399, E-mail:
gena@cdlnet.com.br. The col lab o ra tive study re port has been
sub mit ted to the AOAC Methods Com mit tee.

(2) Immunoaffinity Col umn Cleanup with Liq uid Chro ma -
tog ra phy Us ing Post-Col umn Bromination for the De ter mi na -
tion of Af la toxin B1 in Cat tle Feed—Study Di rec tor Joerg
Stroka, Eu ro pean Com mis sion DG Joint Re search Cen ter, In -
sti tute for Health and Con sumer Pro tec tion Food Prod ucts
Unit, TP 260, I-21020 Ispra, It aly, Tel: +0039-0332-785170,
Fax: +0039-0332-785707, E-mail: joerg.stroka@jrc.it. The
study has been ap proved as First Ac tion Of fi cial Method
2003.02.

Rec om men da tions

The Gen eral Ref eree rec om mends:
(1) Ap prove all First Ac tion Of fi cial Meth ods as Of fi cial

Methods.
(2) Ap prove the fol low ing Meth ods: 2000.02, 2000.03,

2000.08, 2000.09, and 2000.16 as Fi nal Ac tion Of fi cial Meth -
ods.

(3) Ter mi nate the ap point ment of the Study Di rec tors af ter 
their stud ies have been ap proved as Fi nal Ac tion Of fi cial
Meth ods.

(4) De velop an a lyt i cal meth ods for myco toxins in di etary
sup ple ments.

Topic Ad vi sors and Study Di rec tors rec om mend:
(1)  Sam pling and Subsampling for Mycotoxins.—Topic

Ad vi sor Thomas B. Whitaker, U.S. De part ment of Ag ri cul -
ture (USDA), Ag ri cul tural Re search Ser vice (ARS), PO Box
7625, North Carolina State Uni ver sity, Ra leigh, NC
27695-7625, Tel: +1-919-515-6731, Fax: +1-919-515-7760,
E-mail: thomas_whitaker@ncsu.edu. Con tinue study.

(2) Af la toxin M.—Topic Ad vi sor Hans P. van Egmond,
Na tional In sti tute of Pub lic Health and the En vi ron ment, Lab -
o ra tory for Res i due Anal y sis, Postbok 3, PO Box 1, 3720 BA
Bilthoven, The Neth er lands, Tel: +31-30-2742440, Fax:
+31-30-2744403, E-mail: hp.van.egmond@rivm.nl. Con -
tinue study.

(3) Af la toxin.—Topic Ad vi sor Da vid M. Wil son, Uni ver -
sity of Geor gia, De part ment of Plant Pa thol ogy, Coastal Plain
Sec tion, Tifton, GA 31793, Tel: +1-912-386-3368, Fax:
+1-912-386-7285, E-mail: dwilson@tifton.cpes.peachnet.edu.
Con tinue study.

(4) Alternaria Tox ins.—Topic Di rec tor Michele Solfrizzo,
In sti tute of Sci ences of Food Pro duc tion, Na tional Re search
Coun cil, Viale L. Inaudi 51, Bari 70125, It aly, Tel:
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+39-080-5912838, Fax: +39-080-5486063, E-mail:
michele.solfrizzo@ispa.cnr.it. Con tinue study.

(5) Citrinin.—Topic Ad vi sor Da vid Abramson, Ag ri cul -
ture and Agri-Food Can ada, Ce real Re search Cen ter, 195
Dafoe Rd, Win ni peg MB R3T 2M9, Can ada, Tel:
+1-204-984-5536, Fax: +1-204-983-4604, E-mail:
dabramson@em.agr.ca. Con tinue study.

(6) Cyclopiazonic Acid.—Topic Ad vi sor Joe W. Dorner,
USDA, ARS, Na tional Pea nut Re search Lab o ra tory, PO Box
509, 1011 For rester Dr SE, Dawson, GA 31742, Tel:
+1-912-995-7408, Fax: +1-912-995-7416, E-mail:
jdorner@nprl.usda.gov. Con tinue study.

(7) Er got Al ka loids.—Topic Ad vi sor George M. Ware,
U.S. Food and Drug Ad min is tra tion (FDA), 60 8th St, At -
lanta, GA 30309, Tel: +1-404-347-2131, ext. 5215, Fax:
+1-404-347-4225, E-mail: gware@ora.fda.gov. Con tinue
study.

(8) Fumonisins.—Topic Ad vi sor Chris Maragos, USDA,
ARS Na tional Cen tre for Ag ri cul tural Uti li za tion and Re -
search, 1815 N. Uni ver sity St, Peoria, IL 61604, Tel:
+1-309-684-6266, Fax: +1-309-681-6267, E-mail:
maragocm@mail.ncaur.usda.gov. Con tinue study.

(9) Ochratoxins.—Topic Ad vi sor Benedicte Hald, Royal
Vet er i nary and Ag ri cul tural Uni ver sity, De part ment of Vet er i -
nary Mi cro bi ol ogy, 13 Bulowsvej, Friedriksberg C, Co pen ha -
gen 1870-DK, Den mark, Tel: +45-3528-2760, Fax:
+45-3528-2757, E-mail: vetmi@kvl.dk. Con tinue study.

(10) Patulin.—Topic Ad vi sor Myrna Sabino, Instituto
Adolfo Lutz, Dr Arnaldo 355, 355-CEP, São Paulo
01246-902, Brazil, Tel: +55-11-3068-2921, Fax:
+55-11-853-3505, E-mail: mysabino@ial.sp.gov.br. Con tinue 
study.

(11) Trichothecenes.—Topic Ad vi sor Rob ert M. Eppley,
U.S. Food and Drug Ad min is tra tion, 5100 Paint Branch
Pkwy, Col lege Park, MD 20740, Tel: +1-301-436-1951, Fax:
+1-301-436-2644, E-mail: Reppley@cfsan.fda.gov. Con tinue 
study.

(12) Zearalenone.—Topic Ad vi sor Winston M. Hagler,
Jr, North Carolina State Uni ver sity, Col lege of Ag ri cul ture
and Life Sci ences, De part ment of Poul try Sci ence, Mycotoxin 
Lab o ra tory, Box 7608, Ra leigh, NC 27695-7608, Tel:
+1-919-515-3228, Fax: +1-919-515-2625, E-mail:
winston_hagler@ncsu.edu. Con tinue study.

(13) De ter mi na tion of Veratox for Aflatoxins in Corn and
Whole Cot ton seed.—Study Di rec tor Mark Mozola, Neogen
Corp., 620 Lesher Pl, Lan sing MI 48912-1595, Tel:
+1-517-372-9200, Fax: +1-517-372-0108, E-mail:
mmozola@neogen.com. Dis con tinue study.

(14) De ter mi na tion of Ochratoxin A in Green Cof fee by
Immunoaffinity Col umn Cleanup and HPLC.—Study Di rec -
tor Eugenia Vargas, Lab o ra tory for Mycotoxin Anal y sis,
Avenida Raja Gabaglia, 245 Cidade Jardim, Belo Horizonte
30380-090, Brazil, Tel: +55-31-250-0398, Fax:
+55-31-250-0399, E-mail: gena@cdlnet.com.br. Con tinue
study.

(15) 2000.16 Af la toxin B1 in Baby Food by
Immunoaffinity Col umn and HPLC.—Study Di rec tor Elke

Anklam, Joint Re search Cen tre of the Eu ro pean Com mis sion,
21020, Ispra, It aly, Tel: +39-332-78-5390, Fax:
+39-332-78-5930, E-mail: elke.anklam@jrc.it. Ap proved as
First Ac tion in 2000. Rec om mended for Fi nal Ac tion. Con -
tinue study.

(16) 2001.04 De ter mi na tion of Fumonisins B1 and B2 in
Maize Flour and Cornflakes by HPLC.—Study Di rec tor
Angelo Visconti, Na tional Re search Coun cil, In sti tute of Tox -
ins and Myco toxins, Viale Einaudi 51, Bari 70125, It aly, Tel:
+39-080-548-6013, Fax: +39-080-548-6063, E-mail:
visconti@area.ba.cnr.it. Con tinue study.

(17) De ter mi na tion of Af la toxin B1 in Cat tle Feed by
Immunoaffinity Col umn Cleanup and LC with Post-Col umn
Derivatization.—Study Di rec tor Joerg Stroka, Eu ro pean
Com mis sion DG Joint Re search Cen ter, In sti tute for Health
and Con sumer Pro tec tion Food Prod ucts Unit, TP 260,
I-21020 Ispra, It aly, Tel: +0039-0332-785170, Fax:
+0039-0332-785707, E-mail: joerg.stroka@jrc.it. Ap proved
as Of fi cial First Ac tion 2003.02. Con tinue study.

(18) 2001.06 Veratox for Fumonisins.—Study Di rec tor
Mark Mozola (see 13). Ap proved as First Ac tion in 2001.
Con tinue study.

(19) 2001.01 De ter mi na tion of Ochratoxin A in Wine and
Beer by Immunoaffinity Col umn Cleanup and HPLC.—Study
Di rec tor Angelo Visconti (see16). Ap proved as First Ac tion in 
2001. Con tinue study.

(20) De ter mi na tion of Deoxynivalenol in Corn, Wheat,
Bar ley, and Malted Bar ley, ELISA.—Study Di rec tor Mark
Mozola (see 13). Study has been com pleted and re port has
been sub mit ted to AOAC for re view. Con tinue study.

(21) To tal Aflatoxins in Corn, Poul try Feed, and Pet
Food.—Study Di rec tor Mark Mozola (see 13). Dis con tinue
hold.

(22) To tal Aflatoxins in Al monds and Raw and Roasted
Pea nuts.—Study Di rec tor Mark Mozola (see 13). On hold.

(23) Af la toxin of Spices by Aflatest Kit.—Study Di rec tor
Mike Jack son, Pert Labs, PO Box 267, 145 Pea nut Dr,
Edenton, NC 27932, Tel: +1-252-482-4456, Fax:
+1-252-482-5370, E-mail: mike.jack son@pert_labs.com.
Con tinue study.

(24) Anal y sis of Af la toxin by an LC with Ac ti va tion Us ing
a Pho to chem i cal Re ac tor for Enchanced De tec tion
(PHRED).—Study Di rec tor Ar thur Waltking, Waltking As so -
ci ates, 482 Rock Rd, Glen Rock, NJ 07452. Study Di rec tor
will sub mit sin gle lab o ra tory val i da tion data. This study will
be eval u ated as a ma trix ex ten sion (mod i fi ca tion) of an Of fi -
cial Method.

(25) Myco toxins in Bo tani cals.—Topic Ad vi sor Bruce
Malone, Tril ogy An a lyt i cal Lab, 111 West 4th St, Wash ing ton, 
MO 63090, Tel: +1-636-239-1521, Fax: +1-636-239-1531,
E-mail: bruce@trilogylab.com. Con tinue topic.

(26) 2000.02 De ter mi na tion of Patulin in Clear and
Cloudy Ap ple Juices and Ap ple Pu ree by HPLC.—Suzan Mc -
Don ald, MAFF - UK/Food Safety Di rec tor ate, United King -
dom. Ap proved as First Ac tion in 2000. Rec om mended for Fi -
nal Ac tion. Con tinue study.
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(27) 2000.03 De ter mi na tion of Ochratoxin in Bar ley by
HPLC.—Catherine Entwisle, Leather head Food RA, United
King dom. Ap proved as First Ac tion in 2000. Rec om mended
for Fi nal Ac tion. Con tinue study.

(28) 2000.08 Af la toxin M1 in Liq uid Milk by
Immunoaffinity Col umn Cleanup and HPLC with Flu o res -
cence De tec tion.—Sylviane Dragacci, AFSSA, Mai -
son-Alfort, France. Ap proved as First Ac tion in 2000. Rec om -
mended for Fi nal Ac tion. Con tinue study.

(29) 2000.09 De ter mi na tion of Ochratoxin in a Roasted
Cof fee by HPLC.—Catherine Entwisle, Leather head Foods
RA, UK. Ap proved as First Ac tion in 2000. Rec om mended
for Fi nal Ac tion. Con tinue study.
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